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Scanning electron microscopy study of pollen morphology in seedless grape 
(Vitis vinifera L.) cultivars 

by 
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Summary : A comparative scanning electron microscopy study and biometric analysis on pollen of 27 Bulgarian and foreign 
seedless grape cultivars have been performed. Both the degree of similarity and the specific differences in exine ultrastructural 
organisation and the aperture complex were established. In all investigated cultivars, pollen grains were from elongated elliptical to 
oval-spheroidal, tricolporate in shape. The exine surface is in low relief, with perforations and crest undulations in the mesocolpiums. 
It was concluded that the type of exine sculpturing, the length of polar and equatorial axes and colp could be used as additional 
microstructural parameters in cultivar identification of seedless grapes. 
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Introduction 

The scanning electron microscopy (SEM) studies on 
the exine ultrastructure and pollen aperture complex in 
grapevines (Vitis vinifera) involve a small part of the ex­
isting cultivars (KozMA 1963; KozMA and ScHEURINGNE 
1968; ToMPANE KAsiRZKAJA and KoZMA 1978, 1981; ToMPANE 
KASIRZKAJA 1982, 1984, 1985, 1988) performed paly­
nological investigations of seeded grape cultivars from sub­
genus Euvitis. LOMBARDO et a/. (1976, 1978); CARRARO et 
a[. (1979); CARGNELLO et a/. (1980) and AHMEDULLAH (1983) 
presented SEM studies and micrographs of pollen from 
seeded vine cultivars. A similar investigation of pollen 
grains from several seeded V. vinifera cultivars and two 
forms (male and female) of V. silvestris GMEL. was reported 
by LINDER and LINSKENS (1978). LüMBARDO et a/. (1983) 
established a relationship between the clone fertility in cv. 
Picolit and the type of pollen. HARITONASHYILI et al. (1989) 
reported some specific peculiarities in the pollen 
microrelief of local seeded Georgian vine cultivars. So far, 
no SEM studies of pollen from seedless grape cultivars 
were made. 

Aim of the present study was to obtain information on 
the ultrastructure of exine surface apertures, as well as to 
perform a comparative biometric analysis of the elements 
of the pollen aperture complex in seedless grape cultivars. 

Material and methods 

The exine ultrastructure in 27 seedless grape cultivars 
was described through SEM observations. The pollen un­
der investigation was gathered in the period 1990 - 1993 
from fully developed aments. Specimens were prepared 
according to the technique for observation of air-dried pol­
len (TERZIISKY and KARAGEORGIEY 1989). The aperture com­
plex elements for 100 normal pollen grains were meas-

ured directly on the screen of the electron microscope and 
mathematically treated by the Duncan Test (CLERG et al. 
1962). 

The investigation was carried out at the Electron 
Microscopy Labaratory of the Agricultural University in 
Plovdiv with JEM 1200 EX electron microscope equipped 
with a scanning image device. The pollen grains were cov­
ered with carbon in a vacuum evaporator JEE-4x. Pictures 
of at least 10 different pollen grains were taken for each of 
the tested seedless grape cultivars. 

Results and discussion 

Although the pollen grains of all investigated seedless 
grape cultivars are characterized with some specificities 
in their exine ultrastructural organization, it was found a 
good resemblance in the exine elements and the aperture 
complex. The pollen shape is from elongated elliptical to 
ovalspheroidal (Figs. 1 and 2). The nurober of colps in all 
pollen specimens is three. A well formed, usually rounded 
and differently protruded pore is clearly seen in the mid­
dle part of each colp (Fig. 3). According to ERDTMAN's clas­
sification (1952), the pollen grains of the tested seedless 
vine cultivars are tricolporate (Fig. 4). The colps in the 
equatorial zone are usually wide and deep, while those in 
the polar zone are more shallow and narrow, differing in 
length, with no demarcating edge. The bottom of colps is 
uneven with microgranular structure, covered with small 
and big swellings (Figs. 4 and 5). The exine ultrastructure 
in the mesocolpium is in low relief, from undulating to 
perforated reticulate, stratified with irregular, different in 
shape and size Iumens and figures, with coves and dots. 
This omamentation is typical for the pollen of all investi­
gated cultivars (Figs. 1-5). The apocolpiums are differently 
projected, domed, with irregular undulating sculptures, 
perforations, pits and protrusions (Figs. 4-7). 
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To establish whether the dimensions of the aperture 
complex in pollen grains could be used as additional indi­
ces in cultivar identification, a mathematical treatment of 
the biometrical data was made by the Duncan Test. This 

Figs. 1-7: Shape, size and ultrasculpture of exine and aperture 
complex. 

I : Elliptical shape of pollen grain and general view of exine sculp­
ture and mesocolpium, cv. Kondarev-10. Arrow shows Iack of 
colp edge (x, 4000). 2: Oval shape of pollen grain, cv. Korintsko 
white (x 3000). 3: General view of an equatorial pore, cv. Russalka 
(x 8000). 4: General view of a pollen grain, cv. Tarnau, in the 
apocolpium. The perforations and the three meridional colps are 
seen (x 6000). 5: View of apocolpium, cv. Seedless White at 
higher magnification. Arrow shows ultrasculptural ornamenta­
tion in the bottarn of colps (x 8000). 6: Part of the apocolpium 
and mesocolpium zones, cv. Hibrid 720-19. Unequal perfora­
tions ofthe exine are seen (x 10,000). 7: Detail ofthe ultrastructural 

ornamentation of apocolpium cv. Tarnau (x 15,000) . 

test for multiple comparison enables the differential deter­
rnination of the statistical significance in the different vari­
ants as depending on their place in the complex, since the 
increase in the distance between the compared quantities 
Ieads to increase in the correcting value to the least essen­
tial difference (L.E.D.), too (DrMOVA et al. 1990). 

The results from the comparative analysis for all in­
vestigated parameters in the cultivars are given in Tab. 1. 

The pollen of cv. Hibrid V-6 has the greatest size of 
the polar axis (27 .03 ).Lm). Tagether with cv. Kishmish 
Moldavski they belong to the same group, the difference 
between them being insignificant. Cvs Vita, Nishava, 
Russalka, and Kolarovets form a second group. All the rest 
cultivars have lower values of this parameter, the degree 
of significance being shown in the next column. The small­
est polar axis was found for the pollen of cvs Korintsko 
White and Red seedless. 

Hibrid V-6 showed the highest mean value (18.21 ).Lm) 
for the equatorial axis , too. Red Seedless belongs to the 
same group ( 17.69 ).Lm) irrespective of its last position with 
respect to the polar axis. 

At the comparison of the pollen colp lenghts, the cvs 
Hibrid V-6 and Kishrnish Moldavski showed again the high­
est mean values - 24.13 and 24.04 ).Lm, respectively, and 
cv. Red Seedless- the lowest (16.19 ).Lm). 

With respect ot the mesocolpium, cvs Hibrid V-6, 
Kishmish Moldavski and Red Seedless showed again the 
highest mean values which put them in the same group 
according to this parameter. A correlation among these 
parameters is very probable to exist in these cultivars. 

The data analysis for the apocolpium dimensions has 
shown that only cv. Kishmish Moldavski has kept its posi­
tion in the order established (Tab. 2). This cultivar had the 
highest significant value of the apocolpium size if com­
pared to the other cultivars belanging to the first group. 
The rest of the cultivars are ambiguous in terms of the 
different parameters and are related to different arbitrary 
groups. 

The mean values for the width of the pollen colp in 
the various cultivars arerather different. According to this 
parameter, all cultivars are included in 3 groups of signifi­
cance. The outlined cvs Hibrid V-6, Kishmish Moldavski, 
and Red Seedless have shown significantly lower values 
of this prameter, irrespective of their being in the same 
group of significance. 

The arrangement of culivars according to the depth of 
colp is rather different, much like that with the colp width. 
Therefore, the cultivars are included in the same group of 
significance, the differences between them being statisti­
cally insignificant. 

In addition to the comparative analysis, the degree of 
variability of the parameters (5 %) has been deterrnined 
for each of the investigated cultivars. It shows which of 
the parameters is more variable and pliable to the influ­
ence of external factors, and which is more steadily ge­
netically deterrnined. The results (Tab. 3) show that the 
parameter polar axis is most variable in cv. Russalka. By 
following the data obtained, it is seen that the variability 
in the parameters polar axis, equatorial axis, mesocolpium 
and length of colp is in the admissible Iimits, up to 10 % 
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Table 1 

Comparative analysis on the elements of the pollen aperture complex (J.l.m) by the Duncan Test 

POLAR AXIS E!;IUATOR!AL AXIS LENGTH OF THE COLP 

-------------------------------------------------------------------------------------------------
No x Rp 5'l. Rp l'l. No i( Rp 5'l. Rp l'l. No ;r Rp 5'l. Rp l'l. 

1 27.03 .. .. 18.21 .. .. 1 21.13 a a 
2 26.16 ab ab 6 17 . 74 ab ab 2 24.04 a ab 
3 25.69 bc abc 27 17.69 ab ab 6 23.04 ab abc 
4 25.32 bcd abc:d 11 17.35 ab ab 3 22.49 ab abcd 
5 24.95 bc:de bcd& 4 17.27 bc ab 9 22.23 abc abcde 
6 24.82 bc:def bcde 22 16.26 cd bc 10 22.10 abc:d abcdef 
7 24.67 cdefg bc:de 7 1~.85 de cd 15 21.37 bcde •bcdef 
8 24.64 cdefg bc:de 10 15.78 de cd 13 21.33 bc:de •bcdef 
9 24.36 cdefg bcd&f 3 15.54 def cde 14 21.30 bcde abcdef 

10 24.35 cdefg bcdef 2 15.39 def cde 4 21.26 bcde abcdef 
ll 23.89 defgh cdefg 12 15.34 def cde 8 21.17 bcde abcdefg 
12 23.74 efgh defg 8 15.32 def c:de 12 21.02 bcde abc:defg 
13 23.39 fghi efgh 13 15.23 defg cdef 11 20.98 bc:def bcdefgh 
14 23.30 ghi efgh 15 15 . 16 d .. fg cdef 16 20.60 bcdef cdefgh 
15 23.30 ghi efghi 16 15.07 defg cdef 7 19.90 cdefg cdefghi 
16 22.76 nik fghi 19 14.97 efg c:def 18 19.76 cdefg cdefghi 
17 22.15 ikl ghik 25 14.88 .. fg cdef 22 19.70 defg defghi 
18 21.80 k1 hik 18 14.64 efgh defg 24 19.67 defg defgh i 
19 21.77 kl hik 14 14.37 fghi defgh 20 19.60 defgh deft;~hi 
20 21.67 klm hik 9 14.33 fghi defgh 21 19.30 defgh defghik 
21 21.47 klm ik 17 14.03 ghi efgh 23 19.01 efgh efghik 
22 21.38 klm ik 21 13.69 hik fghi 27 18.52 fgh fghik 
23 20.88 Im k 24 13.28 ikl ghi 19 17.90 gh ghik 
24 20.87 Im k 23 12.87 k1 hi 25 17.83 t;lh hik 
25 20.31 m k 26 12.53 1 5 16.98 h ik 
26 19.47 20 12.08 26 16.43 
27 19 . 41 5 12.00 27 16.19 

CULTIVARS: 
l. Hybrid V-6; 2. Kishmish moldovski; 3. Vita; 4. Nishava; 5. RU$Salka; 6. Kolarovets; 
7. Kondarev 10; 8. Rushaki ; 9. Oe light; 10. Jangier; 11. Kara Sul tani; 12 . Russalka 5-A; 
13.Flame seedless; 14. Hyb r id 720- 19; 15. Slavjanka; 16. Gigant; 17. Tarnau; 18. Foc:ha seedless; 
19.Seedless white (Sultanina); 20. Superior seedless; 21. Early Superior seedless; 22. Nimrang • 
Sult•nina; 23. King ruby; 24. Kishmish TjurkmenskiJ 25. Korint se&dless; 26. Korintsko wnite; 
27. Red seedless. 

Tab l e 2 

Comparative analysis on the elements of the pollen aperture complex (J.l.m) by the Duncan Test. No = cultivars, see Tab. 1 

MESOCOLPIUM APOCOLPIUM WIDTH OF THE COLP 
----------------------------------------------------------------------------------------------
No l( Rp 5'l. Rp 11. No i( Rp 51. Rp 1'l. No x Rp 5'l. Rp 1'l. 

13.06 a a 2 6.46 a a 19 1.63 a a 
2 12.85 ab ab 13 5.57 b b 5 1. 59 a ab 

27 12.69 abc: abc 4 5 .. 48 bc: bc 26 1. 54 ab abc 
6 12.56 abc:d abcd 3 5.41 bc:d bc:d 25 1.14 b abc 

11 12.16 bcde abcde 9 5.38 bc:d bcd 27 1.10 bc: 
10 11.97 bc:de bcdef 18 5.29 bcde bc:d 1 1.09 bc: 
22 11.86 def bcdefg 19 5.27 bcdef bc:d 23 1.03 c: 
17 11.76 efg c:defg 11 5.22 bcdefg bcd 18 1.03 c 
13 11.72 .. fll cdefg 15 4.93 bc:defgh bcde 12 1.00 c 

8 11.65 efgh defgh 5 4.87 bcdefgh bc:de 6 1.00 c: 
7 11.61 efgh defgh 12 4.75 cdefgh bc:def 16 1.00 c 

25 11.57 efgh defgh 26 4.73 cdefgh bcdef 4 0.99 c: 
4 11.50 efghi efgh 25 4.71 c:defgh bcdef 7 0.97 
3 11.47 efghi efgh 7 4.61 d@fgh bcdef 22 0.97 
9 11.44 efghi efgh 14 4.50 efghi bcdef 11 0.95 

12 11.40 efghi efgh 27 4.50 efghi cdef 15 0.94 
18 11.37 efghi efgh 16 4.47 fghi c:def 2 0.92 
16 11.09 fghik fghi 1 4.46 fghi c:def 14 0.92 
14 11.05 fghik fghi 21 4.43 ghi cdef 17 0.91 
21 11.01 ghik fghi 8 4.42 ghi cdef 8 0.90 
15 10.82 hikl ghi 10 4.41 ghi def 13 0.90 
19 10.69 ikl hik 17 4.40 ghi def 10 0.90 
23 10.32 klm ik1 23 4.38 hi def 9 0.90 
24 10.11 lmn ikl 20 4.13 hi ef 3 0.86 

:5 9.75 n 1 22 4.13 hi ef 21 0.81 
20 9.47 6 3.72 f 24 0.78 
26 8.96 24 3.57 20 0.76 

for almost all cultivars. This makes us assume the pres­
ence of a definite genetic stability in the dimensions of 
these parameters. As for the rest of the tested parameters, 
their variability is rather different. The most variable pa­
rameter for cv. Kolarovets is the size of apocolpium (S = 

39.96 %); vor Tarnau- the length of colp (S = 47.33 %); 
for Kishmish Moldavski- the width of colp (S = 81 .08 % ); 
and for Red Seedless- the depth of colp (S = 49.92 %). 

On the basis of the results obtained from the electron 
rnicroscopy study of the pollen of 27 seedless grape cvs 
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Table 3 

Values of the main elements of the pollen aperture complex (J.!m). Cultivars see Tab. 1 

Polar axis Equatorial Mesocolpium Apocolpium Length of Width of 
the colp 

Depth of 
the colp axis the colp 

Cultivar ----------------------------------------------------------------------------------------
S'l. S'l. S'l. 

25 20.31 7.33 14.88 7.93 11.58 5.98 4.71 
6 24.32 6.20 17.74 4.92 12.56 2.SA 3.73 

11 23.90 3.51 17.35 3.90 12.16 3.00 5.22 
22 21.39 1.36 16.26 2.34 11.86 3.03 4.13 
18 21.80 4.51 14.64 2.81 11.38 5.90 5.29 

4 25.32 3.98 17.28 7.66 11.50 2.83 5.48 
27 19.41 1.55 17.69 7.19 12.69 8.34 4.50 

7 24.68 6.25 15.85 7.03 11.61 6.37 4.61 
8 24.64 4.29 15.32 4.84 11.65 7.31 4.43 

12 23.74 7.82 15.34 7.50 11.40 6.43 4.75 
17 22.15 7.87 14.03 6.80 11.76 5.52 4.40 
14 23.30 3.64 14.38 7.72 11.05 6.48 4.50 

9 24.36 1.93 14.33 1.03 11.44 1.96 5.38 
20 21.67 1.93 12.08 3.16 9.48 7.10 4.13 
23 20.88 1.48 12.88 1. 70 10.32 3.69 4.39 
21 21.47 3.53 13.70 4.04 11.01 7.20 4.44 

3 25.69 3.81 15.54 4.72 11.47 4.31 5.41 
5 24.95 10.36 12.00 19.02 9.07 9.35 4.97 

26 19.47 6.47 12.53 3.93 8.94 6.79 3.75 
19 21.78 2.38 14.97 3.97 10.70 3.16 5.27 
15 23.30 1.33 15.16 4.47 10.82 5.54 4.93 

2 26.16 4.16 15.40 1.32 12.85 2.00 6.46 
10 24.35 3.79 15.78 2.78 11.97 7.26 4.42 
16 22.76 2.46 15.07 5.77 10.09 7.18 4.47 
24 20.87 3.76 13.28 6.10 10.11 3.68 3.57 
13 23.39 2.80 15.23 4.26 11.72 2.83 5.57 

1 27.03 3.33 18.22 4.51 13.06 3.63 4.46 

and the biometric investigations of the elements of the 
pollen aperture complex, the following conclusions could 
be drawn: 

1. The shape of the pollen grains is elliptical-oval. The 
aperture complex is tricolporate, with equatorially situated 
pores. The pollen colps are almost of the same type, most 
often shallowly open, with no demarcating edge and un­
even microverrucose structure of the bottom. 

2. The exine sculpture in the mesocolpiums is in low 
relief, with perforations, pits and crest undulations. The 
shape, depth and size of the surface sculpture formations 
are specific for the different cultivars. Comparatively of 
the same type are the zones of apocolpium, too. Some de­
tails, such as the projections and the type of sculptural or­
namentation are also typical microstructural characters for 
the different cultivars. 

3 . .According to the degree of variability, the elements 
of the pollen aperture complex could be divided into two 
arbitrary groups:a) low variability - polar axis, equatorial 
axis, meso-colpium, length of colp; b) medium to high 
variability - apocolpium, width of colp, depth of colp. 

4. The dimensions of the elements with low variabil­
ity - polar axis, equatorial axis, mesocolpium and length 
of colp - could be used as additional microstructural crite­
ria for cultivar identification in grapevines. 
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