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Abstract

Roychev, V. (2018). Comparative palynobiometric study of seedless vine cultivars and hybrid forms (Vitis vinifera 
L.). Bulgarian Journal of Agricultural Science, 24(5), 807–814

A palynobiometric study of seedless vine cultivars and hybrid forms has been carried out. It has been established that 
statistically proven differences exist in the dimensions of the most important elements of the pollen aperture complex in the 
researched seedless cultivars and hybrid vine forms. The statistical groups formed according to the individual indicators are 
specifi c for each cultivar and fully refl ect the observed palynobiometric  polymorphism. The variability of polar axis length is 
infl uenced by all studied indicators of the ultrasculptural ornamentation of the pollen exine in the two conditional groups of 
cultivars. It depends to the greatest extent on the variation of the parameters of the equatorial axis and colp length.

Keywords: seedless vine cultivars; pollen; palynobiometric characteristics; multifactorial dispersion analysis; fac-
tor analysis

Introduction 

The application of contemporary statistical methods 
to study the micro-morphological characteristics of pollen 
grains in different vine cultivars expands their ampelograph-
ic description and the possibilities for identifi cation and 
classifi cation. Pallinological scanning electron microscope 
observations have been carried out on seeded and seedless 
vine cultivars by a number of authors (Reille, 1966; Kasirsz-
kaja and Kozma, 1981; Kasirszkaja, 1982, 1984; Lombardo 
et al., 1978; Alvares et al., 1998; Inceoglu et al., 2000). The 
results obtained are used in ampelographic systematics and 
the cultivar identity scheme (Korkutal et al., 2004; Marasali 
et al., 2005; Gallardo et al., 2009; Baby et al., 2015; Radović 
еt al., 2016). The possibilities of using the shape and size of 
the elements of the pollen aperture complex are of interest in 
the context of the microstructural analysis for the purposes 
of correct grouping and identifi cation of genotypes, as well 
as for determining their relative weight in the taxonomic pro-
cess. The objective of this study is to establish the presence 

or absence of a relation between the surface relief specifi cs 
of pollen grains and their dimensions in seedless vine culti-
vars and hybrid forms.

Materials and Methods

The experimental work involves results from the scan-
ning electron microscope biometric measurements of ap-
erture elements of the pollen exine complex in 70 seedless 
cultivars and hybrid vine forms – polar axis, equatorial axis, 
mesocolpium, apocolpium, length, width, and depth of the 
colp, length and width of the pore in μm (Terziisky and Kara-
georgiev, 1989). The studied cultivars are conditionally di-
vided into two groups: the fi rst – including predominantly 
newly developed seedless cultivars and hybrid forms, and 
the second – known old seedless cultivars. The data on each 
individual pollen indicator by cultivar groups are processed 
by means of a comparative multifactorial dispersion analy-
sis (Mokreva, 2007). For a complex investigation into their 
infl uence on the most generalizing of them – the polar axis, 
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accepted as a dependent variable, for a part of the cultivars, 
representatives of the formed statistical groups of proof, fac-
tor analysis is applied, where the determination coeffi cient 
R2 in the analysis is interpreted after its transformation into 
percentages (R2.100) (Bryant and Yarnold, 1995; Iliev et al., 
2008a, b; Gocheva-Ilieva and Iliev, 2009). The biometric 
data for the studied indicators are collected for ten consecu-
tive years, with individual apertures of each cultivar being 
measured on at least 30 pollen grains in different exposures. 
SPSS statistical tool functioning in the Windows operating 
system environment is used for the interpretation of the ob-
tained results.

Results and Discussion

The multifactorial comparative analysis of the most im-
portant elements of the pollen aperture complex in the stud-
ied newly developed seedless cultivars and hybrid forms 
from the fi rst group shows that there are proven differences 
in their sizes (Table 1). The variation in the absolute values 
of the polar axis length is from 19.03 μm (Russalka 3A) to 
29.77 μm (Russalka 2). In this interval, eight groups of culti-
vars are formed, with proven differences between them – a, 
b, c, d, e, f, g, h and, therefore, they can be differentiated 
steadily according to this indicator. The equatorial axis var-
ies from 11.82 μm (Emerald Seedless) to 18.22 μm (Hybrid 
V-6). The diversity of the formed groups of cultivars with 
proven differences in this indicator is greater – from a to 
l. According to the size of the mesocolpium, cultivars are 
also distributed into a large number of groups – from a to 
f, and their values are within the range from 8.94 μm (Rus-
salka) to 14.20 μm (Thracian Pearl). Although the variations 
in the size of the apocolpium in the separate cultivars are 
small – from 4.07 μm (Emerald Seedless) to 6.46 μm (Kish-
mish Moldavskii), the number of differentiated groups is 
comparatively large – from a to i. The length of pollen colp 
varies within the range from 16.98 μm (Russalka) to 26.10 
μm (Russalka 2) and the cultivars with statistically proven 
differences in this indicator form groups from a to i. In colp 
width, the range of variation is signifi cantly narrower – from 
0.67 μm (Russalka 1) – e, to 1.59 μm (Russalka) – a. Due to 
the objectively more diffi cult measurement of the depth of 
pollen colp, despite the small differences between the cul-
tivars, they are arranged in more groups – from a to j. It 
should be noted that only a few cultivars are allocated in the 
fi rst three of them with the largest values of the indicator – а, 
b, c: Russalka – 0.937 μm, Tarnau – 0.830 μm, Kolarovets 
– 0.802 μm, Russalka 5 А – 0.807 μm and Corinth Seedless 
– 0.757 μm. The length of the pore in some of the cultivars 
is smaller than its width. The formed groups of proof be- Ta
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tween the separate cultivars in these indicators are from a to 
k, which signifi es great variety in their absolute values.

The polar axis of pollen grains in the second group – 
known old seedless vine cultivars – is from 18.89 μm (Sul-
tanina Muskata) to 25.16 μm (Rodi0, and the groups formed 
are from a to h (Table 2). The same arrangement of cultivars 
is also observed in the sizes of the equatorial axis, mesocol-
pium and apocolpium. In individual groups of proof with all 
the remaining cultivars, belong only those with the largest 
and the smallest parameters of these indicators. For equato-
rial axis these are: Corinth Black – 17.79 μm – a, Red Seed-
less – 17.69 μm – a and Kishmish Muskatnii – 11.74 μm – i; 
for mesocolpium – Rodi – 13.65 μm – a and Corinth White – 
8.94 μm – h, as Kishmish Muskatnii, Sermanli and Kishmish 
Tiurkmenskii also belong to a separate group – g; for apocol-
pium – Rodi – 6.27 μm – a, Sultanina Gigas – 5.31 μm – b 
and Kishmish Tiurkmenskii – 3.57 μm – h. The largest colp 
length is the one of Kishmish Muskatnii – 23.03 μm – a, and 
the smallest is found in Corinth White – 16.43 μm – g. In this 
range, the differences between some of the cultivars have not 

been proven. In terms of colp width, the researched cultivars 
are more similar to each other and they form groups from a to 
e, and in terms of colp depth – only a and b. The same trend 
exists in the indicators pore length and width.

The results from the multiple regression analysis in 
the cultivar Russalka 2 show that only the factor F2 ex-
erts a positive direct infl uence (0.837) on the polar axis, 
and those of F1 and F3 – a negative one (-0.072, -0.168) 
(Table 3). The determination coeffi cient (R2) for this cul-
tivar is 85.7% and it expresses strong dependence of the 
polar axis on the surveyed indicators. In Early Superior 
Seedless, the direct coeffi cients have positive values for 
the factors F1 – 0.749 and F3 – 0.309, and for F2 – this in-
dicator is negative (-0.049). The determination coeffi cient 
is high – 81.1%. Through the research model in the culti-
var Vita the number of indicators is reduced by excluding 
mesocolpium, colp width and pore width. In this cultivar, 
F1 (0.747) and F3 (0.418) have positive direct infl uences, 
and F2 (-0.235) – a negative one. All elements of the pol-
len aperture complex in Nedelchev VI-4 affect moderately 

Table 2
Multifactorial comparative analysis of the sizes of the most important elements of pollen aperture complex in the stud-
ied seedless vine cultivars (μm)
Second Group 
Cultivars

Polar axis Equatorial 
axis 

Mesocolpium Apocolpium Colp 
length 

Colp 
width 

Colp 
depth 

Pore 
length 

Pore  width

Rodi 25,16 a 17,40 ab 13,65 a 6,27 a 21,49 bc 1,04 ab 0,71 b 1,05 cd 1,77 abc
Sultanina Gigas  24,78 ab 14,59 defg 10,96 fg 5,31 b 20,17 d 0,96 de 0,61 b 2,85 a 1,33 cd
Rushaki 24,64 ab 15,32 def 11,65 def 4,42 defg 21,17 bc 0,90 de 0,64 b 2,15 ab 1,45 cd
Askeri 24,56 ab 17,21 abc 11,94 cde 5,04 bcd 22,37 ab 0,84 e 0,46 b 0,52 d 1,35 cd
Kishmish Black 24,17 abc 15,19 def 11,64 def 4,71 bcdef 21,57 b 0,96 de 0,52 b 1,16 bcd 1,57 abc
Kara Sultani 23,90 abcd 17,35 ab 12,16 cde 5,22 bcd 20,98 ed 0,95 de 0,63 b 2,70 a 1,39 cd
Kishmish 
Muskatnii

23,76 bcd 11,74 i 10,43 g 4,64 bcdef 23,03 a 0,94 de 0,60 b 1,05 cd 1,02 de

Corsa Kishmish 23,73 bcd 13,88 fgh 12,59 bcd 4,93 bcde 20,30 cd 0,75 e 0,61 b 0,69 d 1,61 abc
Raucha White 23,73 bcd 15,60 cdef 12,59 bcd 4,53 bcdef 20,26 cd 0,87 e 0,50 b 2,31 a 1,54 bc
Kishmish Irtishor  23,13 cd 15,58 cdef 10,81 fg 4,75 bcde 20,30 cd 0,96 de 0,61 b 0,65 d 1,52 bc
Ushaas Nazeli 22,77 de 16,25 abcd 11,67 def 5,12 bcd 19,89 d 1,16 ab 1,39 a 2,46 a 1,38 cd
Sultanina 21,78 ef 14,97 defg 10,70 fg 5,27 bc 17,90 f 1,63 a 0,94 ab 2,62 a 1,51 bc
Corinth Black 21,21 f 17,79 a 13,13 ab 5,21 bcd 19,29 de 0,91 de 0,76 b 2,14 ab 2,00 a
Sermanli 20,98 fg 12,85 hi 10,22 g 3,96 fgh 18,33 ef 0,77 e 0,48 b 2,31 a 1,58 abc
Kishmish 
Tiurkmenskii 

20,87 fg 13,28 ghi 10,11 g 3,57 h 19,67 d 0,79 e 0,65 b 0,86 d 0,46 f

Early Kishmish  20,72 fg 14,21 efgh 11,42 ef 4,88 bcde 18,40 ef 0,80 e 0,47 b 0,70 d 1,74 abc
Kishmish Vatkana 19,94 gh 15,75 bcde 12,06 cde 5,01 bcd 18,27 ef 0,94 de 0,60 b 2,06 abc 1,94 ab
Corinth White 19,47 h 12,53 hi 8,94 h 3,75 gh 16,43 g 1,54 a 0,94 ab 2,21 ab 1,37 cd
Red Seedless 19,41 h 17,69 a 12,69 bc 4,50 cdef 18,52 ef 1,11 ab 0,61 b 1,17 bcd 0,75 ef
Sultanina 
Muskata

18,89 h 16,18 abcd 12,38 bcde 4,17 efgh 17,36 fg 0,72 e 0,53 b 2,46 a 1,51 bc
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negatively the variation of polar axis length. The factor 
F3 has a positive value of the direct Path coeffi cient in 
Russalka 3A (0.281), and the variation in colp width is of 
the greatest signifi cance for the variable value. The apo-
colpium is excluded from the model for this cultivar. In 
Hybrid 21-17-41 and Hybrid 17-2, the factors F2 and F3 
exert a positive direct infl uence on polar axis parameters. 
The indicators of factor F1 have a negative direct impact 
in both cultivars, in which the reduction covers only the 
mesocolpium. In Apirena di Valetri, the indicators of fac-
tor F1 (0.472) affect directly positively the sizes of the 
polar axis, and F2 and F3 – negatively. The equatorial axis 
and colp width are excluded from the surveyed indica-
tors. By means of the applied investigation model, it has 
been found that in all cultivars, with the exception of Ne-
delchev VI-4, the variations of polar axis parameters are 
mainly due to the indicators summarized in the relevant 
factors.

The factor distribution and coeffi cients of the regres-
sion model for the second group of cultivars show that 
there is a diversity of the indicators determining the vari-
ability of the polar axis of pollen grains (Table 4). De-
termination coeffi cients are high – from 79.3% (Corinth 
Black) to 97.7% (Kishmish Muskatnii), and they indicate 
that the dependence of the variable value on the indica-
tors included in the study, is high. In the cultivar Rodi, 
the direct coeffi cient of the factor F2 has a positive value 
– 0.316, and the indicators which infl uence the length of 
the pollen polar axis are: equatorial axis, apocolpium and 
pore width. The cultivars Kishmish Muskatnii, Kishmish 
Irtishor and Corinth Black are characterized by positive 
direct infl uences of the three factors – F1, F2, F3, and F3 has 
a negative direct impact in Corinth White. In the cultivars 
from the second group as well, the variations in polar axis 
parameters are predominantly a result of the indicators 
summarized in the relevant factors.

Conclusions

1. Statistically proven differences exist in the dimensions 
of the most important elements of pollen aperture complex 
in the studied seedless cultivars and hybrid vine forms. The 
statistical groups formed according to the individual indica-
tors are specifi c for each cultivar, and they completely refl ect 
the observed palynobiometric polymorphism.

2. All studied indicators of the ultrasculptural ornamenta-
tion of the pollen exine infl uence the variability of polar axis 
length in the two conditional groups of cultivars. Its depen-
dence on the variation of equatorial axis parameters and colp 
length is the strongest.Ta
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Fig. 1. Submicroscopic structure of pollen exine in the 
cultivar Raucha White – polar axis exposure

Fig. 4. Microrelief of pollen exine in the cultivar 
Nedelchev VI-4 – colp length, pore length and width 

exposure

Fig. 2. Ultrastructure of pollen exine in the cultivar 
Tarnau – equatorial axis exposure

Fig. 5. Submicroscopic aspect of pollen exine 
in the cultivar Kishmish VIRA – colp width exposure

Fig. 3. Ultrasculpture organization of pollen exine in 
the cultivar Sultanina – mesocolpium and apocolpium 

exposure
Fig. 6. Ultrasculpture of pollen exine in the cultivar 

Askeri – colp depth exposure
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