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Abstract The pollen morphology of the Rosaceae
was investigated using light microscopy, despite its
systematic implications. The main aim of this study
was to verify the taxonomic significance of the pol-
len traits studied in 25 species and collected from
different localities in Swat district, northern Khyber
Pakhtunkhwa, Pakistan. In the present study, we have
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assessed both the qualitative and quantitative char-
acteristics, including pollen form, size, and surface
features. The pollen types were categorized into tetra-
colpate, tricolpate, and tricolporate in all the studied
species. Significant variations were recorded in exine
thickness, polar and equatorial diameters, colpi sizes,
pore sizes, and polar to equatorial ratio (P/E ratio).
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The highest pollen fertility (94.79%) was recorded
in Prunus avium, while the lowest (51.89%) was
recorded in Rosa webbiana. Hence, ordination and
clustering analyses were performed to determine rela-
tionships among the studied species. In addition, ordi-
nation and clustering analyses extend the knowledge
of their pollen morphology, investigating whether
pollen traits can help in the phylogenetic optimization
of the taxa studied.

Keywords Diversity - Microscopy - Pollen
attributes - Rose family - Swat district - Systematics

Introduction

Rosaceae is a medium sized family in angiosperms
and currently comprises approximately 100 gen-
era and 3000 species (Potter et al. 2007; Pang et al.
2011). Many species of Rosaceae are economically
important as fruit and ornamental plants (Pang et al.
2011). Despite Rosaceae encompassing a diverse
array of flowering plants, hold significant ecological
importance in the world and Pakistan too, particu-
larly in the northern region of Khyber Pakhtunkhwa
(Ibrar et al. 2015). The northern region in Khyber
Pakhtunkhwa has boasts a unique and captivating
flora, characterized by a variety of economically cash
crops such as wild and cultivated apples, peaches,
pears, plums, apricots and pomegranates etc. which
contribute to the national economy of Pakistan (Ali
et al. 2023). Besides these cash crops, norther region
is a rich hot spot of biodiversity and medicinal flora
as well (Sher & Khan 2007). Among the economi-
cally important wild flora, most of the plant’s spe-
cies belong to Rosaceae (Ali et al. 2023). Therefore,
the northern region of Khyber Pakhtunkhwa is also
a significant hotspot for a variety of endemic plant
species (Ali et al. 2024). The Himalayan strawberry
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Fragaria vesca, Spiraea canescens, Duchesnea indica
and Rubus ellipticus and some wild species of Rose,
including Rosa brunonii and R. webbiana exist in the
study area abundantly.

An abundant amount of Rosaceae taxa in the
northern region of Khyber Pakhtunkhwa exists
including wild edible fruits, including wild rose spe-
cies, apples, peaches, plums etc. which significantly
contribute to the region’s food security and economic
well-being (Singh et al. 2023). In addition, they play
a vital role in maintaining ecological balance by pre-
venting soil erosion and providing habitat for diverse
fauna (Mutlu et al. 2023).

Pollen grains are the male reproductive unit of
flowering plants, carries essential genetic informa-
tion for successful reproduction. Palynology explores
the intricate morphology and characteristics of pollen
grains, providing valuable information about plant
taxonomy, evolution, and ecology (Bahadur et al.
2022; Nabila et al. 2022; Ahmad et al. 2020). Pollen
analysis is very important for understanding the rela-
tionship between Rosaceae plants. With the help of
palynological analysis scientists can identify the spe-
cific Rosaceae species present in the anther of flow-
ers (Amet et al. 2023). This knowledge is essential for
promoting sustainable conservation practices. Addi-
tionally, palynological research of fossil pollen grains
can reveal past vegetation patterns and shed light on
the evolutionary history of the Rosaceae family in the
region (Obigba 2022). The pollen of Rosaceae plants
exhibits unique characteristics. Typically, Rosaceae
pollen grains are tricolpate, possess three furrows
(colpi) on their surface (Erdtman 1954). However,
variations in size, ornamentation, and exine structure
exist among different genera of Rosaceae (Fatemi
et al. 2012). These variations provide valuable taxo-
nomic markers for identifying specific plant species
through pollen analysis (Nabila et al. 2022; Ahmad
et al. 2020).

Few extensive investigations have been con-
ducted on the pollen morphology of Rosaceae.
Palynological study of this family is important
due to stenopalynous types of pollen grains. Using
light microscopy, most of the pollen grains were
examined to be radially symmetrical monads, tri-
colporate, and sometimes tetracolporate (Ullah
et al. 2022). Exine ornamentations are striate-ver-
rucate, endoapertures elliptic or spheroidal, and
perforations are extended on large tectal striae
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(Wronska-Pilarek & Jagodzirski 2011; Ahmad
et al. 2020). Exine sculpturing of pollen grains are
the important feature due to which taxa can be dis-
tinguished from each other. The apertures of the
pollen grains consist of the equatorial endoaperture
and colpus. The important characteristics of exine
sculpture were examined to be the number, size,
and area of perforations, as well as the number of
grooves and striae (Jin-Rong et al. 2011).

The palynological study of Rosaceae is very help-
ful for the identification of plant taxa. Most of the
morphological features of pollen, including polar
diameter, equatorial diameter, spine length, spine
width, spine number, pore length, width, colpi length,
width, p/e ratio, and exine thickness, were exam-
ined in terms of qualitative and quantitative features
that help in solving systematic problems. The study
of pollen morphology plays an important role in the
study of plant systematics and taxonomy (Xiong et al.
2019; Nabila et al. 2022; Ahmad et al. 2020)). Pollen
grains analyzed through microscopic study varied in
size and shape (Li et al. 2023). (Khan 2006) observed
that palynological features are very important for
describing the taxonomic characters of taxa in plant
taxonomy.

Materials and methods
Study area

The current research work focusing on Swat district,
located in the Malakand Division of Khyber Pakh-
tunkhwa (K.P) province, Pakistan. Geographically,
it lies between 34.57° and 35.45° north latitudes
and 72.08° and 72.50° east longitudes. The district
is characterized by its mountainous terrain and fer-
tile valleys. The elevation of district Swat ranges
from 600 to 2900 m above sea level. It is bordered
by Shangla district to the east, Buner district to the
south, and Chitral district to the north. Covering a
total area of 5337 square kilometers, Swat experi-
ences a variety of climatic conditions, ranging from
humid subtropical in the lower areas to alpine in the
higher elevations. The hottest month, July, sees tem-
peratures with highs of 35°C and lows of 19°C, while
the coldest month, January, experiences highs of 8°C
and lows of —5 °C (Fig. 1).

Samples collection

The present research work was carried out during the
spring and summer seasons of 2023. Extensive field-
work was conducted from March to August in differ-
ent localities of Swat district, Khyber Pakhtunkhwa
for the collection of Rosaceae species. Plant speci-
mens were collected from various geographical loca-
tions, including Mingora, Saidu Sharif, Ghoda, Kuza
Samai, Odigram, Drush Khela, Shah Deraii, Mankyal,
Barikot, Sarsainai, Charbagh, Marghzar, Miandam,
Maho Dandh, Jarogho, Jambil, Behar, Guligram,
Qamber, Chail, Kanjo, Bahrain, and Madyan. We
have totally collected and analyzed 25 plant species
of Rosaceae (Table 1). The field photos of plants in
natural habitat were taken and provided (Figs. 2, 3).
Subsequently, the plants were collected, pressed, and
properly dried. These specimens were then shifted to
the Herbarium of Plant Systematics and Biodiversity,
Quaid-i-Azam University, Islamabad. Identification
was carried out with the field experts, flora of Paki-
stan (http://legacy.tropicos.org/project/Pakistan),
International plant Name Index (https://www.ipni.
org/), World Flora Online (https://wfoplantlist.org/),
and the plant list with literature (https:/www.gbif.
org/dataset/d9a4eedb-e985-4456-ad46-3df8472e00
e8) for further confirmation compared with the pro-
totypes at the Herbarium. The latitude and longitude
of study has been mentioned inside the map (Fig. 1).

Microscopic analysis

To observe pollen grains, they were isolated from
the anthers of mature flowers through a needle, three
to five anthers were carefully removed from the col-
lected specimens and placed on a glass slide. One to
two drops of acetic acid were added, and the anthers
were slightly crushed to release the pollen grains.
After 20 to 30 s, the remaining debris was removed
though needle. The pollen grains were stained with
one to two drops of glycerin jelly, and a glass cov-
erslip was placed over the slide to hold the pollen in
place and prevent contamination. The corners of the
coverslip were sealed with transparent nail polish.
Each slide was labeled with the species name and
voucher number and stored vertically in a wooden
box (Majeed et al. 2023; Nabila et al. 2022; Ahmad
et al. 2019).
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Fig. 1 Map of the study area

The prepared slides were examined under a light
microscope to study various qualitative and quanti-
tative palynological characteristics at magnifications
of 10xand 40X . For each slide, ten pollen (both in
polar and equatorial views) were analyzed. Qualita-
tive characteristics included pollen shape, size, type,
aperture, and exine sculpturing. Quantitative meas-
urements, such as polar diameter, equatorial diam-
eter, colpi dimensions, mesocolpium, exine thickness,
and P/E ratio, were taken using an eyepiece scale at
40 x magnification (Ullah et al. 2024; Ahmad et al.
2019).

Data analysis

For each slide, ten pollen grains were counted to
calculate the arithmetic mean. The mean value and
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standard error (SE) of each quantitative measure-
ment were computed using SPSS 16.0 statistical
software. Measurements taken at 40 X magnification
were converted to micrometers by multiplying by
2.5 according to the ocular meter calibration. Val-
ues are presented as mean =+ SE in tabular form, as
shown in Table 4.

The percentages of fertile and sterile pollen were
calculated using the following equations:

Fertility = (F/(F + S)) x 100

Sterility = (S/(S + F)) x 100. where F repre-
sents fertile pollen and S represents sterile pollen
while treating pollen grains with glycerin jelly if
they are stained and look good, they should be con-
sidered fertile pollen, and vice versa. Using the tech-
nique of (Ahmad et al. 2010) the rate of fertility was
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Table 1 Detail Table on Current Collected Species of Rosaceous taxa

Sr. No Taxa Common Habit Status Locality Coordinates Collector Date of col- Accession No
Name Name lection
1 Pyrus pashia Himalayan Tree Wild Ghoda 34°58'31.78"N  Abdullah 16/02/2022  ISL-132097
Buch. pear 72° 13'42.97"E
-Ham. ex
D.Don
2 P. calleryana Callery pear Tree Wild Kuza Samai 34°55'03.34"N  Abdullah 27/03/2022  ISL-132098
Decne 72° 13'20.97"E
3 P. commu- Common Tree Cultivated Manai 34°5821.23"N  Abdullah 21/03/2022  ISL-132099
nis L pear 72° 12'38.67"E
4 P. persica Peach Tree Cultivated Odigram 34°45'15.30"N  Abdullah 16/02/2022  ISL-132102
(L) Batsch 72° 17'27.50"E
5 P. domestica European Tree Cultivated Odigram 34°44'58.90"N  Abdullah 19/02/2022  ISL-132103
L plum 72° 17'10.74"E
6 Prunus Apricot Tree Cultivated Drush khela 35°00'09.57"N  Abdullah 13/02/2022  ISL-132104
armeniaca 72°26'44.27"E
L
7 P. dulcis Almond Tree  Cultivated Shah Deraii  34°53'01.34"N  Abdullah 20/03/2022  ISL-132105
(Mill.) 72° 14'04.16"E
D.A.Webb
8 P. avium Wild cherry Tree  Cultivated Mankyal 35°20'52.22"N  Abdullah 26/03/2022  ISL-132107
L)L 72°36'32.33"E
9 R.indicalL. Cymerose  Shrub Cultivated Barikot 34°40'04.24"N  Abdullah 16/02/2022  1SL-132112
72°12"21.05"E
10 R. banksiae  Banks’ rose Shrub Cultivated Sarsainai 34°48'57.34"N  Abdullah 10/03/2022  ISL-132113
R.Br 72° 16'36.05"E
11 Rosaxdam- Damask rose Shrub Wild Charbagh 34°50'32.98"N  Abdullah 29/03/2022  ISL-132115
ascena 72°31'58.46"E
Herrm
12 R. brunonii  Himalayan ~ Shrub Wild Marghzar 34°40'04.88"N  Abdullah 02/05/2022  ISL-132117
Lindl musk rose 72° 20'36.42"E
13 R. canina.  Dog rose Shrub Wild Miandam 35°03'13.90"N  Abdullah 13/05/2022  ISL-132118
72° 33'54.05"E
14 R. webbiana Wild rose Shrub Wild Maho dandh 35°42'37.19"N  Abdullah 19/07/2022  1SL-133374
Wall. ex 72°3929.44"E
Royle
15 Rubus maci- Leanrasp-  Shrub Wild Jarogho 35°06'06.11"N  Abdullah 29/03/2022  ISL-132120
lentus Jac- berry 72° 12'48.63"E
quem. ex
Cambess
16 R. vestitus European Shrub Wild Odigram 34°45'02.80"N  Abdullah 26/03/2022 ISL-132121
Weihe blackberry 72°17'17.21"E
17 R. ellipticus  Yellow Shrub Wild Jambil 34°41'29.68"N  Abdullah 17/03/2022  1SL-132119
Sm Himalayan 7202829 11"E
Raspberry
18 R. niveus Mysore Shrub Wild Jambil 34°40'37.90"N  Abdullah 07/05/2022  1SL-132122
Thunb raspberry 72°28'51.25"E
19 F. vescaL Wild straw- Herb Wild Madyan 34°40'04.24"N  Abdullah 01/04/2022  ISL-132125
berry 72°1221.05"E

@ Springer
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Table 1 (continued)

Sr. No Taxa Common Habit Status Locality Coordinates Collector Date of col- Accession No
Name Name lection

20 S. canescens Grey stem  Shrub Wild Behar 34°54’46.65"N  Abdullah 02/05/2022 ISL-132129
D.Don spiraea 720 3141 24"

21 C. num- Nummular ~ Shrub Wild Guligram 34°43'28.29"N  Abdullah 03/04/2022  1SL-132130
mularius 72°19'57.83"E
Fisch. &
C.A.Mey

22 C. oblonga  Quince Tree Wild Qamber 34°46'19.43"N  Abdullah 16/02/2022  ISL-132133
Mill 72° 19'53.86"E

23 Duchesnea  Mock straw- Herb Wild Chail 35°08'27.41"N  Abdullah 18/02/2022 ISL-132134
indica berry 72° 34"3078"E
(Jacks.)
Focke

24 M. pumila Paradise Tree Cultivated Kanjo 34°49'17.12"N  Abdullah 26/03/2022  1SL-132136
Mill apple 72° 20'54.15"E

25 F. ulma- Meadows shrub  Wild Ghoda 34°58'17.03"N  Abdullah 18/07/2022  1SL-133370
ria (L.) sweet 72°12'34.66"E
Maxim

Fig. 2 Floral field photographs of a P. pashia, b R. indica, ¢ P. persica, d C. oblonga, e P. domestica, f P. armeniaca, g R. ellipticus,
h D. indica, i M. pumila, j Prunus dulcis, k P. calleryana, and 1 R. banksiae.

@ Springer
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Fig. 3 Floral field photographs of a P. communis, b Rubus macilentus, ¢ P. avium, d R. vestitus, € Rosa damascene, £ C. nummu-
larius, g F. vesca, h R. brunonii, i S. canescens, j R. niveus, k R. canina, 1 F. ulmaria, m R. webbiana

determined. Pollen grains having a high fertility rate
show the high stability of plants in a study area.

Results
Morphological description of pollen

In the present study, we presented the pollen mor-
phology of 25 species belonging to 11 genera, includ-
ing Cotoneaster, Cydonia, Duchesnea, Filipendula,
Malus, Prunus, Pyrus, Fragaria, Rosa, Rubus, and
Spiraea by using light microscopy. A description of
the pollen morphology in all studied species show-
ing numerous variations in both qualitative and

quantitative features (Figs. 4, 5 and 6) and (Tables 2,
3,4 and 5). In addition, the present study provides the
percentage of assessed plant species is 52% shrubs
species followed by 40% trees species and 8% herbs
in Rosaceae.

Qualitative parameters

The qualitative micromorphological features of
rosaceous pollen grains were pragmatic under a
light microscope (LM). In the current palynologi-
cal findings, a diverse variation has been observed in
the profile of pollen grains in size of pollen, pollen
type, pollen class polar and equatorial view. Most of
the pollen shapes in polar position were triangular;

@ Springer
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Fig. 4 LM pollen microphotographs of Pyrus pashia A Polar
view, B Equatorial view, R. indica, C Polar view, D Equato-
rial view, P. persica, E Polar view and F Equatorial view, C.
oblonga G Polar view and H Equatorial view, P. domestica 1

however, quadrangular and circular shapes of pollen
in polar position were also examined in some spe-
cies. Immense variations in types of pollen were not
observed in the family Rosaceae; only three types of
pollen among the 25 pollens were observed: tricol-
pate, tricolporate, and tetracolpate. In the pollen type,
15 out of 25 Rosaceous taxa were tricolpate pollen
grains, while 9 out of 25 Rosaceous taxa have tri-
colporate pollens, and only 1 taxa Cotoneaster num-
mularius, has tetracolpate pollens. Almost all Rosa-
ceous pollen in the current research were isopolar and

@ Springer

Polar view and J Equatorial view, Prunus armeniaca K Polar
view and L Equatorial view, R. ellipticus M Polar view and N
Equatorial view, Duchesnea indica O Polar view and P Equa-
torial view

monads having 3 colpi except for Cotoneaster which
exhibit 4. The colpi ornamentations were noted to
vary from perforate, psilate, reticulate, and micro-
reticulate. Exine ornamentations of Rosaceous taxa
via light microscope are almost reticulated, with a
few species, namely Prunus domestica, Rubus maci-
lentus, and F. vesca, having microreticulates, and
only one species, Rosa indica exine ornamentation,
is psilate type, as illustrated in Table 3. Most of the
pollen size in the current palynological study of the
family Rosaceae was noted as smaller; however,
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A

Fig.5 LM pollen microphotographs of M. pumila A Polar
view and B Equatorial view, P. dulcis C Polar view and D
Equatorial view, P. calleryana E Polar view and F Equato-
rial view, R. banksiae G Polar view and H Equatorial view,

only in six species have large pollen been reported.
Diversity in the shape of the equatorial view, such
as oblate, sub-oblate, prolate, sub-prolate, and circu-
lar, in palynological data of the Rosaceae, was also
recorded among the 25 species, only three, Malus
pumila, Filipendula ulmaria, and R. webbiana, were
noted as circular.

Among the 25 Rosaceous taxa studied, the pol-
len grains of five species, Pyrus pashia, Duchesnea
indica, Rosa banksiae, Pyrus communis, and R.
brunonii were classified as prolate spheroidal based

P. communis 1 Polar view and J Equatorial view, Rubus maci-
lentus K Polar view and L. Equatorial view, P. avium M Polar
view and N Equatorial view, R. vestitus O Polar view and P
Equatorial view,

on their P/E ratio. Prolate class pollen was observed
only in 8 species, including Rosa indica, P. domes-
tica, Pyrus calleryana, P. avium, C. nummularius,
Rosa canina, F. ulmaria, and R. webbiana. Sub-pro-
late class pollen shapes have been observed in 12 spe-
cies of Rosaceae, as shown in Tables 2 and 3.

Quantitative parameters

In the current pollen morphological characters of
rosaceous taxa, a diverse variation has been observed

@ Springer
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Fig. 6 LM pollen microphotographs of R. damascena A Polar
view B Equatorial view, C. nummularius C Polar view D
Equatorial view, F. vesca E Polar view and F Equatorial view.
R. brunonii G Polar view and H Equatorial view, S. canescens

in polar diameter, P/E ratio, length of colpi, length of
pore, equatorial thickness, width of colpi, width of
pore, mesocolpium, and exine thickness.

Pollen diameter and P/E index

The minimum polar diameter was observed in the
pollen of S. canescens (10.44+0.93 um), while the
maximum polar diameter was noted in Prunus arme-
niaca (44.2 4+ 0.72 pm), as shown in Fig. 7. Similarly,
minimum equatorial diameter was also noted in S.
canescens (7.95+0.48 um), while maximum equa-
torial diameter was observed in Prunus armeniaca
(38.3+0.87 um), as demonstrated in Fig. 7. In P.
communis (1.05 pm), the lowest P/E ratio in the quan-
titative data of the Rosaceae was examined. while the
highest P/E ratio was noted in F. ulmaria (1.9 pm), as
displayed in Table 4.

Measurement of the colpi and pore
The immense variations in the quantitative data in
length and width of pollen colpi were also found.

The lowest possible length of Pollen colpi was
observed in Rubus niveus (3.30 +0.14 um), while the

@ Springer

I Polar view and J Equatorial view, R. niveus K Polar view and
L Equatorial view, R. canina M Polar view and N Equatorial
view, F. ulmaria O Polar view and P Equatorial view, R. web-
biana Q Polar view and R Equatorial view

largest length of Pollen colpi was seen in R. webbi-
ana (13.7+0.93 um), as shown in Fig. 8. Similarly,
the minimum width of pollen colpi was noted in S.
canescens (3.5 4+ 0.25 um), while the maximum width
of pollen colpi in Rubus vestitus (9.65 +0.35 um), as
displayed in Fig. 8. Nine species out of 25 have tri-
colporate pollen, so variations in quantitative data
in the length and width of pollen pores were also
observed in some species of the family Rosaceae. The
smallest length of pore was observed in R. canina
(0.45+0.93 pum), while the largest length of pore
was noted in F. ulmaria (1.75+0.12 pym), as illus-
trated in Table 4. Similarly, a minimum width of pore
was seen in R. indica (0.4 +0.10 um), while a maxi-
mum width of pore was observed in C. nummularius
(1.7540.16 pm), as shown in Table 4.

Exine thickness and fertility percentage

The quantitative variations in exine thickness
were also noted in Rosaceous pollen; the mini-
mum exine thickness was calculated in S. canescens
(3.204+0.16 um), while the maximum was calculated
in Prunus armeniaca (6.40+0.38 um), as noted in
Fig. 9. Maximum fertile pollen was calculated in P.
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Table 2 Qualitative features of Rosaceous taxa

Sr.No  Rosaceous taxa Size of pollen  Pollen type Pollen class Polar view Equatorial view
1 Pyrus pashia Buch Medium Tricolpate Prolate spheroidal ~ Triangular Sub oblate
2 R. indica L Large Tricolporate  Prolate Slightly circular Prolate

3 P. persica (L.) Medium Tricolpate Sub prolate Slightly circular Sub prolate
4 C. oblonga Mill Large Tricolpate Sub prolate Triangular Sub oblate
5 P. domestica L Small Tricolporate ~ Prolate Triangular Oblate

6 Prunus armeniaca L Large Tricolpate Sub prolate Triangular Prolate

7 R. ellipticus Sm Large Tricolporate ~ Sub prolate Slightly circular Sub prolate
8 D. indica Jacks Medium Tricolpate Prolate spheroidal ~ Triangular Sub prolate
9 M. pumila Mill Large Tricolpate Sub prolate Triangular Circular

10 P. dulcis (Mill.) Medium Tricolpate Sub prolate Triangular Sub prolate
11 P. calleryana Decne Small Tricolpate Prolate Triangular Oblate

12 R. banksiae R.Br Small Tricolporate ~ Prolate spheroidal ~ Triangular Prolate

13 P. communis L Small Tricolporate  Prolate spheroidal ~ Circular Sub prolate
14 Rubus macilentus Jacq Small Tricolporate ~ Sub prolate Slightly circular Sub prolate
15 P. avium (L.) L Large Tricolpate Prolate Triangular Sub prolate
16 R. vestitus Weihe Small Tricolpate Sub prolate Triangular Sub oblate
17 Rosaxdamascena Hem  Small Tricolpate Sub prolate Slightly circular Prolate

18 C. nummularius Medium Tetracolpate  Prolate Quadrangular Sub oblate
19 F. vesca L Medium Tricolpate Sub prolate Slightly triangular ~ Prolate

20 R. brunonii Lindl Medium Tricolpate Prolate spheroidal ~ Slightly circular Sub oblate
21 S. canescens D.Don Small Tricolpate Sub prolate Triangular Sub oblate
22 R. niveus Thunb Small Tricolporate ~ Sub prolate Circular Prolate

23 R. canina L Medium Tricolporate  Prolate Circular Prolate

24 F. ulmaria (L.) Medium Tricolporate  Prolate Circular Circular
25 R. webbiana Wall Small Tricolpate Prolate Circular Circular

avium at 94.79%, while the minimum R. webbiana at
51.89%, as shown in Table 5.

Cluster analysis

The palyno-taxonomic characters of 25 species were
clustered together by multivariate cluster analysis.
The quantitative characters of pollen were used to
find the affinities. As a result of Euclidian distance,
the dendrogram shows two major clusters as shown
in Fig. 10.

In the first cluster, Prunus armeniaca and Spira-
cea canescens show a diverse position from all other
taxa in the present study. R. webbiana and F. ulma-
ria are closely related to each other, but they have a
distant position from all other taxa. Rosa Damasciena
and R. vestitus are closely related with each other
in taxonomic features. In addition, P. avium and M.
pumila are closely related to each other, but they are

sisters linked to Prunus delcis. Cydonia oblonga has
a distinct position in the first cluster among all other
taxa. R. ellipticus and P. domestica are closely linked
to each other. P. calleryana and Prunus persica are
closely linked to each other, but they have a sister
linked to D. indica and R. indica.

In the second cluster, R. canina and Cotoneaster
nummularis are closely linked to each other. F. vesca
and Rubus macilentus are closely linked to each
other, but they have a sister linked to R. niveus and R.
brunonii. P. communis and Rosa banksiae are closely
related to each other. P. pashia has a distinct position
in the second cluster in the present investigation.

Discussion

Rosaceous taxa showed considerable diversity
with respect to qualitative and quantitative pollen

@ Springer
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Table 3 Qualitative palynological traits of Rosaceous taxa

Sr. No Plant Taxa

Polarity Dispersal unit No of colpi Pore in copi Colpi ornamentations Exine Ornamentations

(LM)

1 Pyrus pashia Buch Isopolar Monads Three Absent Perforate Reticulate
2 R. indica L Isopolar Monads Three Absent Psilate Psilate
3 P. persica (L.) Isopolar Monads Three Present Perforate Reticulate
4 C. oblonga Mill Isopolar Monads Three Absent Psilate Reticulate
5 P. domestica L Isopolar Monads Three Present Reticulate Micro reticulate
6 Prunus armeniaca .~ Isopolar Monads Three Absent Perforate Reticulate
7 R. ellipticus Sm Isopolar Monads Three Present Perforate Reticulate
8 D. indica Jacks Isopolar Monads Three Absent Psilate Reticulate
9 M. pumila Mill Isopolar Monads Three Absent Reticulate Reticulate
10 P. dulcis (Mill.) Isopolar Monads Three Absent Psilate Reticulate
11 P. calleryana Decne  Isopolar Monads Three Absent Reticulate Reticulate
12 R. banksiae R.Br Isopolar Monads Three Present Perforate Reticulate
13 P. communis L Isopolar Monads Three Present Perforate Reticulate
14 Rubus macilentus Jacq Isopolar Monads Three Present Perforate Micro reticulate
15 P. avium (L.) L Isopolar Monads Three Absent Microreticulate Reticulate
16 R. vestitus Weihe Isopolar Monads Three Absent Psilate Reticulate
17 Rosax damascena Isopolar Monads Three Absent Nanoreticulate Reticulate

Hem
18 C. nummularius Isopolar Monads Four Absent Psilate Reticulate
19 F. vescaL Isopolar Monads Three Absent Microreticulate Micro reticulates
20 R. brunonii Lindl Isopolar Monads Three Absent Reticulate Reticulate
21 S. canescens D.Don Isopolar Monads Three Absent Psilate Reticulate
22 R. niveus Thunb Isopolar Monads Three Present Perforate Reticulate
23 R. canina L Isopolar Monads Three Present Perforate Reticulate
24 F. ulmaria (L.) Isopolar Monads Three Present Perforate Reticulate
25 R. webbiana Wall Isopolar Monads Three Absent Reticulate Reticulate

micro-morphological data using light microscopy.
However, all studied species shared similar physi-
cal surface outlines, such as reticulate sculpturing.
The qualitative characters used in the present study
include size of the pollen, pollen type, pollen class,
polar and equatorial views, polarity, dispersal unit,
number of colpi, pore in copi, colpi ornamentations,
and equatorial ornamentations of the pollen. The
quantitative features of pollen include polar diameter,
equatorial diameter, ratio between the polar and equa-
torial values, length of colpi, width of colpi, length
of pollen pore, width of pollen pore, mesocolpium,
exine thickness, and percentage of fertile and sterile
pollen (Nabila et al. 2022; Ahmad et al. 2020). The
basic criteria for correctly identifying species are
various parameters of palynological characters; the
shape of the pollen, polar and equatorial diameter,

@ Springer

length, and width of colpi, etc. (Ullah, 2022; Wang
et al. 2023). The study results highlight the crucial
role of Rosaceae diversity and contributing to conser-
vation efforts in the study area. For instance, P. avium
exhibited the highest pollen fertility at 94.79%, while
R. webbiana showed the lowest at 51.89%, highlight-
ing the variability in reproductive potential among the
species.

The variations in pollen morphology were
observed in the studied taxa, except for the number
of apertures in the form of colpi and pore. Although
Rosaceous taxa is mainly represented by tricolporate
pollen (Fernandez and Alli 2023; Li, et al. 2023), tet-
rad as well as hexacolporate pollen were also found
in Rosaceous taxa. In this study, tricolporate pollen
grains in the family Rosaceae are consistent with the
observations of (Lee, et al. 2011; Chung, et al. 2010).



Genet Resour Crop Evol

(Juasqy) ueow—*(ssauwory} aurxyg) = g ‘(wnid[od
-0S9N) =DIN ‘(d10d jJo mprm)=dm ‘(1od jo mBuop =47 ‘(id[os Jo Wpim)=oM ‘(1d[od> o |SuaT) =T ‘(1ereurerp [erojenby) =y ‘()ouwrerp rejod)=d »SI0uLd]

LYOFYIE  LOOFHIE - - 0F0Fs88  €60FLET 9T LEOFTIT  OSTFISE 1B PUDIGqoM Y T
8C0FY6  8TOFSHY 9I0F60  LI'OFSLT  ¥SOFSHL  8TOFTTI 061 1TOFSHS SE0F 191 (D v o 1«4
ST0F06°¢ ITOFFTI  €TOFSYT  €60FSH0 6C0F6S  6T0F69 8T 9FOFVEL  PEOFO8I T puud "y €T
SE0FSLE LYOF9TI  8I'0F0TT  SI'0FS90 LEOFSE  PIOFOLE 6I'T  890FE8T  TSOF6ITC quny L, snaan Y (44
9I'0F0TE  vI'0FS0'8 - - STOFSE 0£0Fs8€E 0€T  8F0FS6'L €6'0F 01 uo(r q Su225UDd °g ¢4
8I'0FOFY  1H0F0T6 - - 9T0FTS  9TOFOrY T €C0FT9T  9TOFI8I [PUr'] Huoun.q -y 0T
€TOF S8 Y ErOFITI - - 9T0F 6+ €S0FS99 6I'T  SECOFLLI  ¥EOFTIC T D2saa o 61
SPOF08°¢ SPOFSTI  EIOFSLT  600FSOT 8F0F0L T1€0FS06 €T 990F8LI  TSOFGSST SLDIAUIY ") 81
9T0FOLY ECOFHII - - 90FS6'8 ETOFSY6 YTl PPOFILL  0SOFIIT  WOH DU2ISDUDP X DSOY L1
8TOFO0SY 6v0F 611 - - Sr0FS96  SE0F06 O 60F96I  ¥90F8ST OUIOM SMISaA Y 91
8T'0FOF'S 09°0F 601 - - WWOFSS8  6£0F 01 LET  960FTST  0TTFO¥E (D wnian g S1
9TOF St 8T0FH¥Cl  8IOFSHFT  TIOFSO0  6TOFS8S THOFSSS LTT  IW0F661  L90FHST boer snuuapovut snqny 4!
1€0F6€E TEOFSTIT LTOFSLO 8I0FYT  SE0FST9  $TOFOVS SOT  SSOFY6l  LEOFHOC 1 Sunuuiod o €1
0F0F S0t SE0FLOT STOFST  STOFS80 8C0FI9  €COFSHY ITT SPOF90T  €r0F6TC gy avisyunq "y 4
C0FSY 9T0F9CI - - 0SO0FTL 9TOFSLS €T LTTFSYC  vITFOSE auda(] euekIoq[ed g I
9¢'0FSTS 90F 01 - - €€0F68  0S0FCL €T 0S0F8EC  TIFeIe (TN s2omp ' d 01
8TOF0CS 8TOF9O¥I - - rOFv8 TOFTOI ITT LUTFS6T  TLTF6SE [N ppund ~py 6
1€0FS6 €90FSLI - - PI0FSSS  €60FSSt 60T  6€T1FE6C  POTFTTE syor[ oIpul " 8
8T'0F09°¢ 9TO0F9TIT  LTOFOST  LIOFSTI 0€0FEL 0£0FS9L 9Tl IL0F68]  OVIF6EC wg snondi)a Y L
8€'0F0Y'9 99°0F £'S1 - - €S0FTS  €60FSSY SI'T  L80FE8E  TLOFTYY 1 DODIUIULID STUNI 9
010F0r'S TIOFTET 9T0FS90  8T0FS60  THOFOLS T1T0FS6E OFT  0TOFYLI  SITFSHT 1 pousawop S
IT0F0sY OF¥ LI - - 90FSS6  ¥90F06'L 9I'T  SLOFOSE  S60F60F [N P810jq0 °D) 4
90FSS'Y PITFSLI - - Se0F0S9  6£0F0S9 6CT  EITFLOT  LTTFOHE (D vorsaad €
0T0F oY T90FF 1 0r0F+0 TroF90  ¥I0FSSS  9TOFSLS €T 9L0F9TC  LYTFSHE 1 poIpul Y z
STOFSE  TOOFILI - - 9TOFSLL  SSOFSI9 LOT  L8TFLYC  LFTFIOC yong viysvd I
wrl (S F uedN)
(um) 19 (wr) O W (wm) g'M (wm) 471 (wm) M (wm) 57 omerg/d (wr) g (wn) ad soads siweld  ON 'S

BXB) SN0Q0BSOY PIJo[as Jo sireny uafjod aanenuend) § Iqe],

pringer

NS



Genet Resour Crop Evol

Table 5 Percentage of

- - Sr.No Plant Taxa Number of Number of Fertility (%)  Sterility (%)
fertility and sterility of fertile pollens sterile pollens
Rosaceous pollens

1 Pyrus pashia Buch 72 13 84.70 15.29
2 R. indica L 78 18 81.25 18.75
3 P. persica (L.) 67 21 76.13 23.86
4 C. oblonga Mill 56 23 70.88 29.11
5 P. domestica L 57 09 86.36 13.63
6 Prunus armeniaca L 44 07 86.27 13.72
7 R. ellipticus Sm 81 05 94.18 5.8

8 D. indica Jacks 77 11 87.5 12.5

9 M. pumila Mill 63 16 79.74 20.25
10 P. dulcis (Mill.) 52 18 74.28 25.71
11 P. calleryana Decne 53 21 71.62 28.37
12 R. banksiae R.Br 74 15 83.14 16.85
13 P. communis L 68 28 70.83 29.16
14 Rubus macilentus Jacq 83 23 78.30 21.69
15 P. avium (L.) L 91 05 94.79 5.20
16 R. vestitus Weihe 84 11 88.42 11.57
17 Rosaxdamascena Hem 56 15 78.87 21.12
18 C. nummularius 66 12 84.61 15.38
19 F. vescaL 77 19 80.20 19.79
20 R. brunonii Lindl 45 22 67.16 32.83
21 S. canescens D.Don 41 21 66.12 33.87
22 R. niveus Thunb 86 17 83.49 16.50
23 R. canina L 73 15 82.95 17.04
24 F. ulmaria (L.) 65 56 53.71 46.28
25 R. webbiana Wall 41 38 51.89 48.10

The current study clarifies the taxonomic impli-
cations of pollen morphology for taxa identification
and delimitation of Rosaceous taxa. The majority of
examined species show similar morphological fea-
tures but some variations in the size of polar and
equatorial views, pores, apertures, pollen outline,
colpi length and width, P/E ratio, and exine sculpture
(Ullah et al. 2022). In the present research work, P.
pashia Buch is medium-sized, tricolpated, prolate
spheroidal, triangular, and suboblate. P. calleryana
and P. communis are small, tricolporated, prolate
spheroidal, triangular-circular, and oblate to sub-
prolate. While pollen grains of Pyrus sp. recorded
from India showed tricolporate and zonapertu-
rate ornamentations. The pollen morphology of R.
indica, R. banksiae, and R. damascene. R. webbiana
and R. canina showed sizes of small-medium tri-
colpated, prolate-subprolate, circular triangular in
polar view, and prolate-circular in equatorial views

@ Springer

(Wroriska-Pilarek & Jagodziriski 2011). Singh et al.
(2020) extensively examined the pollen morphology
of Rosa species in the Western Himalaya, revealing
that the pollen grains are predominantly spheroidal to
sub-spheroidal in shape; surface textures range from
smooth to sculptured, with diverse exine ornamen-
tations observed. The pollen morphology of Rubus
species reveals a range of spheroidal to oblate pol-
len grains with diverse exine ornamentation, includ-
ing tectate and sculptured surfaces. Pollen grains of
Sanguisorba species are predominantly tricolpate and
exhibit a range of shapes from sub-spherical to ellip-
soidal, with varying exine textures, including reticu-
late and verrucate patterns (Lee et al. 2011). The
pollen grains of P. avium were tricolpated, prolate,
triangular, and subprolate, while the pollen of P. duc-
lis were medium, tricolpated, subprolate in the equa-
torial view, and triangular in the polar view (Ghosh &
Saha 2017).
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Fig. 10 Dendrogram, based Prunus armeniaca L.
on micro-morphological Rosa webbiana Wall. ex Royle
features Filipendula ulmaria (L.) Maxim.
Spiraea D.Don
Rosa x d Herrm.
Rubus vestitus Weihe & Nees
Prunus dulcis (Mill.) D.A.-Webb
Prunus avium (L) L. -
Malus pumila Mill. _|
Cydonia oblonga Mill.
Rubus ellipticus Sm.
;‘E Prunus domestica L.
g Duchesnea indica (Andrews) Teschem.
E Pyrus calleryana Decne. -
A Prunus persica (L.) Batsch
Rosa indica L. o

Rosa canina L.

Cotoneaster nummularius Fisch. & C.A.Mey.

Rubus niveus Thunb.

Fragaria vesca L.

Rubus macilentus Jacquem. ex Cambess.

Rosa brunonii Lindl.

Pyrus communis L.

Rosa banksiae R.Br.

Pyrus pashia Buch. -Ham. ex D.Don

Pollen morphological characters are the diagnos-
tic features used in the identification of Rosaceae
taxa and these characters recognize in their certain
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genera at the various taxonomic level (Naruhashi
and Toyoshima 1979). Some previous literatures
indicated that the pollen size in some genera of
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Rosaceae is correlated with chromosome number
(Fischer et al. 1943). Pollen exine ornamentation
is described with many terms in Rosaceae and it is
the most important distinguishing character in rosa-
ceous taxa (Erdtman 1952; Shi et al. 2013; Song
et al. 2016). Pollen trait was seemed to be signifi-
cant reliable characters to use for the classification
of Rosa at sectional level (Ueda and Tomita 1989).
The pollen apertures exhibited by tricolpate type,
pollen shape is sub-spherical to ellipsoidal and
exine textures is reticulate and verrucate patterns
were observed in the species of Sanguisorba (Lee
et al. 2011). The pollen morphology was described
in Turkish Crataegus in which the pollen is monad;
frequent aperture form is tricolporate, trisyncol-
porate and tetracolporate (Oybak- Donmez 2008).
The results of the present correlated with characters
assessed in Rubus and their pollen shape is spheroi-
dal to oblate and exine ornamentation was observed
as tectate type (Lechowicz et al. 2020). Our find-
ing agree with the pollen features were observed in
Rosa species occurring in Western Himalaya and
revealed that the pollen grains shape is spheroidal to
sub-spheroidal and surface texture is smooth (Singh
et al. 2020). Similar study was conducted on the
pollen morphology of the 24 species in Rosaceae
and showed diversity in size, shape, exine charac-
ters (Ghosh and Saha 2017).

While the study offers valuable insights into
the palynological diversity of Rosaceae in Swat, it
also has several limitations. Additionally, the study
focused on a limited number of villages in Swat,
which may not represent the entire diversity of
Rosaceae flora in northern Khyber Pakhtunkhwa.
Future research should consider expanding the geo-
graphical scope and temporal range of the study to
provide a more comprehensive understanding of taxo-
nomic study of Rosaceae.

Furthermore, the study relied on light microscopy
for pollen analysis, while effective, may not capture
the full range of micromorphological traits. Advanced
techniques such as scanning electron microscopy
(SEM) could provide more detailed insights into pol-
len surface features and their systematics implications
(Xiong et al. 2019). Integrating molecular techniques
to analyze genetic diversity within Rosaceae species
could also enhance our understanding of their evolu-
tionary relationships and potential adaptation to local
environmental conditions (Potter et al. 2007).

The primary goal of the current study was to inves-
tigate the micromorphological features in the family
Rosaceae under a light microscope (LM), with a spe-
cial emphasis on diversity and variations in rosaceous
pollen. Taxonomic study using a light microscope
(LM) for accurate taxonomic group identification and
delimitation thus plays a crucial role in the field of
taxonomy and offers the taxonomist valuable poten-
tial to distinguish and segregate any taxonomic group
or level up to a certain extent using palynological
micro-morphological features.

Conclusion

In the current research palynological investigations of
25 Rosaceae taxa were examined using microscopic
techniques. In the present work, pollen morphol-
ogy via qualitative and quantitative traits of 25 spe-
cies belonging to different genera in Rosaceae was
investigated. Palynological characters, i.e. pollen size,
shape, apertures and ornamentations etc. were used as
a tool for the correct identification of taxa. The pollen
size was examined in the range of small-large, pol-
len type tricolpate-tricolporate and pollen class pro-
late-subprolate. Our results demonstrate that there is
high diversity and variations in palynological features
among the Rosaceae taxa. This study highlights the
taxonomic and systematic implications of Rosaceae.
However, further investigations are needed to exam-
ine the palynological diversity of Rosaceae from a
detailed evolutionary point of view. It has been inves-
tigated that the palynological research alone is insuf-
ficient to elucidate the taxonomic relationships within
Rosaceae at sub-generic level, but they can provide
some useful information for further taxonomic treat-
ment at specific levels.
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