
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Palynological investigation of Allergenic 

and Melliferous flora of Pakistan 

 

By 

Mehwish Jamil Noor 

Department of Plant Sciences 

Quaid i Azam University 

Islamabad, Pakistan 

2016 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ACKNOWLEDGEMENTS 

 

 

DOCTOR OF PHILOSOPHY 

IN 

PLANT SYSTEMATICS AND BIODIVERSITY 

DEPARTMENT OF PLANT SCIENCES QUAID-I-AZAM  

UNIVERSITY ISLAMABAD PAKISTAN 

 

 

Palynological investigation of Allergenic and 

Melliferous flora of Pakistan 

BY 

MEHWISH JAMIL NOOR 

A THESIS SUBMITTED TO THE QUAID-I-

AZAM UNIVERSITY IN PARTIAL 

FULFILLMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF 



 



 

 

DEDICATION 

 

To My Parents And My Whole 

Family 

This Humble Work Is a Sign Of 

My Love For You 

               MEHWISH 



ACKNOWLEDGEMENTS 

 

First of all All praises to Al mighty Allah, i express my deepest gratitude to the greatest, 

who gave be ability and strength to complete this project and all respects for his Prophet 

Muhammad SAW, most respectful and perfect, he was born for enlightening us and who 

guided us in every sphere of life. 

I am highly grateful to my worthy supervisor Dr Mushtaq Ahmad for his consistent 

guidance, inspirational supervision, keen interest and valuable suggestions. I am also 

thankful to Prof. Dr Mir Ajab Khan, his guidance, support, fruitful discussion with 

reference to pollen. 

I offer my thanks to Chairman Department of Plant Sciences Dr  Tariq mehmood and Dr. 

Muhammad Zafar for providing research facilities in the plant taxonomy and 

biodiversity lab. Department of Plant Sciences Islamabad. My special thanks are 

extended to Dr Mir Ajab Khan for his kind guidance throughout my work. 

I am greatly indebted to Dr Janet M. Davies (Foreign IRSIP Supervisor) for guiding and 

hospitality during my stay in University of Queensland, Brisbane. Australia. Your 

inspirational guidance , intellect has been. Many Thanks are extended to Higher 

Education Commission 'International research support initiative program' for providing 

me chance to explore new world of science and exposure to international research 

environment. 

I express my deepest sense to gratitude to Mr Amin Afzam, Mr. Farooq and Mr. Sufyan 

and all my fellows Noshaba Khattak, Dr Asma Jabeen, Dr Shazia Sultana, Mr 

Pakhtoonzada, Mr Ghulam e Yaseen and Sadaf Kayani and ALL my nice Lab Fellows 

for their support & company. 

Words always seem to shallow when it comes to my dearest parents. I am nothing without 

their support, guidance and their prayers especially. I convey my deepest thanks to my 

siblings for their love and respect for me. Allah bless them all.          

Mehwish J. Noor 



 

 

Foreign Evaluators of the Thesis 

 

 

 

 

1 Professor Dr. Jerry Roberts 

Assistant Pro Vice Chancellor 

Research 

Plant and Crop sciences Division 

School of Biosciences 

University of Nottingham. UK 

 

 
 

 

 

2 Professor Dr. Hiroshi Tobe 

Professor Emeritus of Kyoto 

University 

President of the Botanical Society of 

Japan 

 
 



CERTIFICATE 
 

This thesis, submitted by Miss Mehwish Jamil Noor is accepted in its present 

form by the Department of Plant Sciences, Quaid-i-Azam University Islamabad 

Pakistan, as satisfying the thesis requirements for the degree of Doctor of 

Philosophy (PhD.) in Plant Sciences (Plant Systematic and Biodiversity). 

  

 

 

SUPERVISOR       

DR. MUSHTAQ AHMAD           

Associate  Professor 

Dept. of Plant Sciences,          

 Quaid-i-Azam University 

 Islamabad 

 
 

EXTERNAL EXAMINER I 

PROF. DR MUHAMMAD 

ARSHAD  

Chairman Dept of Botany, PMAS. 

Arid Agriculture University  

Rawalpindi 
 

EXTERNAL EXAMINER II 

 

DR. HINA FATIMAH 

Assistant Professor 

Department of Environmental 

Science 

Allama Iqbal Open University, 

Islamabad  
 

CHAIRPERSON 

 

DR. TARIQ MAHMOOD 

 Associate Professor  Chairperson.  

Department of Plant Sciences 

Quaid-i-Azam University 

 Islamabad 
 

 

Dated: 13th July, 2016 



Table of Contents 

 

Chapter 1                              INTRODUCTION   

 
1.0 

 

PALYNOLOGY AND ITS 

APPLICATIONS 
1 

 
1.1 

 
Pollen grain  3 

  
1.1a Pollen Morphology  4 

  
1.1b Pollen Sculpturing  5 

  
1.1c Pollen adaptive features  6 

 
1.2 

 

Significance of Palynology in Plant 

taxonomy 
 6 

 
1.3 

 

MELISSOPALYNOLOGY AND 

MELLIFEROUS PLANTS 
 9 

  
1.3.1 

Previous research work on 

Melissopalynology: Worldwide Approach  
 10 

  
1.3.2 Sources of melliferous pollen in Honey   11 

  
a Pollen Foraging by Honey Bees   12 

  
b 

Pollen collection regulation in Honeybee 

colony 
 12 

  
1.3.3 

Significance of Melliferous Pollen 

Investigation 
 13 

  
1.3.4 Melliferous Pollen Qualitative Investigation   13 

  
1.3.5 

Melliferous Pollen Quantitative 

Investigation  
 14 

  
1.3.6 Pollen Loads  15 

 
1.4 

 
Pollen Allergy   15 

  
1.4.1 Pollen allergy causing Flora   18 

  
1.4.2 Pollen Allergy causing plants of Pakistan  20 

 
1.5 

 
Background of the Present Project  21 

 
1.6 

 
Objectives of the study   24 

Chapter 2                              MATERIAL AND METHODOLOGY   

 
2.1 

 
Sampling Site and Climatic conditions.  26 

 
2.2. 

 
Pollen analysis of Melliferous Pollen grain  36 



and Melissopalynology 

  
2.2.1. 

Qualitative investigation of melliferous 

pollen 
 36 

  
I. Honey pollen extraction  36 

  
II Slide  preparation  36 

  
III Light Microscopy  37 

  
2.2.2 

Quantitative investigation of melliferous 

pollen  
 40 

  
i  Counting under Light Microscopy  44 

  
ii. Pollen frequency groups  41 

  
iii.    Frequency of Wind pollinated pollen grain   41 

  
iv. Honey Dew elements   42 

  
v Shannon Diversity Index  42 

  
vi. Frequency of occurrence of pollen  43 

  
2.2.3 

Palynological analysis of Pollen loads/ 

Beepollen 
 43 

  
i Beepollen Collection   43 

  
ii. Recording the colour of pollen loads  43 

  
iii. Palynological analysis of bee pollen  44 

 
2.2 

 

Palynological analysis of allergy causing 

plants 
 44 

  
i Collection of Allergy causing pollen  44 

  
ii Pollen sample preparation  44 

  
iii. 

Pollen image acquisitions and pre-

processing 
 45 

 
2.3. 

 

 Field Emission Scanning Electron 

microscopy of allergenic and  melliferous 

plants 

 46 

  
i. Sample Preparation  46 

 
2.4 

 
 Floral Calendar Preparation  50 

Chapter 3                              RESULTS AND DISCUSSIONS 
 

 
3.1 

 

Palynological Investigation of melliferous 

flora of Pakistan 
 51 



 
3.1.1 

 

Qualitative investigation of melliferous 

pollen 
51 

  
a 

Anemophilous pollen serving as Melliferous 

sources 
 82 

  
b Melliferous Pollen Identification  84 

  
i. Family: Acanthaceae    96 

  
ii. Family Betulaceae  96 

  
iii. Family: Brassicaceae  97 

  
iv. Family Fabaceae  97 

  
v. Family: Verbenaceae  99 

  
vi. Family: Rhamnaceae  99 

  
vii. Family Cyperaceae  100 

  
viii. Family Amaranthaceae  101 

  
ix. Family Plantaginaceae  101 

  
x. Family Caryophyllaceae   102 

  
xi. Family Asteraceae  102 

  
xii. Family: Poaceae  105 

  
xiii. Family: Myrtaceae  106 

  
xiv. Family: Pinaceae 106 

  
xv. Family: Rosaceae  107 

  
xvi. Family Rutaceae 108 

  
xvii. Family Bombacaceae 108 

  
xviii. Family Apiaceae 108 

  
xix. Family Meliaceae 109 

  
xx. Family Solanaceae 109 

  
xxi. Family Lamiaceae 109 

  
xxii Family Combretaceae 110 

  
xxiii Family Elaeagnaceae 110 

  
xiv. Family Malvaceae 110 

 
3.1.2 

 
POLLEN QUANTITATIVE ANALYSIS 111 

  
a Frequency of Occurrence of Pollen Types  140 

  
b Families Contribution of pollen grain  144 

 
3.1.3 

 
POLLEN ANALYSIS OF BEEPOLLENS 147 



 
3.2 

 

PALYNOLOGICAL INVESTIGATION OF 

ALLERGENIC POLLEN 
159 

 
3.2.1 

 

Pollen focus series of pollen allergy causing 

plants 
159 

 
3.2.2 

 

Significance of pollen morphological 

analysis in forecasting pollen allergy 
175 

 
3.3 

 

FESEM ANALYSIS OF ALLERGENIC 

AND MELLIFEROUS POLLEN AND 

EXINE SCULPTURING 
 

 
3.4 

 

KEY OF ALLERGENIC AND 

MELLIFEROUS POLLEN FLORA OF 

PAKISTAN. 

265 

 
3.5 

 

FLORAL CALENDAR OF ALLERGENIC 

AND MELLIFEROUS FLORA OF 

PAKISTAN 

 272 

 
3.6 

 

CONCLUSION & 

RECOMMENDATION 
293 

Chapter 4                  REFERENCES 300 

APPENDIXES 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



List of Tables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 
Summary of sampling with geographical location, 

colour, season of collection. 
30 

Table 2 Description of Sculpturing type of pollen  48 

Table  3        Palynological investigation of Melliferous flora  52 

Table 4 
Supplementary material: Pollen percentage 

representation in each sample 
331 

Table 5    
Supplementary material:  Pollen type percentage 

contribution  honey samples  
347 

Table  6 

(i-iv)            

Pollen Types recovered from honey samples and their 

frequencies 
136 

Table 7  
Pollen load color guide for melliferous pollens in the 

field 
155 

Table 8 Palynological investigation of Allergenic flora  177 

Table 9 
Floral Calendar of Allergenic and Melliferous Flora 

of Pakistan 
279 



List of Figures 

 

 

Figure 1.   Pollen Shape guide 38 

Figure 2.   Pollen shape classes 39 

Figure 3.  
Whole field for counting pollen grains counting 

ensuring homogenous inspection of the sample in slide 
40 

Figure 4.  Description of the surface of Pollen Grains 49 

Figure  5a    Frequency of Pollen types (Top 10) in honey 142 

Figure  5b    Frequency of Pollen types in honey 142 

Figure.  6    
Comparison of Percentage contribution of Uni and 

Multifloral pollen types in honey 
144 

Figure 7a.  
Percentage of representation of top families in honey 

samples 
146 

Figure 7b 
Percentage of representation of top families in honey 

samples 
146 

Figures   8     Maurizio's Categories of Honey Classes 147 

Figures   9 a 

& b 
Absolute Pollen Count 149 

Figures   10 Dominant families observed in Field Survey 275 

Figures   11 Average Contribution by each plant habit 275 

Figures   12 Melliferous floral resources availability throughout year 277 

Figures   13 
Pollen Allergenic Floral Sources availability throughout 

year 
277 

 

 

 

 

 

 

 

 



List of Plates 

 

Plate   1 Honeybee farm keeping in Pakistan 28 

Plate   2 Bee colony monitoring 28 

Plate   3 Honeybee farm keeping in Chakwal 29 

Plate   4 Bee hives in Swat 29 

Plate   5 Honey sample for pollen analysis 35 

Plate   6 Field survey 35 

Plate   7 
Sample (AH 1 )    1. Brassica campestris 2. Trifolium 

repense  3. Solanaceae type 
85 

Plate    8 
Sample (CH 2)  1. Acacia nilotica P and E view.2. 

Melilotus alba. 3. Helianthus annuus 
85 

Plate    9 
Sample (DH 3)  1. Pennisetum glaucum 2. Eucalyptus 

globulus  3. Ziziphus jujuba 
85 

Plate    10 
Sample (GH7)  1. Poa annu1. 2. Amaranthus spinosus. 3. 

Poa annua 
86 

Plate    11 
Sample (GH8)     1. Plantago ovata 2. Prunus 

bokharensis 
86 

Plate    12 
Sample (GH 10)  1. Acacia nilotica   2. Trifolium repense   

3. Helianthus nnus 
86 

Plate     13 
Sample (SH 11)  1. Brassica campestris, 2. Eucalyptus 

pollens, 3. Cyperus & Alternaria 
87 

Plate    14 
Sample (HH 13)  1. Taraxicum officinalis  2. Alternaria 

sp, 3.  Justicia adhatoda 
87 

Plate     15 
Sample (IH 14)  1. Syzigium cumini  2. Solanaceous Type  

3.Trifolium repense 
87 

Plate    16 
(Sample IH45)   1. Justicia adhatoda  2. Carissa opaca 3.  

Ligestrum lucidem 
88 

Plate     17 
Sample (IH 15)  1. Catalpa ovata, 2. Silibum marianum, 

3. Solanaceous type 
88 

Plate     18 
Sample (JH 16)   1.Coriandrum sativum 2. Catalpa ovata  

3. Eucalyptus globulus 
88 

Plate     19 Sample (KH 18)  1. Taraxicum arvensis, 2. Coriandrum 89 



sativum  3. Acacia nilotica 

Plate     20 
Sample (KH 19)  1. Acacia nilotica 2. Eriobotrya 

japonica and Eucalyptus cammoldulensis 
89 

Plate     21 
Sample (AH 23)  1,2,3  Pennisetum typhoides  and 

Cyprus rotundas 

89 

 

   

Plate     22 
Sample (KH 24)  1.Pathenium hysterophorus, 2. 

Pennisetum typhoides, 3. Ziziphus jujuba 
90 

Plate    23 
Sample (KH 15)  1. Silybum marianum 2. Solanaceous 

type 3. Acacia 
90 

Plate    24 
Sample (LH 26)    1-2. Trifolium repense P & E view. 

3.Alternaria 
90 

Plate    25 
Sample (LH 27)   1.2.3. Trifolium repense P & E view, d 

Poaceae and  Callistemon citrinus 
91 

Plate    26 
Sample (LH 28)  a&b . Poa and  Cyprus 3. Callistemon 

citrinus 
91 

Plate    27 
( Samlpe KH 22)  1. Alnus nepalensis 2. Sonchus asper 3. 

Hyssopus officinalis 
91 

Plate    28 
Sample (LH 29)    1. Acacia  2. Ziziphus jujuba E view, 3. 

Avena sativa 
92 

Plate    29 (Sample LH  30) 1. Citrus sinensis  P and Eq. View 92 

Plate    30 
Sample (MH 33)     1. Solanaceous Type, 2. Terminalia 

arjuna  3. Acacia nilotica 
92 

Plate    31 
Sample (MH 35)  1. Eragrostis ciliaris 2. Brassica 

campestris 3. Acacia nilotica 
92 

Plate    32 
Sample (MH 37)  1. Soalnaceae pollen. 2. Oryza pollen 

and 3. Ziziphus jujuba 
92 

Plate   33 
(Sample MH  38) 1.  Parthenium hysterophorus 2.  

Silibum marianum 
92 

Plate    34 
(Sample MH 41)    1. Justicia adhatoda  2.Justicia 

adhatoda and  Citrus sp. 3. Eucalyptus cammoldulensis, 
93 

Plate    35 
Sample (NH49)  1. Melilotus indica , 2. Eucalyptus & 

Acacia nilotica  3. Poa 
93 



Plate    36 
Sample (PH 50)    1. Stellaria media  2. Solanaceous 

pollens 3. Eucalyptus pollens 
93 

Plate    37 
Sample (51)   1. Trifolium repense b and 3. Eucalyptus 

globulus pollens(P&E view) 
94 

Plate   38 
Sample (SH 52)    1. Silibum marianum 2. Callistemon 

citrinus and Alternaria sp., 3. Acacia nilotica 
94 

Plate    39 
Sample (SH 55)  1. Brassica campestris 2. Coriandrum 

sativum and 3. Citrus sinensis 
94 

Plate   40 
Sample (SH 56)  1. Ageratum conizoides, 2. Bombax 

ceiba, 3. Cyprus rotundas and Citrus Sp,. 
95 

Plate   41 
Sample (SH 58)   1. Terminalia arjuna   2. Eucalyptus 

cammoldulensis    3. Trifolium repense 
95 

Plate   42 
Sample (SH 60)  1. Bombax ceiba,  2. Eucalyptus 

globulus . 3. Brassica ampestris 
95 

Plate  43 

1. Honeybees foraging Tagetis flower 2. Brassica 

campestris (bee with pollen load in corbicular)  3. 

Callistemon citrinus  4. Solanum surratense 

152 

Plate  44 

1 & 2. Pollen load pellets packed and stored in fridge 3. 

Bee foraging Ageratum conyzoides 4. Homskoidea     

singuinea 

153 

Plate   45 

1. Bee foraging Brassica campestris 2. Eriobotrya 

japonica  

3 & 4. Pollen load pellets cluster and segregated 

154 

Plate   46 (1-9 ) 

Pollen extracted from bee pollen pellets 1. Silibum 

marianum  2. Brassica campestris 3. Grewia asiatica 4. 

Taraxicum officinalis 5. Bombax ceiba 6. Lagerstromia 

indica  7. Citrus sinensis 8. Callistemon citrinus  9. 

Coriandrum sativum 

156 

Plate   47  (1-9) 

Pollen extracted from beepollen pellets   1 Parthenium 

hysterophorus 2. Calendula arvensis 3.  Prunus 

bukharensis  4. Acacia modesta  5. Verbena tunisecta 6.  

Helianthus annus  7..Eucalyptus cammoldulensis  8. 

Raphanus sativa 9.  Poaceae pollen 

157 



Plate   48 Cynodon dactylon 163 

Plate   49 Phleum pretense 163 

Plate   50 Sorghum helipense 164 

Plate   51 Parthenium hysterophorus 164 

Plate   52 Eucalyptus globulus 167 

Plate   53 Callistemon citrinus 167 

Plate   54 Casuarina equisetifolia 169 

Plate   55 Chenopodium album 169 

Plate   56 Cupressus sempervirens 172 

Plate   57 Acacia  nilotica 172 

Plate   58 Tilia sp. 172 

Plate   59 
Field Emission Scanning Electron microscopy of  Pollen 

grain 
182 

Plate   60 (1-2) Family : Acanthaceae 
 

 
1. Justicia adhatoda (P. vew) 2. Pollen wall sculpturing 182 

Plate   61  (1 & 2) Family : Acanthaceae 
 

 

1. Peristrophe paniculata (P. view) 2. Pollen wall 

sculpturing 
183 

Plate   62 (1 & 2) Family : Apocynaceae 
 

 

 
1. Carissa opaca (Eq. view)   2. Carissa opaca (P. view) 

186 

 

 

 

Plate    63: 1 Family : Chenopodiaceae 
 

 
1.  Chenopodium album (polar view) 189 

Plate    63: 2 Family : Amaranthaceae 
 

 
2.  Amaranthus spinosus 189 

Plate    64 :   1. Family : Caryophyllaceae 
 

 
Stellaria media 194 

Plate    64 : ( 2) Family : Plantaginaceae 
 

 
Plantago ovata 194 

 
Family : Apiaceae 

 



Plate  65: (  1 & 2) Coriandrum sativum 198 

 
Family : Liliaceae 

 
Plate  66:  

( 1 & 2) 
Iris 199 

 
Family : Asteraceae 

 
Plate  67: 1 & 2) Artemesia roxberghiiana 202 

Plate  68: 1) Calendula arvensis 205 

Plate  68: 2) Parthenium hysterophorus 205 

Plate  69: (  1) Tricholepsis chalepensis 208 

Plate  69 : 2) Conyza bonerehensis, 208 

Plate  70: 1 & 2) Sonchus asper 210 

Plate  71: 1 & 2) Taraxicum officinalis 211 

 
Family : Myrtaceae 

 
Plate  73: (  1 & 2) Eucalyptus globulus 213 

Plate  72: (  1 & 2) Callistemon citrinus 214 

 
Family : Pinaceae 

 
Plate  74: (  1 & 2) Pinus roxbergii 217 

 
Family : Rutaceae 

 
Plate  75: (  1 & 2) Citrus arvensis 218 

 
Family : Fabaceae 

 
Plate  76 : (  1 & 2) Acacia arabica 222 

Plate  77 : (  1 & 2) Acacia nilotica 223 

Plate  78 : (  1 & 2) Trifolium repense 225 

 
Family : Euphorbiaceae 

 
Plate   79 : ( 1 & 2) Sapium sebiferum 226 

 
Family : Brassicaceae 

 
Plate  80 : (  1 & 2) Brassica campestris 228 

 
Family : Oleaceae 

 
Plate   81 : ( 1 & 2) Olea ferruginia 229 

 
Family : Lamiaceae 

 
Plate  82 : ( 1 & 2) Hissopus officinale 232 

 
Family : Meliaceae 

 
Plate   83: ( 1 & 2) Melia azadirach 235 



 
Family : Betulaceae 

 
Plate  84 : ( 1 & 2) Alnus nitida 237 

 
Family : Cannabaceae 

 
Plate  85 : ( 1 & 2) Cannabis sativa 240 

 
Family : Cyperaceae 

 
Plate  86 : ( 1 & 2) Cypress rotundas 242 

Plate  87 : ( 1 ) Carex pollen type 244 

 
Family : Malvaceae 

 
Plate  87: ( 2   ) Abutilon indicum 244 

 
Family : Rosaceae 

 
Plate  88 : ( 1 & 2) Prunus bokharensis 248 

Plate  89 : ( 1 & 2) Eriobotrya japonica 249 

 
Family : Poaceae 

 
Plate  91 : ( 1 & 2) Hordeum vulgare 249 

Plate  92 : ( 1 ) Oryza sativa 
 

Plate   92: ( 2. 93 : (  1 

& 2) 
Cymbopogon citratus 256 

Plate  94 : ( 1 & 2) Pennisetum glaucum: 255 

Plate  95 : ( 1 & 2) Avena sativa: 260 

Plate  96 : ( 1 & 2) Setaria type 261 

 



 

Abstract 

 

The microscopic analysis of pollen is the standard method and an effective tool to 

understand the allergenic (Pollen allergy) and melliferous plants (mellisopalynology) of any 

specific region. This is the first report study from Pakistan regarding  pollen investigation of 

allergenic and melliferous flora using various techniques including pollen extraction, 

identification, systematics, field emission scaning electron microscopy, upright florescence 

microscopy and light microscopy. The study confind palynological analysis of melliferous plants 

and allergenic plants, pollen sculpturing using scaning electron micrscopy  and to development 

of floral calendar of the region. 

First part deals with pollen analysis of 64 honey samples collected from 37  different 

localities of Pakistan using Light microscopy (LM) and Field Emission Scanning Electron 

Microscope (FESEM). In this study wide variety of plants foraged by honey bees Apis mellifera, 

A. cerana, A. dorsata were identified representing the potential for bee keeping of region. In total 

of 60 different pollen types  belonging to 35 families were identified up to species, genetic and 

family level.  It is reported that the most of the plants belong to angiosperm families whereas 

only one species belong to gymnosperm group.The dominant families belonging to angiosprm 

includes Brassicaceae, Rosaceae, Rutaceae, Apiaceae, Lamiaceae, Boraginaceae, Mimosaceae 

whereas the pinaceae is the only one gymnospermic family.  

In second part, Upright fluorescence microscopy was carried out to identify 12  samples 

of allergenic pollen from  Pakistan. Pollen focal series has been capture at different dimensions 

expressing the diverse features of pollen, significant for aerobiological sampling identification. 

Pollen features studied includes pollen morphology, size, shape, exine structure, exine thickness 

etc. Diverse pollen  morphology observed during study may appear confusing when working on 

airborne pollen as many pollen show similarity in shape.  

Third part deals with Field emission scanning electron microscopy (FESEM) of pollen 

grain. Finding of this analyses shows that the external morphological features of pollen 



(sculpturing) were useful for identification  of different taxa. Honey pollen were identified using 

morphological features, number and arrangement of pore and colpi, size and shape. In this study 

49 pollen grains types belonging to 25 families were  reported.  It is noted that the shape and 

sculpturing of pollen ranging from psilate, scabrate to reticulate, bireticulate and echinolophate.  

Survey of  allergenic and melliferous flora was carried out side by side to keep the record 

about allergenic and bee floral preference of specific sites through surveys and interviews and 

recording their flowering time and distribution. In total of 205 plant species were identified 

belonging to sixty seven families. The wild  plant species like Justicia adhatoda Linn., Acacia 

nilotica (L.) Delile, Ziziphus jujuba Mill etc. may serve in apiculture industries at large scale 

while the species like Taraxicum officinalis L., Artemisia dubia Wall., Casuarina equisetifolia 

L., Broussonetia papyrifera (L.) L’Herit., Cupressus sempervirens L., or Pinus roxburghii 

Sargent,  playing role in triggering pollen allergy symptoms. Cultivated crops like Pennisetum, 

Nigella sativa, Triticum sativum along with fruit gardens of Pyrus spp., Prunus spp., Eryobotria 

japonica, Citrus spp. etc. are popular melliferous flora of studied sites. Exotic/ introduced 

species like Eucalyptus globulus or Parthenium hysterophorus, are also frequently visited by 

bees indicating the significance of those plants in bee industry and at the same time triggering the 

allergies by the windborne pollen.  

Overall results are based on pollen features like morphology and sculpturing. It is 

concluded that different microscopic analysis techniques gives more clear and authentic picture 

of allergenic and melliferous pollen identification which is well supported by floral calendar. 

Diversity of pollen are observed in case of melliferous pollen and most of the allergenic pollen 

were found less sculptured or psilate expressing the adaptation to the specific mode of 

pollination. The study recommends to compile the pollen book on pollen spectra of Pakistan that 

could serve as a reference for future studies particularly and at global perspectives generally.   
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1.0 PALYNOLOGY AND ITS APPLICATIONS 

 Palynology is the Greek term originated from verb “Palynin” meaning 

“Scatter”, with relevance to their nature, as pollen are mostly scattered by various 

pollinating factors like wind, insects, animals etc. Term “Palynology” was first 

introduced by Hyde and William (1945) in it pollen structures, their functions, 

dispersal and preservation are studied under definite environmental conditions. Moore 

et al. (1991b) explained palynology as "a study of pollen grain released by 

Gymnosperms and Angiosperms (Phanerogams /spermatophytes) and spores released 

by bryophytes, pteridophytes, algae and fungi (Cryptogams)".  

Pollen grain are like containers that carries the male gamete of angiosperms 

and gymnosperms, whereas spores are the resting and dispersal phases of lower plants 

(Cryptogams). Both these groups "Pollen" and "Spores" are different from each other 

but both of them develop as a result of meiosis. For performing their function they 

need to disperse but they can only serve their function if pollen lands on the stigma of 

the same species and successfully fertilize the egg and spore land on proper place 

where it can germinate, flourish and produce gametophyte. The analogy that both 

need dispersal for successful function lead to their consideration under same field of 

palynology. Both of them possess hard tough and resistant coating around them that is 

well sculptured (Moore et al., 1991b).  

Palynology can be applied in diverse fields mentioned below:   

 

i. Plant Taxonomy 

ii. Pollen allergy studies 

iii. Honey pollen analysis / Melissopalynology 

iv. Genetics/ hereditary analysis 

v. Evolutionary studies 

vi. Forensic Palynology 

vii. Tracing vegetation History at  

 

a. Species level 

b. Community level 

viii. Paleopalynology 
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ix. Climatic transformation analysis 

x. Studies of people plant relation in past 

 

Pollen recognisable features, their dispersal, resistibility, structural stability 

are utilized in various field of palynology like in forensic palynology pollen are used 

for solving civil or criminal legal issues. Their presence in samples collected from 

crime location like from dust, soil, clothes, shoes hairs serve as indicator of  

geography and habitat of the sample originating area hence providing clues for 

environment of crime scene (Mildenhall et al., 2006). These clues can be exploited 

from individual crime to civilian crime like as reported by Mildenhall (2004: 2006) 

and Bull et al. (2006), to war related crimes (Brown, 2006) where he investigate 

environmental profiling of the real sites of samples and relocate bodies by matching 

the bodies to mass grave (Bruce & Dettmann, 1996). Pollen grain have been 

successfully utilized to investigate PMI (post-mortem interval) of decayed remains to 

create link of suspect with crime scene (Watson & Forbes, 2008).  Pollen being carrier 

of male gamete not only serve for purpose of pollination it plays significant role in 

gene flow (Schuster & Mitton, 2000, Konuma et al., 2000, Sork & Smouse, 2006, 

Robledo-Arnuncio & Gil, 2004) influencing the evolutionary implication (Ennos, 

1994) it works well even with small isolated populations (Ellstrand & Elam, 1993). If 

such pollen deposits are in fossil form with the recovery of plant fossils of different 

era archaeologist can predict about the past culture with more confidence. Hypothesis 

about diet, disease trade etc. could be tested (Bryant & Holloway, 1983). Record of 

deforestation and agricultural activities could be predicted by paleo ecological data 

(Yi et al., 2003). Environmental reconstruction could be done through paleo- 

archaeological analysis. Pollen transport by anthropogenic activities is interesting tool 

for promoting knowledge about flora of region. 

 The zoophilous pollen are easier to find out than regional airborne pollen rain 

whereas anemophilous pollen are most widespread. Pollen archaeological profiles are 

formed under influence of anthropogenic activities (Sadori et al., 2010). Use of 

palynology as a dating tool depends on changes in pollen proportion with the 

particular time. Fossilized pollen are used worldwide in paleo-ecological explorations 

and reconstructing vegetation response to changing climatic conditions especially 
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during the quaternary period. Thus supports in developing past vegetation's pattern 

with reference to climate (Birks & Birks, 1980, Birks, 1980b: 1980a) like 

characterizing the modern ecosystem by pollen rain support identifying late 

quaternary fossil pollen (Muller et al., 2006). Comparison of fossilized pollen and 

pollen collected from modern vegetation by using modern analogue techniques are 

crucial for extracting paleo-environmental information (Barboni et al., 2004). Pollen 

reserved in hyraceum reserves gives the picture of vegetation in last twenty three 

thousand years (Scott & Woodborne, 2007).  

 

 Pollen fossil record in modern communities supports understanding plants 

productivity at individual and community level (Soepboer et al., 2007). Parallel to 

these studies human influence is necessary to categorized vegetation types like ruderal 

flora, arable weed flora etc. (Vellend et al., 2007). Common approach for this include 

recognition of taxa most favoured by the human (López-Sáez & López-Merino, 

2007). Forensic palynology focuses on use of pollen & spore for solving legal issues. 

Palynological data extracted from the site of crime plays significant role in 

identification and making link between scene of crime and the suspect. Forensic 

palynology include driving legal information from microscopic organisms (Faegri & 

Iversen, 1989). But in most of samplings forensic palynologist rarely encounter those 

microorganisms as they flourish mostly in fossil deposits. Full potential of this field 

remains ignored in most of the countries excluding New Zealand. New Zealand has 

been widely using knowledge of palynology in criminal and civilian cases (Bryant & 

Mildenhall, 1998). 

1.1 POLLEN GRAIN 

Pollen grain plays vital role by protecting the male gamete during its transfer 

from male to female flower. Likewise in lower plants the spore wall perform the same 

function during unfavourable conditions or its transfer to suitable environment (moist 

location) for germination. These functions need a wall texture that keep pollen or 

spore protected however in actual these are well equipped with Pori or apertures and 

their surfaces are sculptured with diverse type of ornamentation. Their feature like 
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pori, number of pori, arrangements of pori, sculpturing types serve as a key for 

identification. 

1.1a Pollen Morphology 

Pollen grain of Angiosperm have wall made up of two layers. Outer layer is 

called Exine and inner layer Intine. Exine is composed of Sporopollenin with the little 

merging of polysaccharides, together termed as Glycocalyx (Rowley, 1981). Intine is 

composed of cellulosic layer. According to Erdtman and Dunbar (1966) exine of the 

pollen grain are divided into outer sexine layer and inner nexine layer. Sexine is 

sculptured whereas nexine is non-sculptured. 

For identification purpose first feature to note are apertures. An aperture is 

missing part of exine, devoid of exine sculpturing. There are of two types of apertures 

pori (pores) and colpi (furrows). Pori are isodiametric while colpi are considered to be 

primitive feature with boat like appearance and pointed edges. Pollen grain 

ornamented with pori are termed as Porate while pollen equipped with colpi are 

Colpate. Pollen is termed as colporate if it possess both colpi and pori. Pollen grain 

are divided on the basis of these aperture into several groups. Division criterion 

include their number, position and characteristics. Numbers of apertures are denoted 

with prefix to aperture type i.e. porate, colpate or colporate, prefix poly-, is used for 

apertures more than six.  Position of aperture is another criterion, if apertures are 

scattered over the surface they are termed with prefix as 'Poly'- and if arrange 

equidistantly term 'Zono'- is used. There are some exceptional terms like syncolpate 

pollen: Colpi are profoundly fused for eg. in family Myrtaceae. Another term is 

Fenestrate (Faegri et al., 1964)  or Echinolophate, it has an unusual exine pattern with 

spiny ridges around crests for example in case of Taraxicum pollen. Pollen grain of 

taxa of Acacia are in cluster of grains together termed as Polyad. 

Areas on the grain surface bordered by colpi are termed as mesocolpium or 

mesoporium if enclosed in pori borders. In case of pollen where pori or colpi are in 

zono- arrangements, in certain angles no pori occur, this area of pollen surface is 

termed as Apocolpium/ Apoporium. Exine bordering vicinity of aperture, if swollen is 

termed as bordered. In case of certain species of Poaceae there are sexine part swollen 

and termed as Annulus. In certain species of Betula, a cavity is developed around the 
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pori because of splitting of two layers of exine resulting in formation of vestibulum. If 

such cavities developed around zono colporate grain cavity is termed as Fastigium. 

Other grains have thickened part of exine left in the middle of pori like witnessed in 

Plantago or certain poaceae members, termed as Operculum. 

 

1.1b Pollen Sculpturing 

Pollen wall sculpturing is the third main and basic criterion to identify pollen 

grain after apertures and pollen shapes, thus making wall sculpturing image an 

attractive feature in taxonomy and systematic especially in families having 

eurypalynous features (Balkwill, 2014). Pollen wall is split into two layers Intine 

(composition: cellulosic) and Exine (composition: sporopollenin) (Scott, 1994). 

Sexine is composed of small rods settled on nexine  and termed as columella if they 

are supporting some features and bacula (sing. bacculum) if they are free. If such rods 

are free and non-cylindrical they are termed as clavae, if pointed they are termed 

echinate, pila if they have swollen heads, gemmate if globular, small warts are known 

as verrucae and an irregular lumps as scabrae  (Table 2: Figure 4) 

While explaining sculpturing three terms are generally used viz. tectate, 

intectate and semi tectate. When the heads of columella are joined by tectum the 

grains are termed as tectate like in Convolvulus species. Intectate when rods are free 

like in echinate, clavate conditions and semi tectate with partial tectum like in 

cruciferae species. In cruciferae condition the heads of columella are joined on two 

sides giving an appearance of reticulum with fine joining walls called muri and cavity 

in between called lumina. Little modification of  reticulate condition give rise to 

striate condition where lumen and reticulum run parallel and structure in between is 

rugulate (Moore et al., 1991a) 

Present study is focused to develop understanding about specific sculpturing 

of the pollen type with emphases on allergenic and melliferous pollen that could aid 

and also results in developing identification key for future reference. An identification 

key has been prepared at end that could serve as a guide for future reference. To 

check the systematic value of pollen sculpturing and to identify pollen at species, 

genus or family level whichever is possible by comparing the diverse SEM images. 



Chapter 1                                                                                                                         Introduction 

 

Palynological investigation of Allergenic and Melliferous flora of Pakistan                                  6 

 

 1.1c Pollen adaptive features  

Exine layers of pollen carries several adaptive features for entomophilous way 

of pollination, electrostatic charge sharing is the prominent one (Pernal & Currie, 

2002). However prominent exine feature can break the electrostatic attraction among 

pollen and bees.  Intine borne enzymes responsible for stigma penetration sticks the 

pollen to the bee (Heslop‐Harrison et al., 1986). Fine structure or the electron dense 

pollen kits also serve as a source of bee attraction (Hesse, 1981). Sculpturing pattern 

was found to effect pollen collection in appreciable quantity (Vaissière and Vinson 

1994). Viscin threads over the Rhododendron pollen attach the grain with insect legs, 

one end of thread is free while other is attached on exine. These threads also 

aggregate large amount of pollen in clump. Some species of leguminosae contain 

pollen having exinal connection, works same like viscin thread. Sacci on the walls of 

gymnosperm pollen like Pinus pollen dispersal. At start they are shrink but as they 

flow in air they rehydrate and facilitate dispersal 

Great diversity has been observed in pollen size of different species depending 

on transport mechanism. For example species that are showing hydrophilous 

behaviour have long, linear pollen to enhance deposition in sticky medium 

(Ackerman, 1995), for example Zostera marina L possess thread like pollen grains 

(Faegri & Van der Pijl, 1979). Anemophilous pollen generally produce pollen with 

size range up to 60µm generally whereas entomophilous pollen range between 5-

200µm (Wodehouse, 1935). 

 

1.2 SIGNIFICANCE OF PALYNOLOGY IN PLANT TAXONOMY 

Pollen is an important part of plant life. It plays a significant role (Moore et 

al., 1991b) and provide useful suggestion for taxonomic studies (Huang, 

1972).Variation in size shape, aperture types and number, sculpturing of pollen grain 

and spores are the fundamental and useful characteristics for identifying and 

delimiting taxa (Yousaf et al., 2008). It provide clues to  diagnose taxa below family 

level (Erdtman et al., 1969). Pollen characteristics serve as criterion for classification 
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and verification for misidentified species (Sultana et al., 2011), determining 

evolutionary links and placement of controversial taxa in accurate position (Nair & 

Hashimi, 1980) like classification of flowering plants on bases of pollen 

characteristics as done by Cronquist (1981). In past many taxonomist utilize the 

pollen morphology (Wodehouse, 1935: Tryon, 1986: Erdtman, 1943: Erdtman, 1986: 

Erdtman et al., 1961: Erdtman, 1945: Erdtman, 1947: Faegri & Iversen, 1964: Furness 

& Rudall, 2001: Erdtman, 1969: Erdtman & Dunbar, 1966: Tschudy & Scott, 1969: 

Moore & Webb, 1978) to solve taxonomic problem. Taxonomy is concerned with 

establishing evolutionary relationship between extant plants and their classification at 

particular level of hierarchy.  

Necessary data is needed for inferring relationship. In such cases as much 

features must be studied as possible. Palynology has been playing vital role in 

taxonomy by identifying plants even up to species level thus providing significant 

clues for placing species at genetic and family level. It helps in solving taxonomic 

complications or identification confusion especially related to medicinal and 

economic values by determining hybrid plants (Al-Wadi & Lashin, 2007) like in case 

of genus Artemesis (Asteraceae Anthenidae) it was mistakenly placed in genus 

Artemisia incana/ Tanacetum incanum. Both genus pollen morphology especially 

ornamentation was employed to differentiate both genus hence dividing Artemesia 

and related genera (Martín et al., 2001). Various microscopic techniques have been 

exploited in field of palynology, especially in systematic studies and positioning of 

plant species. Pollen being the carrier of genetic material therefore its study plays vital 

role for determining the evolutionary line trends (Lifante, 1991). The link between 

pollen grain and their abundance is useful for paleo environmental reconstruction of 

past, archaeological layers interpretation, hay fever, urban and rural air pollution, 

pollutant bio monitoring, trajectory of pollutants, phyto geography and natural 

products (Dimou, 2012). 

Present study is primarily focused on palynological investigation of allergenic 

(Pollen allergy) and melliferous (melissopalynology) plants. In first section 

palynological analysis of melliferous plants were done by subjecting pollen contents 

in honey (Wild and Farm honey) to palynological analysis. Qualitative and 

Quantitative investigation of pollen determine melliferous resources. Many plants 



Chapter 1                                                                                                                         Introduction 

 

Palynological investigation of Allergenic and Melliferous flora of Pakistan                                  8 

produce similar colour pollen loads, palynological analysis of those loads prove useful 

in field bee flora identification. Palynological analysis of allergy causing plants were 

studied in second section. Previously established literature has been exploited for 

further palynomorphic analysis and establishing pollen scanning electron microscopic 

spectra and botanical key of allergenic and melliferous flora resulting in establishing 

pollen library and reference contents for future. In fourth section Present study has 

been divided in three sections knowledge about flowering time was employed to 

develop a table by field survey that aids in developing floral calendar. 

 

Section 1 

Pollen investigation of Melliferous Plants 

(a) Qualitative analysis  

(b) Quantitative analysis 

(c) Pollen load analysis 

Section 2 

Pollen investigation of Allergenic plants 

(a) Pollen focus series of allergy causing plants 

Section 3 

Scanning electron microscopy of Allergenic and melliferous pollen 

(a) Sculpturing and morphological studies of pollen 

As an outcome of current project Palynological keys for Allergenic and melliferous 

pollen and their Floral calendar has been prepared. 
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1.3 MELISSOPALYNOLOGY AND MELLIFEROUS PLANTS 

 

Pollen analysis of honey has been frequently carried by the palynologist for 

various purposes like determining melliferous plants, geographical origin, food 

quality control, adulteration etc.  (Jhansi et al., 1994: Makhloufi et al., 2010: Ozturk et 

al., 2012: Oddo et al., 1995: Oddo et al., 2004: Ruoff et al., 2007: Faegri & Iversen, 

1989: Chauhan & Trivedi, 2011) pollen feature encourages as a mean of investigation 

to solve the curiosity about products origin and quality especially those produced 

naturally like by honeybees. The term melissopalynology has been introduced for this 

science; it helps to develops pollen spectra of the honey foraged by honeybees, later 

that spectra present the vegetation composition of particular geography with support 

of information about locality, district and habitat, region and particular flora. Pollen 

enter into honey by various ways i.e. fall into honey during regurgitation or grooming 

by bees, by air current or during honey extraction (Woodcock et al., 2007).  

The usage of melliferous plants are documented through pollen analysis data 

of honey. Pollen grains and spores are carried by honeybees while foraging flowers in 

search of nectar and pollen (Barth, 2004a) these are the only feed for nourishing bee 

larvae (Freitas, 1991:1997). They reserve these food (nectar and pollen) in honey 

combs (Santos, 1961). Study of those pollen reserves in honey and pollen pellets have 

been used for determining melliferous plants. Generally most frequent pollen are used 

for honey type determination. Flowering plant and the bees reciprocally dependant 

over each other. Bees depends on flower for nectar and pollen and flowers in turn 

relies on bees for pollination (Fonseca et al., 1993) it is a profitable relationship. 

(Parani & Cortopassi-Laurino, 1993). Pollen provide bees with lipids, proteins, 

minerals and vitamins. It is the only protein or nitrogenous sources for honey. People 

involve in apiculture industry don't know all forage species, analysis of pollen grains 

has proved useful in such cases by identifying the type specific plant pollen present in 

honey for proposing bee farms management strategies for different pollen seasons 

(Costa et al., 2013). 
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1.3.1 Previous research work on Melissopalynology: Worldwide   

 Approach  

Pfister (1895) was the first who examined pollen contents of Various French, 

Swiss and European honeys and proposed the prospect of drawing phytogeographic 

origin of honey with it. At that time he was successful in determining the pollen 

contents because the detailed palynological studies of European flora was already 

done by Guilimen (1825): Fritsche (1832): Mohl (1834):Fischer (1890) and 

(Wodehouse, 1935). Fehlman (Dissertation, Zurich, 1911) has identified pollen 

spectra in various Swiss honey and proposed the way to differentiate between floral 

and honeydew honey, he agrees that pollen could serve to trace out botanical origin of 

honey. Betts (1925) was of view that the herbarium specimen could be used as a 

reference samples for honey pollen identification. Zander (1935) in his five volume 

book laid Foundation of melissopalynology. He prepared a catalogue of European 

honey pollen/spore diagrams, description of morphology and photographs.  He was 

called as a 'leader' of melissopalynology in Europe.  

From United States of America Young (1908) was reported to have initiated 

melissopalynological work with the purpose of checking adulteration in the 

domesticated honey. Parker (1925) while working on Bees proposed that if bees are 

collected while returning to hive after foraging, foraging areas of the bees could be 

identified. They  made fifteen different kind of diagram for pollen as a key. Two 

important book “American Honey Plant” and “Honey plants of Lowa” by (Pellett, 

1930) and (Pammel & King, 1930) were published in 1930’s. Followed by Oertel 

(1949) he published seven blooming period of all the beeflora of various areas in 

United States. During 1940’s (Vansell, 1944, Vansell & Todd, 1946) it was disclosed 

that the bees colonies could survive and reproduce only if they are provided by pollen. 

Santos (1961a:1961b: 1963:1964 and 1997) worked on honey foraging plants 

of Brazil. He published various researches on plants collected by Apis sp. & 

Melliponinae sp. in Sao Paulo. Melliponinae sp. was also studied in Instituto Nacional 

de Pesquise da Amazoniua (INPA) Manaus, for determining plant bees relationship in 

Amazon region through honey and pollen load analysis. Barth (2004) published the 

review article on Pollen analysis, Pollen loads and propolis studies with reference to 

Melliponinae sp. and Apiinae bee sp. Eucalyptus honey (Australia, Portugal and 
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spain) was studied in detail by Maria et al. (2004) she presented the detail picture of 

those honey samples. Avocado honey was studied by Anas (2004) he worked on 

phytogeographic studies of honey and determine the monofloral and polyfloral honey 

from the samples. 

 

1.3.2 Sources of melliferous pollen in Honey  

Melissopalynology has been the oldest application of palynology. First work 

was done by Pfister (1906), later moved forward by (Zander, 1935) he built scientific 

basis of analytical technique needed for further analysis. Various studies have been 

done to analyze melliferous pollen (Al-Quran, 2004: Aronne & De Micco, 2010: 

Chen & Shen, 1990: Cordella et al., 2003: Devillers et al., 2004: Hossain & Sharif, 

1988: Jones & Bryant Jr, 1992: Louveaux et al., 1978: Nessa et al., 1980: Vaissière & 

Vinson, 1994: Upadhyay et al., 2014: Terrab et al., 2003: Saha, 2003 & Pasha et al., 

1991) 

Pollen identification, abundance, distribution provide confident information 

needed for export quality honey production (Sivaram, 2001) that information 

represents the flora contributing in production of honey and geographical origin 

logically. Trend of determining melliferous flora by pollen identification for detecting 

adulteration of honey has increased in recent years. Several scientist proposed 

different techniques for honey quality authentication but the most accepted is honey’s 

pollen content analysis (Anklam, 1998: Serrano et al., 2004) involved identifying and 

counting the pollen grains. With increase in awareness about exact labelling of origin 

of food sources, Christchurch Honeydew Seminar (1978) was held to discuss issues of 

production, utilization and recognition of honeydew honey contents (HDE) were 

discussed.  

Existing palynological analysis for tracing out melliferous flora include work 

done by Forcone (2008) pollen contents of 140 honey samples were studied in 

Chubut, they identified pollen spectrum belonging to fifty three families and one 

hundred and thirty nine pollen types. Asteraceae and Fabaceae pollen were most 

frequent in all. 30% of the pollen were from native flora including Discaria‐type, 

Prosopidastrum globosum, Phacelia secunda, Schinus patagonica, Aristotelia 
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chilensis, etc. Erica pollen types were found common in a study done by Herrero et 

al. (2002) by subjecting 89 honey samples to pollen Helianthus, Reseda, Castanea  

and Centaurea pollen types were also present. Fabaceae, Cistaceae Rosaceae and 

Asteraceae contributed most. Mentha aquatica, Rubus ulmifolius, Jasione montana, 

Cytisus scoparius, Erica arborea, Lotus corniculatus, and Lavandula latifolia types 

pollen served as geographical indicator of honey production. Jimenez et al. (2014) 

identified twenty three families of plants preferably foraged by bees including thirty 

four pollen types February-May and June -November were highest. Pollen contents of 

Mangrove belt (Barth & Da Luz, 1998) shows Laguncularia racemosa being most 

abundant pollen source. Asteraceae, Fabaceae, Myrtaceae, Euphorbiaceae and 

Arecaceae are the major pollen contributor family. Dustmann (1993b) reported 

presence of Euphorbia and Sapium sabiferum species in honey. Although the studied 

area was mangrove habitat but except Laguncularia racemosa, no predominant 

mangrove pollen was present in honey, showing the significance of invasive species. 

 

1.3.2a  Pollen Foraging by Honey Bees  

Pollen are essential nutritional resource for honey bees. Foragers especially 

an old worker bees are specialize in it. Maximum twenty three days are foraging is 

done by bees  (Winston, 1991). Their life is also dependant on accumulated distance 

travelled by bees life generally 800kms are travelled in whole life. There is a division 

of labor among the bees of a colony. In a colony of 20,000-40,000 members, 25% are 

pollen foragers (Seeley, 2009), 58% are nectar collector and remaining 17% collect 

both (Free, 1967). Estimated five hundred flowers are visited by pollen foragers per 

day (Winston, 1991).  

1.3.2b   Pollen collection regulation in Honeybee colony 

Specific pollen are foraged by bees showing preference of certain flowers 

over the other (Olsen et al., 1979) which shows their natural abilities of 

discrimination. Generally bees show dependence on olfactory and visual stimuli for 

searching the pollen and nectar sources (Menzel, 1999: Blight et al., 1997). Flower 

colour  are responsible for determining location (Blight et al., 1997) from distance and 

odour or fragrance is responsible for selective preference and discrete foraging 
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strategy. Such odour producing compounds associated with pollen kits are believe to 

be responsible for floral attraction (Dobson, 1988) along with bee dance information. 

Previously it was also believed that pollen lipid components are also responsible. 

There are certain evidences about independent  ability of bees to discriminate pollen 

based on protein contents (Rasheed & Harder, 1997). Selection is dependent on 

colony need (Fewell & Winston, 1992). Neff and Simpson (1988) proposed the role 

of size of pollen and timing of foraging for extracting pollen.  

 

1.3.3 Significance of Melliferous Pollen Investigation 

Pollen serves as an essential tool of melliferous flora identification and serve 

as an indicator of floral and nectar resources. Relative frequency of pollen in honey 

helps in labelling honey botanical sources i.e. major and minor. Legal trade 

agreements and restrictions along with regulation of EEU honey product producers 

should label the products before marketing and exports. Premium prices of honey is 

based on certain melliferous plants for eg. Citrus honey, Jujuba honey, Russian olive 

honey etc. Even non premium quality needs labelling to ensure quality of product 

before bringing to shelf. In this case pollen are the best indicators to identify the floral 

and foraged resources and hence labelling of honey. Determination of geographical 

origin is another reason for pollen studies of honey. Airborne pollen and 

entomophilous pollen develop a spectrum of specific floral combination of an area. 

Presence of this combination in honey present the indication of its geographical origin 

 

1.3.4 Melliferous Pollen Qualitative Investigation 

Different plant pollen have diverse sizes, shapes and biochemical 

compositions in their pollen (Haberle et al., 2014). These diverse characteristics of 

pollen grain are employed during the melissopalynology (Barth, 2004b). Flora of 

certain specific areas varies with the climatology therefore melliferous flora varies 

from season to season and geography.  



Chapter 1                                                                                                                         Introduction 

 

Palynological investigation of Allergenic and Melliferous flora of Pakistan                                  14 

Greater the variation in climate or other environmental conditions greater will 

be diversity in the pollen floral spectrum. In current study honey collected from Apis 

species of honeybees has been analysed it is believed that Apis species originated in 

the Old World tropics and are reportedly producing honey from centuries (Crane, 

1983). A. mellifera are kept by bee keepers for purpose of commercial honey 

production while A. dorsata, A. florea and  A. cerana were found in sites including 

plains, foothills and hills like Murree, Nathia Gali, Swat, Gilgit etc. wild honey are 

prepared by these bee species   (Table 1). 

Honey samples were collected from various honey bee farms and natural 

hives. The qualitative analysis of honey pollen are carried out and their polar and 

equatorial diameter, No of pori or colpi or both, Exine thickness, diameter of pori or 

colpi, spine characteristics sculpturing etc.  

 

1.3.5 Melliferous Pollen Quantitative Investigation  

Percentage contribution of pollen are recommended by keeping in 

consideration the premium status, commercial demand and medical significance of 

honey. International commission has defined criterion of its identification for 

protection of consumers (Mendes et al. 1998). This prevents any adulteration or 

mislabelling or other trade issues and to maintain rates for premium unifloral honeys. 

Following these suggestion tupelo honey was named Nyssa aquatica in Florida and 

Citrus honey to honeys containing abundant citrus and Sourwood to Oxydendrum 

arboreum (L.) de Candole (Jones & Bryant, 2014).   

Pakistan has the rich potential for good quality honey production however 

honey pollen analyses were not given much attention in Pakistan. Few reports are 

found like work done by (Khan et al., 2006) in which he noted multifloral pollen 

types in honey like species of Mimosa himalyana, Acacia farnesiana, Ajuga 

parviflora and Robinia pseudoacacia  

 

 

 



Chapter 1                                                                                                                         Introduction 

 

Palynological investigation of Allergenic and Melliferous flora of Pakistan                                  15 

1.3.6 Pollen Loads 

 

 Bee pollen loads or pellets are granulation of pollen collected from flower . 

Once bees collect those loads it pushes them in the corbicular (Noor et al., 2009). 

These granules are collected from flower and bees mixed them with the nectar or 

hypo pharyngeal secretions (α and β-glycosidase enzymes) and turn them into pellets 

(Carpes et al., 2009). Pollen pellets composition vary with the botanical sources 

(Almaraz-Abarca et al., 2004). These pellets are believe to be rich sources of 

minerals, vitamins, proteins hormones, amino acids, fats, enzymes and natural 

antibiotics (Carpes, 2008) hence proving its health and medical significance. 

Subjecting these pellets to microscopic investigation leads to determination of 

floral resource, quantitative pollen contents express their quality (Barth et al., 2009) 

these pollen act as natural markers for determining movement and direction of the 

carrier (Silberbauer et al., 2004) along with expressing the composition of flora and 

the colonies (Barth et al., 2011). Bees are naturally programmed to collect these 

pollen to feed their larvae, being richest, nitrogenous and healthiest food it shows 

incredible energy. For this purpose bees select specially the most richest in terms of 

vitamins, minerals, proteins, amino acids among millions around. 

Second Section of study is focused on pollen allergy causing plants of 

Pakistan. Details focus series of eleven selected, most common allergenic plants have 

been established. Whereas detailed morphological and Sculpturing analysis of pre 

identified allergenic plants, is carried out in Scanning electron microscopy section. 

 

1.4 POLLEN ALLERGY  

Allergy, asthma eczema and conjunctivitis are different forms or names of 

atopic diseases that cause morbidity among population of different ages and localities. 

Asthma and allergic rhinitis are considered as chronic disease posing serious health 

issues. These allergenic reactions occur as a defence against antigens especially pollen 

and spores, animal dander, skin, hair, dust mites, rusts etc. Among all these pollen are 

considered most important, especially the one released from grasses and other plants  
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(possessing anemophilous mode of pollination). Pollen allergy is one of the 

important health problem that results in itching, drop off in daily routine, weakness, 

reduced efficiency, disrupts sleep and results in sinusitis (Walls et al., 2005) and 

posing an additional risk of adverse consequences like developing asthma and 

association with reduced asthma control (Passalacqua & Durham, 2007). 

Inhalant allergy has reported to increase from ten (Mygind & Weeke, 1985) to 

twenty percent (Miyamoto, 1992: Myszkowska et al., 2002) in world population. 

Clinical studies relating to pollinosis has proved that allergenic pollen are most 

serious, massive cause of pollen allergies (Makra et al., 2004). A strong association is 

witnessed between pollen in air and allergy symptoms, therefore information 

regarding type of pollen, their occurrence, frequency and season is very important in 

allergy studies. Regular pollen forecast is provided by meteorological or aeroallergen 

networks for updating patients about type and concentration of pollen in air to avoid 

exposure. Such information are also useful for studies like taxonomy, eco physiology, 

ecology, plant geography etc.  

Pollen allergy considerably affects people in several parts of the world. In 

many countries about 20% populations are affected from pollen allergy. Asthma and 

allergic rhinitis are considered as chronic disease posing serious health issues and 

pollen are considered to be significant sources of allergies. Little is known about 

prevalence of asthma symptoms in world there has been a comprehensive analysis of 

asthma prevalence in 39 centres of 56 countries they found prevalence of 25% and 

decrease of 14% among kids of 6-7 years, however there is an equal decrease and 

increase in symptoms among patients between age of 13-14 years (Asher et al., 2006: 

Derrick, 1973: Green et al. 2002: Rees, 1964: Rutherford et al., 1997 & Upsher & 

Griffiths, 1973). 

Aerobiology refers to science dealing with airborne particle especially pollen 

dispersed by wind or air current. These particles are may be biological organic or 

inorganic including pollen, spores, molds,  bacteria, organic particles,  various form of 

pesticides residues, gases etc. [International Association of Aerobiology (IAA)]. 

Airborne pollen grain from various plant species are responsible for pollen allergies. 

These airborne particle are responsible for different form of allergies. generally size 

range of these anemophilous pollen  is between 10-50µm.  Allergenic nature of pollen 
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is due to certain type of allergen present in the pollen, these allergens are proteins and 

glyco proteins in nature, that triggers the formation in sensitive individual generating 

specific antibodies in body immune system. Seasonal pattern of occurrence of specific 

pollen combination are features of pollen allergy season. This pattern is controlled by 

climatic conditions, vegetation, geography and sensitivity among population. 

Plants have adapted many different ways of pollen dispersal. Some species 

need wind for pollen distribution.  Such plants generally have less showy or colorful 

flowers and they are generally nectar less. They are completely devoid of any feature 

needed for insect or bees attraction. However there pollen can drift in air at 

considerable distance. Generally airborne pollen are small in size and have smooth or 

plain exine. some pollen show variation like Pinus pollen have wings that support 

pollen to float at longer distance. Such anemophilous pollen constitute air flora of 

particular region. (Peng & Su-Hwa, 1996: Lacey & Jonathan, 2006). 

Understanding the process involved in dispersion and development of pollen 

grain is a part of aerobiological studies. Prediction about which species is going to 

spread its pollen and concentration of those pollen is also crucial. However more 

crucial will be the correct identification of pollen trapped during predicting the 

concentration, season and pattern of dispersal of pollen. This will provide accurate 

record for future reference and providing report on daily pollen and spore forecast.  

Pollen count done on base of pre identified pollen provide useful guideline for 

practitioners. Like recommending when to start and stop medication and which type 

of plant community they avoid visiting. Pollen sensitive individual avoid danger by 

minimizing exposure  and avoid dangerous area like meadows, parks or meadows. 

Data on pollen type and their allergens are required to track and manage allergies in 

certain specific areas. Aerobiological data on type and numbers of specific pollen 

type, in specific season, weather circadian, population sensitivity, vegetation 

formation and immunology. Pollen data provide starting point for collaborative work 

on allergy studies. A physician need to be familiar with local and regional pollen 

onditions along with specific indoor and outdoor allergens surrounding the patient.   

Studies on aerobiology started in first decade of this century in Pakistan. 

Preliminary study was in Karachi where atmospheric pollen trapping  
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was carried out but it was focused on pollen concentration and not on establishing the 

exact pollen identification. Other studies focused on pollen concentration estimation 

was done by (Raza et al., 2012: Perveen & Islam, 2007: Hasnain et al., 2012, Abbas et 

al., 2006). However in all above mentioned studies focus is on concentration and 

relation of pollen concentration in air with meteorological parameter. None of them 

worked on the morphological studies of those airborne or allergenic pollen to 

establish a method of identification of aerobiological contents. Present work is done 

to fill this gap. 

 

1.4.1 Pollen Allergy causing Flora  

Pollen were for the first time reported allergenic by Blackley (1873) and now 

it has been established that pollen carries number of proteins and glyco proteins 

responsible for triggering pollen allergy. Among pollen, grass pollen are considered to 

be a significant source of pollen allergy (Bellomo et al., 1992: Myszkowska et al., 

2002: Green et al., 2004) especially members of family Poaceae are considered 

allergenic worldwide (Davies et al., 2012). Alternaria or other fungi spores are proved 

to be significant for  patients suffering from respiratory arrests (Djukanovic et al., 

1996). Some important allergic pollen reported from turkey were Poaceae, Pinus sp., 

Cupressaceae, Platanus sp., Quercus sp. etc. In other European countries like Italy, 

Belgium, Austria, Poland, Finland and Netherland Olea , Corylus sp, Artemesia, 

Urtica, Pinus, Betula, Quercus, Alnus sp., Platanus sp., Plantago and Poaceae species 

were found dominant sources. In most of the studies stress is more on  

Chenopodiaceae, Poaceae, Plantaginaceae  and Amaranthaceae pollen. Njokuocha 

and Osayi (2006) also found Amaranthaceae, Chenopoidaceae, Poaceae, 

Combretaceae pollen in air of Nigeria.  Grass pollen are found to be the major cause 

of pollen allergy/pollinosis (Freidhoff et al., 1986). With diverse range of 

concentration reported from around the world, it is considered as one of the popular 

form of  allergy. Grasses produce wind borne pollen most commonly reported 

allergenic grasses include Phleum pratense, Cynodon dactylon (Davies et al., 2012) 

Alopecurus pratensis, Sorghum helipense, Secale cereale (Laffer et al., 1992) along 

with Lolium perrene, Phleum communis (Gonzalez et al., 1987). Grass pollen 

exposure produce nasal, conjunctivitis symptoms, inflammatory response and asthma 
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(Djukanović et al., 1996). Among trees Betula spp, Cupressus spp., Alnus spp., 

Corylus, Quercus sp and Olea europea are considered allergenic around the world 

(Eriksson & Holmen, 1995: D’Amato, 1991: Spieksma, 1991& Puc, 2003).  

In Italy popularity of Betula spp. and Cupressus spp. as an ornamental garden 

plant has increased its allergy reports (Ortolani et al., 1991: D’amato et al., 2007) such 

trends of gardening is getting popular in Pakistan also. Olea europea is also popular 

allergen identified by Kirmaz et al. (2005). Cupressaceae plants 

like Cupressus sempervirens, Cupressus arizonica are reported as allergy causing 

plant in France (Hernández et al., 2002: Subiza et al., 1995 & Papa et al., 2001) they 

results in dry cough and few reports of conjunctivitis (Charpin et al., 2003). Among 

weeds Parietaria (Urticaceae) are the main allergenic. Asteraceae has been one of the 

largest family among plants most common allergy producing plant species are 

Ambrosia and Artemisia vulgaris, A. Annua and A. verlotorum. 

Ambrosia artemisiifolia and  A. trifida (giant ragweed) (Gergen et al., 1987 & 

Newhouse & Levetin, 2004). 

 These plants are also anemophilic and are wind transported therefore it 

produces pollen in enormous amount. A. artemisiifolia  is popular allergy causing 

plant throughout Europe. Mimosa (Acacia) is considered allergenic in Europe during 

low winter season. Ficus benjamina has reported to be allergenic by Axelsson et al. 

(1987). Hernández et al. (2002) pointed out Olive (Olea europea) pollen as an aero 

allergen. Summer season in Europe is dominated by Parietaria, Graminae, Artemisia, 

Plantago and Chenopodiaceae. D’Amato (1991) reported wet condition asthma 

outburst increase as result of fungal spores. Sometimes local flora are not responsible 

and long distance transporting pollen get deposit and trigger allergies. evidences 

shows long distance transport of pollen due to symptoms of pollinosis among 

sensitized population. Rutherford et al. (1997) identified fungal spore in the 

atmosphere of Brisbane, Australia.  

Little is known about prevalence of asthma symptoms in world there has been 

a comprehensive analysis of asthma prevalence in 39 centres of 56 countries they 

found prevalence of 25% and decrease of 14% among kids of 6-7 years, however 

there is an equal decrease and increase in symptoms among patients between age of 

13-14 years (Asher et al., 2006). Erbas et al. (2012) believe that pollen concentration 



Chapter 1                                                                                                                         Introduction 

 

Palynological investigation of Allergenic and Melliferous flora of Pakistan                                  20 

has a strong consistent association with allergic asthma symptoms by observing the 

emergency department attendance during grass pollen season. Poaceae pollen are 

considered as one of the most commonly known allergen carrier worldwide (Bauchau 

& Durham, 2004a).  

 

1.4.2 Pollen Allergy causing flora of Pakistan 

Major pollen allergy causing plants reported from various areas of Pakistan 

are Acacia spp., Albizia spp., Amaranthaceae species, Asteraceae species, Eucalyptus 

globulus, Azadirachta indica, Daucus carota, Brassica campestris, Morus alba, 

Cyperus spp., Callistemon citrinus, Ricinus communis, Delonix regia, Tamarix, 

Syzygium cumini, Prosopis juliflora,  Ephedra ciliata¸ Rumex dentatus, Poaceae 

species, Mangifera indica, Casuarina equisetifolia, members of family Poaceae, 

Amaranthaceae, Chenopodiaceae, Cyperaceae were also reported. Grass, Morus alba, 

Broussonetia papyrifera, Pinus roxburghii, Cannabis sativa, Parthenium 

hysterophorus, Rumex chalepensis, Eucalyptus species, Artemisia species, 

Chenopodium album, Schinus molle, Typha angustifolia are reported important 

allergenic airborne pollen (Parveen et al., 2012: Perveen et al., 2015: Perveen & 

Islam, 2007: Ghufran et al., 2013 & Hasnain et al., 2012) 

Parveen et al. (2012) carried out pollen identification and quantification 

analysis in Tandogam Sindh and identified pollen types from Amaranthaceae, 

Asteraceae, Gramineae families as allergenic. Species like Acacia or Albizia spp. 

Callistemon citrinus, Azadirachta indica, Cyperus sp., Daucus carota, Brassica 

campestris, Delonix regia, species from genus Eucalyptus globulus, Guaiacum 

officinale, Moringa oleifera, Casuarina equisetifolia, Syzygium cumini, Morus alba, 

Prosopis juliflora, Parkinsonia aculeata, Rumex dentatus, Ricinus communis, 

Tamarix, Typha and Thuja angustifolia in the area. Poaceae shows the highest 

concentration followed by Chenopodiaceae/ Amaranthaceae, Cyperus, Eucalyptus, 

Typha angustifolia, Brassica campestris and Leucaena leucocephala. April was the 

month with highest pollen concentration in air followed by October and lowest was in 

January. Pollen spectrum of allergenic plants of Karachi was developed by Perveen et 

al. (2015) they studied eighty plants grasses were found to be abundant among them 
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followed by Fabaceae plants, and weeds belonging to Amaranthaceae and 

Chenopodiaceae. Poaceae pollen were present in higher concentration followed by 

Mimosaceae and third highest in ratio was from Amaranthaceae/Chenopodiaceae 

during first year of pollen trapping. In second and third year Meliaceae pollen were 

dominant. In a study done in Karachi by Perveen and Islam (2007) Cyperaceae and 

Typhaceae were also reported. Skin prick test shows positive to following pollen 

Amaranthus viridus (Amaranthaceae), Atriplex stocksii (Chenopodiaceae), Salsola 

barysoma (Chenopodiaceae), Cynodon dactylon (Gramineae), Sorghum helepense 

(Gramineae), Secale cereal (Gramineae), Prosopis juliflora (Mimosaceae), Plantago 

ovata (Plantaginaceae), Chenopodium album (Chenopodiaceae), Eucalyptus sp. 

(Myrtaceae), Acacia nilotica (Mimosaceae).  Fungal spores were found to be another 

important source of respiratory allergies among children and adults.  

Third section of study involve Field Emission Scanning electron microscopy 

(FESEM) of Pollen extracted from of honey and having both allergenic and 

melliferous significance. Detailed pollen structure with sculpturing is studied under 

field emission scanning electron microscope. It was introduced in 1970 in field of 

palynology, and considered as a key innovation for surface pattern analysis its depth 

analysis represent its power and brilliance. It has added greatest impetus to the 

palynology when compared to other techniques in history of palynology (Blackmore, 

1992).   

 

1.5 BACKGROUND OF THE PRESENT PROJECT 

Literature and field surveys were carried out extensively it has been observed 

that site selected for honey collection is producing high and export quality honey 

however there are no authentic ways for labelling of honey came into notice and 

honey palynological analysis record which is considered as standard in various part of 

world and also food regulations, are limited. It has been observed that there is a dire 

need to label honey scientifically. With time, the increase in awareness about 

significance of honey and nutritional composition, melissopalynological analysis 

become necessary (Noor, 2015). Awareness about specific bee flora (pollen and 

nectar source) their season, distribution, flowering season and availability are helpful 
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for suggesting new location for placing bee colonies and gaining maximum yield. 

Present study is continuation of study conducted on honey bee Pollen pellets of 

Islamabad by (Noor et al., 2009).  

To improve the quality of honey information regarding floral resources, 

season of production, environment of the particular area, processing and extraction 

method are all necessary as they impact quality of honey (Terrab et al., 2003). Pollen 

analysis of honey therefore proved extremely useful for plant identification and 

beehive managements in different production seasons (Costa et al., 2013). During 

fields survey all related information were carefully noted. Later quantitative and 

qualitative analysis were carried out in laboratory they are essential for honey 

labelling. Labelling of honey is the normal practice by beekeepers and market 

distributors to avoid adulteration, fraudulent and other issues of commercialization. 

Pollen allergy and Asthma has been increasing worldwide (Bousquet et al., 

2012). Among pollen, grass pollen are considered as major source of allergy (Bellomo 

et al., 1992 & Bauchau & Durham, 2004b). Especially temperate grasses of Poiideae 

subfamily and subtropical subfamilies like Chlorodioideae and Panicoideae of grasses 

are major aeroallergens sources worldwide (Davies et al., 2012). Grass pollen were 

supposed to be major pollen allergy causing plant its identification, timing of release 

and level of exposure are very essential. With passage of time pollen allergy is rapidly 

increasing this is the need of time to understand significance of this field. Pollen 

calendar develop by identifying pollen concentration daily helps develop calendar to 

adapt preventive measures before hand also previous record is useful. Such studies 

develop relationship between aerobiology, environmental sciences, geospatial science 

and medical sciences etc.  

Various features of pollen are employed for pollen identification viz. size, 

shape, exine sculpturing, aperture type & numbers. Pollen spectrum presents local 

floristic composition of the area. Identification of allergenic and melliferous plants 

based on pollen analysis proved valuable for restoration and replantation of natural 

vegetation. Pollen contents of honey provide valuable information regarding plant 

species preferably foraged by bees. It also reflect major and minor floral sources of 

particular area highest represented pollen in honey samples determines the honey 

type. Honey type identification is also reprehensive of resources of honey as pollen 
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spectra represent flora of the specific region like composition of arid region or hill 

sites etc. or they are sometimes country specific, hence proved useful for food quality 

control (Bogdanov & Martin, 2002). Beeflora surveys and pollen load analysis have 

been done during honey collection. Usually people involve in apiculture industries do 

not have information of all the melliferous flora of the area surrounding hive or 

apiaries (Song et al., 2012). The microscopic analysis of honey or the 

melissopalynology is the standard tool and an effective method for understanding and 

determining the floral pollen resources (geographical and botanical origin). Several 

studies have been done in various part of the world by using SEM like (Dustmann, 

1993a) however no study is reported using FESEM. Earlier studies in same sites were 

done by (Noor et al. 2009). This work has generated the primary data especially of 

bee flora and hence a first step, to initiate the melissopalynological works in Pakistan. 

The present project takes into account the palynological approach to identify 

the allergenic and melliferous plants that are found in Pakistan. Nature has endowed 

Pakistan with rich floral diversity that results in production of rich  and diverse pollen 

data. Studies are being carried out on pollen but majority of them are with reference to 

their taxonomic analysis, comprehensive pollen record however is scarce especially 

with reference to present focus of study. Pollen are playing the significant role 

through pollination and reproduction in lifecycle of plants. But for human they are 

blessing on hand and curse on the other. Blessing as they are high nutrient food source 

with high energy boosting potential if ingested and on other hand they are curse as 

they trigger different allergic reaction when inhaled. In present study identification of 

melliferous pollen suggests which plants bees foraged for making honey thus 

recommend beekeepers to locate their colonies. This ensure health and growth of bees 

and quality production of honey. In addition identification of dominant pollen sources 

results in bringing certification of premier quality product and setting high prices than 

unknown or mixed floral resources. On the other hand identification of allergenic 

pollen results in developing pollen records as a guide for monitoring of pollen. This 

would be helpful for generating warning or alerts for sensitized individuals. Pollen 

spectrum of the allergenic plants results in developing identification key for specific 

flora for later utilization in screening, diagnosis, prevention, developing pollen 

calendar and treatment of pollinosis. With established pollen features for specific 

plants type specific allergy disorder can be identify through screening and diagnosis 
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of molecules. Extracts from such well identified pollen could serve for type specific 

allergy treatments and testing like RAST (Radio allergosorbent test) thus helping in 

diagnosis, treatment and therapies.  

 

1.6 OBJECTIVES OF THE STUDY  

 

This doctoral dissertation is based on palynological approach to pollen 

analysis of melliferous and allergenic plants that occur in Pakistan. The project is 

aimed to accomplish the following objectives.  

i. To study in depth the variations in morphological features of allergenic 

and melliferous pollen using various techniques of light microscopy, 

Upright fluorescence microscopy and Field emission scanning electron 

microscopy for developing an array of pollen types at different levels 

of taxonomic hierarchy, in search for more diverse and reliable 

characters for identity of pollen.  

ii. To update the pollen profile by investigating the systematic utility of 

pollen morphological features like morphology and exine sculpturing 

or ornamentation of Honeybee attracting and pollen allergy causing 

plants. Developing a pollen image series for its proper identification 

and to investigate consistency in pollen features.  

iii. Qualitative and Quantitative analysis of pollen contents was 

determined to check polyfloral and unifloral honey, for meeting 

standards as stated by EEU regulations (2001) and Codex Alimentarius 

( 2004) for honey labelling. 

iv. Commercial beekeepers are contracted for pollination of crop, it is 

important to know which plants the bees are visiting as they need to 

know with certainty that their crop is being pollinated and bees are not 

working on wild plants. In such cases identification of pollen loads 

colours tell us reliable indication whether or not the needful task is 

being met. Since many plants give similar colour load, that is possibly 
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a cause of confusion that is reduced with reference of flowering period. 

Therefore beeflora table has been prepared.  

v. To provide user-friendly pollen identification key for more clear 

diagnosis of the melliferous and allergenic pollen. Microphotographs 

of the pollen will help in identification, diversification and a field 

guide for non specialist. 
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The present project deals with palynological investigation of  Allergenic and 

Melliferous flora of Pakistan. The study was carried out in Plant taxonomy and 

Biodiversity lab, Quaid i Azam University, Islamabad (Pakistan): Faculty Sains, 

University of Malaya, Kuala lumpur (Malaysia) and Translational Research Institute, 

University of Queensland, Brisbane (Australia). The study is divided into three parts 

including Pollen investigation of melliferous and pollen allergy causing pollen and 

detailed sculpturing of these pollens were studied under scanning electron microscopy 

along with documentation of  pollen identification key and allergenic and melliferous 

flora calendar of Pakistan. 

 

2.1  SAMPLING SITE AND CLIMATIC CONDITIONS 

 

The sampling sites covered areas including forests, roadsides, gardens,  

agricultural cultivations, urban fields and rural areas. The collections were carried out 

in Chakwal (CH2), DG Khan (DH3), Fort Abbass (FH4), Gali jageer  (GH5), Garanda 

(ISL), Ghumri (GH7), Gilgit (GH8), Gilgit (GH9), Gujar Khan-Chakwal Road 

(GCH10), Sialkot (SH11), Gunhari (GH12), Hazara (HH13), isl shehad (IH14), 

Islamabad (IH15), Jabba. Distt. Mansehra (J16 ), Jhelum (JH17) KalarKahar (KH18), 

kalarkahar (KH19), Islamabad Honey (IH20), Karak (KH21), Kashmir (KH22), 

khand. Attock (AH23), Khore (KH24), Kohat (KH25), Lahore (LH26), Lahore 

(LH27), Lakimarwat (LH28), lillah (LH29), Islamabad (IH30), Mardan (MH31), 

Mardan (MH32), Market Honey (MH33), Mianwali (MH34), Mianwali (MH35), 

Biodiversity Park (IH36), Mulhal mughlan chakwal (MH37), Mulhal mughlan 

chakwal (MH38), Murree (MH39), Mushkpuri (MH40), Mushkpuri (MH41) 

Islamabad (IH42), Islamabad (IH43), Islamabad (IH44), Islamabad (IH45), Islamabad 

(IH46), Islamabad (IH47), Nathia Gali (NH48), Nathia Gali (NH49), Pind Begwal 

(PH50), Sahiwal and surroundings (SH51), Sahiwal and surroundings (SH52), 

Sahiwal and surroundings (SH53), Sahiwal and surroundings (SH54), Sargodha 

Bhalwal Road (SH55), Sargodha Bhalwal Road (Chak 30)(SH56), Sargodha Lahore 

Road (SH58), Sargodha Road  (SH59), Sargodha (SH60), Sargodha (SH61), Sargodha 

(SH62), Swat (SH63), Swat (SH64), Market Honeys (SH65) and (AH1) (Plate 1-4 

and Table 1) 
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These collection sites experience extreme weather due to climate. In February, 

the temperature begins to rise (spring season) until mid-April, and by June-July 

(summer season) temperatures can reach as high as 46°C. The annual temperature at 

these sites ranges from −2° to 45°C, sometimes rising as high as 47°C (117°F) in the 

summer in places such as Sargodha, Lahore and Sahiwal, and fall as low as  −5°C in 

the winter in Swat, Kashmir and Gilgit. Dera Ismail Khan is one of the hottest sites 

from which samples were collected. In Swat, Gilgit, Kashmir and Hazara, the weather 

is temperate in the summer and intensely cold in the winter.  
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Plate 1. Honeybee Farm Keeping in Pakistan 

 

Plate 2. Bee colonies monitoring 
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Plate 3  Honeyfarms in Potwar region 

 

Plate 4 Bee hives in Swat 
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le Summary of sampling with geographical location and month of 

Table 1:   Summary of sampling with geographical location and month of 

collection 

 

 
Sample 

ID 

Sample 

Location 

Study area 

Longitude & 

Latitude 

Extraction 

Source/Nature 

 

Month 

of 

Collection 

1 AH1 
Market 

Honey 
- 

Bee Hive/ 

Squeezed 
Nov 

2 CH2 
Chakwal 

Market 

32.9303° N 

72.8556° E 

Apiaries/ 

Centrifuged 
Feb 

3 DH3 
Dera Ghazi 

Khan 

30.050° N 

70.633° E 

Bee Hive/ 

Squeezed 
Sep 

4 FH4 
Fort 

Abbass 

29.1925° N 

72.8536° E 

Apiaries/ 

Centrifuged 
Nov 

5 GH5 Gali jageer 
33.7652° N 

72.3571° E 

Bee Hive/ 

Squeezed 
Oct 

6 IH6 Islamabad 
33.7167° N 

73.0667° E 

Apiaries/ 

Centrifuged 
Oct 

7 GH7 Ghumri 
33 34' 51''N 

72 26 E 

Bee Hive/ 

Squeezed 
Oct 

8 GH9 Gilgit 
35.9219° N 

74.2892° E 

Apiaries/ 

Centrifuged 
Nov 

9 GH8 Gilgit -do- 
Apiaries/ 

Centrifuged 
Nov 

10 GCH10 

Gujar Khan 

–Chakwal 

road 

32.9303° N 

72.8556° E 

Apiaries/ 

Centrifuged 
Sep 

11 SH11 Sialkot 
32.4972° N 

74.5361° E 

Apiaries/ 

Centrifuged 
April 

12 GH12 Gunhari 
33° 46' N 

72° 21' E 

Apiaries/ 

Centrifuged 
Nov 
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Sample 

ID 

Sample 

Location 

Study area 

Longitude & 

Latitude 

Extraction 

Source/Nature 

Month of 

Collection 

13 HH13 Hazara 
31° 41' 48" N 

70° 43' 0" E 

Bee Hive/ 

Squeezed 
Sep 

14 IH14 Market --- 
Bee Hive/ 

Squeezed 
Oct 

15 IH45 Islamabad 
33.7167° N, 

73.0667° E 

Apiaries/ 

Centrifuged 

Apr 

 

 

16 IH46 Islamabad -do- 
Apiaries/ 

Centrifuged 
Apr 

17 IH47 Islamabad -do- 
Apiaries/ 

Centrifuged 
Apr 

18 IH42 Islamabad -do- 
Apiaries/ 

Centrifuged 
Sep 

19 IH15 
Islamabad 

(17 mile) 
-do- 

Apiaries/ 

Centrifuged 
May 

20 IH43 Islamabad -do- 
Apiaries/ 

Centrifuged 
Sep 

21 IH44 Islamabad -do- 
Apiaries/ 

Centrifuged 
Sep 

22 J16MH 
Jabba. Distt. 

Mansehra 

34.3333° N, 

73.2000° E 

Bee Hive/ 

Squeezed 
Sep 

23 JH 17 Jhelum 
32.9286° N, 

73.7314° E 

Apiaries/ 

Centrifuged 
April 

24 KH18 KalarKahar 
32.7833° N, 

72.7000° E 

Apiaries/ 

Centrifuged 
Nov 

25 KH19 Kalarkahar -do- 
Apiaries/ 

Centrifuged 
Nov 

26 IH20 Market 
 

Apiaries/ 

Centrifuged 
Nov 
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Sample 

ID 

Sample 

Location 

Study area 

Longitude & 

Latitude 

Extraction 

Source/Nature 

Month of 

Collection 

27 KH21 Karak 
33° 6' N / 

71° 5' E 

Apiaries/ 

Centrifuged 
Mar 

28 KH22 Kashmir 
33.4500° N, 

76.2400° E 

Bee Hive/ 

Squeezed 
Nov 

29 AH23 
Khand. 

Attock 

33.7652° N, 

72.3571° E 

Bee Hive/ 

Squeezed 
Oct 

30 KH24 Khore 
34° 7' N / 

74° 34' E 

Apiaries/ 

Centrifuged 
Oct 

31 KH25 Kohat 
33.5833° N, 

71.4333° E 

Bee Hive/ 

Squeezed 
Oct 

32 LH27 Lahore 
31.5497° N, 

74.3436° E 

Apiaries/ 

Centrifuged 
Nov 

33 LH26 Lahore -do- 
Apiaries/ 

Centrifuged 
Nov 

34 LH28 Lakimarwt 
32°36′28″ 

N,70°54′41″ E 

Bee Hive/ 

Squeezed 
Oct 

35 LH29 Lillah 
32° 34' 0" 

N,72° 45' 0" E 

Apiaries/ 

Centrifuged 
Nov 

36 LH30 Lahore 
31.5497° N, 

74.3436° E 

Apiaries/ 

Centrifuged 
April 

37 MH31 Mardan 
34.2000° N, 

72.0500° E 

Bee Hive/ 

Squeezed 
Sep 

38 MH32 Mardan -do- 
Bee Hive / 

Squeezed 
Sep 

39 MH33 Market 
 

Bee Hive/ 

Squeezed 
Oct 

40 MH34 Mianwali 
32.5854° N, 

71.5436° E 

Apiaries/ 

Centrifuged 
Mar 
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Sample 

ID 

Sample 

Location 

Study area 

Longitude & 

Latitude 

Extraction 

Source/Nature 

Month of 

Collection 

41 MH35 Mianwali -do- 
Apiaries/ 

Centrifuged 
Nov 

42 IH36 
Morgah 

Farm 

33° 32' N 

73° 4' E 

Apiaries/ 

Centrifuged 
April 

43 MH37 

Mulhal 

mughlan 

chakwal 

33.0028° N, 

73.1497° E 

Apiaries/ 

Centrifuged 
Oct 

44 MH38 

Mulhal 

mughlan 

chakwal 

-do- 
Apiaries/ 

Centrifuged 
Oct 

45 MH39 Murree 
33.9042° N, 

73.3903° E 

Bee Hive/ 

Squeezed 
Nov 

46 MH40 Mushkpuri 
34° 3' N , 73° 2

5' E 

Bee Hive/ 

Squeezed 
Sep 

47 MH41 Mushkpuri -do- 
Bee Hive/ 

Squeezed 
Sep 

48 NH48 NathiaGali 
34.0681° N, 

73.3922° E 

Bee Hive/ 

Squeezed 
Sep 

49 NH49 NathiaGali -do- 
Bee Hive/ 

Squeezed 
Sep 

50 PH50 
Pind 

Begwal 

33° 41' N , 73° 

13' E 

Apiaries/ 

Centrifuged 
May 

51 SH51 Sahiwal 
30.5833° N, 

73.3333° E 

Bee Hive/ 

Squeezed 
Oct 

52 SH52 Sahiwal -do- 
Bee Hive/ 

Squeezed 
Oct 

53 SH53 Sahiwal -do- 
Bee Hive/ 

Squeezed 
Oct 

54 SH54 Sahiwal -do- 
Bee Hive/ 

Squeezed 
Oct 
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Sample 

ID 

Sample 

Location 

Study area 

Longitude & 

Latitude 

Extraction 

Source/Nature 

Month of 

Collection 

55 SH59 Sargodha 
32.0836° N, 

72.6711° E 

Apiaries/ 

Centrifuged 
Sep 

56 SH60 Sargodha -do- 
Apiaries/ 

Centrifuged 
Sep 

57 SH61 Sargodha -do- 
Apiaries/ 

Centrifuged 
Oct 

58 SH55 

Sargodha 

Bhalwal 

(Chak 30) 

-do- 
Apiaries/ 

Centrifuged 
Apr 

59 SH56 

Sargodha 

Bhalwal 

(Chak 30) 

-do- 
Apiaries/ 

Centrifuged 
May 

60 SH57 

Sargodha 

Lahore 

Road 

32.0836° N, 

72.6711° E 

Apiaries/ 

Centrifuged 
Mar 

61 SH58 
Sargodha 

Uni Road 

32.0836° N, 

72.6711° E 

Apiaries/ 

Centrifuged 
Apr 

62 SH62 Swat 
35.3833° N, 

72.1833° E 

Bee Hive/ 

Squeezed 
Nov 

63 SH64 Market 
 

Bee Hive/ 

Squeezed 
Sep 

64 SH63 Swat 
35.3833° N, 

72.1833° E 

Bee Hive/ 

Squeezed 
Nov 
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Plate 5.  Honey samples collected for pollen analysis 

 

Plate 6 Field survey 
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le Summary of sampling with geographical location and month of 

Table 1:   Summary of sampling with geographical location and month of 

collection 

 

 
Sample 

ID 

Sample 

Location 

Study area 

Longitude & 

Latitude 

Extraction 

Source/Nature 

 

Month 

of 

Collection 

1 AH1 
Market 

Honey 
- 

Bee Hive/ 

Squeezed 
Nov 

2 CH2 
Chakwal 

Market 

32.9303° N 

72.8556° E 

Apiaries/ 

Centrifuged 
Feb 

3 DH3 
Dera Ghazi 

Khan 

30.050° N 

70.633° E 

Bee Hive/ 

Squeezed 
Sep 

4 FH4 
Fort 

Abbass 

29.1925° N 

72.8536° E 

Apiaries/ 

Centrifuged 
Nov 

5 GH5 Gali jageer 
33.7652° N 

72.3571° E 

Bee Hive/ 

Squeezed 
Oct 

6 IH6 Islamabad 
33.7167° N 

73.0667° E 

Apiaries/ 

Centrifuged 
Oct 

7 GH7 Ghumri 
33 34' 51''N 

72 26 E 

Bee Hive/ 

Squeezed 
Oct 

8 GH9 Gilgit 
35.9219° N 

74.2892° E 

Apiaries/ 

Centrifuged 
Nov 

9 GH8 Gilgit -do- 
Apiaries/ 

Centrifuged 
Nov 

10 GCH10 

Gujar Khan 

–Chakwal 

road 

32.9303° N 

72.8556° E 

Apiaries/ 

Centrifuged 
Sep 

11 SH11 Sialkot 
32.4972° N 

74.5361° E 

Apiaries/ 

Centrifuged 
April 

12 GH12 Gunhari 
33° 46' N 

72° 21' E 

Apiaries/ 

Centrifuged 
Nov 
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Sample 

ID 

Sample 

Location 

Study area 

Longitude & 

Latitude 

Extraction 

Source/Nature 

Month of 

Collection 

13 HH13 Hazara 
31° 41' 48" N 

70° 43' 0" E 

Bee Hive/ 

Squeezed 
Sep 

14 IH14 Market --- 
Bee Hive/ 

Squeezed 
Oct 

15 IH45 Islamabad 
33.7167° N, 

73.0667° E 

Apiaries/ 

Centrifuged 

Apr 

 

 

16 IH46 Islamabad -do- 
Apiaries/ 

Centrifuged 
Apr 

17 IH47 Islamabad -do- 
Apiaries/ 

Centrifuged 
Apr 

18 IH42 Islamabad -do- 
Apiaries/ 

Centrifuged 
Sep 

19 IH15 
Islamabad 

(17 mile) 
-do- 

Apiaries/ 

Centrifuged 
May 

20 IH43 Islamabad -do- 
Apiaries/ 

Centrifuged 
Sep 

21 IH44 Islamabad -do- 
Apiaries/ 

Centrifuged 
Sep 

22 J16MH 
Jabba. Distt. 

Mansehra 

34.3333° N, 

73.2000° E 

Bee Hive/ 

Squeezed 
Sep 

23 JH 17 Jhelum 
32.9286° N, 

73.7314° E 

Apiaries/ 

Centrifuged 
April 

24 KH18 KalarKahar 
32.7833° N, 

72.7000° E 

Apiaries/ 

Centrifuged 
Nov 

25 KH19 Kalarkahar -do- 
Apiaries/ 

Centrifuged 
Nov 

26 IH20 Market 
 

Apiaries/ 

Centrifuged 
Nov 
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Sample 

ID 

Sample 

Location 

Study area 

Longitude & 

Latitude 

Extraction 

Source/Nature 

Month of 

Collection 

27 KH21 Karak 
33° 6' N / 

71° 5' E 

Apiaries/ 

Centrifuged 
Mar 

28 KH22 Kashmir 
33.4500° N, 

76.2400° E 

Bee Hive/ 

Squeezed 
Nov 

29 AH23 
Khand. 

Attock 

33.7652° N, 

72.3571° E 

Bee Hive/ 

Squeezed 
Oct 

30 KH24 Khore 
34° 7' N / 

74° 34' E 

Apiaries/ 

Centrifuged 
Oct 

31 KH25 Kohat 
33.5833° N, 

71.4333° E 

Bee Hive/ 

Squeezed 
Oct 

32 LH27 Lahore 
31.5497° N, 

74.3436° E 

Apiaries/ 

Centrifuged 
Nov 

33 LH26 Lahore -do- 
Apiaries/ 

Centrifuged 
Nov 

34 LH28 Lakimarwt 
32°36′28″ 

N,70°54′41″ E 

Bee Hive/ 

Squeezed 
Oct 

35 LH29 Lillah 
32° 34' 0" 

N,72° 45' 0" E 

Apiaries/ 

Centrifuged 
Nov 

36 LH30 Lahore 
31.5497° N, 

74.3436° E 

Apiaries/ 

Centrifuged 
April 

37 MH31 Mardan 
34.2000° N, 

72.0500° E 

Bee Hive/ 

Squeezed 
Sep 

38 MH32 Mardan -do- 
Bee Hive / 

Squeezed 
Sep 

39 MH33 Market 
 

Bee Hive/ 

Squeezed 
Oct 

40 MH34 Mianwali 
32.5854° N, 

71.5436° E 

Apiaries/ 

Centrifuged 
Mar 

 



Chapter 2                                                                                                     Material and Methodology 

 

Palynological investigation of Allergenic and Melliferous flora of Pakistan                                      33 

 

Sample 

ID 

Sample 

Location 

Study area 

Longitude & 

Latitude 

Extraction 

Source/Nature 

Month of 

Collection 

41 MH35 Mianwali -do- 
Apiaries/ 

Centrifuged 
Nov 

42 IH36 
Morgah 

Farm 

33° 32' N 

73° 4' E 

Apiaries/ 

Centrifuged 
April 

43 MH37 

Mulhal 

mughlan 

chakwal 

33.0028° N, 

73.1497° E 

Apiaries/ 

Centrifuged 
Oct 

44 MH38 

Mulhal 

mughlan 

chakwal 

-do- 
Apiaries/ 

Centrifuged 
Oct 

45 MH39 Murree 
33.9042° N, 

73.3903° E 

Bee Hive/ 

Squeezed 
Nov 

46 MH40 Mushkpuri 
34° 3' N , 73° 2

5' E 

Bee Hive/ 

Squeezed 
Sep 

47 MH41 Mushkpuri -do- 
Bee Hive/ 

Squeezed 
Sep 

48 NH48 NathiaGali 
34.0681° N, 

73.3922° E 

Bee Hive/ 

Squeezed 
Sep 

49 NH49 NathiaGali -do- 
Bee Hive/ 

Squeezed 
Sep 

50 PH50 
Pind 

Begwal 

33° 41' N , 73° 

13' E 

Apiaries/ 

Centrifuged 
May 

51 SH51 Sahiwal 
30.5833° N, 

73.3333° E 

Bee Hive/ 

Squeezed 
Oct 

52 SH52 Sahiwal -do- 
Bee Hive/ 

Squeezed 
Oct 

53 SH53 Sahiwal -do- 
Bee Hive/ 

Squeezed 
Oct 

54 SH54 Sahiwal -do- 
Bee Hive/ 

Squeezed 
Oct 
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Sample 

ID 

Sample 

Location 

Study area 

Longitude & 

Latitude 

Extraction 

Source/Nature 

Month of 

Collection 

55 SH59 Sargodha 
32.0836° N, 

72.6711° E 

Apiaries/ 

Centrifuged 
Sep 

56 SH60 Sargodha -do- 
Apiaries/ 

Centrifuged 
Sep 

57 SH61 Sargodha -do- 
Apiaries/ 

Centrifuged 
Oct 

58 SH55 

Sargodha 

Bhalwal 

(Chak 30) 

-do- 
Apiaries/ 

Centrifuged 
Apr 

59 SH56 

Sargodha 

Bhalwal 

(Chak 30) 

-do- 
Apiaries/ 

Centrifuged 
May 

60 SH57 

Sargodha 

Lahore 

Road 

32.0836° N, 

72.6711° E 

Apiaries/ 

Centrifuged 
Mar 

61 SH58 
Sargodha 

Uni Road 

32.0836° N, 

72.6711° E 

Apiaries/ 

Centrifuged 
Apr 

62 SH62 Swat 
35.3833° N, 

72.1833° E 

Bee Hive/ 

Squeezed 
Nov 

63 SH64 Market 
 

Bee Hive/ 

Squeezed 
Sep 

64 SH63 Swat 
35.3833° N, 

72.1833° E 

Bee Hive/ 

Squeezed 
Nov 
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2.2.  POLLEN ANALYSIS OF MELLIFEROUS POLLEN GRAIN AND 

MELISSOPALYNOLOGY 

  

  Palynological analysis of melliferous pollen grain following study is 

   done  

 

2.2.1 Qualitative investigation of Melliferous Pollen 

2.2.2 Quantitative investigation of Melliferous Pollen 

2.2.3 Beepollen investigation 

 

2.2.1. Qualitative investigation of Melliferous Pollen 

 

Sixty three  honey samples were collected during 2012-2015 in different 

production season from the colonies or hives (Plate 5: Table 1). Honey samples 

were extracted from combs and beehives through centrifugation or squeezing. Each 

sample was labeled with date, locality sample number and city. Five replicated from 

each samples were examined under light microscope and their qualitative data was 

recorded.  

 

I. Honey pollen extraction 

 

Methodology for pollen analysis of honey to identify melliferous plants was 

followed as proposed by (Louveaux, Maurizio, & Vorwohl, 1978; OHEa, Oddo, 

Piana, Morlot, & Martin, 2004)) in International commission for bee botany (ICBB) 

 

II       Slide  preparation 

 

 Hundred to two hundred grams of honey samples were collected   

 Honey samples were properly stirred. If  granulated they were softened by 

warming  

 Pollen extraction was carried out without acetolysis as acetolysis destroys 

fungal spores and mould and some pollen grains having thin exine which 

may be useful 

 Honey solution was prepared by dissolving 10 grams honey in 20 ml 

lukewarm water (20-40ºC)  
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 Centrifugation was done 2500 rpm for first 25 minutes. Supernatant was 

removed (it removes sugar) after first round of centrifugation and 10 ml 

water was added.  

 The sample was then centrifuged again for 10 minutes. The supernatant was 

again removed, leaving the residue behind.  

 The residue was transferred to glass slides (20*20mm) using Pasteur 

pipettes.  

 The slides were stained with basic fuchsin glycerol gelatin and dried on an 

electro thermal slide drier and covered with cover slips 

 

III  Light Microscopy 

 

For light microscopic examination  Nikon microscope  (HFX-DX) was used. 

After drying, the pollen samples were studied under 200x, 400x and 1000x (oil 

immersion) magnification. Measurements were carried out of intact pollen. 

Following quantitative and quantitative parameters were recorded including polar 

axis and equatorial axis sizes, shapes, aperture type and numbers, exine thickness 

and surface. For the shape classes Lang (1994) (Figure  1) and for size (Erdtman & 

Dunbar, 1966) was followed. (Figure 2 ) Quantitative data was spread over excel 

sheet (Microsoft Excel 2010) to determine mean and standard deviation. Reference 

slides were also prepared from fresh pollen collected during  sampling and field 

survey. The majority of pollen grains were identified at the species, genus or family 

level with the help of reference slides of pollen from flowers collected  
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Figure 1.  Pollen Shape guide  (Lang, 1994) 
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 during honey sampling following d'Albore (1998) and field surveys. The majority 

of pollen grains were identified at the species, genus or family level with the help 

of reference slides of pollen from flowers collected during honey sampling and 

specialized literature from Erdtman (1966), Punt et al. (2007)  surveys (Melhem et 

al. 2003, Roubik 2010). Pollen grains that could not be identified were denoted as 

unidentified following Paudayal and Gautam (2012) 

 

Size of the pollen vary with families, genus and species, whereas shape are 

occasionally similar in same genus. Shapers are studied following Erdtmann (1966) 

Apertures are of three types mainly Porate, Colpate or Colporate. Pori apertures are 

isodiametric, colpi are boat shaped with pointed edges and colporate contains united 

colpi and pori. Number of aperture are named with prefix mono, di, tri, tetra 

etc.(Erdtman, 1986) depending on number of apertures like pollen with four colpi 

are termed as tetracolpate. If those apertures are oriented with symmetry they are 

named with prefix zono, if they are dispersed or scattered they are named with 

prefix panta. Different species of pollen possess different sculpturing of exine that 

are species specific and helps in accurate identification (Erdtman, 1952). Pollen 

Figure 2 .  Pollen Shape Classes   (Erdtmann 1943) 
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sculpturing ranges from psilate to diverse feature like reticulate, regulate, striate, 

echinate, scabrate etc. All these features will be explained in Scanning electron 

microscopic section. 

 

 

2.2.2 Quantitative investigation of Melliferous Pollen 

 

Slide prepared for qualitative analysis were also used for quantitative 

analysis. Five replicates from each samples were examined under light microscope 

and their quantitative palynological data was recorded.  

 

 

 

 

i. Counting under Light Microscopy 

 

For light microscopic examination Nikon microscope  (HFX-DX) was used. 

After drying the pollen samples were studied under 400x. Following the 

recommendation as proposed by OHEa et al. (2004). For relative frequency 

determination five hundred pollen grains were counted from each sample. Counting 

was done under 400X to 1000X depending on the suitable magnification, that gives 

best identification of contents. First proper identification is done as mentioned in 

Figure 3. Whole field for counting pollen grains counting ensuring 

homogenous inspection of the sample in slide  (OHEa et al., 

2004) 
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qualitative analysis then pollen grains were counted in five parallel lines of 4 mm 

under light microscope. Pollen were counted in group of hundred pollen grains in 

each line. In case of over represented, under represented  melliferous pollen (MP) 

and pollen of wind pollinated (WP) plants counting was repeated, by counting in 

parallel lines situated between previous five lines. Relative percentage of pollen 

were calculated to determine frequency of each pollen flora in honey sample. 

(Figure 3) 

Relative frequency of pollen with reference to the total pollen counts out of 

five hundred pollen in matrix are presented in results. With help of reference pollen 

and specialized literature,  pollen types are  identified. In cases where identification 

is at genus or family level word type has been added to indicate wider use sense.    

 

ii. Pollen frequency groups 

  

Pollen frequency groups are categorized as  

 

 Predominant       ->   Specific pollen is 45% or above 

 Secondary           ->    Specific pollen ranging between 16% to 45% 

 Important Minor  ->    Specific pollen falls  between 3% to 15% and  

 Minor                   ->    Specific pollen is 3% or below 

 

Honey are classified  'unifloral' (monofloral) if it contain a 'Predominant 

pollen type' or otherwise honey is categorized as multifloral (polyfloral). Maurizio's 

Categories of Honey Types were also calculated and given following Classes on 

basis of pollen grains per ten grams (pg/ 10gm) honey 

 

Group I                    < 20,000 pg/10gms,  

Group II                    b/w 20,000 - 100,000 pg/ 10gms  

Group III                   b/w 100,000 - 500,000pg/10gms 

 

iii. Frequency of Wind pollinated pollen grain  
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For wind pollinated pollen determination following frequency classes are 

used following  (OHEa et al., 2004) 

 

Sporadic  less than 3% of the total 

Rare 3-15% 

Frequent 16-45% 

Very frequent more than 45% 

 

 

iv. Honey Dew elements  

 

Honey dew elements (HDE) like spores or plant particle are calculated by 

using formula  HDE/P  following Louveaux et al. (1978).  Here HDE is 'honey dew 

elements' and P represent 'pollen from nectariferous flora' for each honey. 

Following frequency classes for Honey dew contents when  HDE/P equals.  

 

 

 

 

v. Shannon Diversity Index  

 

Shannon Diversity Index (Shannon & Weaver, 1949) was calculated in 

order to determine diversity of pollen contents in Honey 

 

 

Species Evenness was also calculated ranges from zero (0) to one (1) with 

zero signifying no evenness and one is a complete evenness. 

 

 

Practically none 

 

0.00-0.09 

 

Few 

 

0.10-1. 49 

 

Medium quantity 

 

1.50-2.99 

 

Numerous 

 

3.00-4.49 

 

Very numerous 
>4.50 
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vi. Frequency of occurrence of pollen 

 

Frequency of occurrence of pollen were calculated by following formulae 

 

 

 

 

 

2.2.3 PALYNOLOGICAL ANALYSIS OF POLLEN LOADS/ BEEPOLLEN.  

    

i           Beepollen Collection  

 

During beepollen collection,  a survey was done around bee colonies for 

trapping bees carrying bee pollen. Apis mellifera have been selected for following 

study. Pellet collection is usually carried out during morning hours when bees 

foraging activities are at peak. Honey bees loaded with pellets were searched. 

   

Honeybees carrying pollen loads and returning back to hives were caught 

and anesthetized with Ethyl acetate. Pollen loads were pushed off from their 

corbicular and bees are freed immediately unharmed. Pollen loads were then stored 

in specimen tubes. Labeled with plant species observed visited, pollen fresh colour, 

date and time of trapping. Special care was taken to record the pollen colour 

immediately before oxidation or discoloration of pollen pellets. Pollen loads were 

stores at -30C before further palynological investigation. 

 

 

ii.           Recording the colour of pollen loads 

 

The colour of pollen loads was matched with various colour schemes and 

labeled named accordingly. They were also note down when bees were foraging. 

Pollen colour guide is prepared (Table      ) with a note on plant species and their 

colors. 
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iii.       Palynological analysis of bee pollen 

 

 Palynological analysis of pellets were done on by first washing the  loads 

 with 70% ethanol. After successive washing till the pellet  decolourized the 

pellets are left for drying.  

 The residue was shifted to glass slide and stained with basic fuchsin (one 

drop). Glass slide is covered with 22x22mm cover slip, pressed carefully for 

removing air bubbles and sealed with enamel. Slide were placed over slide 

warmer for drying. 

 Light microscopic observation. For light microscopic study Nikon HFX-DX 

microscope equipped with camera was used at 40x (non lubricated) and 100 

X (lubricated with oil immersion) and 10x eye piece. 

 Measurements are based on 15-20 intact pollen from pellets. Under LM 

qualitative and quantitative parameters were recorded at both Polar and 

Equatorial axis including pollen size, shape, Aperture types and numbers 

and exine thickness were studies. Pollen data is tabulated in Table 2.  

 Erdtman (1966) was followed for shape classes proposed on base of P/E 

ratio. Terminology used following (Erdtman, 1952; Willem Punt, Hoen, 

Blackmore, Nilsson, & Le Thomas, 2007). With the help of MS Excel 2010 

statistical analysis was performed and mean, range and standard deviation is 

calculated. Micrographs were taken with Nikon FX-35, loaded with camera.  

 

2.4 PALYNOLOGICAL ANALYSIS OF ALLERGY CAUSING PLANTS 

 

i           Collection of Allergy causing pollen 

 

Data search and mining was done in detail in various websites viz., Google 

scholar, Pubmed etc. Field survey and detailed study of plants distribution was 

searched through flora of Pakistan. Pollen samples were collected from field.  

 

ii          Pollen sample preparation 
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 For the preparation of pollen slides pollen samples previously identified as 

allergenic were collected from field and subjected to chlorination and acetolysis for 

slide preparation. 

 Plant florets or Spikelets were collected from field. Anthers were separated 

and kept in glass vials in a mixture of ratio of 1:2 of glacial acetic acid and 

fresh sodium chlorate (NaClO3). 

 Anthers were crushed with glass rod crusher to make a homogenous and 

later it was filtered. 

 Filtrate was centrifuged for 5-10 minutes at 1000 rpm. Pollen settle down 

and remaining glacial acetic acid was drained. removing remaining acid 

pellet was washed with water. 

 Palyniferous material was suspended in 5% KOH solution for couple of 

minutes. Centrifugation is repeated again to removed KOH, liquid portion is 

decanted and sediments were washed again.  

 Pellets were placed in conc. HCl diluted with water mixture was centrifuged 

for 5 minutes with the same speed and the supernatant were discarded.  

 Acetolysis was done by mixing pellet in a mixture of acetic anhydride and 

conc. sulfuric acid in ratio of 9:1. 

 Mixture centrifuged for 5 min at 1000 rpm, supernatant is discarded and 

pellet is suspended glacial acetic acid. 

 For slide staining and observation under a microscope few drops from 

mixture were taken placed over slide, Small piece of Basic fuchsin stained 

jelly was placed over it. Slide is placed over hot plate and meanwhile cover 

slip was applied over it carefully to avoid any bubble trapping  

 Cover slip was sealed at the end for keeping the slide preserved for long 

time. 

 

v. Pollen image acquisitions and pre-processing 

 

Olympus Motorized upright Fluorescence microscopes (rm 4026) system) 

was used in this research after slide preparation and staining with basic fuchsin 

stain. Pollen surface image are captured by monochrome  (pixel shift) camera at 
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100X magnification with oil emulsion. The camera was focused manually and at the 

same  

time limits for the region of interest  in the slides are adjusted. The auto 

focus software then step the camera over the pre adjusted focus position. Photo was 

captured between stacks ranging from light to sharp image and then to light image 

showing variation in textural imaging of same pollen. Pollen image in z-stacks were 

saved at different angles.  

 

2.3. FIELD EMISSION SCANNING ELECTRON MICROSCOPY OF 

ALLERGENIC AND  MELLIFEROUS PLANTS 

 

i. Sample Preparation 

 

Method for pollen extraction from honey following (OHE et al., 2004) was 

employed after little modification for achieving the better results in light of those 

modifications.  

 

 Honey (100-200gm) was properly mixed to homogenize the sample.  

 Ten grams of honey was taken in a Centrifuge tube having capacity of 50ml. 

Distilled water of 20ml (20-40°C) was added in a tube and properly 

homogenized. 

 Above was centrifuged at 2500 rpm for 20-25 minutes. Later supernatant was 

drained. 

 Another 20ml of water was added for dissolving the remaining sugar crystals as 

recommended and centrifuge again at 2500 rpm for ten minutes. Supernatant 

was decanted again, all liquid was removed until last drop.  

 Now shift the residue on the crucibles and dry it in oven for few minutes till it 

dry out.  

 Dried residue was placed on FESEM stubs and gold-Palladium coating was 

done on Leica EM SCD 005.  

 After gold platting sample was shifted to FESEM for image capturing. Most 

of the extraction was done under fume hood to avoid contamination.  
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Description of pollen sculpturing was carried out by following terminology 

employed in  literature (Moore, et al., 1991; Punt et al., 2007) (Figure 

4:Table 2). Pollen grain were identified with  help of literature (Arzani et al., 

2005;  

Carmen et al., 2003; Ebenezer & Olugbenga, 2010; Huang, 1989; Kocigit & 

Dastan, 2013; Köhler & Lange, 1979; Perveen & Qaiser, 1998: 

2002:2004:2006: Punt & Hoen, 1995; Thornhill & Crisp, 2012; Thornhill et 

al., 2012).  
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Sr. No Type Description 

1 Psilate Smooth Surface 

2 Perforate Surface with small holes (>1µm in diameter) 

3 Foveolate 
Surface with holes <1µm in diameter. Distance between 

them is greater than their own diameter. 

4 Fossulate Surface with holes with sidewise elongation 

5 Scabrate General term for all sculpturing elements. 

6 Verrucate 
Surface with wart- like sculpturing elements. Much 

wider than height  (>1µm in diameter) 

7 Papillate 
Surface with finger like sculpturing elements. Higher 

than broader (>1µm in diameter) 

8 Baculate 
Surface with rod shaped sculpturing elements. Longer 

than wider  (>1µm in diameter) 

9 Gemmate 
Surface with sculpturing elements higher than >1µm. 

Spheriodal with constriction at base. 

10 Clavate 
Surface with sculpturing elements higher than >1µm. 

Sculpturing elements gradually get thinner towards base. 

11 Pilate 
Surface with rod like sculpturing elements. Capitate 

higher than >1µm. 

12 Echinate 
Surface with spiny/pointed sculpturing elements. Higher 

than >1µm. 

13 Rugulate 
Surface with sculpturing element elongated but 

irregularly arranged. 

14 Striate 
Surface with sculpturing element elongated parallel 

arranged. Having ridges and muri in between 

15 Reticulate 
Surface with sculpturing element elongated but arranged 

in form of network. Having lumina and muri. 

Table 2.  Description of Sculpturing type of pollen (Moore et al., 1991) 

 



Chapter 2                                                                                               Material and Methodology 

 

Palynological investigation of Allergenic and Melliferous flora of Pakistan                                49 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Description of the surface of Pollen Grains 

(http://www.botany.unibe.ch) 
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2.4         FLORAL CALENDAR PREPARATION 

 

 The study was carried out during 2012-2015 in different cities in Pakistan 

(Plate 6) Their distribution are presented in Table (7). Survey was done from 

various geographical sites to present heterogeneity of sampling sites, biodiversity, 

flowering seasons/ blooming period. The field data were collected during whole 

years the radius of honey bee foraging in surrounding of the apiaries were kept in 

consideration. Data collection including observations of bees activities, 

identification, collection and preservation of plants, flowering season, their 

taxonomic data, flower colour, plant habit, bees pollen loaded specimens, 

previously identified pollen allergic flora. 
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This study is conducted to investigate the melliferous and allergenic plants of 

Pakistan using multiple approaches like conventional light microscopy, Field 

emission scanning electron microscope and upright Fluorescence microscope. Finding 

of this study confined to developing pollen record and establishment of pollen library 

of allergenic and melliferous pollen grain spectrum of Pakistan, floral calendar and 

pollen key for identification. Detailed study plan is presented in flow Chart. 

 

3.1   PALYNOLOGICAL INVESTIGATION OF MELLIFEROUS FLORA OF 

PAKISTAN 

 

Palynological investigation of melliferous flora is divided in three parts  

 

3.1.1  Qualitative investigation of melliferous pollen 

3.1.2  Quantitative investigation of melliferous pollen 

3.1.3 Palynological investigation of beepollen loads 

 

 

3.1.1   QUALITATIVE INVESTIGATION OF MELLIFEROUS  

 POLLEN 

 

Sixty three honey samples were collected from thirty seven collection sites 

(Table 1) honey samples include both Farm honey and hive honey and four samples 

were collected from markets. Pollen diverse spectrums of sixty two  pollen types 

belonging to thirty six plant families were identified. Four species of honey bees are 

found in studied area viz. Apis mellifera, A. florea, A. dorsata and A. cerana.  A. 

dorsata, A. cerana  and A. florea  are wild bees generally observed in sites including 

plains, foothills and hills like Murree, Nathia Gali, Swat, Gilgit etc. wild honey are 

prepared by these bee species while A. mellifera are reared for commercial honey 

production. The pollen types identified after microscopic analysis with help of 

reference slides and literature cited are tabulated with detailed taxonomic data (Table 

3) 
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3.1.1    QUALITATIVE INVESTIGATION OF MELLIFEROUS POLLEN 

Table  3.       Palynological investigation of Melliferous flora  

 

Sr  

No 

Sample 

ID 
Plants Found Type Class 

Size(µm)  

P. view 

Size(µm)  

Eq. view 
Shape P/E 

Aperture 

 

Exine  

(x)µm 

     
X±S.D X±S.D 

  
P E 

 

1 AH1 
Justicia 

adhatoda 

Monad, 

Symmetrical 
Prolate 

35-38-40  

(37.7±3.5) 

26-30 

(28±2.82) 

Oval and 

elongated 
1.34 2 3 3.5 

  

Coriandrum 

sativum 

Monad, 

Symmetrical 
Prolate 

28.8-30-32.5  

(30.5±1.4) 

12-15 

(13.5±2.1) 
Prolate 2.3 6 1 3.5 

  

Taraxicum 

officinale 

Monad, 

Symmetrical 
Fenestrate 

27.5-30 

(28.6±0.99) 

30-31-32 

(31±0.8) 
Spheriodal 1 6 1 4.45 

  
Sonchus asper 

Monad, 

Symmetrical 
Fenestrate 

32.5-32.5-

32.5 (32.5±0) 

30-31-30 

(30±0) 
Spheriodal 1 6 3 3 

  

Bauhinia 

variegata 

Monad, 

Symmetrical 
Tricolporate 

67.5-67.5-

67.5  

(67.5±0) 

49.7-50-50 

(50±0) 

Angular-

Prolate 
1.35 3 1 2.5 

  

Trifolium 

repense 

Monad, 

Symmetrical 
Tricolporate 

22.5-30-32.5 

(28.33±5.2) 

13.8-19.8 

(16.8±4.2) 

Angular-

Prolate 
1.6 3 0-2 1.9 

  

Acacia 

nilotica 

Polyad, 

Symmetrical 
Polyad 

44-44-44 

(44±0) 

40-42    

(41±1) 
Spheriodal 1.07 0 0 2.9 

  

Citrus 

sinensis. 

Monad, 

Symmetrical 
Tetracolpate 

25-21.99 

(23.49±2.12) 

27.25-

21.20 

(24.4±4.1) 

Spheriodal 0.96 4 1 2.9 
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Solanaceous 

Type 

Monad, 

Symmetrical 
Tricolporate 

25-25.5-25 

(25.5±0) 

25-25-25 

(25±0) 

Spheriodal-

oblate 
1 3 2 2.59 

2 CH2 
Melilotus 

indica 

Monad, 

Symmetrical 
Tricolporate 

40-39-40 

(40±0) 

37.5-37.5-

37 

(37.5±0.2) 

Spheriodal-

prolate 
1.1 3 0-2 7.75 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-

42=41±1 
Spheriodal 1.07 0 0 2.9 

  

Citrus 

sinensis. 

Monad, 

Symmetrical 
Tetracolpate 

28-28-27.6 

(28±0.25) 

25.5-25-

25.5 

(25.2±0.2) 

Spheriodal 1.09 4 1 

 

 

2.9 

 

  

Chenopodium 

album 

Monad, 

Symmetrical 
Pantoporate 

20-22-23.5  

(21.8±1.75) 

17-18-24.5 

(19.8±4.0) 
Spheriodal 1.1 ∞ ∞ <2.5 

  

Helianthus 

annuus 

Monad, 

Symmetrical 
Echinate 

37.5-37  

(37.25±0.25) 

34.5-34.5 

(34.5±0) 

Spheriodal 

Angular 
1.08 3 0 7.25 

3 DH3 Poa Type 
Monad, 

Symmetrical 
Monoporate 

28--24--38  

(30±7.2) 

32.2-24.3 

(28.2±5.5) 
Spheriodal 1.06 1 1 3.75 

  

Silybum 

marianum 

Monad, 

Symmetrical 
Monad 

50-49.5-50  

(49.75±0.25) 

45-36.5 

(45.7±4.2) 
Spheriodal 1 3 1 7.5 

  

Stellaria 

media 

Monad, 

Symmetrical 
Periporate 

37.5-42.5 

(40±3.5) 

39.5-39 

(39.5±0.2) 
Spheriodal 1.01 ∞ ∞ 4.85 

  

Eucalyptus 

globulus 

Monad, 

Symmetrical 
Tricolpate 

22.5-22  

(22.5±0) 

20.5-20.5 

(20.5±0) 
Angular 1.05 3 2,1 2.5 

  

Pennisetum 

glaucum 

Monad, 

Symmetrical 
Monoporate 

32-35 

(33.5±2.01) 

35-35 

(35±0) 
Spheriodal 1.04 1 0 3 

  

Ziziphus 

jujuba 

Monad, 

Symmetrical 
Tricolpate 

15-22.5-20 

(19.1±3.11) 

17-25.1-25 

(22.37±3.8) 
Spheriodal 0.88 3 1 2 
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4 FH4 
Brassica 

campestris 

Monad, 

Symmetrical 
Tricolporate 

14-15.25-

16.75 

(15.33±1.37) 

17-25.13-

25 

(22.3±3.80) 

Spheriodal 1.08 3 2 2.7 

  

Sapium 

sabiferum 

Monad, 

Symmetrical 
Tricolporate 

45-50 

(47±3.53) 

17-25.1-25 

(22.3±3.80) 
Spheriodal 1.14 3 2,1 3 

  

Eucalyptus 

globulus 

Monad, 

Symmetrical 
Tricolporate 

20-22       

(21±0) 

17-25.1-25 

(22.3±3.80) 
Angular 1 3 1 2.5 

5 GH5 
Amaranthus 

spinosus 

Monad, 

Symmetrical 
Periporate 

15-18 

(16.50±1.75) 

15-18 

(16.5±1.75) 

Spheriodal-

prolate 
1 ∞ ∞ 2.45 

  

Convolvulus 

arvensis 

Monad, 

Symmetrical 
Tricolpate 

30-30       

(30±0) 

17-25.1-25 

(22.3±3.80) 

Angular/sph

eriodal 
0.88 2 1 7.55 

  
Poa Type 

Monad, 

Symmetrical 
monoporate 

33.4-37.9 

(35.6±3.19) 

17-25.1-25 

(22.3±3.8) 
Spheriodal 2 1 0 

 

<2.5 

 

  

Silybum 

marianum 

Monad, 

Symmetrical 
Monad 

50-49.5-50  

(49.75±0.25) 

17-25.13-

25 

(22.3±3.80) 

Spheriodal 1 3 1 7.5 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

14.4-15-14.4  

(14.7±0.2) 

17-25.1-25 

(22.3±3.80) 

Spheriodal 

to angular 
0.91 3 1 <2.5 

6 IH6 
Coriandrum 

sativu m 

Monad, 

Symmetrical 
Prolate 

28.8-30-32.5  

(30.5±1.4) 

17-25.1-25 

(22.3±3.80) 

Dumbell 

Shaped 
2.3 6 1 1.5-4 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

17-25.1-25 

(22.3±3.80) 
Spheriodal 1.07 0 0 2.9 

  

Solanaceous 

Type 

Monad, 

Symmetrical 
Tricolporate 

25-25.5-25 

(25.5±0) 

17-25.1-25 

(22.3±3.80) 

Spheriodal-

oblate 
1 3 2 2.59 

  
Carissa opaca 

Monad, 

Symmetrical 
Tricolporate 

28.5-29 

(28.5±0.5) 

28.5-28.5 

(28.5±0) 
Spheriodal 1 3 1 <2.5 
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7 GH7 Iris sp. 
Monad, 

Symmetrical 
Prolate 90±0 NA Prolate 

 
2 

  

  

Stellaria 

media 

Monad, 

Symmetrical 
Perpirate 

22-34 

(28±8.48) 

22-34 

(28±8.48) 
Spheriodal 1 ∞ ∞ 2.5-3 

  

Artemisia 

dubia 

Monad, 

Symmetrical 

Prolate 

spheriodal 

20-22-25 

(22.3±2.05) 

18.7-22.5 

(20.6±2.68) 
Spheriodal 1.1 3 1 8.8 

  

Amaranthus 

spinosus 

Monad, 

Symmetrical 
Periporate 

15-18 

(16.50±1.75) 

15-18 

(16.5±1.75) 

Spheriodal-

prolate 
1 ∞ ∞ 2.45 

  

Abutilon 

indicum 

Monad, 

Symmetrical 
Periporate 

60-60   

(60±0) 

60-60  

(60±0) 
Spheriodal 1 ∞ ∞ 6.45 

  
Poa annua 

Monad, 

Symmetrical 
Monoporate 

35.5-37.9  

(36.7±1.69) 

24.8-33.4 

(29.1±6.08) 
Spheriodal 1.26 1 0 2.4 

  
Poa trivialis 

Monad, 

Symmetrical 
Monoporate 

28.2-32.2 

(30.2±2.8) 

21.8-24.3 

(23.07±1.7) 
Spheriodal 1.3 1 0 2.4 

  

Carex 

cannesence 

Monad 

Bilateral 
Monoporate 

28-30 

(29±1.4) 

17-20 

(18.5±2.12) 
Prolate 1.5 1 3 2.5 

8 GH9 
Robinia 

pseudoacacia 

Monad, 

Symmetrical 
Tricolporate 

22-23 

(22.5±0.1) 
NA Tricolporate NA 3 NA <2.5 

9 GH8 
Plantago 

ovata 

Monad, 

Symmetrical 
Periporate 

18-20 

(19±1.4) 

18-25 

(21.5±4.9) 
Spheriodal 0.88 ∞ ∞ 3 

  

Elaeagnus 

angustifolia 

Monad 

Symmetrical 
Tricolporate 

36-37-40 

(37.8±2.3)) 

43-46-47 

(45.3±2.08) 
spheriodal 0.8 3 2 

 

  

Prunus 

bokharensis 

Monad, 

Symmetrical 
Tricolporate 

25-26  

(26±0.1) 

25-26 

(25±0) 
spheriodal 1 3 1 3 

10 GH10 
Stellaria 

media 

Monad, 

Symmetrical 
Pariporate 

37.5-42.5 

(40±2.5) 

38-40  

(39.5±0.5) 
Spheriodal 1.01 ∞ ∞ 3 
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Chenopodium 

album 

Monad,  

Symmetrical 
Pantoporate 

20-22-23.5 

(21.8±1.75) 

17-18-24.5 

(19.8±4.07) 
Spheriodal 1.1 ∞ ∞ <2.5 

  

Helianthus 

annuus 

Monad, 

Symmetrical 
Tricolpate 

35-36 

(35±0.5) 

35-35 

(35±0) 
Spheriodal 1 3 2,1 3.45 

  

Peristrophe 

paniculata  
Monad, 

Symmetrical 
Prolate 

35-40 

(37.7±3.53) 
28-35 

(31.54.9) 
prolate  1.0 6  2 >2.5 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

22.5-26.8 

(26.2±5.3) 

35.5-37.7 

(36.6±1.5) 

Angular-

oblate 
0.7 3,2 1 1.9 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-44   

(44±0) 

40-42         

( 41±1) 
Spheriodal 1.1 0 0 2.9 

11 SH11 
Brassica 

campestris 

Monad, 

Symmetrical 
Tricolporate 

14-15.25-

16.75 

(15.33±1.37) 

10-17.5-15  

(14.1±3.8) 
Spheriodal 1.1 3 2 2.7 

  

Eucalyptus 

globulus 

Monad, 

Symmetrical 
Tricolpate 

22.5-22  

(22.5±0.5) 

20.5-20.5 

(20.5±0) 
Angular 1.1 3 2,1 3.05 

  

Cyprus 

rotundas 

Monad, 

Symmetrical 
Pantoporate 

25-30 

(28.33±3.5) 

32.50-40  

(35±5.3) 
Prolate 1.2 3 1 2.41 

12 GH12 
Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40  

(37.5±2.5) 
Angular 1 3 1 1.9 

  

Convolvulus 

arvensis 

Monad, 

Symmetrical 
Tricolpate 

30-30       

(30±0) 

25-25    

(25±0) 

Angular/sph

eriodal 
0.9 2 1 7.55 

  

Rosaceae 

Type 

Monad, 

Symmetrical 
Tricolporate 

22.5-22.5-

22.5  

(22.5±0) 

28-28-28 

(28±0) 
Spheriodal 0.8 3 1 2.75 

13 HH13 
Parthenium 

hysterophorus 

Monad, 

Symmetrical 
Tricolpate 

14.5-17-17.5 

(16.3±1.3) 

14.8-17 

(16.4±1.3 ) 

Angular-

spheriodal 
1 3 1 1.87 
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Brassica 

campestris 

Monad, 

Symmetrical 
Tricolporate 

14-15.216.7 

(15.33±1.37) 

10-17.5-15 

(14.1±3.8) 
Spheriodal 1.1 3 2 2.7 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-44-44  

(44±0) 

40-42-42 

(41±1) 
Spheriodal 1.1 0 0 2.9 

  

Eucalyptus 

globulus. 

Monad, 

Symmetrical 
Tricolpate 

22.5-22  

(22.5±0) 

20.5-20.5 

(20.5±0) 
Angular 1.05 3 2,1 3.05 

  

Pinus 

roxberghii. 

Monad, 

Symmetrical 
Vesiculate 

50-55-65 

(56.6±7.6) 

41-43-43  

(42±1.4) 
Winged 1.3 0 0 

 

  

Helianthus 

annuus 

Monad, 

Symmetrical 
Tricolpate 

35-36          

(35±0.5) 

35-35        

(35±0) 
Spheriodal 1 3 2,1 3.45 

  

Taraxicum 

officinale 

Monad, 

Symmetrical 
Fenestrate 

27.5-30 

(28.6±0.99) 

30-31-32 

(31±0.8) 
Spheriodal 1 6 1 4.45 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40  

(37.5±2.5) 
Angular 1 3 1 1.9 

  

Justicia 

adhatoda 

Monad, 

Symmetrical 
Prolate 

35-38-40  

(37.7±3.5) 

26-30 

(28±2.82) 

Oval and 

elogated 
1.34 2 3 3.5 

14 IH14 
Trifolium 

repense 

Monad, 

Symmetrical 
Tricolpate 

22.5-30-32.5 

(28.3±5.2) 

13.8-19.8 

(16.9±4.24) 
Prolate 1.6 3 0-3 2.9 

  

Eucalyptus 

globulus 

Monad, 

Symmetrical 
Tricolporate 

20-22   

(21±0) 

20-20 

(20±0) 
Angular 1 3 1 2.5 

  

Helianthus 

annuus 

Monad, 

Symmetrical 
Tricolpate 

35-36 

(35±0.5) 

35-35 

(35±0) 
Spheriodal 1 3 2,1 3.45 

  

Solanaceous 

Type 

Monad, 

Symmetrical 
Tricolporate 

25-25.5-25 

(25.5±0) 

25-25-25 

(25±0) 

Spheriodal-

oblate 
1 3 2 2.59 

  

Syzigium 

cumini 

Monad, 

Symmetrical 
Tricolporate 

14.5-14.5-15  

(14.7±0.3) 

15.8-15.8-

16  

(15.9±0.2) 

Spheriodal 

to angular 
0.99 3 1 1.5 
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Parthenium 

hysterophorus 

Monad, 

Symmetrical 
Tricolpate 

14.5-17-17.5 

(16.3±1.3) 

14.8-17 

(16.4±1.3 ) 

Angular-

spheriodal 
1 3 1 1.87 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42 

(41±1) 
Spheriodal 1.07 0 0 2.9 

  

Chenopodium 

album 

Monad, 

Symmetrical 
Pantoporate 

20-22-23.5 

(21.8±1.75) 

17-18-24.5 

(19.8±4.07) 
Spheriodal 1.1 ∞ ∞ <2.5 

  

Pinus 

roxburghii. 

Monad, 

Symmetrical 
Vesiculate 

50-55-65 

(56.6±7.6) 

41-43  

(42±1.4) 
Winged 1.3 0 0 

 

  

Lantana 

camara 

Monad, 

Symmetrical 
Tricolpate 

35-35-35 

(35±0) 

31-31.4 

(31.2±0.2) 
Spheriodal 0.9 0 0-4 2.5 

15 IH45 
Justicia 

adhatoda 

Monad, 

Symmetrical 
Prolate 

35-38-40  

(37.7±3.5) 

26-30 

(28±2.82) 

Oval and 

elogated 
1.3 2 3 3.5 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

  
Carissa opaca 

Monad, 

Symmetrical 
Tricolporate 

28.5-29 

(28.5±0.5) 

28.5-28.5 

(28.5±0) 
Spheriodal 1 3 1 <2.5 

  

Eucalyptus 

globulus 

Monad, 

Symmetrical 
Tricolporate 20-22 (21±0) 

20-20 

(20±0) 
Angular 1 3 1 2.5 

16 IH46 
Helianthus 

annuus 

Monad, 

Symmetrical 
Tricolpate 

35-36 

(35±0.5) 

35-35 

(35±0) 
Spheriodal 1 3 2,1 3.45 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

15.9-15.9 

(15.9± 0) 

15.915.9 

(15.9± 0) 
Angular 1 3 1 2.1 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42-40 

(41±1) 
Spheriodal 1.07 0 0 2.9 
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17 IH42 
Justicia 

adhatoda 

Monad, 

Symmetrical 
Prolate 

35-38-40  

(37.7±3.5) 

26-30 

(28±2.82) 

Oval and 

elogated 
1.3 2 3 3.5 

  

Citrus 

sinensis. 

Monad, 

Symmetrical 
Tetracolpate 

25-21.99 

(23.49±2.12) 

27.25-

21.20 

(24.4±4.12) 

Spheriodal 1.0 4 1 2.9 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42-42 

(41±1) 
Spheriodal 1.1 0 0 2.9 

  

Taraxicum 

officinale 

Monad, 

Symmetrical 
Fenestrate 

27.5-30 

(28.6±0.99) 

30-31-32 

(31±0.8) 
Spheriodal 1 6 1 

 

4.45 

 

  
Bombax ceiba 

Monad, 

Symmetrical 
Tricolporate 

45-50 

(47.5±3.5) 

55-55    

(55±0) 
Spheriodal 1.1 3 0 3.45 

  

Stellaria 

media 

Monad, 

Symmetrical 
Perpirate 

22-34  

(28±8.48) 

22-34 

(28±8.48) 
Spheriodal 1 ∞ ∞ 3 

  

Convolvulus 

arvensis 

Monad, 

Symmetrical 
Tricolpate 

30-30       

(30±0) 

25-25     

(25±0) 

Angular/sph

eriodal 
0.88 2 1 7.55 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

  
Poa annua 

Monad, 

Symmetrical 
Monoporate 

35.5-37.9  

(36.7±1.69) 

24.8-33.4 

(29.1±6.08) 
Spheriodal 1.26 1 0 5 

18 IH15 Carissa opaca 
Monad, 

Symmetrical 
Tricolporate 

28.5-29 

(28.5±0.5) 

28.5-28.5 

(28.5±0) 
Spheriodal 1 3 1 <2.5 

  

Justicia 

adhatoda 

Monad, 

Symmetrical 
Prolate 

35-38-40  

(37.7±3.5) 

26-30 

(28±2.82) 

Oval and 

elogated 
1.34 2 3 3.5 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 
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Catalpa ovata 

Monad, 

Symmetrical 
Polyad 

39-40 

(39.5±0.2) 

40-40.5 

(40±0.2) 
Spheriodal 1.02 0 0 2.3 

  

Silybum 

marianum 

Monad, 

Symmetrical 
Monad 

50-49.5-50  

(49.75±0.25) 

45-36.5 

(45.75±4.2

5) 

Spheriodal 1 3 1 7.5 

  

Solanaceous 

Type 

Monad, 

Symmetrical 
Tricolporate 

25-25.5-25 

(25.5±0) 

25-25-25 

(25±0) 

Spheriodal-

oblate 
1 3 2 2.59 

19 IH43 
Silybum 

marianum 

Monad, 

Symmetrical 
Monad 

50-49.5-50  

(49.75±0.25) 

45-36.5 

(45.7±4.25) 
Spheriodal 1 3 1 7.5 

  

Cyperus 

rotundas 

Monad, 

Symmetrical 
Prolate 

25-30           

(27.5 ± 0.35) 

32.50-40 

(36.2±5.3) 
Prolate 0.9 0 0 2.25 

  

Eriobotrya 

japonica 

Monad, 

Symmetrical 
Tricolpate 

28.5-28 

(28.2±0.2) 

28.5-28 

(28.2±0.2) 
Spheriodal 1 3 1 4 

20 IH44 
Coriandrum 

sativum 

Monad, 

Symmetrical 
Prolate 

28.8-30-32.5  

(30.5±1.4) 

12-15 

(13.5±2.12) 

Dumbell 

Shaped 
2.3 6 1 2.25 

  

Taraxicum 

officinale 

Monad, 

Symmetrical 
Fenestrate 

27.5-30 

(28.6±0.99) 

30-31-32 

(31±0.8) 
Spheriodal 1 6 1 4.45 

  
Sonchus asper 

Monad, 

Symmetrical 
Fenestrate 

32.5-32.5-

32.5 

(32.5±0) 

30-31-30 

(30±0) 
Spheriodal 1 6 3 3 

  

Citrus 

sinensis 

Monad, 

Symmetrical 
Tetracolpate 

25-21.99 

(23.49±2.12) 

27.25-

21.20 

(24.4±4.12) 

Spheriodal 0.96 4 1 2.9 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

15.9-15.9 

(15.9± 0) 

15.9-15.9 

(15.9± 0) 
Angular 1 3 1 2.1 

21 JH16 
Coriandrum 

sativum 

Monad, 

Symmetrical 
Prolate 

28.8-30-32.5          

(30.5±1.4) 

12-

15(13.52.1

Dumbell 

Shaped 
2.3 6 1 3.2 
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2) 

  
Sonchus asper 

Monad, 

Symmetrical 
Fenestrate 

32.5-32.5-

32.5 (32.5±0) 

30-31-30 

(30±0) 
Spheriodal 1 6 3 3 

  

Acacia 

nilotica 

Polyad, 

Symmetrical 
Polyad 

44-44-44 

(44±0) 

40-42     

(41±1) 
Spheriodal 1.07 no 0 2.9 

  
Avena sativa 

Monad, 

Symmetrical 
Monoorate 

27.9-23.9 

(25.9±2.82) 

19.5-19.6 

(19.55±0.0

7) 

Spheriodal 1.3 1 0 <2.5 

  

Eucalyptus 

globulus. 

Monad, 

Symmetrical 
Tricolpate 

22.5-22  

(22.5±0) 

20.5-20.5 

(20.5±0) 
Angular 1.05 3 2,1 

 

1.9 

 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40   

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

  
Catalpa ovata 

Monad, 

Symmetrical 
Polyad 

39-40 

(39.5±0.2) 

40-40.5 

(40±0.2) 
Spheriodal 1.02 0 0 2.3 

22 JH 17 
Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42-42 

(41±1) 
Spheriodal 1.07 0 0 2.9 

  

Eucalyptus 

globulus. 

Monad, 

Symmetrical 
Tricolpate 

22.5-22  

(22.5±0) 

20.5-20.5 

(20.5±0) 
Angular 1.05 3 2,1 1.9 

  

Cannabis 

sativa 

Monad, 

Symmetrical 
Monoporate 25±0 17.5±0 Spheriodal 1.4 1 0 1.75 

  
Poa annua. 

Monad, 

Symmetrical 
Monoporate 

32.2-32.3 

(32.25±0.27) 

24.3-30.8 

(27.5±4.95) 
Spheriodal 1.17 1 0 <2.5 

  

Eucalyptus 

globulus. 

Monad, 

Symmetrical 
Tricolpate 12-12 12-12.5 Angular 1 3 2,1 <2.5 
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23 KH18 
Taraxicum 

officinale 

Monad, 

Symmetrical 
Fenestrate 

27.5-30 

(28.6±0.99) 

30-31-32 

(31±0.8) 
Spheriodal 1 6 1 4.45 

  

Bauhinia 

variegata 

Monad, 

Symmetrical 
Tricolporate 

67.5-67.5-

67.5  

(67.5±0) 

49.7-50-50 

(50±0) 

Angular-

Prolate 
1.35 3 1 2.5 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42     

(41±1) 
Spheriodal 1.07 0 0 2.9 

  

Coriandrum 

sativum 

Monad, 

Symmetrical 
Prolate 

28.8-30-32.5  

(30.5±1.4) 

12-15 

(13.5±2.12) 

Dumbell 

Shaped 
2.3 6 1 

 

1.5-4 

 

  

Convolvulus 

arvensis 

Monad, 

Symmetrical 
Tricolpate 

30-30       

(30±0) 

25-25        

(25±0) 

Angular/sph

eriodal 
0.88 2 1 7.55 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

14.8-15.9 

(15.3± 0.7) 

15-15.9 

(15.5± 0.2) 
Angular 1 3 1 2.1 

24 KH20 
Taraxicum 

officinale 

Monad, 

Symmetrical 
Fenestrate 

27.5-30 

(28.6±0.99) 

30-31-32 

31±0.8 
Spheriodal 1 6 1 4.45 

  

Helianthus 

annuus 

Monad, 

Symmetrical 
Echinate 

37.5-37  

(37.25±0.25) 

34.5-34.5 

(34.5±0) 

Spheriodal 

Angular 
1.08 3 0 7.25 

  

Citrus 

sinensis 

Monad, 

Symmetrical 
Tetracolpate 

25-21.99 

(23.49±2.12) 

27.25-

21.20 

(24.4±4.1) 

Spheriodal 0.96 4 1 2.9 

  

Melia 

azedarach 

Monad, 

Symmetrical 

Tetra-

colporate 

32.7-34.1 

(33.4±0.98) 
------- Spheriodal ---- 4 ---- 2.5 

  

Syzigium 

jambos 

Monad, 

Symmetrical 
Tricolporate 

14.5-15 

(14.5±0.2)  
Angular  

 
3 

 
2.5 

25 KH21 Poa annua. 
Monad, 

Symmetrical 
Monoporate 

32.2-32.3 

(32.25±0.27) 

24.3-30.8 

(27.5±4.95) 
Spheriodal 1.17 1 0 <2.5 
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Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

  

Silybum 

marianum 

Monad, 

Symmetrical 
Monad 

50-49.5-50  

(49.75±0.25) 

45-36.5 

(45.7±4.25) 
Spheriodal 1 3 1 7.5 

26 KH22 Sonchus asper 
Monad, 

Symmetrical 
Fenestrate 

32.5-32.5 

(32.5±0) 

30-31 

(30±0) 
Spheriodal 1 6 3 3 

  

Hyssopus 

officinalis 

Monad, 

Symmetrical 
Hexacolpate 

22.1-24.1 

(23.1±1.4) 

22-23 

(22.5±0.70) 
Spheriodal 1.01 6 2,3 5 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

  
Alnus nitida 

Monad, 

Symmetrical 
Pentaporate 

18.5-20 

(19.25±1.06) 

22.4-22.9 

(22.6±0.32) 
Spheriodal 0.85 5 2-3 2.5 

  
Poa trivia 

Monad, 

Symmetrical 
Monoporate 

32.2-32.3 

(32.25±0.27) 

24.3-30.8 

(27.5±4.95) 
Spheriodal 1.17 1 0 <2.5 

27 AH23 
Convolvulus 

arvensis 

Monad, 

Symmetrical 
Tricolpate 

30-30        

(30±0) 

25-25    

(25±0) 

Angular/sph

eriodal 
0.88 2 1 7.55 

  

Plantago 

ovata 

Monad, 

Symmetrical 
Pantoporate 

18-20    

(19±1.4) 

18-25 

(21.5±4.9) 
Spheriodal 1 ∞ ∞ <2.5 

  

Conyzanthus 

conyzoides 

Monad, 

Symmetrical 
Echinate 

30-30        

(30±0) 

30-30    

(30±0) 
Spheriodal 1 6 0 5 

  

Helianthus 

annuus 

Monad, 

Symmetrical 
Echinate 

37.5-37  

(37.25±0.25) 

34.5-34.5 

(34.5±0) 

Spheriodal 

Angular 
1.08 3 0 7.25 

  

Solanaceous 

Type 

Monad, 

Symmetrical 
Tricolporate 

25-25.5-25 

(25.5±0) 

25-25-25 

(25±0) 

Spheriodal-

oblate 
1 3 2 2.59 

  

Ziziphus 

jujuba 

Monad, 

Symmetrical 
Tricolpate 

15-22.5-20 

(19.1±3.11) 

17-25.1-25 

(22.3±3.8) 
Spheriodal 0.88 3 1 2 
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28 KH24 
Ziziphus 

jujuba 

Monad, 

Symmetrical 
Tricolpate 

15-22.5-20 

(19.1±3.11) 

17-25.1-25 

(22.3±3.80) 
Spheriodal 0.88 3 1 2 

  

Pennisetum 

typhoides 

Monad, 

Symmetrical 
Monoporate 

32-35 

(33.5±2.01) 

35-35-35 

(35±0) 
Spheriodal 0.96 1 0 3 

  

Parthenium 

hysterophorus 

Monad, 

Symmetrical 
Tricolpate 

14.5-17-17.5 

(16.3±1.3) 

14.8-17 

(16.4±1.3 ) 

Angular-

spheriodal 
1 3 1 1.87 

  

Solanaceous 

Type 

Monad, 

Symmetrical 
Tricolporate 

25.5-26 

(25.7±0.2) 

25.5-26 

(25.5±0.2) 

Spheriodal-

Oblate 
0.95 3 2 3.59 

29 KH25 
Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42    

(41±1) 
Spheriodal 1.07 0 0 2.9 

  

Eucalyptus 

globulus 

Monad, 

Symmetrical 
Tricolpate 

22.5-22  

(22.5±0) 

20.5-20.5 

(20.5±0) 
Angular 1.05 3 2,1 1.9 

30 LH27 
Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

14.8-15.9 

(15.3± 0.7) 

15-15.9 

(15.5± 0.2) 
Angular 1 3 1 2.1 

  
Melilotus sp. 

Monad, 

Symmetrical 
Tricolporate 

40-39-40 

(40±0) 

37.5-37.5-

37 

(37.5±0.3) 

Spheriodal-

prolate 
1.1 3 0-2 5.75 

  

Taraxicum 

officinale 

Monad, 

Symmetrical 
Fenestrate 

27.5-30 

(28.6±0.99) 

30-31-32 

(31±0.8) 
Spheriodal 1 6 1 

 

4.45 

 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42  

(41±1) 
Spheriodal 1.07 0 0 2.9 
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31 LH26 
Solanaceous 

Type 

Monad, 

Symmetrical 
Tricolporate 

25-25.5-25 

(25.5±0) 

25-25-25 

(25±0) 

Spheriodal-

oblate 
1 3 2 2.59 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

  

Silybum 

marianum 

Monad, 

Symmetrical 
Monad 

50-49.5-50  

(49.75±0.25) 

45-36.5 

(45.7±4.2) 
Spheriodal 1 3 1 7.5 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42    

(41±1) 
Spheriodal 1.07 0 0 2.9 

32 LH28 
Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42    

(41±1) 
Spheriodal 1.07 0 0 2.9 

  
Poa annua. 

Monad, 

Symmetrical 
Monoporate 

32.2-32.3 

(32.3 ±0.0) 

24.3-25 

(24.7± .03) 
Spheriodal 

 
1 0 <2.5 

  

Cyprus 

rotundas 

Monad, 

Symmetrical 
Prolate 

25-30           

(27.5 ± 0.35) 

32.50-40 

(36.2±5.3) 
Prolate 0.9 0 0 2.25 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

14.8-15.9 

(15.3± 0.7) 

15-15.9 

(15.5± 0.2) 
Angular 1 3 1 2.1 

  

Helianthus 

annuus 

Monad, 

Symmetrical 
Echinate 

37.5-37  

(37.25±0.25) 

34.5-34.5 

(34.5±0) 

Spheriodal 

Angular 
1.08 3 0 7.25 

  

Brassica 

campestris 

Monad, 

Symmetrical 
Tricolporate 

14-15.25-

16.75 

(15.33±1.37) 

10-17.5-15 

(14.1±3.8) 
Spheriodal 1.08 3 2 2.7 

33 LH29 
Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42      

(41±1) 
Spheriodal 1.07 0 0 2.9 

  
Avena sativa 

Monad, 

Symmetrical 
Monoorate 

27.9-23.9 

(25.9±2.82) 

19.5-19.6 

(19.5±0.07) 
Spheriodal 1.3 1 0 <2.5 

  

Ziziphus 

jujuba 

Monad, 

Symmetrical 
Tricolpate 

15-22.5-20 

(19.1±3.11) 

17-25.1-25 

(22.3±3.8) 
Spheriodal 0.88 3 1 2 
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Arthernera sp. 

Monad, 

Symmetrical 
Pantoporate 

16.75-18 

(17.37±0.88) 

17-17.5 

(17.2±0.4) 
spheriodal 

 
∞ ∞ 3 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 

1.9 

 

 

34 LH30 
Citrus 

sinensis 

Monad, 

Symmetrical 
Tetracolpate 

25-21.99 

(23.49±2.12) 

27.2-21.20 

(24.4±4.1) 
Spheriodal 0.96 4 1 

2.9 

 

  

Parthenium 

hysterophorus 

Monad, 

Symmetrical 
Tricolpate 

14.5-17-17.5  

(16.3±1.3) 

14.8-17 

(16.4±1.3) 

Angular-

spheriodal 
1 3 1 1.87 

35 MH31 
Coriandrum 

sativum 

Monad, 

Symmetrical 
Prolate 

28.8-30-32.5  

(30.5±1.4) 

12-15 

(13.5±2.1) 

Dumbell 

Shaped 
2.3 6 1 1.5-4 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

38-43.9-44.5 

(42.1±3.5) 

38.8-42.7 

(40.7±2.7) 
Spheriodal <2.5 0 0 2.9 

  

Citrus 

sinensis 

Monad, 

Symmetrical 
Tetracolpate 

25-21.99 

(23.49±2.12) 

27.25-

21.20 

(24.4±4.1) 

Spheriodal 0.96 4 1 2.9 

  

Helianthus 

annuus 

Monad, 

Symmetrical 
Tricolpate 

35-36 

(35±0.5) 

35-35 

(35±0) 
Spheriodal 1 3 2,1 3.45 

  

Grewellia 

robusta 

Monad, 

Symmetrical 

Tri, Tetra 

and 

Pentacolpate 

60-60 

 (60±0) 

55-60 

(57.5±3.5) 
Angular 

 

3,4

,5 

3,4,

5 
5 

36 MH32 
Helianthus 

annuus 

Monad, 

Symmetrical 
Tricolpate 

35-36    

(35±0.5) 

35-35    

(35±0) 
Spheriodal 1 3 2,1 3.45 

  
Catalpa ovata 

Monad, 

Symmetrical 
Polyad 

39-40 

(39.5±0.2) 

40-40.5 

(40±0.2) 
Spheriodal 1.02 0 0 2.3 

  

Melilotus 

indica 

Monad, 

Symmetrical 
Tricolporate 

40-39-40 

(40±0) 

37.5-37.5-

37 

Spheriodal-

prolate 
1.1 3 0-2 

5.25 
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(37.5±0.28)  

 

  

Eucalyptus 

globulus 

Monad, 

Symmetrical 
Tricolpate 

22.5-22  

(22.5±0) 

20.5-20.5 

(20.5±0) 
Angular 1.05 3 2,1 3.05 

37 MH33 
Justicia 

adhatoda 

Monad, 

Symmetrical 
Prolate 

35-38-40  

(37.7±3.5) 

26-30 

(28±2.82) 

Oval and 

elogated 
1.34 2 3 3.5 

  

Coriandrum 

sativum 

Monad, 

Symmetrical 
Prolate 

28.8-30-32.5  

(30.5±1.4) 

12-15 

(13.5±2.1) 

Dumbell 

Shaped 
2.3 6 1 1.5-4 

  

Taraxicum 

officinale 

Monad, 

Symmetrical 
Fenestrate 

27.5-30 

(28.6±0.99) 

30-31-32 

(31±0.8) 
Spheriodal 1 6 3 4.45 

  
Sonchus asper 

Monad, 

Symmetrical 
Fenestrate 

32.5-32.5-

32.5 (32.5±0) 

30-31-30 

(30±0) 
Spheriodal 1 6 3 3 

  

Bauhinia 

variegata 

Monad, 

Symmetrical 
Tricolporate 

67.5-67.5-

67.5 (67.5±0) 

49.7-50-50 

(50±0) 

Angular-

Prolate 
1.35 3 1 2.5 

  

Citrus 

sinensis 

Monad, 

Symmetrical 
Tetracolpate 

25-21.99 

(23.49±2.12) 

27.25-21.2 

(24.4±4.1) 
Spheriodal 0.96 4 1 2.9 

  

Solanaceous 

Type 

Monad, 

Symmetrical 
Tricolporate 

25-25.5-25 

(25.5±0) 

25-25-25 

(25±0) 

Spheriodal-

oblate 
1 3 2 

2.59 

 

  

Terminalia 

arjuna 

Monad, 

Symmetrical 
Tricolporate 

15-15          

(15±0) 

12-12     

(12±0) 
Prolate 1.25 6 3 2 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42     

(41±1) 
Spheriodal 1.07 0 0 2.9 

  

Eucalyptus 

globulus 

Monad, 

Symmetrical 
Tricolpate 

22.5-22  

(22.5±0) 

20.5-20.5 

(20.5±0) 
Angular 1.05 3 2,1 3.05 

38 MH34 
Cymbopogon 

citratus 

Monad, 

Symmetrical 
Tetracolpate 

25-27     

(26±1.4) 

25-27  

(26±1.4) 
Rectangular 1 0 1 2.9 
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Setaria sp 

Monad, 

Symmetrical 
Monoporate 

30-30       

(30±0) 

30-30     

(30±0) 
Spheriodal 

 
1 0 2.5 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42     

(41±1) 
Spheriodal 1.07 0 0 2.9 

39 MH35 
Acacia 

nilotica 

Polyad, 

Symmetrical 
Polyad 

44-44-44 

(44±0) 

40-42     

(41±1) 
Spheriodal 1.07 no 0 2.9 

  

Helianthus 

annuus 

Monad, 

Symmetrical 
Tricolpate 

35-36     

(35±0.5) 

35-35    

(35±0) 
Spheriodal 1 3 2,1 

 

3.45 

 

  

Brassica 

campestris 

Monad, 

Symmetrical 
Tricolporate 

14-15.25-

16.75 

(15.33±1.37) 

10-17.5-15  

(14.1±3.8) 
Spheriodal 1.08 3 2 2.7 

40 IH36 
Parthenium 

hysterophorus 

Monad, 

Symmetrical 
Tricolpate 

14.5-17-17.5  

(16.3±1.3) 

14.8-17 

(16.4±1.3 ) 

Angular-

spheriodal 
1 3 1 1.87 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40  

(37.5±2.5) 

35-40  

(37.5±2.5) 
Angular 1 3 1 1.9 

  
Poaceae Type 

Monad, 

Symmetrical 
Monoporate 

32.8-32 

(32±0.0) 

30.8-30.5 

(30.5±0.08) 
Spheriodal 1 0 1 <2.5 

  

Grewellia 

robusta 

Monad, 

Symmetrical 

Tri to 

Pentacolpate 

60-59-59.5 

(59±0.08) 

59-60 

(59.5±0.08) 
Angular 1 3 3 2.6 

  

Bauhinia 

variegata 

Monad, 

Symmetrical 
Tricolporate 

67.5-67.5-

67.5 (67.5±0) 

49.7-50-50 

(50±0) 

Angular-

Prolate 
1.35 3 1 2.5 

  

Chenopodium 

album 

Monad, 

Symmetrical 
Pantoporate 

20-22-23.5  

(21.8±1.75) 

17-18-24.5 

(19.8±4.07) 
Spheriodal 1.1 ∞ ∞ 

<2.5 

 

  

Convolvulus 

arvensis 

Monad, 

Symmetrical 
Tricolpate 

30-30       

(30±0) 

25-25     

(25±0) 

Angular/sph

eriodal 
0.88 2 1 7.55 
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41 MH37 
Parthenium 

hysterophorus 

Monad, 

Symmetrical 
Tricolpate 

14.5-17-17.5 

(16.3±1.3) 

14.8-17 

(16.4±1.37 

) 

Angular-

spheriodal 
1 3 1 1.87 

  

Cyprus 

rotundas 

Monad, 

Symmetrical 
Prolate 

25-30           

(27.5 ± 0.35) 

32.50-40 

(36.2±5.3) 
Prolate 0.9 0 0 2.25 

  

Ziziphus 

jujuba 

Monad, 

Symmetrical 
Tricolpate 

15-22.5-20 

(19.1±3.11) 

17-25.13-

25 

(22.3±3.80) 

Spheriodal 0.88 3 1 2 

  

Grewellia 

robusta 

Monad, 

Symmetrical 

Tri, Tetra 

and 

Pentacolpate 

60-59-59.5 

(59±0.08) 

59-60 

(59.5±0.08) 
Angular 1 3 3 2.6 

  
Oryza sativa 

Monad, 

Symmetrical 
Monoporate 

27-27.5 

(27.2±0.35) 

27-27.5 

(27.2±0.35) 
Spheriodal 1 0 1 2.5 

  

Solanaceous 

type 

Monad, 

Symmetrical 
Tricolporate 

33-35    

(34±1.4) 

33-35 

(34±1.4) 
Spheriodal 1 3 0 2.5 

42 MH38 
Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-

42=41±1 
Spheriodal 1.07 0 0 2.9 

  

Brassica 

campestris 

Monad, 

Symmetrical 
Tricolporate 

14-15.25-

16.75 

(15.33±1.37) 

10-17.5-15 

(14.1±3.8) 
Spheriodal 1.08 3 2 2.7 

  

Pennisetum 

glaucum 

Monad, 

Symmetrical 
Monoporate 

32-35 

(33.5±2.01) 

35-35      

(35±0) 
Spheriodal 1 1 0 3 

  

Artemisia 

dubia 

Monad, 

Symmetrical 

Prolate 

spheriodal 

20-22-25  

(22.3±2.05) 

18.7-22.5 

(20.6±2.68) 
Spheriodal 1.1 3 1 3.8 

  

Plantago 

ovata 

Monad, 

Symmetrical 
Periporate 

18-20    

(19±1.4) 

18-25  

(21.5±4.9) 
Spheriodal 0.88 ∞ ∞ 2.5 
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43 MH39 
Parthenium 

hysterophorus 

Monad, 

Symmetrical 
Tricolpate 

14.5-17-17.5 

(16.3±1.3) 

14.8-17 

(16.4±1.3 ) 

Angular-

spheriodal 
1 3 1 1.87 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42 

(41±1) 
Spheriodal 1.07 0 0 2.9 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 

 

1.9 

 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

14.8-15.9 

(15.3± 0.7) 

15-15.9 

(15.5±0.2) 
Angular 1 3 1 2.1 

  

Silybum 

marianum 

Monad, 

Symmetrical 
Monad 

50-49.5-50  

(49.75±0.25) 

45-36.5 

(45.7±4.2) 
Spheriodal 1 3 1 7.5 

44 MH40 
Taraxicum 

officinale 

Monad, 

Symmetrical 
Fenestrate 

27.5-30 

(28.6±0.99) 

30-31-32 

(31±0.8) 
Spheriodal 1 6 3 4.45 

  
Sonchus asper 

Monad, 

Symmetrical 
Fenestrate 

32.5-32.5-

32.5 (32.5±0) 

30-31-30 

(30±0) 
Spheriodal 1 6 3 3 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

  

Citrus 

sinensis 

Monad, 

Symmetrical 
Tetracolpate 

25-21.99 

(23.49±2.12) 

27.25-21.2 

(24.4±4.1) 
Spheriodal 0.96 4 1 2.9 

  

Coriandrum 

sativum 

Monad, 

Symmetrical 
Prolate 

28.8-30-32.5  

(30.5±1.4) 

12-15 

(13.5±2.1) 

Dumbell 

Shaped 
2.3 6 1 2.25 

  
Catalpa ovata 

Monad, 

Symmetrical 
Polyad 

39-40 

(39.5±0.2) 

40-40.5 

(40±0.2) 
Spheriodal 1.02 0 0 2.3 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

14.8-15.9 

(15.3± 0.7) 

15-15.9 

(15.5± 0.2) 
Angular 1 3 1 2.1 

45 MH41 
Justicia 

adhatoda 

Monad, 

Symmetrical 
Prolate 

35-38-40  

(37.7±3.5) 

26-30 

(28±2.82) 

Oval and 

elogated 
1.34 2 3 3.5 
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Conyzanthus 

conyzoides 

Monad, 

Symmetrical 
Echinate 

30-30       

(30±0) 

30-30      

(30±0) 
Spheriodal 1 6 0 5.25 

  

Eucalyptus 

globulus 

Monad, 

Symmetrical 
Tricolpate 

22.5-22  

(22.5±0) 

20.5-20.5 

(20.5±0) 
Angular 1.05 3 2,1 19.25 

  
Poaceae Type 

Monad, 

Symmetrical 
monoporate 32.2±0 

24.3-30.8 

(27.5±4.59) 
Spheriodal 1.1 1 0 <2.5 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42-40   

(41±1) 
Spheriodal 1.07 0 0 2.9 

  

Citrus 

sinensis 

Monad, 

Symmetrical 
Tetracolpate 

25-21.99 

(23.49±2.12) 

27.25-

21.20 

(24.4±4.12) 

Spheriodal 0.96 4 1 2.9 

46 NH48 
Helianthus 

annuus 

Monad, 

Symmetrical 
Echinate 

37.5-37  

(37.25±0.25) 

34.5-34.5 

(34.5±0) 

Spheriodal 

Angular 
1.08 3 0 

7.25 

 

  

Melilotus 

indica 

Monad, 

Symmetrical 
Tricolporate 

40-39-40 

(40±0) 

37.5-37.5-

37 

(37.5±0.28) 

Spheriodal-

prolate 
1.1 3 0-2 5.25 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

17-25.1-25 

(22.3±3.80) 
Spheriodal 1.07 0 0 2.9 

47 NH49 Catalpa ovata 
Monad, 

Symmetrical 
Polyad 

39-40 

(39.5±0.2) 

40-40.5 

(40±0.2) 
Spheriodal 1.02 0 0 2.3 

  

Melilotus 

indica 

Monad, 

Symmetrical 
Tricolporate 

40-39-40 

(40±0) 

37.5-37.5-

37 

(37.5±0.2) 

Spheriodal-

prolate 
1.1 3 0-2 5.25 

  
Poaceae Type 

Monad, 

Symmetrical 
Monoporate 

32.2-32.3 

(32.3±0) 

24.3-30.8 

(27±0.2) 
Spheriodal 

 
1 

  

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42-40 

(41±1) 
Spheriodal 1.07 0 0 2.9 
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48 PH50 
Eucalyptus 

globulus 

Monad, 

Symmetrical 
Tricolpate 

22.5-22  

(22.5±0) 

20.5-20.5 

(20.5±0) 
Angular 1.05 3 2,1 19.25 

  

Convolvulus 

arvensis 

Monad, 

Symmetrical 
Tricolpate 

30-30          

(30±0) 

25-25           

(25±0) 

Angular/sph

eriodal 
0.88 2 1 7.55 

  
Bombax ceiba 

Monad, 

Symmetrical 
Tricolporate 

45-50 

(47.5±3.5) 

55-55        

(55±0) 
Spheriodal 1.1 3 0 3.45 

  

Cyprus 

rotundas 

Monad, 

Symmetrical 
Semiangular 

25-28.5-30 

(27.8±2.8) 

32.5-33-40 

(35.1±3.4) 
prolate 

1.26

26 
1 3 2.25 

  

Sapium 

sabiferum 

Monad, 

Symmetrical 
Tricolporate 

45-50 

(47±3.53) 

50-55.5 

(52.7±3.8) 
Spheriodal 1.14 3 2,1 3 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

14.8-15.9 

(15.3± 0.7) 

15-15.9 

(15.5± 0.2) 
Angular 1 3 1 2.1 

  

Stellaria 

media 

Monad, 

Symmetrical 
Perpirate 

22-34  

(28±8.48) 

22-34  

(28±8.48) 
Spheriodal 1 ∞ ∞ 2.75 

  

Solanaceous 

Type 

Monad, 

Symmetrical 
Tricolporate 

25-25.5-25 

(25.5±0) 

25-25-25 

(25±0) 

Spheriodal-

oblate 
1 3 2 2.59 

49 SH51 
Eucalyptus 

globulus 

Monad, 

Symmetrical 
Tricolpate 

22.5-22  

(22.5±0) 

20.5-20.5 

(20.5±0) 
Angular 1.05 3 2,1 19.25 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-

40(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

50 SH52 
Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-

40(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

14.8-15.9 

(15.3± 0.7) 

15-15.9 

(15.5± 0.2) 
Angular 

Ang

ular 
3 1 2.1 

  
Acacia 

Polyad, 

Symmetrical 
Polyad 

39.3-42.5 

(40.75±2.47) 
28.1±0 Spheriodal 1.2 0 0 <2.5 
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Grewellia 

robusta 

Monad, 

Symmetrical 

Tri, Tetra 

and 

Pentacolpate 

60-59-59.5 

(59±0.08) 

59-60 

(59.5±0.0) 
Angular 1 3 3 2.6 

  

Silybum 

marianum 

Monad, 

Symmetrical 
Monad 

50-49.5-50  

(49.75±0.25) 

45-36.5 

(45.7±4.2) 
Spheriodal 1 3 1 7.5 

  

Coriandrum 

sativum 

Monad, 

Symmetrical 
Prolate 

28.8-30-32.5  

(30.5±1.4) 

12-15 

(13.5±2.1) 

Dumbell 

Shaped 
2.3 6 1 1.5-4 

  

Brassica 

campestris 

Monad, 

Symmetrical 
Tricolporate 

14-15.2-16.7 

(15.33±1.37) 

10-17.5-15 

(14.1±3.8) 
Spheriodal 1.08 3 2 2.7 

  

Mentha 

arvensis 

Monad, 

Symmetrical 

Hexazonoco

lpate 

22.5-27.5 

(25±3.53) 

22.5-27 

(24.7±3.18) 
Spheriodal 1 6 4 3 

51 SH53 
Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42 

(41±1) 
Spheriodal 1.07 0 0 2.9 

  

Eucalyptus 

globulus 

Monad, 

Symmetrical 
Tricolpate 

22.5-22  

(22.5±0) 

20.5-20.5 

(20.5±0) 
Angular 1.05 3 2,1 19.25 

  

Helianthus 

annuus 

Monad, 

Symmetrical 
Tricolpate 

35-36    

(35±0.5) 

35-35    

(35±0) 
Spheriodal 1 3 2,1 3.45 

  
Bombax ceiba 

Monad, 

Symmetrical 
Tricolporate 

45-50 

(47.5±3.5) 

55-55    

(55±0) 
Spheriodal 1.1 3 0 3.45 

  

Peristrophe 

Paniculata 

Monad, 

Symmetrical 
Prolate 

35-40 

(37.7±3.53) 

28-35 

(31.54.9) 
prolate 

 
6 

 
5 

  

Grewia 

asiatica 
Tricolpate 

Prolate 

spheriodal 

60-59     

(59.5 ±0.25) 

58.3-58 

(58.15±0.1) 
Spheriodal 1 

3,4

,5 
0 4.98 

  

Solanaceous 

Type 

Monad, 

Symmetrical 
Tricolporate 

25-25.5-25 

(25.5±0) 

25-25-25 

(25±0) 

Spheriodal-

oblate 
1 3 2 2.59 

52 SH54 
Fabaceae 

Type 

Monad, 

Symmetrical 
Tricolporate 

22.5-30-32.5 

(28.33±5.2) 

13.8-19.8 

(16.8±4.2) 

Angular-

Prolate 
1.6 3 0-2 1.9 
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Taraxicum 

officinale 

Monad, 

Symmetrical 
Fenestrate 

27.5-30 

(28.6±0.99) 

30-31-32 

(31±0.8) 
Spheriodal 1 3 1 4.45 

  

Chenopodium 

album 

Monad, 

Symmetrical 
Pantoporate 

20-22-23.5 

(21.8±1.75) 

17-18-24.5 

(19.8±4.07) 
Spheriodal 1.1 ∞ ∞ <2.5 

  

Helianthus 

annuus 

Monad, 

Symmetrical 
Echinate 

37.5-37  

(37.25±0.25) 

34.5-34.5 

(34.5±0) 

Spheriodal 

Angular 
1.08 3 0 7.25 

  

Cyprus 

rotundas 

Monad, 

Symmetrical 
Semiangular 

25-28.5-30 

(27.8±2.8) 

32.5-33-40 

(35.1±3.42) 
prolate 

1.26

26 
1 3 2.41 

53 SH59 
Citrus 

sinensis 

Monad, 

Symmetrical 
Tetracolpate 

25-21.99 

(23.49±2.12) 

27.25-

21.20 

(24.4±4.12) 

Spheriodal 0.96 4 1 2.9 

  
Apiaceae type 

Monad, 

Symmetrical 

Hexa 

zonocolpate 
27.5 27.5 Hexagonal 

 
6 2 2.5 

  

Taraxicum 

officinale 

Monad, 

Symmetrical 
Fenestrate 

27.5-30 

(28.6±0.99) 

30-31-

32=31±0.8 
Spheriodal 1 3 1 4.45 

54 SH60 
Brassica 

campestris 

Monad, 

Symmetrical 
Tricolporate 

14-15.25-

16.75 

(15.33±1.37) 

10-17.5-

15(14.1±3.

8) 

Spheriodal 1.08 3 2 2.7 

  
Bombax ceiba 

Monad, 

Symmetrical 
Tricolporate 

45-50 

(47.5±3.5) 

55-55    

(55±0) 
Spheriodal 1.1 3 0 3.45 

  

Eucalyptus 

globulus 

Monad, 

Symmetrical 
Tricolpate 

22.5-22  

(22.5±0) 

20.5-20.5 

(20.5±0) 
Angular 1.05 3 2,1 19.25 

55 SH61 
Stellaria 

media 

Monad, 

Symmetrical 
Perpirate 

22-34  

(28.4±8.48) 

22-34 

(28.4±8.4) 
Spheriodal 1 ∞ ∞ 2.5-3 

  

Parthenium 

hysterophorus 

Monad, 

Symmetrical 
Tricolpate 

14.5-17-17.5 

(16.3±1.3) 

14.8-17 

(16.4±1.3 ) 

Angular-

spheriodal 
1 3 1 1.87 
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Poa annua 

Monad, 

Symmetrical 
Monoporate 

35.5-37.9  

(36.7±1.69) 

24.8-33.4 

(29.1±6.0) 
Spheriodal 1.26 1 0 5 

  

Hordeum 

Type 

Monad, 

Symmetrical 
monoporate 

75-85 

(80±7.07) 

80-92.5 

(86±8.8) 
Spherical 0.94 1 0 <5 

56 SH55 
Coriandrum 

sativum 

Monad, 

Symmetrical 
Prolate 

28.8-30-32.5  

(30.5±1.4) 

12-15 

(13.5±2.1) 

Dumbell 

Shaped 
2.3 6 1 1.5-4 

  

Citrus 

sinensis 

Monad, 

Symmetrical 
Tetracolpate 

25-21.99 

(23.49±2.12) 

27.25-

21.20 

(24.4±4.1) 

Spheriodal 0.96 4 1 2.9 

  

Brassica 

campestris 

Monad, 

Symmetrical 
Tricolporate 

14-15.25-

16.75 

(15.33±1.37) 

10-17.5-15 

(14.1±3.8) 
Spheriodal 1.08 3 2 2.7 

57 SH56 
Conyzanthus 

conyzoides 

Monad, 

Symmetrical 
Echinate 30-30 (30±0) 

30-30 

(30±0) 
Spheriodal 1 6 0 2.5 

  

Citrus 

sinensis 

Monad, 

Symmetrical 
Tetracolpate 

25-21.99 

(23.49±2.12) 

27.25-

21.20 

(24.4±4.1) 

Spheriodal 0.96 4 1 2.9 

  
Avena sativa 

Monad, 

Symmetrical 
Monoorate 

27.9-23.9 

(25.9±2.82) 

19.5-19.6 

(19.5±0.0) 
Spheriodal 1.3 1 0 <2.5 

  

Taraxicum 

officinale 

Monad, 

Symmetrical 
Fenestrate 

27.5-30 

(28.6±0.99) 

30-31-32 

(31±0.8) 
Spheriodal 1 3 1 4.45 

  
Bombax ceiba 

Monad, 

Symmetrical 
Tricolporate 

45-50 

(47.5±3.5) 

55-55    

(55±0) 
Spheriodal 1.1 3 0 3.45 

  

Cyprus 

rotundas 

Monad, 

Symmetrical 
Semiangular 

25-28.5-30 

(27.8±2.8) 

32.5-33-40 

(35.1±3.4) 
prolate 1.3 1 3 2.25 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42  

(41±1) 
Spheriodal 1.07 0 0 2.9 
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58 SH57 
Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

14.8-15.9 

(15.3± 0.7) 

15-15.9 

(15.5± 0.2) 
Angular 1 3 1 2.1 

59 SH58 
Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

14.8-15.9 

(15.3± 0.7) 

15-15.9 

(15.5± 0.2) 
Angular 1 3 1 2.1 

  

Terminalia 

arjuna 

Monad, 

Symmetrical 
Tricolporate 

15-15       

(15±0) 

12-12       

(12±0) 
Prolate 1.25 6 3 2 

60 SH62 
Justicia 

adhatoda 

Monad, 

Symmetrical 
Prolate 

35-38-40  

(37.7±3.5) 

26-30 

(28±2.82) 

Oval and 

elogated 
1.34 2 3 3.5 

  

Helianthus 

annuus 

Monad, 

Symmetrical 
Echinate 

37.5-37  

(37.25±0.25) 

34.5-34.5 

(34.5±0) 

Spheriodal 

Angular 
1.08 3 0 7.25 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42-40  

(41±1) 
Spheriodal 1.07 0 0 2.9 

  

Brassica 

campestris 

Monad, 

Symmetrical 
Tricolporate 

14-15.25-

16.75 

(15.33±1.37) 

10-17.5-15 

(14.1±3.8) 
Spheriodal 1.08 3 2 2.7 

  

Convolvulus 

arvensis 

Monad, 

Symmetrical 
Tricolpate 

30-30       

(30±0) 

25-25     

(25±0) 

Angular/sph

eriodal 
0.88 2 1 7.55 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

14.8-15.9 

(15.3± 0.7) 

15-15.9 

(15.5± 0.2) 
Angular 1 3 1 2.1 

61 SH64 
Stellaria 

media 

Monad, 

Symmetrical 
Perpirate 

22-34 

(28.4±8.48) 

22-34 

(28.4±8.48) 
Spheriodal 1 ∞ ∞ 2.5-3 

  

Hordeum 

Type 

Monad, 

Symmetrical 
monoporate 

75-85  

(80±7.07) 

80-92.5 

(86±8.8) 
Spherical 0.94 1 0 <5 

  

Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 
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Eriobotrya 

japonica 

Monad, 

Symmetrical 
Tricolpate 

28.5-28 

(28.2±0.2) 

28.5-28 

(28.2±0.2) 
Spheriodal 1 3 1 4 

62 SH63 
Eriobotrya 

japonica 

Monad, 

Symmetrical 
Tricolpate 

28.5-28 

(28.2±0.2) 

28.5-28 

(28.2±0.2) 
Spheriodal 1 3 1 4 

  
Catalpa ovata 

Monad, 

Symmetrical 
Polyad 

39-40 

(39.5±0.2) 

40-40.5 

(40±0.2) 
Spheriodal 1.02 0 0 2.3 

  

Plantago 

ovata 

Monad, 

Symmetrical 
Periporate 

18-20     

(19±1.4) 

18-25 

(21.5±4.9) 
Spheriodal 0.88 ∞ ∞ 2.5 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

14.8-15.9 

(15.3± 0.7) 

15-15.9 

(15.5± 0.2) 
Angular 1 3 1 2.1 

  

Justicia 

adhatoda 

Monad, 

Symmetrical 
Prolate 

35-38-40  

(37.7±3.5) 

26-30 

(28±2.82) 

Oval and 

elogated 
1.34 2 3 3.5 

  

Silybum 

marianum 

Monad, 

Symmetrical 
Monad 

50-49.5-50  

(49.75±0.25) 

45-36.5 

(45.7±4.25) 
Spheriodal 1 3 1 7.5 

  

Parthenium 

hysterophorus 

Monad, 

Symmetrical 
Tricolpate 

14.5-17-17.5 

(16.3±1.3) 

14.8-17 

(16.4±1.3 ) 

Angular-

spheriodal 
1 3 1 1.87 

63 KH19 
Trifolium 

repens 

Monad, 

Symmetrical 
Tricolpate 

35-37.5-40 

(37.5±2.5) 

40-35-40 

(37.5±2.5) 
Angular 1 3 1 1.9 

  

Parthenium 

hysterophorus 

Monad, 

Symmetrical 
Tricolpate 

14.5-17-17.5 

(16.3±1.3) 

14.8-17 

(16.4±1.3 ) 

Angular-

spheriodal 
1 3 1 1.75 

  

Acacia 

nilotica 

Monad, 

Symmetrical 
Polyad 

44-42-44 

(43±1.4) 

40-42-42 

(41±1) 
Spheriodal 1.07 0 0 2.9 

  

Callistemon 

citrinus 

Monad, 

Symmetrical 
Tricolpate 

14.8-15.9 

(15.3± 0.7) 

15-15.9 

(15.5± 0.2) 
Angular 1 3 1 2.1 

  

Eriobotrya 

japonica 

Monad, 

Symmetrical 
Tricolpate 

28.5-28 

(28.2±0.2) 

28.5-28 

(28.2±0.2) 
Spheriodal 1 3 1 4 

 

Abbreviations : P. view= Polar view:  Eq. view= Equatorial view :  X = Mean  :  S.D. Standard deviation.  
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Most common pollen types in samples include Acacia nilotica, Eriobotrya japonica, 

Silybum marianum, Amaranthus spinosus, Chenopodium album, Justicia adhatoda, 

Trifolium repens, Citrus arvensis, Eucalyptus globulus, Callistemon citrinus, Ziziphus 

jujuba, Taraxicum officinalis, Conyza bonariensis, Pinus roxburghii, Coriandrum 

sativum, Prunus bokharensis etc. Pollen identified in honey samples from different 

areas include honey samples from Islamabad and Rawalpindi (Sample Code:s IH15, 

IH44, IH6, IH43, IH42, IH46, IH45, IH20) contain pollen of Carissa opaca, Justicia 

adhatoda, Catalpa ovata, Silybum marianum, Verbena tenuisecta, Cyprus rotundus, 

Bischofia javonica, Eriobotrya japonica, Coriandrum sativum, Taraxicum officinalis, 

Sonchus asper, Citrus sinensis., Callistemon citrinus, Coriandrum sativum, Acacia 

modesta, Bombax ceiba, Stellaria media, Convolvulus arvensis, Trifolium repens, 

Helianthus annuus, Lagerstromia indica, Eucalyptus camaldulensis, Melia azedarach 

and various members of Family Poaceae. Morgah Biodiversity Park (Rawalpindi 

honey farm) in this site produces honey containing Parthenium hysterophorus, 

Trifolium repens, Grevillea robusta, Bauhinia variegata, Chenopodium album and 

Convolvulus arvensis. 

Honey from Mulhal Mughlan (Sample Code: MH37, MH38) (District 

Chakwal) contained Parthenium hysterophorus, Cyperus rotundus, Ziziphus sp., 

Grevillea robusta, Oryza sativa, Acacia modesta, Brassica campestris, Pennisetum 

glaucum, Artemisia dubia and Plantago ovata pollen grain. Pind Begwal (Islamabad) 

(Sample Code: PH50) contained pollen of Eucalyptus cammoldulensis, Convolvulus 

arvensis, Bombax ceiba, Cyperus rotundus, Dalbergia sissoo, Callistemon citrinus, 

Stellaria media. Common pollen in Murree region (Sample Code: MH39) honey was 

found to be Elaeagnus angustifolia, Ailanthus avilana, Parthenium hysterophorus, 

Acacia nilotica, Trifolium repens, Callistemon citrinus, Pinus roxburghii and 

Parthenium hysterophorus. Mushkpuri contained (Sample Code: MH40 & MH41) 

contained Taraxicum officinalis, Sonchus asper, Trifolium alexandrium, Citrus 

arvensis, Coriandrum sativum, Catalpa ovata, Callistemon citrinus, Justicia  

adhatoda, Conyzanthus conyzoides, Eucalyptus globulus, Poaceae pollen Type, 

Acacia nilotica and  Citrus sinensis. Kashmir (KH22) Sonchus asper, Hyssopus 

officinalis, Trifolium repens, Alnus nitida and Poaceae pollen types. 
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Swat (Sample Code: SH62 & SH63) honey contained pollen from Justicia 

adhatoda, Helianthus annuus, Acacia modesta, Brassica campestris, Rosaceae Type, 

Eriobotrya japonica, Catalpa ovata, Plantago ovata, Spores, Callistemon citrinus, 

Silybum marianum and Parthenium hysterophorus.  Jhelum honey (Sample Code: 

JH17) shows following pollen flora combination i.e. Coriandrum sativum, Sonchus 

asper, Prosopis juliflora, Poaceae Type, Eucalyptus cammoldulensis, Trifolium 

repens, Acacia spp. Honey produced from Kalar kahar (Sample Code: KH18 & 

KH19) includes pollen from Taraxacum officinale, Bauhinia variegate, Acacia 

modesta, Eriobotrya japonica, Coriandrum sativum, Convolvulus arvensis, 

Callistemon citrinis, Poaceae pollen type, Trifolium repens, Sonchus asper, 

Solanaceous Type, Pennisetum glaucum, Taraxicum officinalis and Abutilon indicum. 

Acacia modesta, Avena sativa, Ziziphus jujuba and Arthernera pollen were abundant 

in honey from Lillah (Sample Code: LH29) farms. Gujar Khan –Chakwal road 

(Sample Code: GCH10 & CH2) contributed pollen from Stellaria media, 

Chenopodium album, Helianthus annus, Trifolium repens, Prosopis juliflora, Citrus 

arvensis, Chenopodium album and Helianthus annuus  whereas  Kalar kahar (Sample 

Code: KH19) bees were foraging Trifolium repens, Parthenium hysterophorus, 

Taraxicum officinalis, Acacia nilotica, Callistemon citrinus and Eriobotrya japonica. 

Sialkot (Sample Code: SH11) Citrus arvensis and Raphanus sativa. Honey samples 

from Gunhari (Sample Code: GH12) Trifolium repense, Convolvulus arvensis and 

Rosaceae Type. Samples collected from Jhelum (Sample Code: JH17) contain Acacia 

nilotica, Eucalyptus cammoldulensis and Lolium multiflorum. Iris sp., Stellaria meida, 

Artemisia dubia, Amaranthus spinosus, Abutilon indicum, Pennisetum typhoides and 

Cyperus rotundas were present in honey from Ghumri (Sample Code: GH7).  

KalarKahar (Sample Code: KH18) melliferous flora was composed of 

Taraxicum officinalis, Bauhinia variegata, Prosopis juliflora, Coriandrum sativum, 

Convolvulus arvensis, Eucalyptus cammoldulensis and Poaceae Type. Gali jageer 

(Sample Code: GH5) Stellaria media, Convolvulus arvensis, Poa annua, P.trivia 

Silybum marianum and Callistemon citrinus. Brassica campestris and Dalbergia 

sissoo pollen were also present in sample from  Fort Abbass (Sample Code: FH4). 

Karak (Sample Code: KH21) major pollen contents were family Poaceae sp. and 

Trifolium repens. Khore (Sample Code: KH24) samples have Ziziphus jujuba, 
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Pennisetum typhoides and Parthenium hysterophorus pollen. Lahore honey (Sample 

Code: LH27, LH26 & LH30) presented pollen of Trifolium repens, Callistemon 

citrinus, Melilotus sp., Taraxicum type, Poaceae Type and Acacia sp., Solanaceous 

Type, Trifolium repens, Acacia modesta and Citrus arvensis. Honey from Mianwali 

(Sample Code:MH34, MH35) Cymbopogan citrinus, Setaria sp and Acacia modesta, 

Helianthus annus, Brassica campestris, Eragrosis ciliaris and Spores. Sahiwal 

(Sample Code: SH51, SH52, SH53, SH54) honey is composed is Eucalyptus 

globulus, Trifolium repens, Callistemon citrinus, Alternaria spores., Acacia modesta, 

Grevillea robusta, Silibum marianum, Coriandrum sativum, Brassica campestris and 

Mentha arvensis, Helianthus annus, Bombax ceiba, Dicliptera roxburghiana, Grewia 

asiatica, Fabaceae Type, Taraxicum officinale, Helianthus annus, Lolium 

multiflorum, Carex pollen, Taraxicum officinale and Cyprus rotundus. Sargodha 

(Sample Code: SH59, SH60, SH61, SH55, SH56, SH57, SH58) honey contains 

following pollen Citrus arvensis, Poaceae sp., Taraxicum arvensis, Alternaria sp., 

Brassica campestris, Bombax ceiba, Eucalyptus cammoldulensis, Stellaria media, 

Parthenium hysterophorus and Hordeum pollen Type, Coriandrum sativum, Brassica 

campestris, Conyzanthus conyzoides,  Lolium multiflorum, Avena sativa, Alternaria 

sp., Terminalia arjuna, Cyprus rotundus, Acacia nilotica, Callistemon citrinus, and 

Eucalyptus globulus. Commercial honey (Sample Code: SH64, AH1, MH33, IH14 & 

SH64 ) bought from different Market with various brands were found to contain 

Stellaria media, Hordeum pollen Type,  

Trifolium repens, Eriobotrya japonica, Justicia adhatoda, Coriandrum 

sativum, Taraxicum avensis, Sonchus asper, Bauhinia variegata, Citrus arvensis., 

Bauhinia variegata, Terminalia arjuna, Acacia modesta, Eucalyptus cammoldulensis, 

Helianthus annuus, Parthenium hysterophorus, Acacia spp., Chenopodium album, 

Pinus roxburghii, Lantana camara and Alternaria sp. 

 NathiaGali (Sample Code: NH48, NH49) Asteraceae Type, Impatiens 

edgeworthii, Melilotus indica, Albizia lebbeck and Ailanthus avilana, Catalpa ovata, 

Poaceae Type and Acacia spp. Hazara (Sample Code: HH13) samples have 

Parthenium hysterophorus, Brassica campestris, Acacia modesta, Eucalyptus 

globulus, Pinus roxburghii, Helianthus annus, Taraxicum type, Trifolium repens, 
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Justicia adhatoda and Alternaria sp. Jabba. Distt. Mansehra (JH16) Coriandrum 

sativum, Sonchus asper, Acacia nilotica, Avena sativa, Eucalyptus globulus, Trifolium 

repens, Alternaria sp. and Catalpa ovata. Gilgit (Sample Code: GH9, GH8) Robinia 

pseudoacacia, Elaeagnus angustifolia, Plantago ovata and Prunus sp.  

During pollen investigation it has been noticed that there are certain pollen 

repeatedly observed in honey samples confirming Cane and Sipes (2006) views that 

honeybees are eusocial and they exhibit floral fidelity therefore they have affinity to 

use only selected melliferous species than expected. Abundant pollen are also 

reported from flora showing a massive flowering for limited time period (Wilms, 

Imperatriz-Fonseca, & Engels, 1996). Such feature is also noticed in present study in 

many plants and appear as dominant pollen source sometimes in some collected 

honey samples like pollens from Acacia nilotica and Eucalyptus globulus. The area 

around some of the apiary was highly deforested in such areas  Silybum marianum 

pollen was observed in the honey. Kohat (Sample Code: KH25) samples were 

represented by Trifolium repens, Acacia nilotica, Eucalyptus sp., Alternaria sp. 

Acacia modesta, Poaceae sp., Cyprus rotundus, Callistemon citrinus, Asteraceae type 

and Brassica campestris pollen were also present in  Lakimarwat (Sample Code: 

LH28) Ahmad, Camphor, and Ahmed (1983) identified Zea mays and Rumex as a 

dominant melliferous flora from Mardan. Ahmad et al. (1983) identified plants viz. 

Calamintha umbrosa, Impatiense edgeworthi, Prunella vulgaris, Trifolium 

reusipintum, Ipomia purpuria, Ranunculus laetus, Rubus ulmifolius, and Brassica 

from Murree. In current study pollen of Elaeagnus angustifolia, Ailanthus avilana, 

Impatiense edgeworthi, Parthenium hysterophorus, Vibernum pollen, Acacia spp., 

Poaceae pollen Type, Trifolium repens, Callistemon citrinus, Pinus roxburghii and 

Parthenium hysterophorus are found enriching the existing knowledge of Murree 

melliferous flora. Rawalpindi and Islamabad being very close to  Murree have shown 

pollen of Carissa opaca, Justicia adhatoda, Catalpa ovata, Silybum marianum, 

Acacia modesta, Verbena tenuisecta, Cyprus rotundus, Bischofia javonica, 

Eucalyptus cammoldulensis, Lagerstromis indica, Melia azedarach, Parthenium 

hysterophorus, Trifolium repens, Grevillea robusta, Bauhinia variegata, 

Chenopodium album etc. Acacia modesta and Lagerstromia indica. It has been 

observed that melliferous pollens preference by bees vary with the region It’s 
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generally considered that honey of specific areas can be easily recognized by its 

pollen spectrum. Pollen features are proved to be identification marker or diagnostic 

feature for melliferous plants and also served as excellent taxonomic marker, these 

characterize site specific taxa (Silici & Gökceoglu, 2007) like Alnus nitida pollen are 

well represented in honey samples from Kashmir. Only one species of Alnus i.e. Alnus 

nitida is reported from temperate Himalaya ranges between Kunawar to Swat. For 

instance Herrero, María Valencia-Barrera, San Martín, and Pando (2002) proposed 

that pollen types of the Jasione montana, Ericaceae family and Lavandula latifolia 

could serve as indicator of melliferous plants in Northwestern Spain. 

Initially honey samples analyzed in this study were named on basis of field 

observation or on basis of seasons of flowering or crop in which colonies were placed. 

Later when palynological analysis was done it was found that there is a variation with 

this traditional method of identification, that was based only on observation. There are 

cases of absence or low frequency of claimed pollen source like in cases of Jujube and 

black seed Honey. This agrees with Bryant Jr and Jones (2001) view that 60% 

identification done by beekeepers and producers in field is incorrect therefore 

developing melliferous pollen spectrum of every country is necessary. Such 

information are also useful for developing analytical standards of quality control of 

export quality products (Moar, 1985). 

 

3.1.1a  Anemophilous pollen serving as Melliferous sources 

 

In present study 95.8% of honey samples contained non melliferous or 

anemophilous pollen grain, however their percentage of occurance is very low (Table 

4) except cultivated flora like Pennisetum typhoides. Bryant Jr & Jones (2001) are of 

view that anemophilous pollen in honey samples are in low quantities. Such pollen are 

proposed to reach hives either by sticking on the bodies of worker bees during 

foraging (Jhansi, Kalpana, & Ramanujam, 1991) or by air currents (Ramanujam & 

Kalpana, 1995). Pollen from Casuarina sp., Amaranthaceae, Chenopodiaceae, 

Caryophyllaceae, Cyperaceae, and Poaceae are considered as non melliferous sources 
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(Song, Yao, & Yang, 2012). Anemophilous plants like Pinus, Olea sp., Cistus sp. and 

Quercus sp. were observed in Algerian honeys (Ouchemoukh, Louaileche, & 

Schweitzer, 2007). 

 

Wind pollinated plants pollen like Pinus roxberghii, Poaceae pollen species 

(Oryza sativa, Cymbopogan pollen type, Avena sativa etc.) Olea, Amaranthus 

spinosus, Chenopodium album and Stellaria media are observed in the studied 

samples. Some entomophilous pollen from Pinus sp. Quercus sp. and Olea sp. were 

reported in honey samples by Ouchemoukh et al. (2007). Artemisia pollen were 

reported by O. Sharma, Raj, and Garg (1986). Number of nectarless anemophilous 

bee forage pollen especially grasses are reported earlier. Chaturvedi (1976) believe 

presence of poaceae presents the behavior of honey bees towards nectarless flower for 

pollen foraging. Wind pollinated flora produce massive pollen. Pollen exine are not 

very thick  usually they are close to or less than 2.5 µm under LM (Table 3) these 

species do not show any complicated exine ornamentation. Grasses have smooth 

exine well suited for wind pollination, insect pollination appears an adaptation to 

coarseness of the exine (Punt, 1986). Members of Poaceae family are frequently 

found in honey samples showing abundance of grasses around bee hives and apiaries. 

Researchers have shown time to time evidence of occurance of anemophilous pollen 

(especially grasses) in honey samples like Andropogon monticola (Hole, 1911), Zea 

mays Burtt-Davy (1914), Pariana (Davis & Richards, 1933) found visited by 

Melipons bees, Cynodon dactylon and Bracharya are reported in kenya by Bogdan 

(1962).  This could be assume that nectarless plants are visited by bees M. Sharma 

(1970) also gave similar results. O. Sharma et al. (1986) believes that reason for bees 

visiting to anemophilous flora is their high protein contents for eg. Zea mays (Knee & 

Moeller, 1967; Maurizio, 1954; Suryanarayana, Rao, & Singh, 1992). Honeybees 

appeared to exploit a large number of anemophilous flowers in every season and the 

representations of their pollen are found in the current honey samples collected in 

different months (Table 1). Presence of pollen of anemophilous plants are proved to 

be of prominent bee pastures (Table 3). 
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3.1.1b       Melliferous Pollen Identification 

Palynology has played a vital role in solving various identification issues 

with the aid of taxonomic features of pollen in plants. Diversity in pollen shape, 

polarity, size, aperture forms and numbers in present study is found useful for 

identification of unknown botanical source. These features are of significance at 

family, generic and species level. Diverse features  ranged from psilate monoporate 

pollen from family Poaceae to bireticulate hexacolporate pollen from family 

Lamiaceae (Plate 7-42). Detailed morphological parameters are tabulated (Table 3) 
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Plate LM 7  ( Sample AH 1 )  1. Brassica campestris 2. Trifolium repense  3. 

Solanaceae type 

Plate LM 8  ( Sample CH 2)  1. Acacia nilotica   2. Melilotus alb1. 3. 

Asteraceae type 

Plate LM 9  ( Sample DH 3)  1. Pennisetum glaucum 2. Eucalyptus sp., 3. 

Ziziphus jujuba 

1 

1 

1 

2 

2 

2 

3 

3 

3 

Light Microscopic Melliferous Pollen micrograph 
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Plate LM  10.  ( Sample GH7)     1. Poa annu1. 2. Amaranthus spinosus. 3. Poa 

annua 

Plate LM  11.  ( Sample GH8)     1. Plantago ovata 2. Elaegnus angustifolia  P 

&Eq view 

Plate LM  12.  ( Sample GH 10)  1. Acacia nilotica   2. Trifolium repense                                                                       

3.Helianthus nnus 
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Plate LM   13   ( Sample SH 11)  1. Brassica campestris, 2. Eucalyptus 

pollens, 3. Cyperus & Alternaria 

Plate LM  14  ( Sample HH 13)  1. Taraxicum officinalis  2. Alternaria sp, 3.  

Justicia adhatoda 

Plate LM   15 ( Sample IH 14)  1. Syzigium cumini  2. Solanaceous Type  

3.Trifolium repense 
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Plate LM  16  (Sample IH45)  1. Justicia adhatoda  2. Carissa opaca   

Plate LM   17  ( Sample IH 15)  1. Catalpa ovata, 2. Silibum marianu                         

3. Solanaceous type 

Plate LM   18  ( Sample JH 16)   1.Coriandrum sativum 2. Catalpa ovata   3. 

Eucalyptus 
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Plate LM   19  ( Sample KH 18)  1. Taraxicum arvensis, 2. Coriandrum 

sativum  3. Poaceae type 

Plate LM   20  ( Sample KH 19)  1. Acacia nilotica 2. Eriobotrya japonica 3. 

Eucalyptus cammoldulensis 

Plate LM 21  ( Sample AH 23)  a,b,c  Pennisetum typhoides  and Cyprus 

rotundas 
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Plate LM   22  ( Sample KH 24) 1.Pathenium hysterophorus, 2. Pennisetum 

typhoides,  

                                              3. Ziziphus jujuba 

Plate LM  23  ( Sample KH 15)  1. Silybum marianum 2. Solanaceous type 3. 

Acacia   

Plate LM  24   ( Sample LH 26)  1-2. Trifolium repense P & E view. 

3.Alternaria 
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Plate LM  25  ( Sample LH 27)   1.2.3. Trifolium repense P & E view 3.  

Poaceae 

Plate LM  26  ( Sample LH 28)  1 & 2. Poa and  Cyprus 3. Callistemon 

citrinus 

Plate LM  27  ( Samlpe KH 22)  1. Alnus nepalensis 2. Sonchus asper                            

3. Hyssopus       officinalis 
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Plate LM  28  ( Sample LH 29)    1. Acacia  2. Ziziphus jujuba E view, 3. 

Avena sativa 

Plate LM  29  (Sample LH  30) 1. Citrus sinensis  P and Eq. View 

Plate LM  30  ( Sample MH 33)     1. Solanaceous Type, 2. Terminalia arjuna  

3. Acacia    nilotica 
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Plate LM  34  (Sample MH 41)    1. Justicia adhatoda  2.Justicia adhatoda 

and  Citrus sp. 3. Eucalyptus cammoldulensis, 

Plate LM  35  ( Sample NH49)     1. Melilotus indica , 2. Eucalyptus & 

Acacia nilotica            3. Poa 

Plate LM  36   ( Sample 51)          1. Trifolium repense b and 3. Eucalyptus 

globulus    pollens(P&E view) 
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Plate LM  37   ( Sample PH 50)    1. Stellaria media  2. Solanaceous pollens 

3. Eucalyptus pollens    

Plate LM 38  ( Sample SH 52)      1. Silibum marianum  2. Callistemon 

citrinus and Alternaria sp., 3. Acacia nilotica 

Plate LM  39 ( Sample SH 55)      1. Brassica campestris 2. Coriandrum 

sativum and 3. Citrus sinensis 
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Plate LM 40  ( Sample SH 56)  1. Ageratum conizoides, 2. Bombax ceiba, 3. 

Cyprus rotundas and Citrus Sp,. 

Plate LM  41  ( Sample SH 58)   1. Terminalia arjuna   2. Eucalyptus 

cammoldulensis    3. Trifolium repense 

Plate LM  42  ( Sample SH 60)  1. Bombax ceiba,  2. Eucalyptus globulus . 3. 

Brassica ampestris 
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i.      Family: Acanthaceae   

Two different pollen types are recovered from honey viz., Justicia adhatoda 

(Plate 14;16;34) and Peristrophe paniculata Pollen grain are monad, Prolate, two to 

three in and six colporate in Polar view with size range 35-38-40 µm in P. view and 

26-30 µm in Eq. view with exine thickness more than 2.5 µm in Justicia adhatoda. 

Perveen and Qaiser (2010) studied Justicia adhatoda pollen and found the size range 

between 38-40µm and mean 39.03µm in P. view and 25.65-27.62 µm in Eq. view 

with exine 3.5µm and above whereas Perveen and Qaiser (2010) shows 3.23-5.19µm 

thickness current results closely match with similar range with heterocolporate 

condition. Peristrophe paniculata pollen size ranges between 35-40µm, in study of  

Perveen and Qaiser (2010) Eq. view range between 28-35µm in both studies evidence 

presence of hexa colpi, lolongate conditions. Exine thickness 5µm close to 5.20µm in 

present result. They classify its shape as prolate but if we follow Erdtman shape 

classes (Figure 2) then P/E ratio is 1.23 that is spheriodal-prolate. South African 

Justicia species also show prolate structure with two to three colporate condition 

(Immelman, 1989). Reitsma (1970) identified Acanthaceae pollen in honey and 

observed its size ranging between 35-40µm in P. view and 28-30µm in E. view, but 

he did not identify it till species level similarly Paudayal and Gautam (2012) 

investigated pollen content of honey of Nepal, they found four species of Acanthaceae 

foraged by honey bees and their pollen morphology shows that pollen are generally 

prolate with size ranges between 25-45µm P. view and 13-25µm in equatorial, they 

all were colporate with exine ranging between 1.5-3µm.  

ii.       Family: Betulaceae 

Betulaceae family has contributed only one species pollen that proved to 

belongs to Alnus nitida (Plate 27a). Alnus pollen are extracted from species collected 

from Kashmir. Flora of Pakistan reported its distribution from Kunawar to Swat. It is 

species of temperate Himalaya. Generally Alnus pollen grain are oblate, size  ranged 

between 15-40µm or less than 45µm, pore number 4 to 5 or some have 6 to 7 with 

protruding aspidate pores, breviaxial (Leopold et al., 2012), arci thickenings between 

the pores. Faegri and Iversen (1989) propose pollen type stephanoporate and Punt et 

al. (2003) define term zonoporate. Erdtman (1943) stressed the significance of pore 
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number as an important diagnostic feature. Pollen in present study are tetra to 

pantoporate with size at Polar axis 18.5-20µm (19.25±1.06) and equatorial axis 22.4-

22.9µm (22.6±0.32). Ornamentation appear psilate under light microscope. Perveen 

and Qaiser (1999) worked on Alnus nitida and found its pollen ranging from 3-5 

porate with zonoporate arrangement, pollen shape is oblate and sexine appear thin. 

Under LM tectum appears scabrate with size ranges between 16.25-28.75µm and 

equatorial axis is 27.45µm. Current study results fall close to this. 

iii. Family: Brassicaceae 

Only one type of pollen i.e. Brassica campestris (Plate 7;13;31;39) was 

observed in honey with pollen Monad, Symmetrical, Tricolporate in shape and size 

ranges at P. view 14-15.25-16.75 and E. view 10-17.5-15µm. Pollen from 

Brassicaceae were found in present honey sample they are found to be coming from 

cultivated members of canola or rapeseed. There size agrees with reference of 

Brassica campestris. Many studies around the world reported presence of 

Brassicaceae pollen Maurizio (1951) found the large contribution by Raphanus 

raphanistrum in his study. It's important pollen types were also recovered from 

Spanish and Central Anatolia honey samples. (Cabrera Ruiz, Montilla Gomez, Guerra 

Hernandez, & Molins Marin, 1997; Silici & Gökceoglu, 2007) 

  Ahmad et al. (2010) found the same shape with circular to semi-angular to 

inter semi angular with size range at P. view 11.2 - 16.25 and Eq. view 10 - 17.5µm. 

P/E ratio in present result is 1.08 and in his results was 1.04. Exine have same width. 

Perveen, Qaiser, and Khan (2004) studied pollen morphology of 77 species of 

Brassicaceae of 36 genera of their results agree with our results and they found shapes 

range of isopolar, radially symmetrical, prolate to spheriodal grain and observed 

number 4 - 8 colpate conditions. Current description agrees with Noor et al. (2004).  

iv. Family: Fabaceae 

In present study six diverse features of pollen from Fabaceae are observed 

ranging from monad to polyad and inaperturate, tricolpate and tricolporate pollen. 

Pollen grain in family Fabaceae possess diverse morphological features. They vary in 

size, shape, type and number of aperture. Taia (2004) investigated pollen morphology 
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in tribe Trifolieae he found three type of apertures in tribe tricolporate, tricolpate and 

polycolporate. In subfamily Caesalpinioideae diverse features of periporate, Viscin 

threads, biporate pollen having one colpus, tetra colporate & tetrad in species of 

Hardirickia, Colopaospermitm, Jacqiteshuberia, Dirparqiretia, Ceraronia and 

Afielia, Diptychandra respectively (Graham et al., 1980). Polhill (1981) also 

described it as surprisingly diverse pollen forms ranging from tetrad, octad and polyad 

with 16-32 cells unit. Colpate aperture is absent and porate and colporate conditions 

are present (Guinet, 1981). 

Trifolium pollen being the major source of bee attraction (Taia, 2004). In 

present study honey samples Trifolium repens (Plate 37; Plate  41c) pollen is Monad, 

Symmetrical, Tricolpate, spheriodal with size range of  35-37.5-40µm in Polar axis 

and 35-40µm in Eq. axis with exine 1.9µm. Several studies on Trifolium believe that 

size, shape and apertures of genus has taxonomic significance. Trifolium is generally 

considered as stenopalynous family with diverse features of pollen shape apertures 

and sizes. Its medium size grain average size is 30µm in P. axis and 28µm in Eq. axis, 

and shape range from spheriodal to prolate with three colporate, colpate or 

polycolporate aperture condition. Colpi rounded and tapers to end Kocyigit and 

Dastan (2013) explains the shape range in Trifolium pollen range from Prolate to sub 

prolate and tricolporate. Size of pollen falls between 37.83-20.41μm on Polar axis and 

41.25-22.10μm on Eq. axis.  

Acacia nilotica (Plate 8a; Plate 23a; Plate 30c) pollen are polyad, symmetrical 

with mean size range on polar side is 42.1µm and on Eq. side is 40.75µm with exine 

thickness less than 2.5µm. Perveen and Qaiser (1998b) in their pollen analysis of 

Fabaceae  (Subfamily; Mimosoideae) described pollen features of Acacia nilotica-

type having cells range of 12 -16, without aperture, with exine width range between 

0.72-3.6 µm. Exine in my results fall below 2.5 µm, with pollen size at equatorial axis 

is 42.7 µm and at polar axis is 41.65µm showing high similarity. Guinet (1981) and 

Perveen and Qaiser (1998b) are also of view that Acacia nilotica-type have 

characteristic 12-16 celled polyad although they are similar to Mimosa hamata types, 

however Acacia pollen have 8 small celled sized (10 x 12 μm) polyad while Acacia 

nilotica type have large sized cells with size ranging 11 x 12. Little variation was 
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observed in their exine pattern, which proved helpful for delimiting the species into 

two groups i.e. Acacia senegal group possessing sub psilate exine and Acacia 

hydaspica with foveolate to regulate exine. Pollen in the honey sample from (AH1, 

JH17, KH18, 94, 111, SH 64) show the foveolate to regulate pollen sculpturing with 

large sized cells up to sixteen in number. 

Melilotus indica (Plate 8b) pollen size were found to be 20µm at polar length 

and 16.5µm at equatorial length. Lashin (2006) identified four different types of 

pollen on the base of shape oval and elliptical type is given to Melilotus pollen. He 

observed size range of 22µm at polar axis and 16.5µm at equatorial axis. Colpi shows 

tapering end and pori lolongate.  

Bauhinia variegata possess larger pollen with reticulate striate surface. Present 

study agrees with the reports by Ferguson & Pearce (1986) and Stroo (2000) they 

observed larger sized pollen and exine of Bauhinia pollen. Exine of this species is 

reported as striato-reticulate by  Perveen and Qaiser (1998a) and Tidke et al. (2012) 

however in present study LM do not give the details. Diverse features in Bauhinia are 

reported earlier by Tidke et al. (2012) and Larsen (1974) but both agrees with 

tricolporate pollen in B. variegata with large pori. Our results agree with Perveen and 

Qaiser (1998a) that pollen of B. variegata is tricolporate, having ectoaperture, pollen 

in present work is 50µm on Eq. view and 60µm in P. view showing similarity with 

their results. 

v. Family: Verbenaceae 

Generally pollen from family Verbenaceae are tricolporate like in Lantana sp., 

Verbena  sp. and Vitex as reported earlier (Munsif et al., 2007) only V. officinalis 

show tetracolporate apertures also. Lantana camara in present study show tricolpate 

pollen with pollen size  31.2µm and 35µm on polar and Eq. view. Agreeing with 

Munsif et al. (2007) on pollen size they found size range from 35-34µm. 

vi. Family: Rhamnaceae 

Only one type of Rhamnaceae pollen is observed.  Pollen in present honey 

sample shows size range with 15-22.5-20µm at polar axis and 17-25.13-25µm at 



Chapter 3                                                                                                         Results and Discussion 

 

Palynological investigation of Allergenic and Melliferous flora of Pakistan                     100 

equatorial axis with tricolporate pollen, P/E ratio 0.88 and Striato rugulate 

sculpturing. Its structural features agree with the pollen structure explained by 

Perveen and Qaiser (2005) that explains Ziziphus mauritiana (Plate 22; 28; 32) as 

tricolporate, Prolate to sub-prolate, long elliptic aperture having acute ends and Polar 

axis 15-22.5µm and Eq. size 15-25µm. Sexine thicker than nexine. Exine 1.5- (2.0) 

2.6 µm thick. Present study measurement falls close to this. Erdtman (1952) also 

define Rhamnaceae as a stenopalynous family with generally tricolporate, radially 

symmetrical and isopolar pollen. Shape of pollen grain are sub-prolate or oblate-

spheriodal rarely prolate.  

 

vii. Family: Cyperaceae 

Two type of pollen are identified in the present study two type of pollen are 

recorded from Cyperaceae viz., Carex sp. and Cyperus. Pollen grain of cyperaceae are 

believed to be a degraded tetrads with 3 out of 4 nuclei degenerate and termed as 

'pseudomonads', (Selling, 1947) or 'cryptotetrads' (Erdtman, 1952) therefore Erdtman 

1966 used the term aperture instead of colpi and pori. Following Wichelen et al. 

(1999) in present study the termed  adapted for "aperture"  are colpi for any region in 

outer layer of pseudomonad thinner than surrounding and pori for any region that 

appear circular and ulcus for any round pori at distal pole. Cyperaceae pollen are 

believed to have several taxonomic diagnostic features viz., length, type and number 

of aperture and exine (Wronska, 2010). These character are significance in taxonomy 

especially for classification at generic and species level (Koyama, 1961). Pilarek et al. 

(2010) found that exine thickness is the most important diagnostic feature at the 

subgenus level in Carex. In present study Cyperus rotundas (Plate 26b; Plate 40c; 

13c) pollen are monads, isopolar, with mean size range on polar axis is 27.8µm±2.8 

and equatorial axis mean size ranges from 35.1µm. Pollen grain of Carex sp. range is 

monad, bilaterally symmetrical, isopolar and size ranges in Polar axis 29.5µm±0.70 

and 18.5µm±2.12 at equatorial axis. Length on the polar axis has a mean value of 

29.5µm that agrees with Faegri and Iversen (1989) that Carex is different from other 

Cyperaceae members as its length do not exceed 40µm. Pollen of Carex has one 

ulcerate pori at the pole and three lateral ridges termed as colpi Dahlgren and Clifford 
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(1982) also observed that Cyperaceae pollen are generally ulcerate, with some 

possessing three lateral pores. One distal aperture in Cyperaceae pollen are also 

reported by Shah (1962). Erdtmann (1966) reported three lateral colpi with one 

ulcerate aperture. In genus Carex marked disruption in poroid membrane represent 

those apertures.  

viii. Family: Amaranthaceae 

Amaranthus spinosus (Plate 10b) pollen under light microscope appear as 

monad, symmetrical, spheriodal, wavy and periporate. Size range was between 15-

18µm on P. axis 15-18µm on Eq. axis. Exine thickness X value was 2.45µm. Perveen 

and Qaiser (2002) worked on species of Amaranthaceae and found general features 

like radially symmetrical, pantoporate, spheriodal shape, operculate and non 

operculate, operculum plate rounded. Tectum scabrate or spinulate. She found size 

range in Amaranthus viridis type ranging between 10-25µm, with circular pori with 

exine thickness up to 3.5µm. Exine thickness in my results are 2.45µm. In present 

study pollen shows round pori with operculum. Results appear similar. Light 

microphotographs appear similar. In other Amaranthaceae family pollen, that is 

termed as Arthraerua-type following Borsch (1998) with small size pollen ranging 

between 16.75-18µm length and 17-17.5µm width. Its characteristics are visible in 

Scanning electron microscopy. 

ix. Family: Plantaginaceae 

Pollen grain of Plantaginaceae pollen are generally apolar, radially 

symmetrical, spheriodal, pantoporate, operculate or non operculate, annulate or 

without annulus, areolate or scabrate exine. Pollen in the honey sample belongs to 

Plantago laceolata (Plate 11a) pollen type of family Plantaginaceae. Pollen is radially 

symmetrical, monad, Pariporate, polar diameter is 18-20µm and equatorial diameter is 

18-25µm, P/E ratio 0.88. Exine <2.5µm. The diameter agrees with the size range 

given by  Perveen and Qaiser (2012b) i.e. 15-23 µm on polar side. Pore diameter of 

mean value 2.37µm. Exine thickness is 1.35µm  
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x. Family: Caryophyllaceae  

Caryophyllaceae pollen are periporate (Faegri and Iversen,1975). Number of 

pores are considered as a diagnostic feature in this family. Yıldız (2001) studied 

pollen morphology of 45 species belonging to 15 genera of Caryophyllaceae by (LM) 

and (SEM), using pollen morphology as a base he described ten distinct pollen types 

namely Arenaria, Stellaria holoste, Cerastium, Dianthus, Gypsophila, Lychnis, 

Silene, Silene, caryophylloides type, Silene conica, and Agrostemma githago type 

were reported. Skvarla and Nowicke (1976), Nowicke and Skvarla (1977), Ghazanfar 

(1984), Arkan and Inceoglu (1992), Moore et. al., (1997) and Yildiz (2005) worked 

on pollen grain of different Caryophyllaceae species. Sahreen et al. (2008) proposed 

that light microscopic analysis of pollen from Silene taxa  and observed spheriodal 

shape, with numerous pori termed as 'periporate', micro perforation and echines and  

semi reticulate exine are most common. Most of pollen are radially symmetrical, 

pantoporate, and P/E ratio ranges from 0.88-1.44. Thick exine is also reported. 

Among the members of  family Caryophyllaceae genera like Pseudostellaria, Silene, 

Holosteum, Stellaria, Dianthus, Saponaria posses pantoporate condition. Tectum with 

spinulose, scabrate or reticulated is observed with punctate condition. On the basis of 

aperture morphology viz., Silene indica,  Spergula arvensis and Stellaria media types 

are categorize by Perveen and Qaiser (2006). In present study the results are more 

closed to Stellaria media (Plate 36a) type pollen in term of exine as it appear as 

spinulose and tectate but on the other hand the diameter range of my samples are 22-

34µm and in Perveen and Qaiser (2006)  specimens length range between 32.5-

37.5µm and width 35.1-40µm. In current study pollen pores have  prominant granular 

type. Sahreen et al. (2008) identifies more than twenty number of pori in Silene. In my 

study they are below twenty with ektexinous body granular. 

 

xi.  Family: Asteraceae 

It has been observed that pollen from the family Asteraceae has been 

extensively contributed family. Asteraceae is considered as eurypalynous (Erdtman, 

1952) with zonocolporate condition (Sachdeva & Malik, 1986). It is observe in 
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present study that great diversity is found in Asteraceae pollen. Diverse sizes, shapes, 

exine, spines and apertures are found. Size ranges from 50µm in Silybum marianum to 

2.8 µm in Tricholepsis. Pollen shape appear generally spheriodal in Light microscope 

by in SEM it ranges from hexazonocolporate to spheriodal. Diverse forms of spines 

are visible ranging from size upto 7µm in Calendula arvensis with conical shape to 

reduces spinules in Artemisia with length below 1µm or scabrate ornamentation in 

Tricholepsis sp. Woodhouse (1935) stressed the significance of palynology and 

believes that it is incomprehensible to explain any taxa in Asteraceae without 

explaining pollen features. Diverse morphological features are reported in Asteraceae. 

Two categories pollen in Asteraceae are Lophate and nonlophate. Lophate were 

proposed to exist in lactuceae including Sonchus and Taraxicum species, ranging from 

simple echinate to echinolophate having trizonocolporate or tetrazonocolporate 

apertures. Generally trizonocolporate apertures are observed. Although spines are 

present in all taxa but there is great diversity in spine shapes, orientation and sizes. 

Qureshi et al. (2008) believe that spines length are significance at the species and 

genetic level especially in lactuceae tribe.  

Sonchus asper (Plate 27) and Taraxacum officinale (Plate 14;19 ) are 

considered as important apiculture plant (Podbielkowski & Wójcikowska, 2003). 

Taraxacum officinale was found more efficient in this regard (Chwil et al., 2006). 

Pollen of Taraxicum and Sonchus found in honey has been reported by various 

scientist (Dinkov & Ivanov, 2009; MĂRGĂOAN et al., 2013). Taraxicum pollen size 

range falls between 25.5-24.75µm in current study. Zafar et al. (2007) observed in 

Taraxacum officinale are monad, hexa-colporate and echinate circular to semi-angular 

25-26 µm  and 24.5-25-5 µm in size. Marciniuk et al. (2010) carried out study on 

Taraxicum sect. palustria five level of ploidy and found the size range of 20-60µm 

diameter. Mean diameter ranges from 35-41µm. Sonchus asper pollen are generally 

three zono colporate condition, monad, symmetrical, fenestrate with size range 

28.6±0.99 to 31±0.8. and spines length upto 4.45µm. Perveen (1999) identified 

Sonchus asper L. size range from 27.61 to 33.50µm while working on different 

Sonchus and Taraxicum genera are characterized with elaborated echinate ridges 
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enclosing lacuna reported by previous workers also (El Ghazaly, 1980; Skvarla, 

1974). Reference pollen also shows the same results. 

Ageratum conyzoides (Plate 40a)pollen is monad, tricolporate, spheriodal 

polar diameter ranges between 15 to 20.5 µm and  Equatorial diameter ranges 

between 16.5 to  20 µm. Exine thickness is below 2.5µm. Zafar et al. (2007) also 

found pollen size with X P axis 19.7µm and Eq. axis X was 19µm. P/E ratio was 1, 

my result was 1.03 showing spheriodal features and exine ranges between 1-1.5µm.  

Artemisia-Type pollen analysis shows that it belongs to genus Artemisia as it 

has globular symmetry, tricolporate (Hayat et al., 2010) and possess tiny or reduced 

spines (spinules), these tiny spinules have characteristic taxonomic value (Wang, 

2004).  Hayat et al. (2010) studied the palynology of Artemisia species from Pakistan. 

Literature review of the work on Artemisia genus shows that our pollen closely 

belongs to Artemisia dubia. Pollen study show that polar axis 22-25µm and at 

equatorial axis is 18.7-22.5µm. Most of the Artemisia species pollen size range fall 

between 16.2 to 22µm and exine thickness is 1.9 to 3.7µm, in current study pollen 

thickness is around 3µm. Current result agree with Jiang et al. (2005) hypothesis 

species level differentiation is hard with only palynology however at genus level 

pollen morphology supports pollen identification and clarification of false 

identification (Martin et al., 2001). 

In the current sample collected from Sahiwal this pollen appears to belong to 

tribe Calendulae and appear more close to Calendula arvensis with reference to 

pollen size, spines length and their numbers between colpi that is not visible in SEM 

but it can be clearly seen in LM. Pollen collected from Sahiwal and Kashmir appear to 

belong to Calendula arvensis. Present result agrees with Khan (2006), he gave the 

diagnostic feature of Calendula species. However Khan (2006) has identified 

tetracolporate pollen which he believe to be evolutionary character. Calendula pollen 

was observed as trizonocolporate (Nair, 1961). Most of the reports prove tricolporate 

pollen character in Calendula. Present pollen appear to belong to Calendula genus 

and showed diagnostic characters close to Calendula arvensis on basis of following 

characteristics proposed by Khan (2006). 
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 Calendula officinalis possess exine (3.3μm) and C. arvensis (6.3μm) hence 

serving as diagnostic feature 

 C. arvensis possess 4 to 8 spines between colpi and C. officinalis ranges 5 to 9. 

 Size ranges between two species are almost same.  Present results agrees with 

Zafar et al. (2007). 

Parthenium hysterophorus (Plate 33a) pollen are found in certain honey 

indicating its significance at minor level also as an alternate source of pollen and 

nectar during period of scarcity or autumn or dearth period like in May and June. 

Dalio & Singh,(2013) consider it importance for honeybees. Pollen grain in samples 

was spheriodal, radially symmetrical, echinate. tricolporate, zono- arrangement and 

non lophate. Meo and Khan (2005) believe its morphological features are 

taxonomically important characters. Pollen grain in samples shows equatorial 14.5-

17-17.5µm and Polar axis 14.8-17µm Zafar et al. (2007) also explain its pollen as 

Monad, Symmetrical, Tricolpate, angular-spheriodal, spheriodal. They reported spine 

length between 1.7 to 1µm however our pollen are showing exine with range of 1.75-

2.0µm. 

 

xii. Family: Poaceae 

Pollen grain are generally spheriodal, medium sized apolar monoporate grains 

sometime diporate, show variation in operculate presence and its characteristics, 

operculate to non-operculate, annulate to non annulate or reduce annulus. Tectum are 

mostly areolate and scabrate. with scabrae large in size and in group of 2 to 40. Exine 

ornamentation divides pollen into different types in Poaceae family (Perveen & 

Qaiser, 2012a). Morphologically pollen grain of poaceae (Plate 10; 25; 26; 26;35) are 

very similar under LM whereas FESEM very little difference can be observed 

(Woodhouse, 1935; Erdtman, 1986; Faegri & Iversen, 1989). Generally pollen grain 

of grasses are spheriodal, medium sized apolar grain monoporate and rarely diporate 

or triporate. Their size range is between 18.7-72μm in diameter as recommended by 

Perveen and Qaiser (2012a). Under light microscope poaceae pollen appear uniform 
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and do not express any significant feature that plays role in taxonomic studies (Köhler 

& Lange, 1979), however it has been observed that under FESEM pollen of Poaceae 

are more significant. 

 

xiii. Family: Myrtaceae  

Common pollen features found in Myrtaceae pollen were monad, tricolporate 

and angulo aperturate with angular at polar and oblate at equatorial axis. Light 

microscopy did not gave exine results. Size and colpi arrangements are visible and 

used for pollen identification. Apertures in form of colpi either constricted or 

extended to poles. Selling (1948) proposed Myrtaceae pollen size 10-25µm but Pike, 

(1956) estimated the Myrtaceae size range between 6-50µm. Three pollen forms are 

visible Callistemon citrinus (Plate 25) Eucalyptus globulus and E. cammoldulensis 

(Plate 13; 15a; 18; 20) and Syzigium jambolina (Plate 15).  

Current study results shows Eucalyptus pollen are Tricolpate with size at polar 

axis around 22.5µm and equatorial axis 20.5µm, angular and parasyncolpate. Similar 

size and morphology was explained by (Aftab & Perveen, 2006; Thornhill et al., 

2012). Aftab and Perveen (2006) studied Callistemon citrinus pollen from Karachi 

and found size range at polar and equatorial axis as mean value 16.59µm and 12.6µm 

with parasyncolpate condition. My results shows value of 15.9µm at P. axis and Eq. 

axis. Polar axis calculation seem to agree however there is little variation at equatorial 

axis  

 

xiv. Family: Pinaceae 

Erdtmann (1943) believe that light microscopy could be enough for 

identifying Pinus at species level. By using scanning electron microscopy with the 

help of surface morphology often identification is possible at generic and species 

level. Weir and Thurston (1977) believe on distinguishing  between species are 

possible with surface morphology. Robert Bagnell Jr (1975) distinguished between 

two Pinus species based on cappula morphology of P. ponderosa and P. contorta and 
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cappa shape is different among P. monticola and P. albicaulis and other pine species. 

Sometime shape, bladder attachment and proportion are also useful Pinus monophylla 

do not possess distinctive morphological feature but combination of several character 

could be useful. In present study Pinus appear as Monad, symmetrical and vesiculate. 

Length 50-55-65 and width id 41-43µm under light microscope. Grain is having two 

sacci, equal in size, appearing coarse in LM. Current morphological description also 

agrees with Pinus pollen description by (Moore et al., 1991) 

 

xv. Family: Rosaceae  

Rosaceae pollen are trizonocolpate on polar axis and obtuse to triangular in 

equatorial side. Gilani et al., (2010) worked on pollen species of Rosaceae from 

Northern Pakistan. They worked on Prunus domestica, P. armeniaca, P. avium , P. 

bokhariensis, P. persica and P. cornuta. Size range in Prunus species size ranges from 

21-50.14µm with X size around 25µm. In current study honey from Northern area 

(Gilgit) found to contain pollen from Rosaceae showing the size range of 25-25µm. 

With comparison to pollen size aperture number and SEM analysis present study 

shows closeness to P. bokharensis (Plate 11c). Gilgit is popular for stone fruit 

production like species of Prunus. Evrenosoğlu and Misirli (2009) agrees with 

tricolporate aperture in rosaceae. They proposed the average length 32.10-59.45 µm 

and width as 22.20-35.20µm, with monad and tricolporate pollen, they described 

aperture as ectoaperture type. (Halbritter & Schneider, 2000; Hesse et al., (2000) also 

present similar results 

xvi. Family: Rutaceae 

According to Perveen and Qaiser (2005) and Erdtman (1952) Rutaceae is a 

eurypalynous family. Its pollen morphology is studied several palynologist and they 

identified taxonomic significance of pollen at different levels. Classification within 

Citrus was controversial initially, later three species are categorized based on 

palynology Citrus grandis, Citrus medica and Citrus reticulata identified as parent 

taxas and all other are produced as a result of hybridization. (Barrett & Rhodes, 1976; 

Scora, 1975). Apertures could serve to identify the hybrid between different citrus 
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species. Like in case of Clementine was supposed as hybrid of C. reticulata and  C. 

sinensis  and Citrus. volkamarina was considered hybrid of C. medica ×C. aurantium 

but Clementine contain both tetra and panta colporate apertures, and C. volkamarina 

have tetra, panta and hexacolporate apertures. Whereas the taxa supposed to be a 

parent of these taxa have only tetra colporate grains. in a current study only one type 

of pollen is observed, possessing tetra colporate apertures. Perveen and Qaiser (2005) 

observed taxonomic significance of Rutaceae at different levels of classification. 

Major diagnostic feature in Rutaceae pollen is its shape and exine type, shape is 

generally round/ radially symmetrical, isopolar, 4-5 colporate. Exine width extends to 

3µm. an diameter falls between 22-45 µm. In current study Pollen shape is spheriodal 

and tetra colporate with size range 25-21.99µm at polar axis and 27.25-21.20 µm at 

equatorial axis appera more close to Citrus sinensis (Plate 29; 34; 40) Tetra colporate 

aperture condition. Exine thickness is 2.9µm. 

Along with the families mentioned above which were major contributors of 

pollens below are some of the families showing less contribution of their pollen. 

 

xvii. Family: Bombacaceae 

Bombax ceiba (Plate 40; 42) pollen were observed in some honey samples 

especially from Potwar side. Pollen size ranges between 45-50µm in P. axis and 

50µm in Eq. axis. Pollen are tri colporate, with reticulate ornamentation having exine 

thickness up to 3.45µm. Castellanos and Chavez (1996) reported tricolporate pollen 

Abreu et al., (2014) reported 3,4 and 5 colporate with reticulate sexine. Chauhan and 

Trivedi (2011) and Shubharani et al. (2013) also named similar pollen as Bombax 

ceiba. 

 

xviii. Family: Apiaceae 

Shubharani et al. (2013) and Paudayal and Gautam (2012) identified coriander 

pollen in honey samples from Karnataka and Nepal and found tricolporate aperture 

with prolate to per prolate shape and bilaterally symmetrical. In current study pollen 
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of Coriandrum sativum (Plate 18; 19) size ranges from 28-32.5µmin Polar and 12-15 

µm in equatorial axis (Paudayal & Gautam, 2012) found size range of 26µm in polar 

and 12µm in equatorial axis. He also observed endo-aperture pollen with lolongate 

colpi. 

 

xix. Family: Meliaceae 

Pollen grain in present study are found spheriodal to rhombiodal, 

tetracolporate with size ranged from diameter 31.52- 39.35 µm. Exine thickness is 

around 1.38-3.22 µm. Pollen sculpturing foveolate with large number of holes over 

the surface. Melia azedarach has foveolate exine with numerous dispersed pori. In 

this regard Clark et al (1960) stated that some pollen features like sculpturing and 

exine ornamentation can be used as microscopic marker to distinguished closely 

related species e.g. Azadirachta indica and Melia azedarach. Paudayal and Gautam 

(2012) also reported tetra colporate pollen with size ranges from 30-40µm in their 

honey. 

 

xx.  Family: Solanaceae 

Solanaceae type pollen was identified in honey sample showing size ranges at 

Equatorial axis as  25-25.5-25µm and Polar axis as 25-25-25µm. Pollen is radially 

symmetrical, Possessing spheriodal to oblate shape. Three  colpi are observed in 

pollen. Pollen appear scabrate under light microscope (Plate 7c). Current pollen 

morphology appear close to pollen type V as proposed by (Perveen & Qaiser, 2007) 

i.e. Solanaceous type. They identified costate colpi agreeing with present result. 

 

xxi. Family: Lamiaceae 

Lamiaceae family has been divided into two groups by Erdtman (1945) on the 

basis of aperture numbers viz., Nepetoideae with hexacolpate colpi and tricolpate 

pollen of Lamioideae. Current pollen appear as monad with hexacolpi, exine is not 
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clear under light microscope. Size ranges from 22.1-24.1µm in Eq. axis and 22-23µm 

on polar axis. Current pollen appear more close to Hyssopus officinalis (Plate 27) as 

explained by Moon et al.,  (2008) 

xxii  Family: Combretaceae 

Terminalia arjuna (Plate 30) pollen was observed to be tricolporate with size 

ranges from 12 to 15 µm with spheriodal shape. Pollen is tricolporate but with 

constriction it appear as hexacolporate. As melliferous plant it was reported in many 

studies (Bera, 2007; Jhansi et al., 1991; Upadhyay & Bera, 2012)  

 

xxiii  Family: Elaeagnaceae 

Elaeagnus angustifolia (Plate 11b) has been considered as important plant of 

Chitral Pakistan (Bano et al., 2014; Khan et al., 2011). Pollen in current sample was 

Tricolporate showing spheriodal to prolate arrangement size ranges between 34-36µm 

on poal axis and 37-38µm in P. axis. Pollen is tricolporate showing prominent border 

and zono colporate arrangement. Present results agree with (Kedves & Pardutz, 1982) 

xxiv.  Family: Malvaceae 

 

Malvaceae stenopalynous family (Nair & Sharma, 1965). Pollen grain in 

members of Malvaceae shows diverse range of pollen, generally they are large with 

diverse taxonomic feature thus serving in taxonomic analysis (Shaheen et al., 2010). 

Pollen grain are radially symmetrical, spheriodal to oblate. It has echinate sculpturing 

with pantoporate pollen therefore considered as advanced structure. Three type of 

pollen from Malvaceae has been observed in selected honey samples. Malvestrum sp. 

with size range 52µm, Grewia asiatica with size range 60µm and Abutilon species 

with size around 60µm. Grewia pollen was studied by Chung (2003) isopolar, radial 

symmetrical, triangular, grain size ranges from 44- 80µm on P. view and 38 to 55µm 

in Eq. axis, showing a trend in larger sized pollen. 
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3.1.2 POLLEN QUANTITATIVE ANALYSIS 

Present study reveals the following Relative frequency of pollens with 

reference to the total pollen counts out of five hundred pollens in matrix, frequency 

classes of Honey dew contents, frequency classes of wind and melliferous pollens 

(Table 4 & 5) (Supplementary material), Shannon–Weaver diversity index and 

Eveness  and other details are presented in (Table 6)  

Sample AH1  

Pollen frequency spectrum is as follows: 

No Predominant pollen type were observed. Secondary pollens present 

Justicia adhatoda (23%), Acacia nilotica (19.46%). Taraxicum officinale (10.61%), 

Sonchus asper (8.84%), Bauhinia variegata (15.04%), Trifolium repense (13.25%), 

Citrus sinensis (4.42%) and Solanaceous Type (3%) contributes Important Minor 

pollen while Coriandrum sativum (2.4%) presents minor pollens. 

Total six different families have contributed nine different pollen type all 

plants are from melliferous flora. It has no Honeydew contents. Shannon–Weaver 

diversity index was 1.94 and Eveness in sample was 0.93.  

Sample  CH2 

Pollen frequency spectrum is as follows: 

Acacia nilotica pollens (48%) were observed as Predominant pollen type. 

Secondary pollens include Melilotus (23%) and Citrus sinensis (19%). Chenopodium 

album (6%) and Helianthus annuus (4%) contributes Important Minor pollen. Minor 

pollens  are absent. 

Total four different families have contributed five different pollen type. All 

plants are from melliferous flora except Chenopodium album . Sample has no 

Honeydew contents. Shannon–Weaver diversity index was 1.31 and Eveness in 

sample was 0.81.      

Sample DH3 

Pollen frequency spectrum is as follows: 
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Pennisetum typhoides constitute (56%) pollens were observed as Predominant 

pollen type. Secondary pollens includes Ziziphus (32%) pollens. Sample donot appear 

to contain any Important Minor pollen. Minor pollens  are from Silibum marianum 

(2%), Stellaria media (2%) and Eucalyptus globulus (2%) and Poa annua (6%). 

Total five different families have contributed five different pollen type. All 

plants are from melliferous flora except Poa annua and Stellaria media are wind 

pollinated plant. Sample has Honeydew contents. Shannon–Weaver diversity index 

was 0.92 and Eveness in sample was 0.57.  

Melliferous Pollen were in following percentage Ziziphus (84%) pollens, 

Silibum marianum (5.22%), Stellaria media (L.) (5.22%) and Eucalyptus sp (5.22%) 

.Wind Pollinate were were Pennisetum pollens: very Frequent (56%) and Poa 

annuaecies (6%) are Sporadic. 

Sample  FH4 

Pollen frequency spectrum is as follows: 

Brassica campestris (90%) pollens were observed as Predominant pollen type. 

Secondary pollens were not found. Eucalyptus globulus (7%) and Sapium 

sabiferum(3%) type contributes Important Minor pollen. Minor pollens  were not 

observed.  

 Total three different families have contributed three different pollen type. All 

plants are from melliferous flora. Sample has no Honeydew contents. Shannon–

Weaver diversity index was 0.4 and Eveness in sample was 0.36.   

 

Sample GH5  

Pollen frequency spectrum is as follows: 

No Predominant pollen type were observed. Secondary pollens were Zea mays 

(39.3%) and Poa annua (16.6%). Amaranthus spinosus (3.5%), Convolvulus arvensis 

(13.84%), Silibum merianum (13.4%) and Eucalyptus globulus (13.36%) are 

Important Minor pollen. Minor pollens absent. Honeydew contents absent. Total five 
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different families have contributed six different pollen type. All plants are from 

melliferous flora except Poa pollens. Shannon–Weaver diversity index was 1.62 and 

Eveness in sample was 0.9   

Melliferous pollens includes Convolvulus arvensis (33%), Silibum merianum 

(33%) and Eucalyptus globulus (34%). Wind Pollinated Pollen were Zea mays 

(39.3%) are frequent and Poa annua(16.6%). are Sporadic. 

Sample IH6    

Pollen frequency spectrum is as follows: 

No Predominant pollen type were observed. Secondary pollens were Acacia 

nilotica(38.46%), Carissa opaca (33.33%) and Coriandrum sativum (20.51%), 

Solanaceous Type (7.69%) is Important Minor pollen. Minor pollens  absent. 

Honeydew contents absent.  Shannon–Weaver diversity index was 1.27 and Eveness 

in sample was 0.92.    

 Total four different families have contributed four different pollen type. All 

plants are from melliferous flora. Sample has no Honeydew contents  

Sample GH7  

Pollen frequency spectrum is as follows: 

No Predominant pollen type were observed. Secondary pollens were from 

Poaceae family Poa annua (29.6%), Poa annua (32.3%),. Stellaria media (8.17%), 

Amaranthus spinosus.(5.33 %), Abutilon indicum (7.5%), Hissopus (8.81%) and 

Carex cannesense (5%) are Important Minor pollen. Minor pollens  Iris sp. (0.9%), 

Artemesia dubia(2.39%).  

Total eight different families have contributed nine different pollen type. All 

plants are from melliferous flora except Poa pollens. Sample has no Honeydew 

contents. Shannon–Weaver diversity index was  1.76 and Eveness in sample was 0.8. 

Melliferous Pollen  were Stellaria media (24.9%), Abutilon indicum(22.87.5%), 

Hissopus (26.8%), Artemesia dubia (7.2%), Carex sp. 
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(15.2%) and Iris sp. (2.7%). Wind Pollinated pollens were Poa annua (29.6%) and 

Poa annua(32.3%) were Frequent Amaranthus spinosus.(5.33 %) were rare. 

Sample GH8  

   Pollen frequency spectrum is as follows: 

Predominant pollen type Elaeagnus angustifolia (52.7%) was observed. 

Secondary pollens was from Prunus persica (36.9%). Plantago ovata (10.4%) was 

found to be Important Minor pollen.  

Total three different families have contributed three  different pollen type. All 

plants are from melliferous flora. Sample has no Honeydew contents. Shannon–

Weaver diversity index was  1.01 and Eveness in sample was 0.73.    

Sample GH9 

   Pollen frequency spectrum is as follows: 

Predominant pollen type includes Rubinia pseudoacacia (68.53%). Secondary 

pollens include Corylus sp. (30%). Total two different families have contributed two 

different pollen type. All plants are from melliferous flora. Sample has no Honeydew 

contents. Shannon–Weaver diversity index was 0.85 and Eveness in sample was 0.77.      

 

Sample GH 10  

   Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens include Acacia (31.3%), 

Trifolium repens (24.75%), Helianthus annuus (19.1%) and Lychnis coronaria (L.) 

(10.67 %). Peristrophe penniculata (5.2%) and Taraxicum officinalis (8.98%) are 

Important Minor pollen. Minor pollens  absent. Total five different families have 

contributed six different pollen type. All plants are from melliferous flora. Sample has 

no Honeydew contents. Shannon–Weaver diversity index was 1.64 and Eveness in 

sample was 0.92.     .  

Sample GH 11  
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   Pollen frequency spectrum is as follows: 

Predominant pollen type was Brassica campestris (97%) . Secondary pollens 

absent. Important Minor pollen include Eucalyptus globulus (2.3%). Minor pollens 

Cyperus rotundas (0.5%). Total four different families have contributed four different 

pollen type. All plants are from melliferous flora except Cyprus pollen. Sample has 

Honeydew contents include Alternaria spores (0.2%). Shannon–Weaver diversity 

index was 0.16 and Eveness in sample was 0.15.   

Melliferous Pollen were Brassica campestris (97%) and Eucalyptus globulus 

(3%) and Wind Pollinated pollens were Cyprus rotundas(0.5%) Sporadic. HDE/P are 

few 

  

Sample GH12 

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens Trifolium repense (25%), 

Rosaceae Type (43.75%) and Eriobotrya japonica (25%). Important Minor pollen and  

Minor pollens  absent. Total four different families have contributed three different 

pollen type. All plants are from melliferous flora. Sample has Honeydew contents 

include Alternaria spores (0.2%). Shannon–Weaver diversity index  

was 1.23 and Eveness in sample was 0.89. and HDE/P are Few 

Sample HH13 

   Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens includes Trifolium repense 

alexandrium (30.58 %), Acacia nilotica (26.19 %) and Eucalyptus globulus (29.6 %). 

Important Minor pollen include Justicia adhatoda sp. (3.5 %), Pinus roxburghii 

(3.5%) and Brassica campestris (3.2%). Minor pollens  were Parthenium 

hysterophorus hysterophorus (1%), Helianthus annuus ( 1%) and Taraxicum 

officinale (1.2%). Total seven different families have contributed nine different pollen 

type. All plants are from melliferous flora. Sample has no Honeydew contents include 
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Alternaria spores (0.23%). Shannon–Weaver diversity indexwas1.59 and Eveness in 

sample was 0.72. HDE/P are Few 

 

  Sample IH 14   

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens was Trifolium repense 

(29.4%), Acacia nilotica(25.19%) and Eucalyptus globulus (29.4%). Important Minor 

pollen include Syzigium cumini (5.68 %). Minor pollens  Helianthus annuus (1.76%), 

Parthenium hysterophorus hysterophorus (1.66%), Helianthus annuus (3.97), Pinus 

sp. (0.98 %) and Lantana camara (1.96 %). Total eight different families have 

contributed eleven different pollen type. All plants are from melliferous flora except 

Pinus pollens. Sample have Honeydew contents include Alternaria spores (0.50%). 

Shannon–Weaver diversity index was 1.66 and Eveness in sample was 0.76. 

Melliferous Pollens were Trifolium repense (30.7%), Acacia nilotica (26.3%) 

and Eucalyptus globulus (30.75%). Syzigium cumini (5.94%), Chenopodium album 

(1.76 %), Parthenium hysterophorus hysterophorus (1.66%), Helianthus annuus 

(3.97) and Lantana camara (2.05%). Wind pollinated pollens were Pinus roxberghii 

(0.98 %) Sporadic in frequency. Alternaria spores (0.50%) are Few in category of 

frequency. 

 

Sample IH 15 

Pollen frequency spectrum is as follows: 

Predominant pollen type was Carissa opaca (72.46%). Secondary pollens  

absent. Important Minor pollen Catalpa ovata ( 3.63 %), Solanaceous pollen 

(11.59%), Silibum marianum (10.14%). Minor pollens  Justicia adhatoda  (0.74 %) 

and Trifolium repens (1.44%). Total six different families have contributed six 

different pollen type. All plants are from melliferous flora. Sample have no 

Honeydew contents. Shannon–Weaver diversity index was 0.95 and Eveness in 

sample was 0.93.  
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Sample JH 16  

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens was Acacia Type (20.66  

%) and Catalpa ovata (21.42 %). Important Minor pollen include Coriandrum 

sativum (11.9 %), Silibum marianum (11.99 %), Eucalyptus globulus (7.84 %), Avena 

sativa (11.6%), Trifolium repens (9.52 %) . Minor pollens   absent. Total eight 

different families have contributed seven different pollen type. All plants are from 

melliferous flora except Poaceae pollen. Sample have Honeydew contents include 

Alternaria (0.38%). Shannon–Weaver diversity index was 1.89 and Eveness in 

sample was 0.97. 

Melliferous Pollens were Acacia Type (21.88%) and Catalpa ovata (22.6%), 

Coriandrum sativum (12.5%), Silibum marianum (12.5%), Eucalyptus sp. (8.3%), 

Poa annua (12.6 %), Trifolium repens 10.0 %). HDE/P 0.38% are few 

 

Sample JH 17 

  Pollen frequency spectrum is as follows: 

Predominant pollen type Acacia modesta(53.95 %). Secondary pollens was 

Eucalyptus globulus (19.57 %). Important Minor pollen include Cannabis sativa 

(14.45 %) and Poa annuus (8%). Minor pollens Eucalyptus cammoldulensis (4.05 %). 

Total four different families have contributed five different pollen type. All plants are 

from melliferous flora except Lolium multiflorum pollen. Sample have no Honeydew. 

Shannon–Weaver diversity index was 1.26 and Eveness in sample was 0.78. 

Meliferous Pollens were Acacia modesta(67.06 %), Eucalyptus globulus 

(17.96%), Cannabis sativa (9.94%). and Eucalyptus cammoldulensis. ( 5.03 %). Wind 

Pollinate pollens were Lolium multiflorum ( 19.57 %) are frequent 

Sample KH 18  

Pollen frequency spectrum is as follows: 

  Predominant pollen type Acacia modesta (54.1%).  
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Secondary pollens was Coriandrum sativum (15%) and Callistemon citrinus. 

(22.12%). Important Minor pollen absent. Minor pollens   Taraxicum officinale 

(1.87%), Bauhinia variegata (1.25%), Convolvulus arvensis (1.25%) and Poa annua 

(3.4%). Total seven different families have contributed seven different pollen type. 

All plants are from melliferous flora except Poaceae pollen. Sample have no 

Honeydew. Shannon–Weaver diversity index was 1.23 and Eveness in sample was 

0.63. 

Melliferous Pollens were Acacia modesta (55.5%), Coriandrum sativum 

(15.69%), Callistemon citrinus. (23.14%), Taraxicum officinale(1.95%), Bauhinia 

variegata (1.30), Convolvulus arvensis (1.30%). Wind Pollinate pollens include 

(3.4%) are rare. 

 

Sample KH 19 

Pollen frequency spectrum is as follows: 

Predominant pollen type Acacia nilotica( 72 %). Secondary pollens absent. 

Important Minor pollen Eriobotrya japonica  (14 %) are Justicia adhatoda ( 8%). 

Minor pollens   Parthenium hysterophorus hysterophorus (3.07 %), Helianthus 

annuus(2%) and Callistemon citrinus (0.88 %). Total five different families have 

contributed six different pollen type. All plants are from melliferous flora. Sample 

have no Honeydew. Shannon–Weaver diversity index was 0.96 and Eveness in 

sample was 0.54 

 

Sample KH 20  

Pollen frequency spectrum is as follows: 

Predominant pollen type Callistemon citrinus (70.64 %). Secondary pollens 

absent. Important Minor pollen  Helianthus annuus (8.97%), Taraxicum officinale 

(8.01  %), Melia azedarach ( 6.37 %) and Eugenia ambolana (4.96%). Minor pollens 

Citrus sinensis (1.05 %). Total six different families have contributed six different 
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pollen type. All plants are from melliferous flora. Sample have no Honeydew. 

Shannon–Weaver diversity index was 1.03 and Eveness in sample was 0.57. 

 

Sample KH 21 

Predominant pollen type includes Trifolium repens (96%). Minor pollens   

includes Silibum marianum (3.2%) and Minor pollens  include Poa annua. (0.8%) and 

Poa annua. 0.8%. All plants are from melliferous flora except poaceae pollen. 

Shannon–Weaver diversity index was 0.2 and Eveness in sample was 0.18 

Melliferous pollens were Trifolium repens (96.8%) and Silibum marianum 

(3.28%).Wind Pollinated Poa pollens (1.6%) were Sporadic 

 

Sample KH 22 

Pollen frequency spectrum is as follows: 

Predominant pollen type Hyssopus officinalis (46.13%). Secondary pollens 

Alnus nitida (42.87%). Important Minor pollen  Sonchus asper (6.78%). Minor 

pollens Helianthus annuus (2.71%) and Poa annua.(1%). Total five different families 

have contributed five different pollen type. All plants are from melliferous flora 

except poaceae pollen. Sample have Spores  ( 0.80 %) Honeydew contents. Shannon–

Weaver diversity index was 1.12 and Eveness in sample was 0.63. 

Melliferous pollens include Hyssopus officinalis (82.98%),  Sonchus asper 

(12.18%). and   Helianthus annuus (4.87%). Wind Pollinated Alnus nitida (42.87%) 

are Very Frequent. Poa pollens (1%) are Sporadic. HDE/P fall in category few 

 

Sample AH 23 

Predominant pollen type absent. Secondary pollens represented by Ziziphus 

jujuba (30%), Pennisetum typhoides (24.25%) and Helianthus annuus (17.25%). 

Important Minor pollens Convolovulus arvensis (4.33%). Plantago ovata (7.6%), 

Conyzanthus conyzoides (3.5%) and Solanaceous Type (13.07%). Minor pollens  not 
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found. Total seven different families have contributed seven different pollen type. All 

plants are from melliferous flora except poaceae pollen. Sample have Spores  (0.80 

%) Honeydew contents. Shannon–Weaver diversity index was 1.73 and Eveness in 

sample was 0.89 

Melliferous Pollens include Ziziphus jujuba (39.60%), Eucalyptus  

cammoldulensis (22.7%), Verbena tunisecta (5.7%). Plantago ovata (10.03%), 

Conyzanthus conyzoides (4.6%) and Solanaceous Type (17.07%). Wind Pollinated 

pollens include 24.25% are frequent. HDE/P were 0.80%: Few 

 

Sample KH 24 

Predominant pollen type Pennisetum typhoides (78%). Secondary pollens 

absent. Important Minor pollens  Solanaceous Type (4%), Ziziphus jujuba . (12%) and 

Parthenium hysterophorus hysterophorus (6%). Minor pollens  not found. Total four 

different families have contributed four different pollen type. All plants are from 

melliferous flora . Sample have no Honeydew contents. Shannon–Weaver diversity 

index was 0.75 and Eveness in sample was 0.54. 

Melliferous pollens are solanaceous Type (18.17%) Ziziphus jujuba . (54.53%) 

and Parthenium hysterophorus hysterophorus (27.2%). Wind pollinated pollens were 

represented by Pennisetum typhoides (78%). Wind Pollinated pollens were Very 

frequent. 

 

Sample KH 25 

Pollen frequency spectrum is as follows: 

Predominant pollen type Acacia modesta (85.67%). Secondary pollens absent. 

Important Minor pollens, Solanaceous type (3.33%), Abutilon indicum (5%), 

Unindent (6%). Minor pollens   not found. Total three different families have 

contributed three different pollen type. All plants are from melliferous flora. Sample 

have no Honeydew contents. Shannon–Weaver diversity index was 0.56 and Eveness 

in sample was 0.4. 
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Melliferous pollens include Acacia pollen (85.67%), solanaceous type 

(3.33%), Abutilon indicum (5%) and Unindent (6%). 

 

Sample LH 26 

Pollen frequency spectrum is as follows: 

Predominant pollen type include Trifolium repense (73.02 %). Secondary 

pollens Acacia modesta (20%). Important Minor pollens  Eucalyptus cammoldulensis  

(5.18%). Minor pollens   not found. Total three different families have contributed 

three different pollen type. All plants are from melliferous flora. Sample have 

Alternaria  spores  ( 1.8%).  Honeydew contents. Shannon–Weaver diversity index 

was 0.97 and Eveness in sample was 0.7. 

 

Sample LH 27 

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens includes Acacia 

nilotica(35.1%), Trifolium repens (33.4%) and Callistemon citrinus (17.6%). 

Important Minor pollens Melilotus alba. (6.2%) and Taraxicum officinale  

(5.1%). Minor pollens Poa annua (2.6%). Total five different families have 

contributed six different pollen type. All plants are from melliferous flora. Sample 

have no Honeydew contents. Shannon–Weaver diversity index was 1.48 and Eveness 

in sample was 0.83. 

Melliferous plants Acacia nilotica (36.03%), Trifolium repens  (34.2%) and  

Callistemon citrinus (18.06%), Melilotus alba (6.36%) and Taraxicum 

officinale(5.23%). Wind pollinated pollens are 2.6 % and Sporadic 

 

Sample LH 28 

Pollen frequency spectrum is as follows: 
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Predominant pollen type was Callistemon citrinus (61.35%). Secondary 

pollens includes Poa annua. (22.5%). Important Minor pollens  Acacia 

nilotica(4.84%), Cyprus rotundas (3.18%), Helianthus annuus(4.17%) and Brassica 

campestris (3.96%). Minor pollens   absent. Total six different families have 

contributed six different pollen type. All plants are from mellife rous flora. Sample 

have no  Honeydew contents. Shannon–Weaver diversity index was 1.16 and Eveness 

in sample was 0.65. 

Melliferous pollens include Callistemon citrinus (82.5%),Acacia 

nilotica(6.5%), Cyprus rotundas (5%), Helianthus annuus(5.6%) and Brassica 

campestris (55.3%). Wind pollinated pollens include Poa annua. (22.5%) Frequent 

pollens  Cyprus rotundas (3.18%) rare pollens  

 

Sample LH 29 

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens includes Trifolium repense 

(28%), Acacia nilotica (41.6%) and Ziziphus jujuba (16.8%). Important Minor pollen 

were from Arthernera sp. (7%) and Avena Type  (6.6%). Minor pollens   absent. Total 

five different families have contributed five different pollen type. All plants are from 

melliferous flora except Arthernera and Avena pollens. Sample have no  Honeydew 

contents. Shannon–Weaver diversity index was 1.41and Eveness in sample was 

0.88.Melliferous pollens include Trifolium repense (32.4%), Acacia nilotica(48.14%) 

and Ziziphus jujuba . (19.4%). Wind pollinated pollens include Arthernera sp. (7%)  

and Avena Type  (6.6%) fall in rare group. 

 

Sample LH 30 

Pollen frequency spectrum is as follows:Predominant pollen type Citrus 

arvensis (97.2%) and Parthenium hysterophorus (0.8%) and Poaceae (1%). Sample 

have no Honeydew contents. Shannon–Weaver diversity index was 0.14 and Eveness 

in sample was 0.2. 
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Melliferous pollens Citrus arvensis (98.2%) and Parthenium hysterophorus 

(1.8%) 

  

Sample MH 31 

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens includes Acacia nilotica 

(29.16%),Citrus sinensis (33.5%) and Helianthus annuus (16.66%). Important Minor 

pollen were from Coriandrum sativum (12.5%) and Grewia asiatica (6.33%). Minor 

pollens absent. Total five different families have contributed five different pollen 

type. All plants are from melliferous flora. Sample have no Honeydew contents. 

Shannon–Weaver diversity index was 1.53- and Eveness in sample was 0.85. 

Sample MH 32  

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens includes Helianthus 

annuus  (31%), Eragrosis ciliaris (23.9%) and Catalpa ovata (18.6%). Important 

Minor pollen were from Eucalyptus globulus (15%) and Melilotus pollen (11.5%). 

Minor pollens  absent. Total five different families have contributed five different 

pollen type. All plants are from melliferous flora. Sample have no Honeydew 

contents. Shannon–Weaver diversity index was 1.55 and Eveness in sample was 

0.96Melliferous pollens Helianthus annuus (31%), Catalpa ovata (18.6%), 

Eucalyptus globulus (15%) and Melilotus indica  (11.5%). 

 

Sample MH33 

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens includes Citrus sinensis 

(25%) and Acacia nilotica (25.5 %). Important Minor pollen were from Eucalyptus 

globulus (10 %), Justicia adhatoda ( 5.46%), Sonchus asper (4.37%), Coriandrum 

sativum  (15.1%) and Bauhinia variegata (7.5%). Minor pollens   were Taraxicum 
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officinale (0.62%), Bauhinia variegata (2.5%), Solanaceous Type (2.4 %) and 

Terminalia arjuna (1.87 %). Total 11 different families have contributed eleven 

different pollen type. All plants are from melliferous flora. Sample have no  

Honeydew contents. Shannon–Weaver diversity index was 1.97 and Eveness in 

sample was 0.82. 

 

Sample MH 34 

Pollen frequency spectrum is as follows: 

Predominant pollen type Acacia pollen (65.2%). Secondary pollens includes 

Setaria pollen (20%). Important Minor pollen were from Cymbopogon citratus 

(14.8%). Minor pollens absent. Total two different families have contributed three 

different pollen type. One pollen type was from melliferous flora and 

Cymbopogon citratus pollen and Setaria sp from wind pollinating plants. Sample 

have no Honeydew contents. Shannon–Weaver diversity index was 0.86 and Eveness 

in sample was 0.78. 

Melliferous pollens are Acacia pollen (98%). Wind pollinated pollens were 

Setaria pollen (20%) they were Frequent and Cymbopogon citrinus (14.8%) were 

Rare 

 

Sample MH 35 

Pollen frequency spectrum is as follows: 

Predominant pollen type Brassica campestris (70.5%). Secondary pollens 

absent. Important Minor pollen were from Acacia modesta (11.2%), Helianthus 

annuus (7.5%) and Eragrosis ciliaris (10.8%). Minor pollens  absent. Total four 

different families have contributed four different pollen type. All pollens were from 

melliferous flora except Eragrosis ciliaris. Sample have no Honeydew contents. 

Shannon–Weaver diversity index was 0.92 and Eveness in sample was  0.66.        
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 Melliferous pollens Brassica campestris (79.03%), Acacia modesta(12.5%) 

and Helianthus annuus (8.4%). Wind pollinated pollen from Eragrosis ciliaris 

(10.8%) were rare 

 

Sample IH 36 

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens was Ziziphus jujuba . 

(24.5%) and Trifolium alexandrum (18.8%). Important Minor pollen include Bauhinia 

variegata  (11.2%), Chenopodium album (7.6%), Parthenium hysterophorus 

hysterophorus   (12.5%), Convolvulus arvensis (9.4%) and Grewellia robusta 

(13.4%). Minor pollens  were Poaceae Pollen (2.6%). Total seven different families 

have contributed seven different pollen type. All plants are from melliferous flora 

except Poaceae pollen. Sample have no Honeydew contents. Shannon–Weaver 

diversity index was 1.89 and Eveness in sample was 0.97. 

 

Sample MH 37  

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens was absent.  Important 

Minor pollen Parthenium hysterophorus (14.32%), Grewellia robusta  (13.2%), 

Oryza sativa (12.5%), Brassica campestris  (21.76%), Ziziphus jujuba (10.09%), 

Solanaceous type (10.1%) and Cyprus rotundas (3.80%). Minor pollens were absent. 

Total six different families have contributed seven different pollen type. All plants are 

from melliferous flora except Poaceae pollen. Sample have no Honeydew contents. 

Shannon–Weaver diversity indexwas1.98 and Eveness in sample was 0.98. 

Melliferous pollen were from Parthenium hysterophorus hysterophorus 

(19.44%), Grewellia robusta (17.93%), Brassica campestris (29.5%), Schinus molle 

(13.79%). Wind pollinated pollens include Oryza sativa (12.5%), Solanaceous type 

(10.1%) and Cyprus rotundas (3.80%) are categorized as rare. 
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Sample MH 38                  

Pollen frequency spectrum is as follows: 

Predominant pollen type Pennisetum glaucum (56.5%). Secondary pollens was 

Acacia modesta (27.5%).  Important Minor pollen includes Plantago ovata (10.4%) 

and Artemesia dubia3.5. Minor pollens   were absent. Total four different families 

have contributed four different pollen type. Acacia are from melliferous flora except 

Plantago ovata and Artemesia dubia pollen they are entomophilous. Sample have no 

Honeydew contents. Shannon–Weaver diversity index was 1.04 and Eveness in 

sample was 0.75. 

Melliferous pollens include Acacia  (68.04%), Plantago ovata (23.9%) and 

Artemesia dubia (8.04).Wind pollinated pollens were Pennisetum glaucum (56.5%) 

categorize as very frequent. 

 

Sample MH 39  

Pollen frequency spectrum is as follows: 

Predominant pollen type Acacia nilotica(67 %). Secondary pollens was 

Trifolium repens (17%). Important Minor pollen includes Poa annua (3 %) and 

Callistemon citrinus (13%). Minor pollens were absent. Total four different families 

have contributed four different pollen type. All melliferous flora except Poa 

annuapollen. Sample have no Honeydew contents. Shannon–Weaver diversity index 

was SDI 0.95 and Eveness in sample was 0.69 

Melliferous pollen frequency was as follows Acacia nilotica(69.07 %), 

Trifolium repens (17.52%) and Eucalyptus globulus (13.4%). Wind pollinated pollens 

include Poa annua(3%) i.e Sporadic 

 

Sample MH 40  

Pollen frequency spectrum is as follows: 
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Predominant pollen type include Citrus sinensis (46.17%) . Secondary pollens 

were absent. Important Minor pollen includes Taraxicum officinale (9.35%), Sonchus 

asper (8.06%), Trifolium repense (12.6%), Coriandrum sativum (8.38%), Catalpa 

ovata (6.66%), Callistemon citrinus (2.58%) and Unidentified (6.2%).  Minor pollens 

were absent. Total four different families have contributed four different pollen type. 

Acacia are from melliferous flora except Plantago ovata and Artemesia dubia pollen 

those are entomophilous. Sample have no Honeydew contents. Shannon–Weaver 

diversity index was 1.72 and Eveness in sample was 0.83. 

 

Sample MH 41  

Pollen frequency spectrum is as follows: 

 Predominant pollen type include absent. Secondary pollens includes Justicia 

adhatoda (41.98%), Acacia pollen (20%), Eucalyptus cammoldulensis (20.59%). 

Conyzanthus conyzoides (8.5%) and Eragrostis ciliaris (7.42%) are Important Minor 

pollens  and Citrus sinensis (1.5%) are minor pollen types. 

Melliferous pollens include Justicia adhatoda (45.3%), Acacia pollen 

(21.6%), Eucalyptus cammoldulensis (22.2%). Conyzanthus conyzoides (9.2%) and 

Citrus sinensis (1.5%). Wind pollinated pollens include Eragrostis ciliaris (7.42%) 

pollens are rare 

Sample NH 49 

Pollen frequency spectrum is as follows: 

Predominant pollen type include absent. Secondary pollens Catalpa ovata 

(29.3%), Melilotus indica (29.3%),  Important Minor pollen includes Poa annua 

(12.2%). Minor pollens is unidentified (12.58%).  

Total four different families have contributed four different pollen type. All 

pollen flora belong to melliferous flora. Sample have no Honeydew contents. 

Shannon–Weaver diversity index was 1.48 and Eveness in sample was 0.92. 
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Sample NH 48  

Pollen frequency spectrum is as follows: 

Predominant pollen type include absent. Secondary pollens Acacia 

nilotica(29.26%), Melilotus alba. (36.93%) and Helianthus annuus (17%). Important 

Minor pollen includes Poa annua (12.19%). Minor pollens  belong to total six 

different families have contributed six different pollen type. All pollen flora belong to 

melliferous flora. Sample have Spores  (2%) Honeydew contents. Shannon–Weaver 

diversity index was 1.65 and Eveness in sample was 0.92. 

Melliferous pollens include Acacia nilotica(33.32%), Melilotus alba. (50%), 

and Helianthus annuus (17%).  

 

Sample PH 50  

Pollen frequency spectrum is as follows: 

Predominant pollen type include absent. Secondary pollens Eucalyptus 

cammoldulensis (35.41%) and Callistemon citrinus (32.29%). Important Minor pollen 

Solanaceae pollens (13.35%), Stellaria media(3%), Bombax ceiba (5.8 %) and Cyprus 

rotundas (5.2%). Minor pollens belong to Sapium sabiferum (2.08%) and 

Convolvulus arvensis (2.87%). Total eight different families have contributed eight 

different pollen type. All pollen flora belong to melliferous flora. Sample have no 

Honeydew contents. Shannon–Weaver diversity index was 1.62 and Eveness in 

sample was 0.78. 

Melliferous pollens were Eucalyptus cammoldulensis (37.35%), Callistemon 

citrinus (34.06%), Solanaceae pollens (14.08%), Stellaria media (3.16%), Bombax 

ceiba (6.1%), Sapium sabiferum (2.19%) and Convolvulus arvensis (3.02%). 

 

Sample 51 

Pollen frequency spectrum is as follows: 
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Predominant pollen type include Eucalyptus cammoldulensis (56.6%). 

Secondary pollens Trifolium repense (43.4%). Important Minor pollen and Minor 

pollens  absent. Total two different families have contributed two different pollen 

type. Both belong to melliferous flora. Sample have no Honeydew contents. 

Shannon–Weaver diversity index was 0.68 and Eveness in sample was 0.98 

 

Sample SH 52 

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens Trifolium repens (24 %), 

Callistemon citrinus  (16.3  %), Brassica campestris ( 21.65 %), Acacia modesta ( 

18.9 %). Important Minor pollen include Grewellia robusta ( 6.8 %), Silibum 

marianum ( 3.7 %) and Coriandrum sativum ( 6.1 %) and Mentha arvensis ( 2 %) 

represent Minor pollens   absent. Total eight different families have contributed eight 

different pollen type. All pollens  belong to melliferous flora. Sample have Alternaria 

sp. ( 0.54 %). Honeydew contents. Shannon–Weaver diversity index was 1.85 and 

Eveness in sample was 0.89. 

 

Sample SH 53 

Pollen frequency spectrum is as follows: 

Predominant pollen type Eucalyptus golbulus (70%). Secondary pollens 

absent. Important Minor pollen include Acacia nilotica (12%), Helianthus annuus 

(3%), Bombax ceiba ( 6.5%),  Peristrophe Paniculata (3.35%), Grewia asiatica (3%) 

and Solanaceous Type (2%). Minor pollens  absent. Total seven different families 

have contributed seven different pollen type. All pollens belong to melliferous flora. 

Sample have Alternaria sp.(0.54 %). No Honeydew contents. Shannon–Weaver 

diversity index was 1.1 and Eveness in sample was 0.57. 

Honey Dew contents Alternaria sp. ( 0.54 %) are categorized as few 
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Sample SH 54  

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens Trifolium repense 

(16.82%), Taraxicum alexandrium (21.36 %), Helianthus annuus (17.98 %), Lolium 

multiflorum (17.79 %) and Chenopodium album (18.76%). Important Minor pollen 

include Cyprus rotundas ( 7.29 %). Minor pollens  absent. Total six different families 

have contributed six different pollen type. All pollens  belong to melliferous flora 

except Cyprus rotundas. Honeydew contents. Shannon–Weaver diversity index was 

1.76 and Eveness in sample was 0.98. 

Melliferous pollens include Trifolium repense  (22.45%), Taraxicum repense 

(28.51 %), Helianthus annuus ( 23.99 %) and Chenopodium album (25.04%). Wind 

pollinated pollens include Lolium multiflorum ( 17.79 %) categorize as frequent and 

Cyprus rotundas ( 7.29 %) as rare. 

 

Sample SH 55 

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary  pollens Brassica campestris 

(45.48%). Important Minor pollen include Citrus sinensis (35.86%) and Coriandrum 

sativum (18.66%). Minor pollens absent. Total three different families have 

contributed three different pollen type. All pollens  belong to melliferous flora. 

Honeydew contents. Shannon–Weaver diversity index was 1.05 and Eveness in 

sample was 0.96. 

Sample SH 56 

Pollen frequency spectrum is as follows: 

Predominant pollen type absent. Secondary pollens include Acacia nilotica( 

30.35%) and Citrus Sp.  ( 26.51 %). Important Minor pollen include Conyzanthus 

conizoides ( 2.42 %), Lolium multiflorum  ( 7.78 %), Avena Type  ( 4.84 %), 

Taraxicum officinale( 7.57 %), Bombax ceiba  (15.15 %),. Minor pollens were Cyprus 
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rotundas ( 1.81%), Terminalia arjuna  (2.27 %) and Alternaria sp. (1.3 %). Total 

eight different families have contributed ten different pollen type. All pollens  belong 

to melliferous flora Cyprus rotundas and Lolium multiflorum . Honeydew contents 

preset. Shannon–Weaver diversity index was 1.83 and Eveness in sample was 0.79. 

Melliferous pollen include Acacia nilotica(35.5%) and Citrus Sp. (31%), 

Conyzanthus conizoides ( 2.8%), Taraxicum officinale(8.8 %), Bombax ceiba  

(17.7%), Terminalia arjuna  (2.7 %). Wind pollinated pollens include Lolium 

multiflorum  ( 7.78 %), Avena Type  ( 4.84 %) are categorized as rare and Cyprus 

rotundas ( 1.81%) as Sporadic. Honey dew contents  Alternaria sp.  (1.3 %) were few. 

 

Sample SH 57 

Pollen frequency spectrum is as follows: 

Predominant pollen type is Callistemon citrinus (86.75%). Secondary pollens 

absent. Important Minor pollen include Poa annua (13.24%). Minor pollens  are 

represented by Helianthus annuus (2%). Total two different families have contributed 

two different pollen type. Major pollen contribution was from melliferous flora. 

Honeydew contents absent. Shannon–Weaver diversity index was 0.39 and Eveness in 

sample was 0.56. 

Melliferous pollens were from Callistemon citrinus  (98%) and Helianthus 

annuus (2%). Wind pollinate pollen include Poa annua(13.24%). 

Sample SH 58  

Pollen frequency spectrum is as follows: 

Predominant pollen type is Trifolium repens (60%). Secondary pollens are 

Terminalia arjuna (32%). Important Minor pollen include Eucalyptus globulus (8%). 

Minor pollens absent. Total three different families have contributed three different 

pollen type. All pollen were from melliferous flora. Honeydew contents absent. 

Shannon–Weaver diversity index was 0.87and Eveness in sample was 0.79. 
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Sample SH 59  

Pollen frequency spectrum is as follows: 

Predominant pollen type is Citrus sinensis  (75%). Secondary pollens were 

absent. Important Minor pollen include Poa annua. (2.27  %), Taraxicum officinale 

(2.25 %), Alternaria spores. (2.27 %), Coriandrum sativum ( 4.5 %), Apiaceae pollen  

( 6.81 %) and Acacia modesta ( 6.81%). Minor pollens absent. Total seven different 

families have contributed seven different pollen type. All pollen were from 

melliferous flora except poaceae pollens. Honeydew contents absent. Shannon–

Weaver diversity index was 0.99 and Eveness in sample was 0.51. 

 

Sample SH 60 

Pollen frequency spectrum is as follows: 

Predominant pollen type is Brassica campestris  (78%). Secondary pollens 

include Eucalyptus sp.  (18.6%). Important Minor pollen include Bombax ceiba 

(3.4%). Minor pollens  not found. Total three different families have contributed three 

different pollen type. All pollen were from melliferous flora. Honeydew contents 

absent. Shannon–Weaver diversity index was 0.63 and Eveness in sample was 0.57. 

 

Sample IH 42 

Pollen frequency spectrum is as follows: 

Predominant pollen type is Trifolium sp.(45.25%). Secondary pollens include 

Acacia nilotica (19.7%). Important Minor pollen Justicia adhatoda (13.13%), 

Convolvulus arvensis (9.12%), Helianthus annuus(4.01%), Bombax ceiba (3.64%) 

and Rosa sp (3.64%).. Minor pollens  not found. Total  different families have 

contributed three different pollen type. All pollen were from melliferous flora. 

Honeydew contents absent. Shannon–Weaver diversity index was 1.66 and Eveness in 

sample was 0. 76.  
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Sample SH 61  

Pollen frequency spectrum is as follows: 

Predominant pollen type was Poa annua (23.08%). Secondary pollens include 

Hordeum vulgare (71.4%). Important Minor pollen include Stellaria media(3.57%). 

Minor pollens  were from Parthenium hysterophorus (1.19%).  

Total three different families have contributed four different pollen type. All 

pollen were from melliferous flora. Honeydew contents absent. Shannon–Weaver 

diversity index was 0.76 and Eveness in sample was 0.55. 

 

Sample SH 62  

Pollen frequency spectrum is as follows: 

Predominant pollen type was Acacia nilotica(80.57 %). Secondary pollens 

include Eucalyptus globulus (8.64 %). Important Minor pollen include Justicia 

adhatoda  (3.83%) and Helianthus annuus(3.35 %). Minor pollens  were Brassica 

campestris (0.719 %), Convolvulus arvensis  (1.43 %) and Rosa alba(1.43%). Total 

seven different families have contributed seven different pollen type. All pollen were 

from melliferous flora. Honeydew contents absent. Shannon–Weaver diversity index 

was 0.78 and Eveness in sample was 0.4. 

 

Sample SH 63 

Pollen frequency spectrum is as follows: 

Predominant pollen type was Catalpa ovata (79.43%). Secondary pollens 

include Callistemon citrinus (8.64 %). Important Minor pollen Justicia adhatoda 

3.78. Minor pollens were Eriobotrya japonica (1.41), Plantago ovata (2.12%), 

Parthenium hysterophorus hysterophorus  (0.94%), Spores (1.35%) and Silibum 

marianum (2.36%). Total seven different families have contributed eight different 

pollen type. All pollen were from melliferous flora. Honeydew contents present . 

Shannon–Weaver diversity index was 0.85 and Eveness in sample was 0.41. 
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Sample SH 64 

Pollen frequency spectrum is as follows: 

Predominant pollen type was Trifolium repens (85%). Secondary pollens 

absent. Important Minor pollen Hordeum vulgare (11 .6%). Minor pollens  were 

Polygonum pollen    (3.4%). Total three different families have contributed three 

different pollen type. All pollen were from melliferous flora. Honeydew contents 

absent . Shannon–Weaver diversity index was 0.5  and Eveness in sample was 0.46. 

 

Sample IH 43 

Pollen frequency spectrum is as follows: 

Predominant pollen type was Rosa alba(51.4%). Secondary pollens Sillibum 

merianum (18.18%) and Syzygium cumini 19.9%,. Important Minor pollen Cyperus 

rotundas (10.6%). Minor absent. Total three different families have contributed three 

different pollen type. All pollen were from melliferous flora. Honeydew contents 

absent . Shannon–Weaver diversity index was 1.21  and Eveness in sample was 0.87. 

Sample IH 44 

Pollen frequency spectrum is as follows: 

Predominant pollen type was Rosa alba (51.61%). Secondary pollens 

Taraxicum officinalis (19.35%), Sonchus asper.  (18.06%). Important Minor pollen 

Acacia modesta (2.58%) and Coriandrum sativum (8.38%). Minor absent. Total three 

different families have contributed three different pollen type. All pollen were from 

melliferous flora. Honeydew contents absent . Shannon–Weaver diversity index was 

1.28  and Eveness in sample was 0.87. 

 

Sample IH 45 

Pollen frequency spectrum is as follows: Predominant pollen type was 

Trifoloium repense (96%) Secondary pollens absent. Important Minor pollen Justicia 

(3.84%). Minor absent. Total two different families have contributed 2 different 
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pollen type. All pollen were from melliferous flora. Honeydew contents absent . 

Shannon–Weaver diversity index was 0.17  and Eveness in sample was 0.25. 

 

Sample IH 46 

Pollen frequency spectrum is as follows: 

Predominant pollen type was Trifolium sp. (56.09%), Secondary pollens 

Acacia modesta (29.26%). Important Minor pollen were Helianthus annuus (9.75%) 

and Bauhinia variegata (4.87%). Minor absent. Total four different families have 

contributed four different pollen type. All pollen were from melliferous flora. 

Honeydew contents absent . Shannon–Weaver diversity index was 1.06  and Eveness 

in sample was 0.76. 

 

Sample IH 47 

Pollen frequency spectrum is as follows: 

Predominant pollen type was Justicia adhatoda (70.36%) Secondary pollens 

Peristrophe penniculata (16 ). Important Minor pollen Lagerstromia indica (3.03%) 

and Acacia nilotica (10.6%). Minor absent. Total three  different families have 

contributed four different pollen type. All pollen were from melliferous flora. 

Honeydew contents absent . Shannon–Weaver diversity index was 1.48 and Eveness 

in sample was 0.92. 

Different Pollen types recovered from Honey are presented  in Table 4 i-iv. 
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AH1 CH2 DH3 FH4 GH5 GH6 GH7 GH8 GH9 GH10 GH11 GH12 HH13 IH14 IH15 JH16 

Non-melliferous 

pollen 
0 0 1 0 1 0 2 0 0 1 0 0 2 1 0 1 

Number of 

melliferous pollen 

types  

9 4 5 3 5 4 7 4 3 5 3 4 9 10 6 8 

Number of 

unknown pollen 

types 

0 0 0 0 
 

0 0 0 1 0 0 0 0 0 0 0 

Total Pollen Types 9 4 6 3 6 4 9 4 4 6 3 4 11 11 6 7 

No. of melliferous 

pollen families  
7 4 5 3 5 4 7 4 3 5 3 3 5 7 6 7 

No. of non-

melliferous pollen 

Families  

0 0 1 0 1 0 2 0 0 0 0 0 2 1 0 1 

No. of plant 

families in each 

sample 

7 4 6 3 6 4 9 4 3 5 3 3 7 8 6 8 

HDE/P ratio  0 0 0 0 0 0 0 0 0 0 0 0 0.02 0.04 0 0.05 

Shanon Diversity  

Index 
1.94 1.34 0.92 0.4 1.62 1.27 1.76 1.01 0.86 1.64 0.16 1.23 1.59 1.66 0.94 1.89 

Eveness 1.93 0.8 0.57 0.36 0.9 0.92 0.84 0.73 0.78 0.92 0.15 0.89 0.7 0.72 0.93 0.94 

 

 

 

Table   6 (i)           Pollen Types recovered from honey samples and their frequencies 

Continue........... 
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MH33 MH34 MH35 IH36 MH37 MH38 MH39 MH40 MH41 IH42 IH43 IH44 IH45 IH46 IH47 NH48 

Non-melliferous 
 

2 1 1 2 2 
 

2 2 1 1 0 0 0 0 
 

 
JH17 KH18 KH19 KH20 KH21 KH22 KH23 KH24 KH25 LH26 LH27 LH28 LH29 IH30 MH31 MH32 

Non-melliferous 

pollen 
1 1 0 

 
1 1 1 

   
1 

 
2 1 

  

Number of 

melliferous pollen 

types  

4 6 6 6 2 4 7 4 3 3 5 6 3 1 5 5 

Number of 

unknown pollen 

types 

0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Total Pollen 

Types 
5 7 6 6 3 5 7 4 3 3 6 6 5 2 5 5 

No. of melliferous 

pollen families  
5 6 6 6 2 4 7 4 4 3 5 6 3 1 5 5 

No. of non-

melliferous pollen 

Families  

0 1 0 
 

1 1 1 
   

1 
 

2 1 
  

No. of plant 

families in each 

sample 

5 7 6 6 3 5 8 4 4 3 6 6 5 2 5 5 

HDE/P ratio  0 0 0 0 0 0 0.1 0 0 0.6 0 0 0 0 0 0 

Shanon Diversity  

Index 
1.26 1.28 0.96 1.03 0.2 1.12 1.73 0.75 0.56 0.97 1.48 1.16 1.41 0.14 1.53 1.55 

Eveness 0.78 0.62 0.54 0.57 0.18 0.63 0.89 0.54 0.4 0.7 0.83 0.65 0.88 0.2 0.85 0.96 

Table   6 (ii)    Pollen Types recovered from honey samples and their frequencies 

Table    6 (iii)           Pollen Types recovered from honey samples and their frequencies 
Continue........... 
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pollen 

Number of 

melliferous pollen 

types  

11 1 3 7 5 2 4 2 4 8 3 5 2 4 3 5 

Number of unknown 

pollen types 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Pollen Types 11 3 4 8 7 4 4 4 6 9 4 5 2 4 3 5 

No. of melliferous 

pollen families  
11 1 1 7 5 2 0 2 4 8 3 5 2 4 3 5 

No. of non-

melliferous pollen 

Families  
 

1 3 1 2 2 4 2 2 1 1 0 0 0 0 0 

No. of plant families 

in each sample 
11 2 4 8 7 4 4 4 6 9 4 5 2 4 3 5 

HDE/P ratio  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Shanon Diversity  

Index 
1.97 0.86 0.92 1.89 1.98 1.04 0.95 1.72 1.51 1.66 1.21 1.28 0.17 1.06 1.48 1.48 

Eveness 0.88 0.78 0.66 0.97 0.98 0.75 0.69 0.83 0.84 0.76 0.87 0.8 0.25 0.76 0.92 0.92 

 

 

 

 
 

NH49 PH50 SH51 SH52 SH53 SH54 SH55 SH56 SH57 SH58 SH59 SH60 SH61 SH62 SH63 SH64 

Non-melliferous 

pollen 
5 

    
1 

 
2 1 

 
1 

 
1 

  
2 

Table    6 (iv)             Pollen Types recovered from honey samples and their frequencies 

Continue........... 
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Number of 

melliferous pollen 

types  
 

8 2 8 7 5 3 8 1 3 5 3 3 7 7 1 

Number of 

unknown pollen 

types 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Pollen Types 5 8 2 8 7 6 3 10 2 3 6 3 4 7 8 3 

No. of melliferous 

pollen families  
5 8 2 8 7 5 3 7 1 3 5 3 3 7 8 1 

No. of non-

melliferous pollen 

Families  

0 0 0 0 0 0 0 1 1 0 1 0 1 
  

2 

No. of plant 

families in each 

sample 

5 8 2 8 7 6 3 8 2 3 6 3 4 7 8 3 

HDE/P ratio  0.4 0 0 0.07 0.08 0 0 0.13 0 0 0.38 0 0 0 0.2 
 

Shanon Diversity  

Index 
1.65 1.62 0.68 1.85 1.1 1.76 1.05 1.83 0.39 0.87 0.99 0.63 0.76 0.78 0.85 0.5 

Eveness 0.92 0.78 0.98 0.89 0.57 0.98 0.96 0.79 0.56 0.79 0.51 0.57 0.55 0.4 0.41 0.46 
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3.1.2a   FREQUENCY OF OCCURRENCE OF POLLEN TYPES  

 

The number of pollen types present in each honey sample studied ranged 

from 2 to 11 including melliferous and wind pollinated plants. Honey from Ghumri, 

Hazara, Jabba. Distt. Mansehra and two Market honeys have shown the wide range of 

pollen i.e maximum twelve plant species, Ige and Apo (2007) reported that greater the 

diversity of the pollen in honey greater will be the richness in honey.  

Dominant pollen types were observed to be from plant species Acacia 

nilotica (37.5%), Trifolium repense (34.3%), Eucalyptus globulus (21.9%), 

Taraxicum officinale (18.8%), Brassica campestris (17.21%), Justicia adhatoda 

(17.2%),  Corianderum sativum (16.6%),  Helianthus annuus (15.6%), Poaceae pollen 

Type (15.6%),  Sillibum merianum (14.1%). Whereas Callistemon citrinus, Citrus 

arvensis, etc. appears below eleven percent in studied samples  ( Table 5 

Supplementary data ) (Figure 5a & b)  

Acacia spp. pollen shows wide distribution and found to appear in 39% of 

honey in current sample it has been previously reported by  various workers (Bhusari, 

Mate, & Makde, 2005; El Shafie, Mogga, & Basedow, 2002; Gorain, Charan, & 

Ahmed, 2012; Paliwal, Gupta, Paliwal, & Chauhan, 2009; Reddy & Reddy, 2008) 

Trifolium is the second largest pollen contributor to honey in present study ranging up 

to 35% contribution. Çenet et al. (2015) studied honey pollen from Turkey and 

reported pollen of Trifolium sp. and Zea mays, Trifolium L. gave contribution of 46 

%. Kaya, Binzet, and Orcan (2005) found Trifolium pollen dominant in Yozgat honey 

samples. Lousinia melliferous studies show Trifolium repense dominant within six 

dominant pollen (Lieux, 1975) Silici & Gökceoglu, 2007) attributed its dominance to 

its long flowering period. Honeybees are efficient pollinators of white clover. 

Generally, one visit results in a pollen load sufficient to saturate the stigma of the 

floret (Rodet, Vaissière, Brévault, & Grossa, 1998). Trifolium is generally grown for 

grazing by livestock and as manure crop. 

 Its wild species are also widespread. Kocygit and Dastan (2013) discovered 

the significance of for honey bees. He believe its long season of flowering, more 

chances of getting nectar and pollen, dense population of flowering species are 

responsible for such attraction. He choose six district of Istanbol for the study and 
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identified by pollen analysis sixteen species of bees attraction. He gave following 

reason for its significance to bees i.e.  

 It has long flowering time along with rapid growth rate therefore it is 

available for bee forage in all four seasons and suitable environmental 

conditions. 

 Inflorescence of Trifolium is cymose, therefore once bees visit the 

single flower it has wide chances also they have dense population, so 

bees can forage lot of flower  

 It is both pollen and nectar source of bees. Bees have a better chance to 

collect both in single flight. 

 Different species of bees can live at the same habitat therefore pollen 

diversity is available to foragers samples 

 

Pollen grain of Acacia were classified as dominant pollen. This confirms the 

nectar and pollen potential of this native tree. The honey produced in this season was 

characterized as wild. During the dry season, the pollen of Z. jujube were classified as 

accessory pollen. This is a nectariferous species and the main source of maintenance 

honey for the beehives. The plant species were responsible for the honey production 

in all selected sites and are one of the most important indicators of the geographical 

origin of honey produced by these areas.  

Nectarless plants pollen like Olea europaea, Plantago spp., Pinus sp., Poaceae 

pollen etc. Highest number of species were observed in honey crop harvested in 

September and October. Whereas the commercial samples were found to be enriched 

with more diverse pollen types. Members of family poaceae has shown wide 

distribution and presence in the samples however their frequency is low Ige and Apo 

(2007) hypothesize their abundance to be related to wider distribution. Dominant 

poaceae pollen in honey are reported by Ebenezer and Olugbenga (2010). Louveaux, 

Maurizio, and Vorwohl (1978) reported scarce poa pollen foraging by bees. 

Anemophilous plants like Olea sp., Pinus (0.6%), Plantago (6.3%) are also observed 

in studied honey samples these are also reported in (Ouechemaukh et al., 2005). There 

are chances that these wind pollinated pollen enter in honey combs through the air 

current as contaminant.  
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Figure  5a   Frequency of Pollen types  in honey (Top 10) 

 

 

 

Figure 5b    Overview of Frequency of Pollen type in honey 
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Helianthus annuus pollen are collected in abundance, although none of the 

sample show dominant group however Helianthus pollen served as important minor 

source for bees. Pollen collection efficiency of two traits of bees were compared 

(Africanized and European bees) Africanized honey bees collection was significant 

compared to European honey bees. (Basualdo, Bedascarrasbure, & De Jong, 2000). 

The relative contribution of H. annuus was small (Andrada et al., 2004) even when 

sunflowers were in full bloom.              , and Heredia (2002) believe that 20% of 

Helianthus annuus, Mentha sp. and Teucrium scorodonia pollen are enough to typify 

them. 

 

The areas around some apiaries were highly deforested and disturbed, and the 

presence of pollen from a few specimens of Silybum merianum were observed in 

some samples. Two other very frequent pollen types were Plantago spp. (plantain) 

and Ulmus spp. (elm) which occurred in 40% and 8% of the samples, respectively. 

 Both Ulmus and Plantago were only very common in Alanya honeys from the 

south-east Antalya, but were minor or important minor in honeys from the other parts 

of region. In accordance with our results, Plantago spp. pollen was found in honeys 

from Aegean and Marmara region of Anatolia (Dogan & Sorkun, 2001). However in 

our study the Aegean was characterized by high frequencies of nectarless Ulmus spp. 

and Plantago spp. Pollen from Plantago spp. has also been reported in citrus honeys of 

the Sequira basin and in Spanish honeys (Munuera-Giner & Carrion-Garcia, 1994), 

but it was not predominant. (Silici & Gökceoglu, 2007) 

Out of sixty four honey samples thirty two honey samples contained single 

dominant pollen type and thirty two are from polyfloral pollen flora. Among all 

samples 39% of honeys are composed of polyfloral pollen whereas 61% of honey 

samples were Unifloral. (Fig 6) Major melliferous flora contributing in unifloral 

origin includes Trifolium repens (13%), Acacia nilotica (10%), Eucalyptus spp. (8%), 

Brassica campestris (6%), Citrus arvensis (5%), Justicia adhatoda and Callistemon 

citrinus (3%). Majority of the pollen identified in samples were from native flora like 

Acacia spp.,  Ziziphus spp., Trifolium spp., Justicia adhatoda etc. Eucalyptus 

camaldulensis, E. globulus, Callistemon citrinus, Parthenium hysterophorus although 

represents introduced/invaded species they are found to be attracted by bees.  
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Forcone et al. (2005) also reported foraging of Argentinean flora by honey 

bees, representing significance of native and introduced species from bee flora point 

of view. In the unifloral honeys, the predominant pollen types were found 

predominant pollen belonging to Ziziphus jujuba, Vitex negundo,  Robinia 

pseudoacacia, Sophora japonica, Ailanthus altissima, Fabaceae type and Asteraceae 

type (Song et al., 2012). Trifolium repens and Rosa are also reported unifloral source 

by Mukhopadhyay et al., 2007. Ziziphus jujuba pollen are present in current study but 

they are generally in secondary class with 3% representation. Six species of Ziziphus 

genus has been reported from Pakistan. Major bee flora is constituted by Ziziphus 

jujuba as observed in the field. This field is growing naturally around the roadside, 

where in flowering seasons beekeepers use to place their apiaries to maximum utilize 

the nature resources during June and September seasons especially. It has been source 

Figure  6     Comparison of Percentage contribution of unifloral and  

multifloral pollen types in honey 
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of honey for many years. This salt tolerant and drought/alkaline resistant plant with 

small green–yellow flowers with well-exposed anthers and though visually 

insignificant, have a pungent, sweet, fermenting smell, which is highly attractive to 

bees (Love, 1995). Their flowering time is different from other plants therefore they 

are maximum utilized by the bees as not much alternative sources are available, also 

its flowers produce ample nectar and pollen (Miller and Morris, 1988), therefore 

visited maximum by bees. Brassica campestris, Raphanus sativa, Prunus spp., 

proposed  Plantago, Quercus and Thymelaea pollen as a mark for geographical 

identification. 

Bees being intelligent with high retention, once they are attracted to particular 

flower they visit the colorful flowers or sweat smell and once they are attracted they 

keep on visiting the same flower and store it in memory for long time. Bees being non 

selective in nature therefore pollen collected by bees are larger in number depending 

on pollen season and nectar availability (Dreller & Tarpy, 2000). Sometimes amount 

of pollen are also dependant on the flower position, nectaries, anther position, pollen 

quantity etc. Bees exhibit floral constancy, as a tendency to use fewer species than 

would be expected considering the number of flowering plants at the site (Cane & 

Sipes, 2006).  

 

3.1.2b    Families Contribution of pollen grain  

   Great number of melliferous pollen types are observed in the honey. Most of the 

families identified as a dominant contributor are similar to those identified in the 

studies around the world with similar environmental and geographical conditions. 

Plant species of families like Asteraceae, Fabaceae, Poaceae, Myrtaceae are major 

contributor of pollen in Pakistani showing above ten percent contribution (Figure 7 a 

& b) Whereas Acanthaceae, Apiaceae, Brassicaceae, Rutaceae are below 10%. 

Families like Fabaceae, Asteraceae, Convolvulaceae, Boraginaceae, Poaceae, 

Myrtaceae and Euphorbiaceae pollen were reported dominant in Africanized and 

European honey (Villanueva et al., 2009). Herrero et al. (2002) also reported 

Fabaceae, Asteraceae, Rosaceae and Cistaceae as dominant pollen contributor. Most 

diverse families reported from Argentinean honey were Asteraceae, Fabaceae and 

Rosaceae with 15,13 and 4 four pollen types respectively (Forcone et al., 2005). 
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Figure 7a  Percentage of representation of top families in honey 

 

 

Figure 7b  Overview of Percentage of representation of top families in honey 
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 Fabaceae, Asteraceae, Boraginaceae, Cistaceae and Scrophulariaceae are the 

families with the highest quantity of pollen types in the samples from Spain (Seijo et 

al., 2003). Pollen grain from families Fagaceae, Brassicaceae, and Fabaceae were 

abundant in the highest amounts, while pollen grain of Asteraceae, Rosaceae, 

Oleaceae, Poaceae, Tiliaceae, Caprifoliaceae, Loranthaceae, Dipsacaceae, and 

Violaceae were abundant in smaller percentages (Sabo et al., 2011). Asteraceae, 

Fabaceae, Malvaceae, Myrtaceae, Apocynaceae, Rutaceae and Rhamnaceae are found 

to be dominant contributor in number of studies (Andrada & Tellería, 2002; Andrada 

& Tellería, 2005; Boff et al., 2011; Seijo et al., 2003; Sabo et al., 2011; Shubharani et 

al., 2012; Song et al., 2012) 

 In present study Asteraceae was second highest contributor of plant species 

with  its major contributors were Helianthus annuus, Artemisia sp. Andrada and 

Tellería (2005) claim Asteraceae (22.5%) and Fabaceae (9%) being dominant in 

Calden Districts (South). Fabaceae, Rosaceae, Cistaceae and Asteraceae species were 

found abundant pollen by Herrero et al. (2002) Asteraceae, Mimosaceae, Arecaceae 

and Myrtaceae pollen also show dominance in Rio de Janeiro State and Sa São Paulo 

State  (Carvalho & Marchini, 1999; Thomé, & Barth, 2007; Marchini et al., 2001; 

Sekine et al., 2013).  Myrtaceae pollen are frequently found in honey samples was 

frequently found in DH3, FH4, GH9, JH6, JH17, KH18, KH20, MH33, MH14, PH50, 

SH51, SH52, SH64 (20% of the total honey samples). 

  

 Eucalyptus and other pollen of Myrtaceae families including Callistemon 

citrinus, Eugenia type and other species of Eucalyptus globulus, E. cammoldulensis 

are found to appear dominantly in honey samples. It has been found that this 

Myrtaceae family genus is growing to be potential source of honey in future as it 

produces huge quantity of pollen, also this species is widely cultivated in reforestation 

plans and planted on large scale. Eucalyptus pollen predominance (73%) was also 

reported in the Manavgat (East Antalya) sample (Silici & Gökceoglu, 2007).  Terrab 

et al. (2003) found 75-90% of Eucalyptus pollen in honey. Eucalyptus predominance 

is reported earlier by many regions like Brazil, Morocco, Spain, Anatolia etc. (Bastos 

et al., 2003; Dogan & Sorkun, 2001; Terrab et al., 2002), expressing its significance in 

apiculture economy (Ramalho, 1991). 
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Sekine et al. (2013) identified fifty percent of occurance of Eucalyptus and 

Brassicaceae species from Nova Aurora-PR & Ubirata honey, whereas in our sample 

Brassicaceae has only 3.2% representation especially dominated by Brassica 

campestris however the representation was 3.2% only. Raphanus raphanistrum is 

considered as  large contributor of pollen (Maurizio, 1951). Pollen of Brassicaceae 

generally come from cultivated members of Canola family.  

 

 

 

 

 

Absolute pollen counts of honey sample shows that honey samples belongs to 

Group I  (20,000 pollen grain /10 gm honey) are 65%, Group II (20,000-100000 

pollen grain /10 gm honey) are 31.25% and 3.1% honey samples belong to Group III 

(20,000-100,000–500,000 pollen grain /10 gm honey)  (Fig 9 a& b).  APC in (Song et 

al., 2012) suggested that 13 samples belonged to Group I ,4 to Group II, and 2 to 

Group III.  

Citrus arvensis, Pennisetum typhoides, Callistemon citrinus, Robinia 

pseudoacacia, Ziziphus jujube and Arachis hypogea are categorized as cultivated flora 

whereas the dominant wild plants include Acacia modesta, Prosopis juliflora, 

Trifolium repens Poaceae type and Eucalyptus  

Figures  8    Maurizio's Categories of Honey Classes 
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Figure 9 a & b  Absolute Pollen Count  of melliferous pollen /10 gm  honey  

 

 

 

Figure 9 a & b  Absolute Pollen Count  of melliferous pollen /10 gm  

honey sample  
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 cammoldulensis. Citrus pollen shows only 5 % of representation in total honey. 

Only in areas of Sahiwal and Sargodha or sometimes in Chakwal and Jhelum 

farms houses where apiaries are placed especially for purpose of pollination of 

Citrus farms. Citrus spp. were reported not attracted species by bees in certain area 

there availability is reported from southern Anatolia. (Silica et al., 2007) Citrus sp. 

was not particularly attractive to foragers nor was it major pollen or nectar sources 

in this region. It has been observed that bees preferences vary with the region also 

current floral combination of different areas represent the melliferous flora of sites. 

 

Northern flora such as Alnus nitida was reported in the northern temperate 

region of Swat to the Kunar range, and these pollen grain were observed in Kashmir 

samples of north temperate geographical origin (42.87% Alnus pollen frequency). 

Alnus is regarded as nectarless plant (Chaturvedi, 1989; Puusepp & Koff, 2014) its 

pollen can be used as a diagnostic feature of geographical origin. It has been observed 

that bee preferences vary from region to region and also that floral combination in a 

given area represents the melliferous flora of the collection sites. Chaturvedi (1989) 

proposed the use of Alnus pollen as an indication of honey from Himalayan region 

(Terrab et al., 2003) 

 

Shannon Diversity Index and Eveness shows the range of Diversity between 

0.1 to 2.0 and Eveness Ranges between 0.2 to 1 (Table 5). Occasionally hyphae and 

spores of different group of fungi appeared in samples under microscope showing 

honey dew origin (HDE) indication. Hence Honeydew elements are present ranging 

between 0.02-0.38 mostly they are present in market honey or honey stored for long 

time. Generally honey dew contents are the extra floral elements from where honey 

bees collect resinous material for hive construction (Adhikari & Ranabhat, 2012; 

Song et al., 2012) also reported the low value of HDE/P and narrate it as an indication 

for health honey quality.  
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3.1.3 POLLEN ANALYSIS OF BEEPOLLENS  

 

Forty samples have been collected and investigated in present study       (Plate 

43-45) Twenty one pollen pellets samples have been identified and characterized by 

pollen morphology, providing evidence for different melliferous species (Kirk, 1994). 

Based on pollen analysis ( Plate 45-47) and the colour of pellets their botanical source 

is confirmed.  Major pellet contributors were observed to be from Brassica 

campestris, Citrus sinensis, Eriobotrya japonica, Parthenium hysterophorus, Bombax 

ceiba, Eucalyptus cammoldulensis, Helianthus annus, Justicia adhatoda, Rosa sp., 

Silibum merianum, Sonchus asper, Trifolium alexandrium and Verbena tunisecta. 

Diverse pollen colour scheme (Table 7) is observed during the study ranging from 

light brown colour of Trifolium repense pollen, dark brown by Bombax ceiba, Bright 

yellow in Brassica campestris, Yellow in Rosa indica its colour shade is bit lighter, 

Orange by Calendula arvensis to Off white in Justicia adhatoda. It is expected that it 

would serve as a pollen load colour guide of  the major melliferous flora of farmers 

and bee keepers to keep a check over bee foraged plants. Beepollen are an important 

source of nutrition for honey bees (Fortunato et al., 2006) as they need and store 

pollen for brood rearing (Albore & Intoppa, 2000).  

 

 Colour scheme developed in present study agrees with Mahmood et al. (2013) 

while they observed Sea green colour pollen pellet by Silibum marianum  in present 

study two varieties of Silibum species, one with pink and other with purple flower 

producing Pink and purple bee pollen are observed. Present results were assisted with 

the floral calendar and pollen analysis of pellets and comparison with reference slides 

agree with my results. All the pollen loads collected in present study are composed of 

a single species. Fortunato et al. (2006) observed pollen grains of orange color pellets 

from Taraxicum pollen and yellow to brown from  Brassica campestris this agrees 

with my results. From commercial point of view, when pollen loads are sold raw in 

packed form monofloral origin of pollen load is the basic criterion of purity and 

quality of product. Palynological analysis are presented in Table (3). 
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Plate 43   1. Honeybees foraging Tagetis flower 2. Brassica campestris (bee with 

pollen load in corbicular)  3. Callistemon citrinus  4. Solanum surratense   
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Plate 45  1. Bee foraging Brassica campestris 2. Eriobotrya japonica  

3 & 4. Pollen load pellets cluster and sagregated.    
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Plate 44   1 & 2. Pollen load pellets packed and stored in fridge 3.   

 bee foraging Ageratum conyzoides 4. Homskoidea    

 singuinea 
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Table 7. Pollen Load Colour Scheme 

 

 

 

 

 

 

 

 

 

        

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Sr No. 
Pollen Load Colour 

Guide 
Plant Species Colors 

1 Sea Green Acacia nilotica 

 

2 
Dark Brown/ 

Brackish Brown 
Bombax ceiba 

 

3 Bright Yellow Brassica campestris 

 

4 Orange Calendula arvensis 

 

5 Yellowish green Callistemon citrinus 

 

6 Yellow Citrus paradisi 

 

7 Light orange Citrus sativa 

 

8 Grayish White Coriandrum sativum 

 

9 Yellowish green Eucalyptus cammoldulensis 

 

10 Grey Euphorbia helioscopia 

 

11 Offwhite Grewia asiatica 

 

12 Yellow Helianthus annus 

 

13 Offwhite Lagerstromea indica 

 

14 White Pathenium hysterophorus 

 

15 Light orange Prunus persica 

 

16 Yellow Raphanus sativa 

 

17 Yellow Rosa indica 

 

18 Purple Silibum merianum 

 

19 Orange Taraxicum officinalis 

 

20 Brown Trifolium repens 

 

21 Offwhite Justicia adhatoda 
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Plate 46 (1-9 ) Pollen extracted from bee pollen pellets 1. Silibum marianum  2. 

Brassica campestris 3. Grewia asiatica 4. Taraxicum officinalis 5. Bombax ceiba 6. 

Lagerstromia indica  7. Citrus sinensis 8. Callistemon citrinus  9. Coriandrum 

sativum  
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Plate 47  (1-9) Pollen extracted from beepollen pellets   1. Parthenium 

hysterophorus 2. Calendula arvensis 3.  Prunus bukharensis  4. Acacia 

modesta  5. Verbena tunisecta 6.  Helianthus annus  7. .Eucalyptus 

cammoldulensis  8. Raphanus sativa 9.  Poaceae pollen  
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 Each of the single pollen loads studied in the present study reveals occurance 

of the pollen from the same flowers indicating its floral fidelity. Bilisik et al. (2008) 

verify that honeybees concentrates on the single type of pollen load while they were 

working on artificial flower to trace out floral fidelity nature of bees, this character is 

crucial in the life cycle of cultivated plants for their reproductive success. Basualdo et 

al. (2000) studied the fidelity nature in European honey bees who gave preference to 

sunflowers while Africanized bee don't show similar behavior. Because of floral 

fidelity the pollen loads from single colony only shows the variation of 0-3% in 

multifloral source (Chaubal & Deodikar, 1965). Suryanarayana et al. (1992) found 

that from among eight hundred pollen loads collected during their study only one 

pollen load was bifloral, confirming the fidelity to one species during foraging. 

Fortunato et al. (2006) believe that difference between these records were based on 

mixing of different pollen types in single pellet. Pollen loads collected during same 

time of the day shows that there is a division of labor among foragers with reference 

to preference for specific flowers Sharma (1970) also found such results.  

 

Diverse range of bee pollen were found collected by bees ranging from 

herbaceous, to arboreal flora including herbs like Verbena tunisecta, Taraxicum 

officinalis and Sonchus asper to trees like Acacia spp. Eucalyptus spp. or Callistemon 

citrinus etc. Liberio et al. (2011) found the importance of herbaceous flora in his 

study Modro et al. (2011)  observed A. mellifera are attracted towards arboreal flora 

more than herbs. Record of bees foraging above 30m flora is also found (Carvalho et 

al., 2001). In my samples there is an equal bee pollen contribution from families 

Asteraceae, Cruciferae, Fabaceae, Myrtaceae, Rutaceae, Rosaceae etc. The greatest 

contribution by Fabaceae, Asteraceae, Myrtaceae, Poaceae pollen were also reported 

to present in  European and Africanized bee pollen load samples by Villanueva-

Gutierrez et al. (2009) and they also show representation of long-season of flowering 

comparison to other flowers. Present pollen loads were abundant in months of March, 

April and May. 
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3.2   PALYNOLOGICAL INVESTIGATION OF POLLEN ALLERGY 

CAUSING FLORA  

 

Palynological investigation of twelve most dominant pollen allergy causing 

pollen has been done. These pollens are proved allergenic in different cities of 

Pakistan. Pollen images have been captured at various angle by Olympus Motorized 

upright Fluorescence microscopes (rm 4026) to develop a pollen spectrum, presenting 

changing morphology of a pollen. Pollen identification is a difficult task when pollen 

are trapped from unknown sources especially during pollen forecasting or pollen 

alerts. Airborne pollen are trapped over the tapes attached to drum, designed to 

capture the pollen present in ambient air. Later these pollen are identified and counted 

to determine type of the pollen and their concentration in per liter of air. Sometimes 

these pollen appear confusing as most of them appear similar under light microscope.  

In present study twelve most dominant pollen flora have been selected for developing 

their pollen shapes focus series through upright Fluorescence microscopes Images are 

captured, their size, shape, exine thickness and surface etc. were also noted (Table 8). 

It has been observed that there is not much prominent differences in sizes in focal 

series of same pollen but diverse shapes can be seen in the images at various angle. 

Purpose of developing pollen series is to produce a pollen spectrum of allergenic 

plants and to provide ease for identification.  

 

3.2.1  POLLEN FOCUS SERIES OF POLLEN ALLERGY CAUSING FLORA 

Pollen allergy patients are reportedly increasing day by day in Pakistan. 

Among many other factors pollen are among the major allergens responsible for 

pollinosis therefore it is extremely important to identify and characterize pollen that 

are found responsible. Data available from Pakistan unfortunately is not so rich but 

trend towards this field has been observed, few studies are reported (Hasnain et al., 

2009; Rao et al., 2009; Sadiq et al., 2007; Shinwari et al., 2015; Yusuf, 2012; Yusuf et 

al., 2006).  

 Pollen record keeping and developing pollen atlas with pollen libraries is a 

normal practice worldwide. This is helpful for monitoring the pollen in the air with 
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the forecast about pollen future concentration and pollen abundance with different 

environmental and climatic conditions. This would be helpful as timely pollen 

forecast would suggest patients to adapt precautionary measures. Pollen focus series 

are prepared in z stacks three dimensional image with depth up to (18.73mm-

18.75mm). Within few seconds exposure stacks of numerous images were collected. 

Around sixty pollen images each are taken of 12 different plants pollen, proved as 

allergenic through literature surveys. Presented in Plates (47) are a series of images 

that compare morphology of pollen in view fields. Selected images of pollen belong 

to family Poaceae, Asteraceae, Casuarinaceae, Chenopodiaceae, Mimosaceae, 

Cupressaceae, Myrtaceae, Urticaceae, Tiliaceae and fungal spores are presented here.  

Current technique has shown good performance for describing, discrimination 

pollen textural features in z stacks. Taxonomic description and variation in their sizes 

with changing image orientation. Pictures can be seen at  40X,10X, 20X, 40X and 

100X. Pollen images presented in the following figure are at 100 X. For identifying 

pollen and establishing taxonomic identification features images were extracted from 

each stack. Feature used composed of different shapes depending on the diverse form. 

This work has proposed pollen recognition system  based on texture information in 

combination with shape features to recognize pollen grains at different angles to give 

correct angle of pollen identification.  

Present study is focused on pollen from Family Poaceae, Asteraceae, 

Casuarinaceae, Chenopodiaceae, Mimosaceae, Ulmaceae, Cupressaceae, Myrtaceae, 

Urticaceae, and common fungal spores.  

 

Family Poaceae 

Three pollens were studied from family Poaceae 

 

a. Phleum pretense (Plate 48 ) 

Pollen grains Monad, Symmetrical; shape class Monoporate in equatorial and 

polar view; polar axis 31-35-37µm, with  equatorial diameter 32-33-31µm wide; P/E 

ratio 0.85 with less than 2.5 µm thick exine.  
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b. Cynodon dactylon (Plate 49) 

Pollen grains Monad, Symmetrical; shape class Monoporate in equatorial and 

polar view; polar axis 25-30-24µm, with  equatorial diameter 29-30-32µm wide; P/E 

ratio 0.85 with less than 2.5 µm thick exine.  

c. Sorghum helipense (Plate 50) 

Pollen grains Monad, Symmetrical; shape class Monoporate in equatorial and 

polar view; polar axis 18-20-22µm, with  equatorial diameter 15-20µm wide; P/E 

ratio 0.85 with less than 2.5 µm thick exine.  

There are 10,000 species of grasses worldwide. All grasses have reported to 

show high degree of cross reactivity. Grass pollen induce inflammatory response, and 

exacerbate asthma (Djukanovic et al., 1996). Among poaceae members Phleum 

pratense produce abundant airborne grass pollen and is considered as potent sources 

of allergens. Poaceae pollen is eupalynous Furness and Rudall (2001) believe its 

significance only at higher level of systematic. It was believed that pollen from wild 

poaceae members measured 20-30µm and cultivated over 35µm (Firbas, 1937) but 

Faegri (1975) proposed 40µm a borderline. There are certain discrepancies like Meo 

(1999) reported 53.02µm of pollen size in Avena sativa. The grass pollen grains could 

not be distinguished morphologically at generic or specific level. Raza, Khan, Rashid, 

and Abbas (2012) reported Avena sativa, Imperata cylindrica, Chrysopogon aucheri, 

Apluda mutica, Phalaris pratense, Bromus sp., Themeda anathera, Vitiveria sp., 

Heteropogon contortus, Cynodon dactylon, Dichanthium annulatum, Polypogon sp. 

Sorghum halepens etc. In present study three samples from the identified specimen 

being collected to study in detail the pollen morphology Cynodon dactylon, Sorghum 

Sorghum helipense and Phleum pratense. Almost all the grains are spheriodal. One 

oval or circular pore is visible in C. dactylon and S. helipense provided with annulus. 

Annulus develops as a result of elevation of exine around pori. Presence of such 

annulus are also reported by Nilsson, Praglowski, and Nilsson (1977) in Secale 

cereale, Phleum pratense and Poa annua. Annulus is also reported in Saccharum 

strictum and Arundinaria alpine (Page, 1978). In case of P. pratense no pore is 

visible. All three pollen type possess exine width no more than 2.5µm, comparatively 

exine in P. pratense is thick. Exine smooth at (40x) and appear granulated at 100x. 
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Exine in all these grasses have smooth or psilate surface showing their aerodynamics 

adaptation to anemophilous nature (Gregory, 1978) do not provide résistance to its 

swift flow. 

Sorghum helipense polar axis mean value was 20µm and equatorial diameter 

mean value was 17.5µm, P/E ratio 0.85 with less than 2.5 µm thick exine. Chaturvedi, 

Yunus, and Datta (1994) reported S. helipense pollen size between 39-48 with exine 

ranges between 3.5 and granular sculpturing whereas Farooq (Unpublished PhD 

thesis) reported its pollen as spheriodal in P. axis and oblate spheriodal in Eq. axis 

Size range at P. axis mean value was 29.80µm & E. axis mean value 30.66µm. P/E 

ratio is 0.97 and pollen are monoporate or diporate  

and ectoporate. Pore diameter is 0.95µm (0.75 -1.0µm) and exine thickness is 

1.25µm.  

 Cynodon dactylon pollen range in E view was  24-30µm and Eq. view was 

29-32µm. Shape is spheriodal with P/E 0.88. Ahmad et al. (2013) reported its pollen 

range 18.5-19.4µm P/E ratio 1.15 and exine 0.75µm. Siddiqui and Qaisar (1988) 

reported pollen size range between 18.59-31.46µm. My results are observed closed to 

this range . Both studies reported the spheriodal-subprolate nature of pollen however 

all studies agree with mean pore diameter i.e. 1.65m, monoporate, ectoporate. 

Parveen (2006) believe that generally Cynodon species and spheriodal at polar vie but 

their Eq. view is spheriodal-oblate. She studied C. dactylon and found size range 

between 15 to 22.5µm. Parveen (2006) reported areolate type of sculpturing in 

Cynodon dactylon. 
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Plate 49 (1-6)  Pollen focus series Phleum pretense 

Plate 48 (1-6)  Pollen focus series Cynodon dactylon 
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Plate 50 (1-6): Pollen focal series of Sorghum helipense 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 51 (1-6) Pollen focus series of Parthenium hysterophorus 
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Parthenium hysterophorus  (Plate 51) 

 

Pollen grains Monad, Symmetrical and Echinate; shape class tricolporate in 

equatorial view and mono or di colporate in polar view; polar axis 14.5-17-

17.5(16.3±1.3) µm, with equatorial diameter 14.8-17 (16.4±1.37) µm wide; P/E ratio 

is 1, exine 1.87±0.77 µm thick.  Meo and Khan (2005) define its pollen as spheriodal 

to circular. Exine thick, echinate, tricolporate with zono colporate arrangement. Zafar, 

Ahmad, and Khan (2007) reports its size range between 14-17.5µm. In a present study 

size ranged was 14.5-17-17.5 (16.3±1.3) µm at polar 14.8-17 (16.4±1.37) µm at 

equatorial diameter. They also agree with its monad, tricolporate and echinate nature. 

They observe P/E ratio as 0.95 µm agrees with present study result of i.e. 1. Exine 

thickness was reported as 1.75 µm this agrees with present result 1.87±0.77 µm. 

  

 Wide range of pollen features ranging from circular pariporate psilate  to 

tricolporate zono aperturate condition observed in  (Plate  51).  Such features are 

confusing when quantifying pollen from aerobiological sampling under light 

microscope. Pollen shape variation taken by upright fluorescence microscope has 

cleared this confusion for proper identification. This weed is of allergic importance 

and a common cause of contact dermatitis in florists especially in Islamabad (Meo & 

Khan, 2005). Pollen are prevalent in July to September. Size of pollen is about 17.55 

µm. It is an alien species and considered as major threat to natives and ecosystem of 

Pakistan. Its adverse impacts are well documented on Human being, Livestock, Crop 

productivity etc. (Meo & Khan, 2005; Raza et al., 2012; Shabbir & Bajwa, 2006)  
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Family Myrtaceae 

Eucalyptus globulus (Plate 52 ) 

Pollen grains Monad, Symmetrical; shape class tricolporate in equatorial view 

and prolate in polar view; polar axis 12-12.5µm long, with equatorial diameter 12.75-

13µm wide; P/E ratio 0.9, exine 2.5µm thick. and increases in the colpi areas to 3µm. 

Length of colpi ranges to 5.9µm and syncolpate. No apocolpial island. Ornamentation 

appear smooth. 

Callistemon citrinus  (Plate 53) 

Pollen grains Monad, Symmetrical; shape class tricolporate in equatorial view 

and prolate in polar view; polar axis 17-17.5µm long, with equatorial diameter 16.75-

17µm wide; P/E ratio 0.86, exine 2.5µm thick. and increases in the colpi areas to 

3µm. Length of colpi ranges to 5.9µm. No apocolpial island. Ornamentation appear 

smooth 

Eucalyptus are also considered as a potential cause of respiratory allergic diseases 

(Galdi et al. 2003 ; Green, 2004)  These species status are important aeroallergens 

there is a recent study on Eucalyptus indicating its significance as allergen for 

asthmatic patients especially children (Gibbs, 2015). Singh et al.  (2003)  reported 

contribution of Eucalyptus in 80% pollen load in air.  In Pakistan Eucalyptus pollen is 

reported to cause pollen allergy, a study was carried by Raza et al. (2012) collected 

pollen throughout year and found very low ratio of pollen concentration ranges below 

2% whereas a study carried out in Karachi shows contribution as 8.1% /m
3
 of air 

during morning and afternoon. Eucalyptus pollen were responsible for reactivity 

among pollen allergy patients in Karachi  (Anjum Perveen & Sad-ul-Islam, 2007).  

Pollen size of Eucalyptus cammoldulensis ranges between 17.25-17µm it 

agrees with Thornhill et al., (2012) minor difference is noticed. In both studies 

apocolpial field is absent and convex amb shape. colpi length in their study was 5.5-

8.5µm colpi length in my study falls in this range. Ornamentation although not visible 

clearly in any of photo series but appear as scabrate. shows diverse features of E. 

globulus pollen from first photo apocolpial region is missing with the stacks feature 

appear clear giving clear identification of pollen flora that might be confusing when 

counting in aerobiological studies under light microscope 
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Plate 52. Pollen focus series of Ecalyptus globulus 

 

 

Plate 53.(1-3) Pollen focus series of Callistemon citrinus 
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Family Casuarinaceae 

 

Casuarina equisetifolia (Plate 54 ) 

Pollen grains Monad, Isopolar and radially symmetrical; shape class 

Tricolporate.  Spheriodal  in equatorial view and 25-27µm  in polar view; polar axis  

25-30µm ; P/E ratio 0.98 ; Exine 3µm thick and in Colpi region it increases its 

thickness. 

 Casuarina equisitifolia is an introduced species in Pakistan from Australia and 

cultivated as ornamental flora in gardens here. Introduced species have a potential to 

cause environmental impacts like effects public health if they are allowed to spread 

unplanned (Haberle et al., 2014). Many researchers worked on pollen allergy causing 

potential of Casuarina (Garcia et al., 1997; Ghazaly & G., 1991; Giner et al., 2002). 

An allergy test (nasal and bronchial provocation tests) was performed on sixtyone 

subjects seventy one subjects were found positive. RAST also gave 42% and 80% 

results in nasal and bronchial challenge proving Casuarina pollen an aeroallergen 

(Green et al., 2004). In a survey done in Hyderabad  Karachi by Parveen et al. (2012) 

shows 0.9% of pollen contribution by Casuarina equisetifolia with 41 pollen grain per 

m
3
. They consider it as a source of pollen.       

Pollen in Plate  60 (1-6)  is of Casuarina equisitifolia is triporate and aspidate, 

with size range between 25-30µm and thick exine its ambs are triangular, pollen 

sometime appear as lolongate. Azzazy (2011) observed pollen range around 30 µm in 

Casuarina pollen triporate, aspide pollen thick sexine is also reported. 

Family Chenopodium:  

Chenopodium album (Plate 55 ) 

 

Pollen grains Monad, Symmetrical; shape class Pantoporate and Spheriodal in 

equatorial and polar view; polar axis 19-22 µm long, with equatorial diameter 20-

21µm wide; P/E ratio 1, exine 2.5µm thick.  
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Plate 54 (1-6) Pollen focus series of Casuarina equisetifolia 

Plate 55 (1-6) Pollen focus series of Chenopodium album 
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Members of this family are distributed around the world. especially in warm 

areas common culprit was found to be Amaranthus commonly known are A. albus, A. 

spinosus There are reports of cross reactivity and it is considered as allergenic 

worldwide. Chenopods of goosefoot family have also worldwide origin. Its low 

airborne pollen concentration is reported in literature. Most common is Chenopodium 

album  (Spieksma, 1990). Chenopodium is reportedly present in the aerobiological 

samples from mid June to December (Raza et al., 2012). Another study reports 

presence of Chenopodium album from June to September (Hasnain et al., 2012). 

Other flora from Chenopodiaceae and Amaranthaceae pollen are Achyranthus apera, 

Aerva javanica, Amaranthus caudatus, A. spinosus, A.viridis, Atriplex stocksii, 

Celosia argentea, Digeria muricata, Haloxylon griffithii, H. stocksii etc. MA, 

Hasnain, and Khan (2010) calculated 29%of airborne Chenopodium/ Amaranthaceae 

annual contribution in Karachi.  Raza et al. (2012) found 7% patients suffering from 

Chenopodium and 7% Amaranthus SPT positive among one thousand allergenic 

patients from Pakistan. Pollen image series in Plate (61)) shows images at different 

angles. Clear measurement can provide an accurate identification of pollen. Anjum 

Perveen and Sad-ul-Islam (2007) claimed the pollen season of Amaranthaceae/ 

Chenopodiaceae starts in October, they observed lowest pollen in March. Their record 

shows highest contribution in August. Overall pollen of Chenopodiaceae/ 

Amaranthaceae rank third highest after Graminae and Prosopis sp. 
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Family Cupressaceae    

Cupressus sempervirens (Plate 56 ) 

Pollen grains Monad, Symmetrical; shape class monoporate and Spheriodal in 

equatorial and polar view; polar axis 27 µm long, with equatorial diameter 30µm 

wide; P/E ratio 1, exine 0.8µm thick.  

The increasing epidemiologic impact of pollinosis induced by Cupressaceae 

plants is related to the increasing use of these species for gardening and reforestation. 

Raza et al. (2012) trapped airborne flora of Islamabad from year 2005-7. During all 

these three years pollen count from Cupressus pollen do not exceed one per month 

expressing its very low concentration on one hand but still it is present in air 

throughout the year. Perveen and Islam (2007) also reported presence of Cupressaceae 

flora from air of Karachi. Worldwide pollen of Cupressaceae are considered 

allergenic (Bicakci, Koc, Tatlidil, & Benlioglu, 2004; Caiaffa et al., 1993; Charpin, 

Calleja, Lahoz, Pichot, & Waisel, 2005; D’amato et al., 2007; Guvensen, Uysal, 

Celik, & Ozturk, 2005; Iacovacci et al., 1998; Pham, Baldo, & Bass, 1994). 

  It's pollen size range between 22-31µm, exine 0.85µm having single pori 

with 0.6µm diameter (Kurmann, 1994).  My results agree with it as pollen grains are 

Monad, Symmetrical, monoporate and Spheriodal, polar axis 27 µm long, with 

equatorial diameter 30µm wide; P/E ratio 1, exine 0.8µm thick. It is reported to be 

monoporate in literature (Bortenschlager, 1990; Lewis, Vinay, & Zenger, 1983; Van 

Campo Duplan, 1953) but that pori can be seen only  with the scanning electron 

microscope, some palynologist consider it as non aperturate. (Bassett et al., 1978; 

Campolini & Cresti, 1981; Hyde & Adams, 1958; Moore & Webb, 1978). In our 

study no pore is visible. Pollen grain appear psilate but in far images it is reticulate. 

Present pollen is inaperturate with very thin exine such pollen show similarity with 

Thuja and Juniperus pollen. Cytoplasm inside is star shaped. During dispersal exine 

bursts open and cytoplasm hatch out mostly broken exine and separate cytoplasm are 

visible in aerobiological samples. 
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Plate 57 (1-6) Pollen focus series of Acacia 

Plate 56 (1-6) Pollen focus series of Cupressus sempervirens 
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Family Fabaceae (Sub family Mimosaceae) 

Acacia pollen (Plate 57) 

Fabaceae is considered as source of pollen allergy in Pakistan (Raza et al., 

2012). Fabaceae pollen were found second highest in terms of frequency after 

Poaceae pollen in a study done in Karachi by (Perveen et al., 2015). Acacia nilotica, 

A. senegal, Caesalpinia bonduc, Cassia fistula, C. holocericia, A. occidentalis, A. 

italica, Medicago lupulina, M. sativus, Prosopis cineraria, P. juliflora, P. glandulosa. 

Mimosaceae pollen were found to be highest in March-April, and May (Raza et al., 

2012). Perveen and Islam (2007) found 19.5% of Mimosaceae annual pollen Pollen 

grains polyad, Symmetrical; shape class Spheriodal in equatorial and polar view; 

polar axis 30-31µm long, with equatorial diameter 32-35 µm wide; P/E ratio is 0.90, 

exine less than 2.5 µm thick. 

contribution in air of Karachi and adjacent Sindh areas whereas its distribution 

in Islamabad and adjacent cities is 0.29% annually (MA et al., 2010). Skin prick test 

shows positive for Prosopis juliflora. (Perveen & Islam, 2007). Perveen and Qaiser 

(1998) found Acacia  nilotica-type pollen with 12-16 celled, Non-aperturate, with size 

range. In her results pollen shows a wide range of length and width 28-30µm and 

exine 0.72-3.6µm falling close to the present study. Dry pollen from Fabaceae family 

are extremely have anemophilous and allergenic nature including Acacia sp., Mimosa 

himata, Prosopis sp. Most of them posses reticulate while other have fossulate 

ornamentation. (Perveen et al., 2015) Ornamental is not clearly visible in images. 

Cells shape vary from spheriodal to rectangular. 

 

Family Tiliaceae 

Tilia Cordata 

Pollen grains monad, Symmetrical; Tri zonocolporate, shape class Spheriodal 

in equatorial and angular in polar view; Flat on the outer side of pori. Polar axis 30-

30.5 µm long, with equatorial diameter 29-30 µm wide; P/E ratio is 1, exine 2.5 µm 

thick around pori and gradually decreases. Colpi are distinct but pori is not prominent. 

Exine appear foveolate to reticulate 
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Plate 58 (1-6) Pollen focus series of Tilia  cordata 
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3.2.2 Significance of pollen morphological analysis in forecasting pollen allergy 

 

Distinguishing flora through palynological analysis is widely employed for 

pollen allergy, aero palynological analysis, meteorological forecasting and medical 

studies. Aerobiological sampling have been carried out in several parts of world 

especially those areas hit by pollinosis for determining the abundance, sources and 

seasonal variations of airborne pollen and spores. This forecasting method has been 

proved traditional and supports a lot in determining presence and absence of pollen or 

spores in air. It has become a topic of major health and environmental significance. 

Relation between pollinosis/ hay fever and airborne pollen has long been recognized. 

For such studies assessment and identification of pollen types in the surrounding air is 

underpinning. This needs a well developed identification system that leads to correct 

pollen counting and establishing concentration in defined volume of air. Correct 

pollen identification is highly skilled job.Developing a definite system for pollen 

identification is also significant in studies like melissopalynology, forensic sciences, 

environmental reconstruction etc., especially when establishing relations between 

particular pollen and pollen allergy. Image processing and pollen pattern focus series 

is key for developing a definite pollen identification spectrum. Generally in 

palynology light microscopy and scanning electron microscopy is employed for 

pollen imaging. The present work uses basic principle of light microscopic imaging 

for a way towards developing a image focal series in z-stacks with help of Olympus 

Motorized upright Fluorescence microscopes (rm 4026). A process of image 

description along with various alteration in texture in combination with pollen shape  

at various angles in z stacks is given in (Plate 48-58 ).  

In studies with reference to pollen allergy the pollen identification and 

counting for determining concentration in air is a major target. It is time consuming 

task and need skillful experts for pollen identification and interpretation. Pollen focus 

series provide a pollen image to establish an atlas for allergy causing pollen. Based on 

technique employed full range image diversity at polar and equatorial axis is 

presented to establish features for recognizing pollen taxa. Those images serve as a 

future reference for recognition of pollen flora captured from air to increase the 

recognition rate by providing pollen spectrum of diverse morphological range. As 
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pollen morphology has pivotal significance in various fields (Huang, 1972) it also 

serve a key role in solving taxonomic confusion at different levels of hierarchy, like 

assigning correct taxonomic place to controversial taxa (Nair & Hashimi, 1980). 

Pollen pores, furrows and exine ornamentation are useful diagnostic key at species, 

genus of family level. The presence of these pollen in the air varies with flowering 

stages of those plants, season and timing of year and have been proved useful for 

developing predictive pollen calendars (D’amato et al., 2007). 
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Table 8     Palynological details of Pollen allergy causing pollen   

Sr No. Plant Name Type  Class Size(µm)  (X 

±S.D) 

Size (µm)            

(X ±S.D) 

Shape P/E Aperture  Surface Exine Section 

1 Parthenium 

hysterophorus 

Monad, 

Symmetrical 

Tricolpate 14.5-17-17.5 

(16.3±1.3) 

14.8-17 

(16.4±1.37 ) 

Angular-

spheriodal 

1 3 Echinate 1.85 

2 Chenopodium 

album 

Monad, 

Symmetrical 

Pantoporate  19-22 

(20.5±2.12) 

20-21 

(20.5±0.70) 

Spheriodal 1 Numerous perforate 2.5 

3 Tilia cordata Monad, 

Symmetrical 

Monoporate 30-30.5 

(30.25±0.35) 

29-30 

(29.55±0.33) 

Spheriodal 1 3 Psilate <2.5 

4 Casuarina  

equisitifolia 

Monad, 

Symmetrical 

Tricolporate 30-31 

(30.5±0.70) 

31-31.5 

(31.25±0.35) 

Spheriodal 0.96 3 Psilate 2.5-3 

5 Acacia pollen Polyad, 

Symmetrical 

Polyad 30-31 

(30.5±0.70) 

32-35 

(33.5±2.12) 

Spheriodal 0.91 0 Psilate <2.5 

6 Eucalyptus 

globulus 

Monad, 

Symmetrical 

Tricolporate 14-14.5 

(14.25±0.35) 

12-13 

(12.5±0.70) 

Angular 0.86 3 Psilate 2.5 

7 Cupressaceae 

semperverense 

Monad, 

Symmetrical 

Tricolporate 18-22          

(22±2.8) 

18-22.5 

(22±3.18) 

Spheriodal 1 3 Psilate 3.5 

8 Cynodon 

dactylon 

Monad, 

Symmetrical 

Monoporate 25-30-24  

(26±3.21) 

29-30-32 

(30.3±1.5) 

Spheriodal 0.85 1 Psilate <2.5 

9 Sorghum 

helipense 

Monad, 

Symmetrical 

Monoporate 18-20-22 

(20±2)µm 

15-20 

(17.5±3.5)µm 

Spheriodal 0.85 1 Psilate <2.5 

10 Phleum 

pretense 

Monad, 

Symmetrical 

Monoporate 31-35-37 

(34.3±3) 

32-33-31 

(32±1)µm 

Spheriodal 0.85 1 Psilate <2.5 

11 Callistemon 

citrinus 

Monad, 

Symmetrical 

Tricolporate 14.8-15.9 

(15.3± 0.7) 

15-15.9 (15.5± 

0.2) 

Angular 1 3 Psilate 2.1 

Abbreviations    (X= Mean: S.D Standard deviation) 
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3.3.3 FESEM ANALYSIS OF ALLERGENIC AND MELLIFEROUS 

POLLEN AND EXINE SCULPTURING 

  

 In present study forty nine pollen grains belonging to twenty five families 

have been studied. It presents a first attempt from Pakistan involving extraction of 

pollen from honey, its identification and taxonomic analysis. Among pollen studied 

diversity in shape and sculpturing has been observed ranging from Psilate, scabrate to 

reticulate to bireticulate and echinolophate condition. Pollen have been identified with 

the help of morphological feature, number and arrangement of pore and colpi, size 

and shape (Zander, 1941& Erdtman, 1943) reference slides, light microscopic data 

and previous literature has been consulted for pollen identification. Pollen of closely 

related species resemble each other (Woodhouse, 1935) therefore pollen identification 

of airborne and honey pollen is not possible till species level (Youse, 1952). 

  

 The first SEM of palynology was studied by Thornhill et al.  (1965). Generally 

pollen walls are responsible for protection of male gametes during their pollination. 

During this transport these pollen walls face certain mechanical stresses thick tough 

coat serve as a defence mechanism. Wide range of wall sculpturing has been 

observed. These sculpturing are responsible for attaching to vectors and also serve as 

lock and key while landing on stigma. There are certain views and theories regarding 

sculpturing of pollen. Grayum (1986) is of view that Psilate pollen are pollinated by 

beetles and echinate by the fly, he also described spiny grains as best adaptor of 

attachment to insects possessing hairy bodies like honey bees as they fast moving 

whereas the psilate grains attach to slow moving beetles.  

 

 In current study it has been observed that pollen classified as wind borne in 

past show less modified of exine sculpturing (e.g. poaceae and cyperaceae) as 

compare to entomophilous pollen that has diverse feature of ornamentation like in 

Asteraceae, Malvaceae, Brassicaceae, Fabaceae families etc. In this study all the 

pollen studied were aperturate, monoporate apertures are found in members of 

poaceae only, no monocolpate or pollinia is observed. Monad pollen are dominant 

while polyad (Faegri & Iversen, 1989) is observed in members of Fabaceae 

(Mimosoideae) and pseudomonad (Selling, 1947) in pollen of family  
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Cyperaceae.  Detailed description has been given in detail with special emphasis on 

sculpturing. Pollen allergy causing pollen have been pointed among these pollen. 

Pollens are categorised on basis of families. Detailed pollen sculpturing has been 

explained following   (Table 2) 
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Plate   59  (1 & 2)   Field Emission Scanning Electron microscopy   

of  Pollen grain 
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Family: Acanthaceae 

Two types of pollen have been found in selected honey samples.  

 

I. Genus Justicia 

Species adhatoda 

Pollen Type Monad, Symmetrical, heterocolpate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Prolate to subprolate 

Size   Polar View 37.7 µm 

 Equatorial View 28 µm 

P/E 1.34 

Aperture Polar View 2 

 Equatorial View 3 

Exine (µm)  

Sculpturing Sexine reticulate with heterogenous colpi. (Plate 60:  1 

& 2) 

 

 

 II. Genus Peristrophe  

Species paniculata 

Pollen Type Monad, Symmetrical, Colporate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Prolate 

Size   Polar View 37.7 µm 

Aperture Polar View 6 

Exine (µm) 2 

Sculpturing Sexine reticulate with margocolpi present (Plate 61: 1 & 

2) 
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Plate 60 (1-2) 1. Justicia adhatoda (P. vew) 2. Pollen wall sculpturing   

 

 

 

 



Chapter 3                                                                                             Results and Discussion 

 

Palynological investigation of Allergenic and Melliferous flora of Pakistan  183 

 

 

1

R
et

ic
u

la
te

 e
x
in

eStopple

Colpus

Peristrophe paniculata 
 

2

Stopple
R

et
ic

u
la

te
 e

x
in

e

 

Plate 61  (1 & 2)  1. Peristrophe paniculata (P. view) 2. Pollen wall 

sculpturing 
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Family:  Acanthaceae 

 

Acanthaceae has been considered as a eurypalynous family because of 

remarkable diversity in palynomorphs feature as reported by Lippi and Rossi 

(1999), Rizzini (1947), Muller et al. (1989), Daniel (1998), Paudayal and 

Gautam (2012), Agostini (1974) and Perveen and Qaiser (2010) they are of 

view that this diversity  could serve as taxonomic key for delimiting taxa at 

family, genus or even species level but Lippi and Rossi (1999) are of view that 

sometimes this diversity give rise to conflict in taxonomic approach.   

In present study two type of pollens have been identified belonging to 

family Acanthaceae. Pollen in Plate 60 (1 & 2) is prolate to subprolate, 

heterocolporate with fine reticulate tectum. Reticulate sexine remnants can be 

seen in colpi therefore it is termed as heterocolporate. In middle of colpi is 

pori that is studded with areoli or insulae.  Colpi in Plate 61 (1 & 2) has 

smooth margocolpi on either sides of colpi. Whereas in Justicia margocolpi 

bands are broken into circular areas termed as areoli. Those areoli are in two 

rows. Both figures show granular stopple projecting out of the colpi. Colpi is 

also lolongate, reticulated, long, extended, and elliptical. 

 Present findings are in agreement of previous studies. Generally this 

family has been classified into eight pollen types based on diversity in 

aperture, sculpturing and shape in which fourth type (Pollen type-IV) is 

Justicia type. with heterocolpate pollen and reticulate sexine and centripetal 

reticulum pattern. This genus is further divided based on shape of pollen 

ranging between preprolate and prolate. Present results agree with the previous 

worker showing reticulate sculpturing with heterocolpate and prolate shape. 

Immelman (1989) differentiate Justicia and Siphonoglossa pollens gross 

morphology and identified 2-3 colporate, areoli or broken areoli within 

margocolpus, prolate pollens in Justicia sp. He proposed term “stopple” for 

notch studded in pori. Present pollen have also notch in the middle termed as 

notch, psilate surface is present on either side of colpi, colpi is in false form 

termed as margocolpi. Margocolpi contain few band of ruminant exine in 

broken areoli form, in Justicia pollen the areoli are in two rows, this agrees 



Chapter 3                                                                                             Results and Discussion 

 

Palynological investigation of Allergenic and Melliferous flora of Pakistan  185 

with Immelman (1989). Pollen features are typical representative of Subtribe 

Justicine (Bremekamp, 1965). Tectate and reticulate sexine was also reported 

by Praglowski and Punt (1973). In Peristrophe penniculata  pollen shape 

appear similar to Acanthaceae also both are hetero colpate but the difference is 

simple colpi margin also areoli are absent and sexine is thin showing 

agreement with the Perveen and Qaiser (2010) observation. Their allergenic 

significance is not reported from Pakistan. 

 

Family Apocynaceae 

 

I. Genus Carissa 

 Species opaca 

Location Islamabad 

Pollen Type 
Monad, Symmetrical, Colporate, 

Parasyncolpate tricolporate. 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

 Shape   

Size   Polar View 28.5 µm  

 Equatorial View 28.5 µm  

P/E 1 

Aperture Polar View 3 

 Equatorial View 1 

Exine (µm) <2.5µm 

Sculpturing Perforate (Plate  62: 1 & 2 ) 

 

 

 In present study pollen in Plate 62 (1 & 2) Pollen is spheriodal to 

prolate with size range Colpi is narrow and extend till both ends of pollen. 

Pori protruding out of sexine and without perforation. Pores in exine are less 

than 1µm in diameter. Colpi joined in middle to give syncolpate appearance. 

Ahmed (2015) worked on Pollen analysis of Carissa edulis and observed the 

tricolporate, oblate spheriodal pollen with size mean dimension as 42.7µm  
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Plate 62 (1 & 2) 1. Carissa opaca (Eq. view)   2. Carissa opaca (P. view) 
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to 43.7µm. In current analysis species is C. opaca with size mean range of 

40µm.. Apocynaceae has been studied by Schill & Leuenberger (1972) and 

van Campo et al.  (1979). Pollen grains in Apocynaceae are uniform, generally 

spheriodal to prolate, tricolporate or tetracolporate, monad with porate exine 

(Erdtman, 1952; Nilsson, 1990; Nilsson et al., 1993; van de Ven & van der 

Ham, 2006). Huang (1989) is of view that Apocynaceae pollen size, shape, 

aperture number and type are important in recognizing pollen at genus level.    

is of view that Apocynaceae has eurypalynous nature with diverse apertural 

features ranging from porate to compound colporate, hence useful for 

identification at genus level (Chatterjee et al.  2014) 

 

 2. Family: Chenopodiaceae 

 

I. Genus Chenopodium  

Species album 

Pollen Type  Pariporate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal 

 Equatorial View Spheriodal 

Size   Polar View 21.8µm 

 Equatorial View 19.8 µm 

P/E 1.10 

Aperture   Polar View Numerous  

 Equatorial View Numerous 

Exine (µm) <2.5µm 

Sculpturing Tectum punctate.Pantoporate (Plate  63: 1)    

3. Family: Amaranthaceae  
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I. Genus Amaranthus 

Species spinosis  

Pollen Type  Amaranthus Type (Periporate Pollen) 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal 

 Equatorial View Spheriodal/ 

Size   Polar View 16.5 

 Equatorial View 16.5 

P/E 1 

Aperture Polar View Numerous regularly spaced. 

 Equatorial View Numerous regularly spaced. 

Exine (µm) >2.5 µm 

Sculpturing Tectate, pollen pantoporate, spinulate or granulate 

(microspines)  (Plate 63: 2) 

 

 

Family: Amaranthaceae, Chenopodiaceae, Caryophyllaceae and 

Plantaginaceae 

 

 Amaranthaceae, Chenopodiaceae and Caryophyllaceae families are 

members of order Caryophyllales. Member of these families are reported to be 

allergenic in Pakistan and throughout the world. (Anjum Perveen & Sad-ul-

Islam, 2007; D'amato et al., 1998; Galán et al., 1989; MA, Hasnain, & Khan, 

2010; Parveen, Khan, & Zeb, 2012; Perveen, Noori, Khan, & Qureshi, 2015) 

Among these three Chenopodiaceae and Amaranthaceae are supposed to have 

originated from monophyletic lineage (Downie & Palmer, 1994, Bittrich, 

1993).  (Bittrich, 1993) declared them sister families. All three families 

possess pantoporate pollens along with plantaginaceae which are difficult to 

differentiate. Pantoporate pollens with spinulose and punctate tectum is  

reported in both species of Amaranthaceae and Chenopodiaceae (Nowicke & 

Skvarla, 1979, Skvarla & Nowicke, 1976). 
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Plate  63: 1 Chenopodium album (polar view) 2.  Amaranthus spinosus 
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In all these families grains have pori that are deeply recessed, mesoporia 

appear as false reticulum and Punt et al. (1994) termed it as metareticulate 

condition also suggested by Borsch & Barthlott (1998). Generally these 

families possess “Ektexinous elements” or isolated "ektexinous bodies", these 

elements are small outgrowth that are called "flecks of ektexine" named by 

Skvarla & Nowicke (1976). Work has been reported on pantoporate   families’ 

viz., Dysphanaceae, Amaranthaceae, Phytolacaceae and Caryophyllaceae 

(Toderich et al., 2010) 

 

Family: Chenopodiaceae 

 Chenopodiaceae is a stenopalynous family. Pollen of Chenopodiaceae 

appear to vary most in the number of apertures and size, and frequency of 

spinules on punctate in the ectexine. Pollen are usually radially symmetrical, 

apolar pantoporate and spheriodal. Sexine slightly thicker or thinner than 

nexine. Tectum sparsely to densely punctate rarely spinulose. However, on the 

basis of apertural numbers and exine ornamentation family is divided into four 

pollen types viz., Arthrocnemun indicum-type, Atriplex stocksii-type, 

Chenopodium album-type, Haloxylon persicum-type. Pollen morphology of 

the family is significantly helpful at specific and generic level (Perveen & 

Qaiser, 2012) 

 

 In present study pollen in Plate 63 (1)   has punctate tectum, meso 

poria flat with numerous, evenly spread micro spinules. Ecktexinous bodies 

>15, more than 2.5 µm in diameter, distinctly separated from each other, 

deeper seated and sharply set off against the tectum. Present features agrees 

with (Perveen & Qaiser, 2012) and (Borsch, 1998) they states that 

Chenopodium type pollens are generally spheroidal, pantoporate, rounded 

aperture with scabrate ornamentation. Exine in current study is around 2.5µm 

with pore plate scabrae. Surface is also not uniform.   

 

Family: Amaranthaceae 

Borsch (1998) believe that the Light and scanning electron microscopy  
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could explain many new characteristics of Amaranthaceae pollens, 

apertures, their ektexinous bodies (ektexinous elements) surrounding its 

membrane, ultrastructure and micro sculpture spread on exine, and 

information on pollenkit. He proposed 17 different pollen types in his work. 

The taxonomic distribution of pollen characters in the Amaranthaceae 

indicates that pollen morphology is informative at different taxonomic levels. 

Pollen grains in the Amaranthaceae are tectate, tetrahedral, cubical, 

dodecahedric or spheriodal monads and are consistently pantoporate. The pore 

number varies  considerably, from 4 (Nothos aerva brachiatd) to approx. 250 

(Froelichia floridana). (Borsch, 1998) in some genera metareticulate pollen 

occurs in several genera. The pollen of most genera is clearly tectate, apart 

from some metareticulate grains (thin mesoporium apparently looks reticulate 

condition) in which the tectum is recessed in vertically oriented areas of the 

mesoporium adjacent to the apertures. The tectum is punctate or 

anulopunctate, with microspines (evenly distributed). In some genera 

metareticulate conditions exist with tooth shaped microspines or they are 

completely lacking (Tidestromia ssp., Cyathula crispa, Psilotrichopsis ssp., 

and C. lanceolatd). Pores in these pollens are covered by bulging outgrowth 

named as ektexinous bodies varying in number with definite characteristics 

shapes and sizes covered with 1  to numerous microspines. Microspines are 

either separated or adjoined. Borsch (1998) believe that in related families 

(e.g. Chenopodiaceae) pollen with a morphology similar to that of taxa of the 

Amaranthaceae may occur, so that a joint classification as a single pollen type 

would seem to be reasonable. The pollen characters observed in Silene and 

Dianthus species (Family Caryophyllaceae) were also tectate, 

polypantoporate, spheroidal and spinulose microperforate (Yildiz & Minareci, 

2008) 

 In present study pollen in Plate 63 (2)  Amaranthaceae  Pollen  has 

been categorize as Type II Amaranthaceae type following  (Borsch, 1998) It is 

spheriodal, tectum punctate, mesoporia is flat but slightly moulted or undulate, 

ornamented with distinct but evenly spaced microspines, deeper seated  

ektexinous bodies often showing size difference, sharply set off against the 

tectum, mesoporia present numerous microspines are present. Ektexinous  
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bodies are evenly spread, different while in Plate ( 64)  pollen appear as 

Arthraerua-type (Family: Amaranthaceae) pollen are spheriodal, mesoporia 

flat or moderately and broadly vaulted, tectum punctate with numerous spines 

evenly distributed over exine, microspines (Borsch, 1998) name it Type III 

with ektexinous bodies, wide spheriodal-polyhedral, distinctly separated from 

each other, deeply seated and sharply set off the tectum.  15-40 closely 

adjoined with arrangement in mosaic pattern, diameter equals to 2.0-4.0µm, 

marginal bodies forming a + irregular borderline to the tectum. This 

description agrees with a current pollen sample, showing panto porate, 

spheriodal structure with tectate and spinulate tectum mesoporia flat with 

spinules ektexinous bodies (isolated small structures visible on exine) are 

more than 14. Pore membrane psilate, Ektexinous body deeply sunken and 

echinae more than 2.5µm in diameter. Distinctly separated from each other, 

evenly spread and more or less spheriodal, often conspicuously different in 

size, with microspines, deeper seated and sharply set off against the tectum 

 

Family: Caryophyllaceae 

 

Genus Stellaria 

Species Media 

Pollen Type  Periporate Pollen 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal 

 Equatorial View Spheriodal 

Size   Polar View 28µm 

 Equatorial View 28µm 

P/E 1 

Aperture Polar View Numerous, spread regularly 

 Equatorial View Numerous, spread regularly 

Exine (µm) 2-2.5µm 

Sculpturing Tectate. Pantoporate (Plate 64: 1) 
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Family: Plantaginaceae 

 

Genus Plantago 

Species lanceolate 

Pollen Type  Pariporate Pollen 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal 

 Equatorial View Spheriodal 

Size   Polar View 19 µm 

 Equatorial View 21.50µm 

P/E 0.90 

Aperture Polar View Numerous regularly spaced 

 Equatorial View Numerous regularly spaced 

Exine (µm) <2.5µm 

Sculpturing Tectum tectate, Pantoporate (Plate 64: 2) 

 

 

  

Family Caryophyllaceae 

 

 Pollen is tectate spheroidal to dodecahedral and pantoporate  (Plate 64 

:1).  Mesoporia on pollen was spinulated and perforated. Ektexinous bodies 

are more than 14 and shape appear as star shaped deeply seated in the exine 

and also demarcated from tectum, placed at a distance. Diameter of the pori is 

in nanomicron or may be less. Pollens belonging to plants of Caryophyllaceae 

family are extensively studied by various scientist ((Erdtman, 1952); Chanda 

1962; Mc Neill and Bassett 1974; Moore and Web 1978;  Ghazanfar 1984; 

Bittrich 1993; Taia 1994; Yildiz 2001; Perveen and Qaiser 2006; Ataslar et al.,  

2009; Külköylüoglu et al.,  2009; Eröz and Ataslar 2010; Yildiz, Çirpici, and 

Dadandi 2010; Yildiz et al. 2011). All agree with the general appearance of 

pollen in this family as tectate, pantoporate, spheroidal, spinulose-scabrate to 

punctate. Exine sometimes show granulate nano echinate ornamentations.   
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Plate 64 :  1. . Stellaria media   2. Plantago ovata  
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 Current pollen appear closely to Type 4 pores (Borsch, 1998) belongs 

to Caryophyllaceae family possessing pollen of Stelaria media type as 

proposed by  (Parveen, 2005) with tectate, pantoporate, meso poria flat with 

spinules and pori. Ektexinous bodies >14, closely aligned to Type 4 pores 

(Borsch, 1998). "Stellate pore ornamentation" deeply seated in sexine sharply 

set off  against the tectum. Distinctly separated from each other, evenly spread 

spheriodal, pores nano micron in diameter. Most of the genera in 

caryophyllaceae including  Arenaria, Gypsophila, Lychnis, Petrorhagia, 

Cerastium, Silene, Vaccaria, Holosteum etc. possess pantoporate grains with 

either punctate or spinulose scabrate tectum. In case of Silene genus three 

species (Silene brahuica, S. gonosperma and S. indica) possess reticulate 

tectum (Nowicke (1976) and Nowicke & Skvarla (1979).  

  

 Pollen type Stellaria media is observed in bothFFESEM sub families 

Alsinoideae and Caryophylloideae. As they both possess porate pollens with 

spinulose punctate tectum. Palynologically family Caryopyllaceae is more or 

less similar to Illeceberaceae both have porate rarely colpate pollen spinulose-

punctate tectum (Perveen & Qaiser, 2003). There is a diversity among 

different taxa with colpi ranges from tricolpate to panta colpate, shapes from 

suboblate to subprolate including spheridal and polyhedral conditions. With 

tectum punctate to annulopunctate however reticulate condition like in 

Amaranthaceae is rarely found only reported in Silene species. Most of the 

tectum were reported microechinate. Two subfamilies are showing variation in 

pollen structure Alsinoideae and Caryophylloideae. Both have Pantoporate 

conditions with thick exine layer but pore number are variable. 

Caryophylloideae has (12-40) pores while Alsinoideae have (15-38) pore.  

(Bittrich, 1993) pore numbers are generally use to restrict taxa in these 

families. Pollen in current sample appears to be belonging to caryophyllaceous 

family members. 
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 Perveen & Qaiser, 2003 believe Caryophyllaceae pollen grains are 

usually radially symmetrical, apolar rarely isopolar, pantoporate rarely 3-10 

colpate, spheroidal to prolate-spheroidal to sub-prolate occasionally prolate. 

Sexine thicker or thinner than nexine. Tectum spinulose-punctuate or scabrate-

punctate often reticulate or reticulate-scabrate. On the basis of apertural type 

three distinct pollen types viz., Silene indica-type, Spergula arvensis-type and 

Stellaria media-type are recognized. Current pollen appear more close to 

Stellaria media as it possess spinulose punctate exine, and size range fall close 

to it as compared to other two types.  

  

 

Family: Plantaginaceae   

 

Pollen grains of Plantaginaceae pollens are generally apolar, radially 

symmetrical, spheriodal, pantoporate, operculate or without operculum, 

annulate to without annuli with areolate to scabrate exine. In present study 

FESEM image of pollen presented in Plate (3). Fig (D) is tectate, Pantoporate, 

evenly distributed spines, sexine spinulate. Mesoporia undulate with spinules. 

Ektexinous bodies deeply seated in sexine, bordered by ring like structure 

seperated by narrow groove, this type of pollen was pointed out by Moore et 

al. (1991) he narrated that pori in Plantago lanceolata type are distinct from 

exine and possess solid opercula. Exine on operculum is continuation of exine 

sculpturing. Thin ring is surrounding pori inner to annulus. Each ektexine 

body is single toothed. Verruca are also observed in present study having 

microechinae covering inter spaces can be observed in FESEM. Pollen in 

present study resemble more to Plantago lanceolata than other species like in 

P. martima annulus is interrupted, in P. major micro echinae is scarcely 

visible, P. media margin of pori is scarcely visible. Pollen also possess 

“cobbly wall” like exine appearing as network of hills.  
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Family: Apiaceae 

  

Genus Coriandrum 

Species Sativum 

Pollen Type  Prolate.  

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Hexacolporate  

 Equatorial View Prolate 

Size   Polar View 30.4µm 

 Equatorial View 12.75µm 

P/E 2.36 

Aperture Polar View 2 

Exine (µm) 1.5-1.7 (1.6±0.14) µm 

Sculpturing Striate-reticulate sculpturing (Plate   65: 1& 2 ) 

 

 

Family: Liliaceae 

 

Genus Iris 

Species Sp. 

Pollen Type  Prolate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Prolate 

Size   Polar View 90µm 

Aperture Polar View 2 

Exine (µm) 2.5 µm 

Sculpturing Reticulate (Plate   66: 1 & 2 ) 
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Plate   65 (1& 2)  1.  Coriandrum sativum          2. Coriandrum sativum 

sculpturing 
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Plate   66 (1& 2)  1.  1.  Iris pollen  2. Iris  sculpturing 
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Family: Apiaceae  

 

Paudayal and Gautam (2012) and Menemen and Jury (2001) reported striato-

rugulate sculpturing in majority plant taxa. it posses distinctive characteristic inner 

and outer outlines,   slit-like ectocolpi and broad, band-like costae, most important 

reorganization character is bone shape pollen According to (Punt, 1984). He divided 

the family into numbers of pollen types. Apiaceae pollens are reported to be present in 

honey (Salonen et al., 2009, Silici & Gökceoglu, 2007, Andrada & Tellería, 2002, 

Seijo et al., 1992, Dinkov & Ivanov, 2009).  In current study one types of pollen of 

Coriandrum sativum belonging to Family Apiaceae have been recovered showing 

bone shaped pollens termed as prolate pollens. Sculpturing over the exine is striato-

reticulate or sometime regulate. These striations runs along 3-7µm with crisscross 

pattern. These striations are visible over whole length except over the colpi.  Colpi is 

protruding out and devoid of sculpturing. (Plate  65 ) 

 

 

Family: Liliaceae 

 

Present pollen appear to belong from Liliaceae. Pollen in current study was 

found to be prolate with huge size range. Whole pollen is reticulate with prominent 

muri and lumen and shapes are irregular. Papila like structure are visible in muri 

under SEM images. Colpi at the poles are narroe at broader at equatorial region. 

Generally perforation is believe to be from 0.2 to 2µm in diameter. Generally pollen 

belong to this family are monolete reticulate and ellipsoidal (Ozler and Pehlwan, 

2007). Pollen size is 90µm with one colpi (Plate 66).  It extend along the whole length 

of pollen grain. In present study the lumina is around 2 µm. Reticulation is proposed 

to be of three types i.e. reticulate, micro reticulate and perforate. Generally pollens in 

liliaceae are monosulcate which is in majority of monocot plants. Monosulcate 

condition is considered to be primitive. 
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Family Asteraceae 

 

Genus Artemesia  

Species roxbughina 

Pollen Type  Prolate-spheriodal 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Tricolpate 

 Equatorial View Prolate Spheriodal 

Size   Polar View 22.3µm 

 Equatorial View 20.6µm 

P/E 1.08 

Aperture Polar View 3 

 Equatorial View 2-1 

Exine (µm) 
2.7-3.8-7µm (3µm) 

Sculpturing Sexine microechinate and granulate (Plate  67 ) 

 

Genus Calendula  

Species arvensis 

Pollen Type  Echinate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Tricolporate/Spheriodal 

 Equatorial View Spheriodal 

Size   Polar View 37.5 µm ±3.53 

 Equatorial View  

P/E 1.08 

Aperture Polar View Three 

 Equatorial View ------ 

Exine (µm) Exine up to 7.5 µm 

Sculpturing Tectate. Echinate. (Plate  68 ) 
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Plate   67  (1& 2)  1.  Artemesia  dubia  2. Artemesia  dubia sculpturing 
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Family: Asteraceae 

  

In family Compositae/ Asteraceae spines diversity and exine sculpturing are of 

taxonomic significance at generic and species level.  

 

Artemesia roxberghiiana 

 

Pollen in current samples are tricolporate, with globular symmetry and reduced spines 

or spinules. sexine is distinctly stratified as it is thicker in mesocolpium as compare to 

thickness in apocolpium and results in formation of margo. Granules on exines are 

dispersed among the spinules. Spinles or microechines are observed to be less than 

1µm. with braoded base and slightly tapering towards tip (Plate 67:1). Reduced 

spinules are diagnostic feature of Artemisia (tribe Anthemideae of family Asteraceae) 

(Hayat et al., 2010, Martin et al., 2001, Martín et al., 2003). These short spinules in 

current samples are reported to be result of evolution, primitive features were dense 

spinules with broad bases, granulated exine (Plate 6 Fig A) shows dispersed spinules, 

granulated, broad spinule bases, reduced exine and thin colpi. These tiny spinules that 

are minor in size but numerous in numbers are also reported by Bremer & Humphires  

(1993). Quantitative analysis by LM and SEM also agrees with similarity with 

Artemesia.  

 

 It is an anemophilous plants its pollen observed in honey and reported 

allergenic (Tan et al., 1998). Present morphological features like small volume, 

dispersed spinules, thin colpi and reduced spines shows it’s shift to entomophilous 

mode of pollination. Its pollens were found reported from honey samples collected 

from temperate, arid and semiarid regions by Vallès and McArthur (2001). (Martin et 

al., 2001) studied the pollen morphology of two members in tribe Anthimideae on 

bases of spine size. One of the tribe with long spines are Anthemis type and other with 

short spines are Artemesia type. he believe that spine length is the useful taxonomic 

marker for two genera segregation. Such characteristic pollen echines should be 

restricted to members from Artemesia of related alliens. (Martín et al., 2003; Qasim 

Hayat 2010) 
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Calendula arvensis pollen is observed in plate Plate 68 (1) appear close to Calendula 

arvensis on the bases of tricolporate shape, spine length, perforate bases of spines and 

number of spines between the colpi. Its colpi are bulging out with scabrate 

arrangement. Spines are four to five between colpi which is its diagnostic feature. 

Praglowski and Grafstrom (1980) viewed that structural exine characteristic in 

Calendulae and this tribe support a consanguinity with Heliantheae and Senecioneae. 

however they have a pecular feature of spine i.e. tagellium type. ( perforated base ), 

spines longer than broader, base dome shaped, tip acute or curved apex  that is 

observed in sample (Stanski¹ et al., 2013). Pollen in sample Sahiwal and Kashmir 

appear to have feature as previously mentioned by people working on systematic 

aspects of pollens of Helianthae.  

 

 

Genus Parthenium 

Species hysterophorus 

Pollen Type  Echinate, Tricolporate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal  

 Equatorial View Spheriodal 

Size   Polar View 17.1 µm  

 Equatorial View 17 µm  

P/E 1 

Aperture Polar View 3 

 Equatorial View 0 

Exine (µm) 1.87 

Sculpturing Tectum tectate with echinate sexine (Plate   68  (2)           
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Plate   68  (1& 2)  1. Calendula arvensis    2.  Parthenium hysterophorus 
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Parthenium hysterophorus 

 Pollen has Tectum tectate with echinate sexine echines having conical bases, 

each spine with 2µm length and upto 3µm width showing much broader than longer 

spines and tapering towards the tip with two whorls of perforation at the bottom. On 

the basis spines are joined together and have no definite bases gradually tapering 

towards the tips. Parthenium has reportedly allergenic throughout Pakistan. 

 

 

Genus Tricholepis  

Species chaetolepis 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal  

 Equatorial View Spheriodal 

Size   Polar View 2.87 

Aperture Polar View  

 Equatorial View 0 

Exine (µm) <2.5µm 

Sculpturing Tectum Striato-rugulate (Plate 69:1  ) 

 

 

Tricholepsis chaetolepis 

 Pollen grains are spheriodal with Tectum Striato-rugulate with lumina its size 

is around 2.87µm large muri and lumina. Pollen is spheriodal, radially symmetrical, 

isomorphic and only one pori is visible.  

 

Genus Conyza  

Species bonariensis  

Pollen Type  Fenestrate/Echinolophate  

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal 

 Equatorial View Spheriodal 
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Size   Polar View 30±0 

 Equatorial View 30±0 

P/E 1 

Aperture Polar View Hexacolporate 

 Equatorial View Hexacolporate 

Exine (µm) 5 µm  

Sculpturing Fenestrate/Echinolophate. (Plate 69:2) 

 

 

Conyza bonerehensis, Sonchus asper and Taraxicum officinalis 

 

 All contain Lactucaceae pollen type. They possess a characteristic trimerous 

pattern.  Pollen sculpturing in both species were Fenestrate/Echinolophate (Fenestrate 

according to (Iversen and Smith, 1950) whereas (Wodehouse, 1928) gave it a term 

Echinolophate. That exine is composed of elaborated system of ridges enclosing 

lacunae possessing thin exine as compared to ridges. Those ridges are ornamented 

with sharp spines therefore termed as echinolophate. The lacuna encompassing the 

pori are hexagonal in shape and termed as poral lacunae. Remaining lacunae are 

pentagonal and termed as abporal lacunae. Alternate to these lacunae are the paraporal 

lacunae. Overall 15 lacunae are found in Taraxicum especially with three poral, six 

abporal and six paraporal. All three pollens are similar in texture however a huge size 

difference is observed among them Sonchus size ranges to 30 um, Taraxicum is upto 

25µm whereas conyza shows more than 30µm. Pollen class is hexazonocolporate. 

Pollen is lophate having echines on outer ridges. Lophae are perforated with 

numerous pores. Lacunae also appear slightly perforated. Spines are conical, sharp 

broad based with joined basis connected to each other. No clear bases are visible. Pori 

protruding out in case of Conyza only. 

 

 

 

 

 

 

 

http://www.pollen.mtu.edu/glos-gtx/glos-lit.htm#IversenandTroels-Smith,1950
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Plate   69  (1& 2)  1. Tricolepsis chaelepenses    2.  Conyza bonerehensis 
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Genus Sonchus 

Species asper 

Pollen Type  Fenestrate/Echinolophate  

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Fenestrate 

 Equatorial View Oval 

Size   Polar View 28.6µm 

 Equatorial View 31µm 

P/E 0.922 

Aperture Polar View Hexacolporate 

 Equatorial View Hexacolporate 

Exine (µm) 5 µm (Echine width =1.03-1.47µm and length =  

2.01-2.47 µm 

Sculpturing Fenestrate/Echinolophate (Plate  70: 1 & 2  ) 

 

Genus Taraxicum  

Species officinalis 

Pollen Type  Fenestrate/hexacolporate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Fenestrate 

 Equatorial View Oval 

Size   Polar View 30µm 

 Equatorial View 28µm 

P/E 0.922 

Aperture Polar View Hexacolporate 

Exine (µm) 5 

Sculpturing Fenestrate/Echinolophate (Plate 71: 1 &2) 

 

 

 

 



Chapter 3                                                                                                          Results and Discussion 

 

Palynological investigation of Allergenic and Melliferous flora of Pakistan                             210 

1 

Lophae Lacunae

P
er

fo
ra

ti
o

n
 a

t 
b

as
e

 

2 

P
er

fo
ra

ti
o

n
 a

t 
ec

h
in

es
 b

as
e

 

Plate   69  (1& 2)  Sonchus asper and Sculpturing 
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Plate  71: 1 & 2  1. Taraxicum officinalis  2. Taraxicum  officinalis  sculpturing  
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Family Myrtaceae 

Genus Callistemon 

Species citrinus 

Pollen Type  Tricolporate. Syncolpate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Angular 

 Equatorial View Prolate 

Size   Polar View 15.9µm 

 Equatorial View 15.9 µm 

P/E 1 

Aperture Polar View 3 

 Equatorial View 1 

Exine (µm) 2.1 

Sculpturing Scabrate perforate (Plate 72:1 &2 ) 

 

Genus Eucalyptus 

Species globulus 

Pollen Type  Tricolporate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Angular 

 Equatorial View Spheriodal 

Size   Polar View 22.5µm 

 Equatorial View 21 µm 

P/E  

Aperture Polar View 3 

 Equatorial View 1 

Exine (µm) 2.5 

Sculpturing Tectate rugulate (Plate 73: 1 & 2) 
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Plate 73: 1 & 2  1. Eucalyptus globulus     2. Eucalyptus globulus  sculpturing  
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Plate 72:1 & 2  1. Callistemon citrinus    2. Callistemon citrinus  sculpturing  
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Family Myrtaceae 

 

 Common pollen features found in Myrtaceae pollens were monad, tricolporate 

and angulo aperturate with angular at polar and oblate at equatorial axis. Apocolpial 

island is believe to be diagnostic feature (Thornhill et al., 2012). Myrtaceae colpial 

morphology ranges from acolpial to parasyncolpate condition. Colpi develop a 

triangular apocolpial island if they don't meet at poles, other feature is brevicolpate in 

which colpi never join at pole. Another condition is Parasyncolpate it appear in three 

forms viz., Arcuate  colpi (shape: convex, runs towards poles), Angular colpi 

(Apocolpial island in colpi), Inverse arcuate (shape: concave, rin away from poles). 

Syncolpate colpi meets at equatorial pole. Amb shapes are followed in P. view 

depending on endopore apex  and classified as  round, notched and pointed. 

Apocolpial island: Ektexinous body present inside apocolpial field surrounded by 

margins of colpi. Apocolpial are either Closely fitting (ektexine piece that fills the 

entire apocolpial field), Small irregular ( small ektexine piece that don't fill entire 

apocolpial field), Globular (broken ektexine piece in apocolpial field). 

 

 Eucalyptus globulus pollen Tectate is rugulate. Margo Thickened around 

edges however in the centre colpi and margo are merged. Amb straight. Exine 

scabrate perforate syncolpate grain. Apocolpial island absent. Angular colpi. (Plate 

73) (Pickett & Newsome, 1997) believe that eucalyptus pollen size, exine, 

mesocolpial and apocolpial fields exine on mesocolpia and margo are diagnostic 

features  for  separating  Eucalyptus from other Myrtaceae pollens. Eliseu and Dinis 

(2008) is of view that typical Eucalyptus could be identified by characters like 

triangular shape, parasyncolpate colpi, radial symmetry,  and having a distinct 

apocolpial fields.  

Callistemon citrinus (Plate  72 ) Exine is tectae Scabrate perforate. Colpi Syncolpate. 

This ornamentation continues throughout meso and apocolpium, arcuate colpi, 

syncolpate, apocolpial island present, amb convex, apocolpial island globular. 

Apocolpia in Callistemon callistemon is really distinct Pike (1956) 
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Family: Pinaceae 

Genus Pinus 

Species roxbergii 

Pollen Type  Bisaccate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Bisaccate 

 Equatorial View  

Size   Polar View 43µ±0 

 Equatorial View 50 µ±0 

P/E 0.86 

Sculpturing Cappa reticulate with psilate ulcus (Plate  74 1& 2 ). 

 

Family: Rutaceae 

Genus Citrus 

Species sinensis  

Pollen Type  Tetracolporate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal 

 Equatorial View Oblate Spheriodal 

Size   Polar View 23.49±2.12 

 Equatorial View 24.4±4.12 

P/E 1.1 

Aperture Polar View 4 

 Equatorial View 0,1,2 

Exine (µm) 2.9 

Sculpturing 
Exine macroreticulate. Colporate lolongate (Plate  

75: 1&2 ). 
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1 

Cappa rugulate

Sacci

 

2 

Distal surface of grain body

 

Plate 74: 1 & 2  1. Pinus roxberghii     2. Pinus roxberghii   sculpturing  
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Thickened colpimacroreticulate

Colpi lolongate

 

 

Plate 75: 1 & 2  1. Citrus sinensis     2. Citrus sinensis sculpturing  
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Family Pinaceae 

  

 Nakagawa et al. (1996) believe that that SEM is useful for identification of 

Himalayan Pinus pollen grains. Two type of pollens have been found in common in 

Himalaya from where these honey were collected namely Pinus roxburghii and P. 

wallichiana. Both of the species have bisaccate pollens. (Nakagawa et al., 1996) With 

breath of sacci 46-53µm and difference in exine of sacci and cappa exine pattern, also 

their point of attachment is sharp. Present pollen shows similar features to Pinus 

roxburghii. As leptoma and sacci have a smooth exine although very fine pinholes are 

scattered on the sacci while in case of Pinus wallichiana exine on Leptoma and sacci 

is psilate. The exine sculpture of P. roxburghii  (Plate 73: 1 & 2 ) is clearly rugulate 

and that of P. wallichiana is smooth or slightly regulate  

 

Family: Rutaceae 

  

 Pollen morphology in Rutaceae family has been extensively studied including  

(Erdtman, 1952, Perveen & Qaiser, 2005) Perveen & Qaiser, 2005) and observed their 

taxonomic significance at different levels of classification. Major disgnostic feature in 

citrus pollen is its shape and exine type, shape is generally round / radially 

symmetrical, isopolar, colporate (4-5 in number). Exine width extends to 3µm. an 

diameter falls between 22-45 µm.  Four types of exine sculpturing are reported by 

AL-Anbari et al. ( 2015) classified exine types in four types viz., Type I: Macro 

reticulate at P and Eq. view. and perforate at P. axis.Type II: Macro reticulate at both 

P & Eq. sections. Type III: Micro reticulate at both P & Eq. axis. Type IV: Perforate 

at P & Eq. view. In Citrus also apertures have vital role. In a present study pollen 

exine appear as macroreticulate. Colporate is long, narrow running through whole 

axis and ending at acute edges. Colpi is interrupted by pori in middle. Pori protruding 

out.  Exine thick around forming margocolpi thickened around edges. Exine section in 

colpi is scabrate. Lumina more or less spheriodal, around 1µm with muri of psilate 

nature. There are some different views about sculpturing that is Yunus & Nair (188) 

observed rugulate-striate and rugulo-striate-reticulate ornamentation in Rutaceae and 

express its significance in distinguishing different genera 
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Family: Fabaceae 

 

Genus Acacia  

Species modesta  

Pollen Type  More than 30 celled polyad 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal. single cells square to 

rectangular. 

 Equatorial 

View 

Spheriodal. single cells square to 

rectangular. 

Size   Polar View 44µm 

 Equatorial 

View 

42 µm 

P/E 1.04 

Exine (µm) 2.5µm 

Sculpturing Foveolate-rugulate (Plate  75: 1 & 2)  

  

Genus Acacia  

Species nilotica. 

Pollen Type  12-16 celled polyad 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spherical cells in polyad are square 

to rectangular. 

 Equatorial 

View 

Spherical to prolate, single cells in 

polyad are square to rectangular. 

Size   Polar View 42.1µm 

 Equatorial 

View 

40.75µm 

 

P/E <2.5µm 

Aperture Polar View Non aperturate 

 Equatorial Non aperturate 
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Acacia nilotica Type 

 Each pollen is 12 to 16 celled polyad (Plate 77). Each cell is spherical to 

rectangular with size range from 11.9-13.7 µm, perforation in cells are in nano meters 

and irregularly arranged. Pollen ornamentation is foveolate or slightly Guinet (1981) 

and Perveen and Qaiser (1998) also agrees with 12-16 cells in its pollens with 

foveolate sculpturing. Cells compactly arranged with definite geometry. Ahmed 

(2015) reported 16 wedge shaped cells in polyad pollen in Acacia nilotica  with size 

range of 39.8- 44.3µm and mean diameter 42µm. Present results agree with her 

results. Acacia belongs to Mimosoideae family with eurypalynous taxon. Pollen 

generally in this family are monad to polyad with isopolar, oblate to spheriodal pollen 

with thick sexine. In present study pollen in Plate (75) appear similar to Mimosa 

hamate but the difference of cell number confirm it as A. nilotica (Guinet, 1969). 

Large size cells are reported in A. nilotica type, this agrees with present identification. 

Pollen in Plate (76) shows polyad with above 32 cells in a polyad. Cells in polyad are 

squarish with similar size and irregularly arranged in definite geometry. Surface of 

pollen appear undulate under LM. Foveolate-rugulate sculpturing with sculpturing 

consisting of more or less rounded depressions or lumina more than 1nonometer in 

diameter and depressions are making irregular arrangements. Six different types of 

Acacia nilotica are reported in Flora of Pakistan viz., A. nilotica ssp. astringens, A. 

nilotica ssp. subalata, A. nilotica ssp. cupressiformis, A. nilotica ssp. indica, A. 

nilotica ssp. nilotica, A. nilotica ssp. hemispherica 

 

 

 

 

 

 

View 

Exine (µm) 2.5 µm 

Sculpturing Polyad. Semitectate. Psilate  (Plate 76: 1 & 2 ) 
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1  

2  

Plate 76: 1 & 2  1. Acacia arabica     2. Acacia  arabica    sculpturing  
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1  

2  

Plate 77: 1 & 2  1. Acacia nilotica      2. Acacia nilotica    sculpturing  
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Genus Trifolium  

Species repense 

Pollen Type  Tri-tetracolporate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal 

 Equatorial View Prolate 

Size   Polar View 35-37.5-40(37.5±2.5) 

 Equatorial View 35-40(37.5±2.5)  

P/E 1 

Aperture Polar View 3-4 

 Equatorial View 1 

Exine (µm) 1.9µm 

Sculpturing  Reticulate (Plate 78: 1 & 2) 

 

Family Euphorbiaceae 

Genus Sapium 

Species Sapiferum 

Pollen Type  Tricolporate spheriodal 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Rounded trilobed, elongated 

 Equatorial View Elliptic, Cup shaped 

Size   Polar View 47 µm 

 Equatorial View 52.7µm 

P/E 1.12 µm 

Aperture Polar View 3 

 Equatorial View 2,1 

Exine (µm) 3µm (2-4µm) 

Sculpturing Perforate. (Plate 79 1 & 2) 
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1 
Plate 1

 

2  

Plate 79: 1 & 2  1. Trifolium repense      2. Trifolium repense sculpturing  
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1 

Sculpturing Perforate

 

2 

Sculpturing Perforate

 

Plate 80: 1 & 2  1. Sapium sabiferum  2. Sapium sabiferum sculpturing  
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Fabaceae  

Trifolium repense 

Exine is reticulate and scabrate except on membrane of colpi where exine is scabrate. 

Colpus are extended on both ends of pollens with exine thickness below 2.5µm. 

Kocyigit  and Dastan (2013) agree on the same results while working on sixteen taxa 

from Trifolium of beekeepers significance. They have fine to coarse reticulate exine 

forming an area like a lip around colpi.  Current pollen description also agrees with 

Moore et al. (1991) that muri and lumina are generally wider in Trifolium species and 

shape of reticulum reduces or absent at poles. In current study reticulum is absent at 

poles. Apocolpium large. Trifolium (Plate 78) is believed to have elliptic endopori 

apocolpia convex and colpi without granules. 

 

Family Euphorbiaceae 

 

 Sapium sebiferum 

 

 Pollen of euphorbiaceae are preferably collected by honeybees if we examine 

a pollen from Genus Croton, Euphorbia and Ricinus their pollens can be easily 

distinguish Zander, 1941. Dustmann (1993) studied and differentiate between 

euphorbia honey and Sapium sebiferum honey with the help of pollen extracted from 

honey. On basis of SEM analysis the exine sculpturing of three species of Euphorbia 

and one species of Sapium was carried out. and with comparison they observed that 

pollen of Sapium sebiferum possess characteristic tectate pattern different from 

Euphorbia species . They propose that only exine helps in pollen feature 

differentiation and other microscopic features don't play any role. 

 

 In present study the pollen extracted from honey appear to have been collected 

from sapium sabiferum (Plate 79) its exine pattern agrees with Dustmann (1993) as 

they propose that exine is perforate with small luminae of diameter 0.2µm and muri 

were reportedly broad upto 1.2µm width and psilate. In present study the colpi shows 

width of 8*10µm with continuation of exine sculpturing pattern i.e. perforate exine. 
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Family Brassicacae 

Genus Brassica 

Species campestris 

Pollen Type  Tricolpate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Angular  

 Equatorial View Spheriodal 

Size   Polar View 15.33µm 

 Equatorial View 14.1µm 

P/E 1.08 

Aperture Polar View 3,2 

 Equatorial View 2,1 

Exine (µm) 4µm 

Sculpturing Semitectate. reticulate. (Plate  80 ) 

Family:  Oleaceae 

Genus Olea 

Species ferruginea 

Location Gilgit 

Pollen Type  Tricolporate  

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Tricolporate 

 Equatorial View Prolate 

Size   Polar View 41 µm 

 Equatorial View 45 µm 

P/E 0.9 

Aperture Polar View Three  

 Equatorial View One 

Exine (µm) >2.5µm 

Sculpturing Tectate scabrate (Plate 81 ) 

 

 



Chapter 3                                                                                                           Results and Discussions 

Palynological investigation of Allergenic and Melliferous flora of Pakistan                                  229 

1

Exine: Reticulate

Equatorial view 

 

2
Plate 1

Exine: Reticulate

 

Plate   80  (1 & 2)  1. Brassica campestris  2. Brassica campestris sculpturing  
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1 

Muri simpli-columate

Colpi exine 
Reticulate 

 

2 

Muri simpli-columate

Perforate: lumina

 

Plate  81 (1 & 2)  1. Olea ferruginia  2. Olea ferruginia Sculpturing in E. 

view 
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Family: Brassicaceae 

 Ornamentation in the pollen is reticulate with muri having more or less regular 

pattern or reticulate – rugulate (Plate 80). Exine semi tectate. Tricolpate with colpi are 

deeply sunken having sharp acute ends, colpi area is granulated and scabrate. No 

extension of reticulate sculpturing in colpi area instead it appear scabrate. Lumina 

diameter ranges from 1 to 2.5 µm. Studies done on brassicaceae reports it as 

stenopalynous family by (Erdtman, 1952) Parveen and Qaiser also confirms 

homogenous nature of family. Generally its pollen shape ranges from subprolate to 

spheroidal. Majority genera are tricolporate. Moore and Webb, Appel and Alshehbaz 

reported the tricolporate and reticulate sculpturing in pollens. Its sculpturing is 

established as reticulate ranging from fine to coarse. Present results agree with Moore 

and Webb (1978), they classify brassicaceae pollen as having reticulate sculpturing 

with tricolpate grain. Khan (2003) is also agreed on reticulate sculpturing of 

Brassicaceae members. 

 

Family Oleaceae 

 Reticulum coarse, muri simpli-columilate very thick, depth of muri is >length 

of thin short columella. Phyllyrea is similar grain but with more lumina across a 

mesocolpium than Olea. Olea shows fewer lumina. Fraxinus has fine reticulum, muri 

with simplicolumate  but with duplicolumate area at intersection of muri. muri depth 

less than colummella.F excelsa a nd F ornus late  haqs distinct thick sexine relative to 

nexine and longer colpi as compare to polar axis 

In a current honey sample pollen extracted from honey has Tricolporate pollen with 

size range of 41µm in P. view and 45 µm in Eq. view. Its tectum is scabrate and very 

coarse, muri always simpli-columellate and very thick and deep- depth of muri > 

length of the thin short colummulae. Colpi exine reticulate. Colpi protruding out 

(Plate 81) 

 

 

 

Genus Hissopus  

Species officinalis 

Pollen Type  Hexacolporate 
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Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Oblate 

Size µm (X±S.D) Polar View 23.1 

Aperture Polar View 6 

Exine (µm) >2.5 

Sculpturing Bireticulate and reticulate. (Plate 82) 

 

 

 

 

Family: Lamiaceae 

 Lamiaceae is considered as Eurypalynous by Erdtmann (1952). He used 

aperture number to divide family into two groups Lamioideae and Nepetoideae with 

three and six colpi respectively. Harley et al. (2004) further classified Nepetoideae 

into three tribes Ocimeae, Mentheae and Elsholzeae.  Generally they have radially 

symmetrical pollens ranging from oblate to spheroidal pollens. Having 3 to 6 colpi. In 

present study pollens are observed to belong to Hissopus genus (Plate 82) with hexa 

colpate colpi, equidistantly arranged, size of pollen range between 22-24µm. Present 

pollen belongs to tribe Menthinae with bireticulate sculpturing. The reticulum is two 

layered primary and secondary reticulum. Lumen in primary reticulum is regular, 

thicker, spheriodal and little shallow than secondary reticulum. Secondary lumina 

narrow down towards poles and apertures. Moon, Vinckier, Smets, and Huysmans 

(2008) observed the bireticulate exine with prolate pollens in Hissopus. He believe 

this bireticulate ornamentation is its affinity towards old world taxa.  Perveen and 

Qaiser (2004) on the base of pollens divided the family into seven types. they named 

the pollen with hexa colpate condition as Nepeta laevigata type. Moon et al. (2008) 

also agree that Menthinae possess hexa colpate colpi expressing its synapomorphy 

with Nepetoideae.  
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Plate  82 (1 & 2)  1. Hyssopus officinale and sculpturing 
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Family: Meliaceae 

Genus Melia 

Species azadarach 

Pollen Type  Monad, Isopolar, Tetracolporate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal 

Size µm (X±S.D) Polar View 33.7µm 

Aperture Polar View 4 

 Equatorial View - 

Exine (µm) - 

Sculpturing 
Exine is perforated (Plat 83 ) 

 

 

 

Family: Meliaceae 

Meliaceae is stenopalynous family. In honey analysis of Adekanmbi and Ogundipe 

(2009), Paudayal and Gautam (2012), (Freitas et al., 2014), Nnamani and Uguru 

(2013) identified meliaceae in honey from Nepal, Southern Nigeria, Brazil and 

Uganda. The identified Tetracolporate and Perforate pollens of meliaceae in the 

honey samples. In looks more close to Melia azadiracht as compare to Azadirachta 

species as Melia has numerous pores over surface also termed as foveolate (pore 

diameter less than 1µm) with definite spheriodal structure as compare to Azadirachta 

which has few perforation and indefinite structure. 

Colpi are narrow and long with bulging pori in middle. Exine portion over colpi and 

pori is psilate. End of colpi merges into surrounding sexine. Ora lalongate.  
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1 

Exine: Foveolate

 

2  

Plate  83    (1 & 2)  Melia azadarach 2. Melia azadarach sculpturing 
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Family: Betulaceae   

Genus Alnus 

Species nitida 

Pollen Type  Tetracolporate-pentacolporate. 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Tetra-

pentacolporate 

 Equatorial View Tetra-

pentacolporate  

Size   Polar View 19.25µm 

 Equatorial View 22.6µm 

P/E 0.85 

Aperture Polar View 4-5 

Sculpturing Exine scabrate with 4-5 vestibulate pori  (Plate 84 )  

 

Family: Betulaceae 

  Among members of family Betulaceae, three closely related subgenus of 

Alder are Alnobetula, Alnus and Clethropsis (Leopold et al., 2012). For their pollen 

identification number of pori, polar archi, pollen diameter & arci thickness are 

proposed diagnostic features. Different palynologist prefer certain characteristics over 

the other (Wodehouse 1959) stresses the thickening of surrounding of pori as a 

distinctive feature.  These thickening extends from pori to pori. Erdtman (1963) 

proposed that polar arch and swollen arcus around at polar region are the diagnostic 

feature. After measuring pollen size and arcus width of hundred species of Alnus 

found in Kashmir Vishnu-Mittre and Sharma (1963) believe that size measurement 

and arcus width has no real significance. Dispersal pollen is impossible to identify 

through pollen size. Aspid was also found not significant. 
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Vestibulum

Scabrate with 

microregulate

ridges

Aspis

 

Vestibulum

Scabrate microregulate ridges

 

Plate  84  (1 & 2) Alnus nitida   2. Alnus nitida sculpturing   
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They believe that number of aperture are more reliable at species level. Alnobetula 

have 5, 6 or 7 pored pollen while Alnus have 4 or 5 pored pollen. A. nitida and A. 

nepalensis four pori has been reported in Pakistan and Himalayas. Both of the species 

possess 3-5 apertures A. nitida and 4-5 in A. nepalensis. (Vishnu-Mittre & Sharma, 

1963). Blackmore et al. (2003) identified that Alnus are distinguished by vestibulate 

and protruding pori and thickened pore, those thickness vary among different species 

(Mayle et al. 1993). The most distinctive feature of Alnus pollen is the presence of 

thickenings of the ektexine surrounding the pores (Blackmore, Steinmann, Hoen, & 

Punt, 2003). Current pollen samples possess 4-5 aperture showing its similarity to A. 

nepalensis. The morphology of the Alnus grain is presented by many authors 

(Erdtman et al. 1962; Erdtman 1966; Blackmore et al. 2003) and recently by Reinink-

Smith (2010).  

 

Erdtman (1963) revealed polar archi in some species of Alnus e.g. Alnus 

glutinosa. Leopold et al. (2012) believe polar archi are rare in Alnus our pollen 

features don't agree with it. Present  results agree that Alnus (Plate 85 ) pollens are 

psilate in light microscope while in SEM they appear scabrate Wittborn et al. (1996) 

also express the same observation like short, irregular conical micro-rugulate ridges. 

Such micro-regulate ridges are also present in present sample. Exine thickness ranges 

between 1-1.5µm in inter-arcus regions while in arcus it get thickened more than 

1.5µm. Exine is split into ectexine and endexine they run parallel but in polar region 

they are split to develop vestibular structure (Faegri, Kaland, & Krzywinski, 1989). 

Current samples also shows such features. At the pore margin, the separation of the 

ektexine from the endexine creates a vestibule (Faegri et al. 1989) which is well 

developed in certain species (e.g. Alnus lanata and Alnus incana). Vestibules are 

clearly observed in Fig ure.  Here neighbouring pori are connected to each other by 

arches, those arches are nexine thickness with vestibulate pore (Moore et al. (1991). 

Pollen archi are also reported showing a donut shape structure Erdtman (1966) 

explains pollen wall as tegillate with thicker ektexine and thinner inner side.  
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Family: Cannabinaceae 

 

Genus Cannabis 

Species sativa  

Pollen Type  Triporate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal 

 Equatorial View Spheriodal 

Size   Polar View 25µm 

 Equatorial View 17.5 

P/E 1.42 

Aperture Polar View 3 

 Equatorial View 2,1 

Exine (µm) 1.75µm 

Sculpturing Exine tectate with Areolate (Plate 85) 

 

Cannabis sativa 

 

 Pollen is spheriodal with three pori surrounded with annulus. Size ranges from 

18-21µm Shinwari et al. (2015) described cannabis as a triporate, spheriodal annulate 

pollen with  polar and equatorial diameter ranges between 8.41µm-23.67µm and 

21.04µm respectively. Palynological studies of allergenic pollen is indispensable as 

these studies are important in order to understand the underlying reasons of pollen 

being allergic and influence of environmental factors on allergenicity of pollens. 

Thus, during present study salient morphological features of Cannabis pollens were 

studied (Pehlivan, 1987; Zavada & Dilcher, 1986) revealed that Cannabis pollens are 

triporate. Likewise, in present study the photo micrographs of cannabis pollens 

confirmed that pollens are triporate confirming present study observation. 
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1 

Annullus

 

2 

Areolate cum scabrate 

 

Plate   85 (1 & 2)  Cannabis sativa  2. Cannabis sativa sculpturing 
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Family: Cyperaceae   

Genus Cypress 

Species rotundas 

Pollen Type  Monad, bilaterally symmetrical & isopolar. 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Prolate  

 Equatorial View  

Size   Polar View 27.8µm 

 Equatorial View 35.1 µm 

P/E 0.82 

Aperture Polar View 1 

 Equatorial View 3 

Exine (µm) 2.41µm  

Sculpturing Areolate (Plate 86) 

 

Genus Carex 

Species  

Pollen Type  Monad, bilaterally symmetrical & isopolar.  

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Prolate  

 Equatorial View  

Size   Polar View 29.5µm 

 Equatorial View 18.5µm 

P/E 0.82 

Aperture Polar View 1ulcerate pori 

 Equatorial View 3 colpi 

Sculpturing Scabrate (Plate 87)  
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Family: Cyperaceae  



Chapter 3                                                                                                           Results and Discussions 

Palynological investigation of Allergenic and Melliferous flora of Pakistan                                  243 

In family Cyperaceae the pollens are not monad or polyad instead they are 

pseudomonads. That is they are degraded tetrads. According to Erdtmann 1969 three 

nuclei of the degraded mother cell and one functional one combine to form the 

pseudomonad while pollen development. Before than Cranwell (1952) worked on 

Cyperaceae and identified two pollen shapes one is pear shape and other is rounded. 

In current study Cyperus pollens (Plate 86 & 87) are pear shapes. Pear shape is also 

confirmed by Moar and Wilmhurst (2003) with one convex and other rounded end. 

Cyperaceae pollen pori are not clearly demarcated. They possess slit like demarcated 

areas on the proximal faces and sometimes considered as germpore also. Here pori are 

represented by remnants of exine generally termed as areoli (Cranwel 1952 and 

Erdtmann 1969). In current figure A. pores or furrow are not clearly segregated 

pollens appear to belong to Cyperus with pear shape structure slightly convex at one 

side and tapers towards other end. They possess tectate exine. In fig B in Carex pollen 

lateral colpi named as “Lacunae” is ovoid and elliptical with  length three fourth the 

length of whole pollen, as proposed by faegri and Iverson (1975) and one germ pore 

can be clearly seen on pear shaped pollen. 

 

Nagles 2009 worked on Cyperaceae and identified oblate spheroidal to prolate 

pollens without apertures. Various diagnostic features of Cyperaceae pollens are 

known like size at polar axis, type and number of apertures, exine thickness, 

sculpturing and shape. (Wronska-Pilarek, Faegri and Iverson 1989, Erdtmann 1966). 

In Cyperaceae in current study size at polar axis was 27.7 to 35µm whereas in Carex 

it is 29.25µ m to 18.5 µm (Plate 88: 1). Pollen in Fig (87) possess areolate exine 

studded with spinules. Depressions are minute and uniformly distributed over the 

tectum lateral colpi is not prominent whereas in Carex the three lateral colpi and one 

ulcerate pori is present and also reported previously. Surface in cyperaceae is tectate 

perforate with semi tectate condition having isolated island of sexine. 

 

 

 

 

 

Family Malvaceae 



Chapter 3                                                                                                           Results and Discussions 

Palynological investigation of Allergenic and Melliferous flora of Pakistan                                  244 

Genus Abutilon. 

Species Indicum 

Pollen Type  Periporate/ Echinate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal 

 Equatorial View Spheriodal 

Size   Polar View 60µm 

 Equatorial View 60µm 

P/E - 

Aperture Polar View Periporate 

 Equatorial View  

Exine (µm) 6.45µm 

Sculpturing Echinate with spines broader and perforated. (Plate 87: 2) 

 

 

 

Family: Malvaceae 

 

 Generally pollen grains within family Malvaceae are spheriodal-globular in P. 

axis and oval -elliptic in Eq. view. Pollens are echinate and porate, may be 

polyporate, pantoporate or zonoporate. Tectum is not properly psilate instead it is 

punctuated and granulated with scabrae spread in between spines. Spines are evenly 

spread over exine but their size, shape, apex interspinal distance varies within species. 

Exine width ranges between 3-5µm Noreen Bibi (2011) . In current sample pollen 

(Plate 88: 2)  is spheriodal with P. and Eq. mean diameter is ±60µm, Echinate with 

bulbous spines, spines are spread over base, exine is semi psilate with punctate spread 

randomly between bulbous bases of spines. 
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1 

1 ulcerate pori

3 lateral colpi

 

2 

Exine: Echinate 
and perforate

Bulbous base

 

Plate 87  (1 & 2) Carex pollen 2. Abutilon indicum 
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Spines are zonoporate and monomorphic with bulbous base. Pore diameter between 

pore bases is not uniform. Diverse range of pollen shapes and sizes are reported in 

literature. Culhane and Blackmore (1988)  believe that six pollen types are present in 

the honey viz., Abelmoschus crinitus, Abutilon indicum, Malva parviflora, Hibiscus 

aristi, Sinra incana and Sida ovata on basis of diameter of grain, exine thickness and 

spines. Many of the pollens in this family possess size above 100µm or above. All are 

echinate but the echines are nonbulbous and bases are without perforation however A. 

indicum shows such features, also pollen is isopolar Parveen and NOREEN BIBI 

agrees with that. Saad (1960) is of view that because of great number of distinct 

features it is apparently possible to differentiate genera. Like bases of the spines are 

joined together only in Abutilon indicum and Malvastrum coromandelianum, but in 

the present case the size of pollen is smaller and M. coromandelianum is larger. Also 

shape and number of spines are greater in Malvastrum coromandelianum compare to 

A. indicum. Spine base, inter spinal distance, distribution, apex shows a diversity as 

they are intergeneric and interspecific. The spine show considerable variations in 

base, apex, inter spinal distance and their distribution on pollen surface. The 

variations are of value at different taxonomic levels, because they may occur not only 

between genera but also between species of the same genus. Bulbous spines are only 

present in Abutilon indicum. 

 

 

Family: Rosaceae 

 

Genus Prunus 

Species bokharensis 

Pollen Type  Tricolporate  

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Angular 

 Equatorial View Spheriodal 

Size   Polar View 26µm 

 Equatorial View 25µm 

P/E Spheridal 
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Aperture Polar View 3 

 Equatorial View 2,1 

Exine (µm) 4 

Sculpturing Exine striate perforate. syncolpate colpi. (Plate 88) 

 

 

 

Genus Eriobotrya  

Species Japonica 

Pollen Type  Trizonocolpate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheroidal 

 Equatorial View Spheroidal 

Size   Polar View 28.5µm 

 Equatorial View 28.5 µm 

P/E 1 

Aperture Polar View 3 

 Equatorial View 2,1 

Exine (µm) 4 

Sculpturing Tectate tricolporate pollen. Striate perforate exine. 

(Plate 89) 
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Strait-reticulate exine

 

2 

Striation with perforate 
exine

 

Plate  88  (1 & 2) Prunus bokharensis   2. Prunus  bokharensis  sculpturing 
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Plate 89:Eriobotrya japonica 

 

 

Family: Rosaceae 

 

 In current samples the pollen from Prunus species are tricolporate with striate 

perforate exone. Perforation are macro. Striations are separated by less than 1µm 

distance. They appear like a rope long, interwoven, branched, often looped. Ropes are 

longer than 5µm Erdtmann (1952) explained it as a diagnostic feature of Rosaceae 

Pollen. He categorize pollen into three classes on base of their length. Colpi of the 

pollen are syncolpate extending from poles and joining in the middle.  Whereas in 

Eriobotrya japonica (Plate 89) also have Striate exine that appear as psilate in LM but 

in SEM they are striate. More than 5µm long, interwoven few are parallel also 

connected to each other (Plate 90). We have found these characteristics close to the 

Rosaceae. Hebda and Chinnappa (1994) while working with LM and SEM analysis of 

pollens morphological feature explained pollen varieties of different tribes of Family 

Rosaceae, and found prolate to spheroidal pollens with tricolporate colpi, radially 

symmetrical pollens he observed three different types of Striate Macro perforate 

 pollens among 55 different genera of Rosaceae.  (Arzani et al., 2005) while working 

on Rosaceae pollens from Apricot cultivers described that ridges in exine are divided 
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two pattern one is longitudinal and whirling and other has interwoven ridges without 

whirling. Present study shows longitudinal and interwoven ridges it agrees with Fogle 

(1977a), he also reported similar results for exine and pore characters for both peach 

and nectarine clone’s pollens.  The striations are in crisscross fashion extended over 

whole colpi and weaving ridges change their direction. However they are neither 

parallel nor horizontal to colpi.  Pollens are tricolporatre that is predominant character 

in rosaceae pollens the colpi runs along while length of polar region Hebda and 

Chinnappa (1990) calculated its 90% covering area at polar side. Endoaperture at at 

the centre mimicking the shape of dumbbell. Hebda and Chinnappa (1990) evidenced 

presence of such endoaperture in Prunus sp. Evrenosoğlu and Misirli (2009) also 

witness striate perforate ornamentation among members of Rosaceae. 

 

 

 

 

Family: Rhamnaceae 

 

Genus Ziziphus 

Species mauritiana– type.  

Pollen Type  Tricolporate. 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Angular 

 Equatorial View Sub-oblate 

Size   Polar View 19.1µm 

 Equatorial View 22.37 µm 

P/E 0.88 

Aperture Polar View 3 

 Equatorial View 2,1 

Exine (µm) 2µm 

Sculpturing Tectum striato-rugulate (Plate  90 ) 

 

Family: Rhamnaceae 
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 Rhamnaceae has been reported as stenopalynous family (Erdtman, 1952). Its 

pollens are generally tricolporate and isopolar. Its ornamentation reportedly varies 

from reticulate to striate, striate reticulate or psilate. it shows diversity in pollen size 

and exine type. Schirarend and Kohler (1993) divide the family in twelve types 

considering Rhamnus type as suprareticulate rugulate while remaining eleven types 

are Colletia with tectum fossulate insulate, Crumenaria with tectum radiate-rugulate, 

Gouania with tectum perforate, Helinustype with tectum striate, Hovenia with striate-

rugulate tectum,  Lasiodiscus with tectum rugulate, Maesopsis with tectum baculate, 

Phylica with reticulate tectum,  Pomaderris with verrucate tectum, Reissekia with 

striate-reticulate tectum and Sageretia with fossulate-perforate tectum. (Perveen & 

Qaiser, 2005) identified five diverse tectum types in this family and classify pollen in 

following types viz.,  
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Interwoven Striate element

 

Striate in criss-cross

 

Plate  90  (1 & 2)  1. Ziziphus jujuba  2. Ziziphus jujuba sculpturing   
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 Ziziphus oxyphylla: Pollen striate, pollen length and exine thickness important 

feature for delimitation 

 Rhamnus prostrata: Tectum Psilate 

 Berchemia pakistanica: Tectum reticulate 

 Sageretia thea: Striate rugulate tectum but polar length is the important feature 

for delimitation 

 Ziziphus mauritiana: Tectum rugulate 

 

Within Ziziphus mauritiana three diverse features of tectum are present i.e. rugulate 

striate, rugulate or striate. These taxa are easily delimited on the basis of polar length 

and exine thickness. Pollen morphology of the family Rhamnaceae is somewhat 

helpful at generic level.  Pollen in Plate 90.  Ziziphus mauritiana– type with Exine 

tectate, tectum striate-rugulate. Decorated with elongated striated sexine elements, 

interwoven, length more than 1µm long. Anglo-aperturate, tri zono colporate. Exine is 

psilate in margo region and don't show the extension of striato-rugulate tectum. 

 

 

Family: Poaceae 

 

Genus Hordeum 

Species vulgare 

Pollen Type  Hordeum type (Type 1) 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal 

 Equatorial View Spheriodal 

Size   Polar View 86µm 

 Equatorial View 80µm 

 

P/E 0.94   
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Aperture Polar View 1 

 Equatorial View 0 

Exine (µm) <5µm 

Sculpturing Echinulate. (Plate 91 ) 
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Spinules detached

 

Plate  91  (1 & 2)  Hordeum   vulgare    2. Hordeum   vulgare Sculpturing   
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1 

AnnulateOperculate

Island of spinules 

 

2  

Plate  92    1. Oryza sativa     2. Cymbopogan citritus       
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Genus Cymbopogan 

Species citrinus 

Pollen Type  Monoporate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spherioddal 

 Equatorial View Spheriodal 

Size   Polar View 26 µm 

 Equatorial View 26 µm 

P/E 1 

Aperture Polar View 0 

 Equatorial View 0 

Exine (µm) <2.5µm 

Sculpturing 

 

Insulated  (Plate 92 & 93). 

Genus Pennisetum  

Species glaucum 

Pollen Type  Monoporate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Prolate 

 Equatorial View spheriodal 

Size   Polar View 32 

 Equatorial View 32 

P/E 0 

Aperture Polar View 1 

 Equatorial View 0 

Exine (µm) <2.5 

Sculpturing Spinules detached isolated (Plate 94 ) 
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1  

2  

Plate 94 (1 & 2) 1.  Pennisetum typhoides  2. Pennisetum typhoides   sculpturing 
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Genus Avena 

Species Sativa 

Pollen Type  Ulcerate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View Spheriodal-oblate 

 Equatorial View  

Size   Polar View 19.6µm 

 Equatorial View 25.9µm 

P/E 1.3 

Aperture Polar View 1 

 Equatorial View 0 

Exine (µm) <2.5 

Sculpturing Exine brevi-ornate (Plate  95 ) 

 

Genus Setaria 

Species Sp. 

Pollen Type  Ulcerate 

Pollen Morphology  

Magnification on Light Microscope (LM) at 100X 

Shape  Polar View 
Spheriodal-

oblate 

Size   Polar View 30 

Aperture Polar View 1 

 Equatorial View 0 

Exine (µm) <2.5 

Sculpturing  Exine brevi-ornate, undulate. Polygonal insula 

(Plate 96) 
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Annulate

polygonal 

spinules 

insulae 
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polygonal 

spinules 

insulae 

 

Plate 95  (1 & 2)   1. Avena sativa    2. Avena sativa sculpturing   
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Family: Poaceae  

 Number of studies are reported from around the world in past for determining 

the significance of poaceae pollens at different levels of hierarchy. pollen size and 

sexine pattern was given preference in the past along with pore diameter, width of 

annuli and orientation of pori were  correlations at generic and major-group levels. 

Scanning electron microscopy seems unlikely to help significantly in identifying grass 

pollens in field or atmospheric samples, though it may be helpful in checking the 

identity and homogeneity of samples intended for medical use  (Watson & Bell, 1975) 

 Poaceae pollens are considered to be differentiated on basis of size and sexine 

pattern. Size is the key feature to differentiate between cereal grains and wild grasses. 

According to  Firbas (1937) wild grains are between 25-30 µm while cereals are 

above 35 µm. Exine appeared in two forms Scabrate to areolate. Scabrate is 

composed of punctate structure or single granules and areolate composed of maculae 

or group of several granules (Page, 1978). Köhler and Lange (1979) pointed out 

detached spines spread over members of poaceae exine some of them are grouped in 

Island. Siddiqui and Qaiser (1988) expressed pollen ranges in different tribes as 

Andropoganeae pollen range (29.05-32.49µm) Paniceae (28.18- 32.08 µm) Aveneae 

(25.75-35.75 µm) sporoboleae (22.8-34.96 µm) Arundineae (22.88-28.60 µm) 

Zoysieae (18.50-27.17 µm) Chlorideae (18.59-31.46 µm) Eragrostedeae (14.30-37.18 

µm) and Eragrostideae (14.30-37.18 µm) 

 

Hordeum vulgare:  

Echinulate. Spinules are single, detached and not grouped into insulae (Plate 91). 

Spinules are single, detached and not grouped into insulae. The surface of pollen 

appear as undulate or irregulate or granulated under LM. such pollen is considered as 

Hordeum type by Watson and Bell (1975). The surface appear regulate or reticulate 

pattern because of absence of insulae and presence of scabrae. Köhler and Lange 

(1979) also agree with this identification of Hordeum having individual detached 

spinules not grouped in insulae, they appear as reticuloid under LM and such spinules 

are aggregated and more closely connected (Plate 91) Andersen and Bertelsen (1972) 

also pointed out smooth surface with crowded spinules, undulated exine in Hordeum  
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type and confirm it with help of phase contrast technique. Such features are also 

noticed by Faegri and Iversen (1964) 

 

Oryza type 

 

It has typical graminaceous pollen. Monoporate with an annulate pore. Irregular-

spheriodal to polygonal insulae studded with few minute spinules (3-5) and opercula 

is plain (Plate 92:1) Oryza pollen types show three type of ornamentation viz., 

granulose, insular and spinules. Granulose may be punctate, scattered, densely-

granulose, Sparsely-granulose, grouped-granulose, Free granules arranged in groups, 

Mixed-granulose.  2. Spinules can be sparsely-spinulose or Grouped-spinulose 3. 

Insular (form as result of insulae fusion and dividing the exine surface into islands) . 

Köhler and Lange (1979) spinules are grouped in isles seperated by narrow 

detachment confirming resemblance with Oryza type. Pori in current study is annulate 

and operculate. Annulus is also studded with spinules. Sometime operculum may also 

shed during pollination.  

 

Cymbopogan type  

 

Irregular-spheriodal to polygonal. Insulae studded with few minute spinules. Exine 

undulate appear as reticulate under LM (Plate  92 & 93 ). 

 

Avena sativa: 

 

Exine brevi-ornate, undulate. Polygonal insulae studded with number of spinules 

(small with diverse orientation) separated by narrow clear, broad  

grooves, on annulus the exine insulae are aggregates (Plate 95). This type of 

sculpturing is also classified as areolate-verrucate type by Faegri and Iverson (1975). 

Shape of Avena is typical and not spheriodal. 
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Annulus

 

Plate 96. Setaria type 

 

 

Setaria type 

 

Exine brevi-ornate, undulate. Polygonal insulae studded with number of spinules 

separated by narrow grooves, on annulus the exine insulae are aggregates (Plate 96) . 

Insulae are over aggregated. and incisions are narrow  and clearly defined. The pollen 

appear similar to Avena type , but the difference is sharp incision, insulae studded 

with 3-10incisions. Also annuli is not as much protrude out as in Setaria type. Köhler 

and Lange (1979) categorize it as a Setaria type on basis of Insulae having irregular 

polygonal outline.  Those islands of insulae are studded with pointed spinules. 

 

Pennisetum glaucum: 

 

Spinules detached and not grouped, spinules large closely placed near each other, size 

of spinules not definite ranging upto 0.5µm (Plate 94). Shape of pollen are not 

spheriodal instead it appear oblate.   

Among the pollen extracted from honey major pollen allergy causing plants reported 

from various areas of Pakistan are Acacia spp., Amaranthaceae spp., Asteraceae spp., 
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Eucalyptus globulus, Melia azedarach, Brassica campestris, Cyperus spp., 

Callistemon citrinus, Syzygium cumini and members of family Poaceae, 

Amaranthaceae, Chenopodiaceae, Cyperaceae. Pinus roxburghii, Cannabis sativa, 

Parthenium hysterophorus, Artemisia species, Chenopodium album are reported 

allergenic airborne pollen (Perveen & Islam, 2007; Ghufran, 2013; Hasnain, 2012; 

Parveen et al., 2012; Perveen et al., 2015). Parveen et al. (2012) pollen types from 

Amaranthaceae, Asteraceae, Gramineae families as allergenic in Tandogam Sindh. 

Acacia spp., Callistemon citrinus, Azadirachta indica, Cyperus sp., Brassica 

campestris, species from Myrrtaceae. Poaceae shows the highest concentration 

followed by Chenopodiaceae/ Amaranthaceae, Cyperus, Eucalyptus, Typha 

angustifolia, Brassica campestris and Leucaena leucocephala constitute the pollen 

spectrum of allergenic plants of Karachi (Perveen et al., 2015) their reports also 

include members from family Fabaceae, Amaranthaceae and Chenopodiaceae. 

Poaceae pollen constitute major contributor of airborne pollens followed by 

Mimosaceae, Cyperaceae and maranthaceae/Chenopodiaceae in a study done in 

Karachi by Anjum Perveen and Sad-ul-Islam (2007). Amaranthus viridus 

(Amaranthaceae), Atriplex stocksii (Chenopodiaceae), Salsola barysoma 

(Chenopodiaceae), Cynodon dactylon (Gramineae), Sorghum helepense (Gramineae), 

Secale cereal (Gramineae), Prosopis juliflora (Mimosaceae), Plantago ovata 

(Plantaginaceae), Chenopodium album (Chenopodiaceae), Eucalyptus sp., Acacia 

nilotica (Mimosaceae) are reported positive in skin prick test .  Fungal spores were 

found to be another important source of respiratory allergies among children and 

adults.  
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Following Key of Allergenic and Melliferous Pollen has been prepared as an outcome 

of present project 

 

 3.4   Key of Allergenic and Melliferous pollen Flora of Pakistan. 

 

A. Pollen Polyad 

1 Spheriodal, isopolar, radially symmetrical 

1a Pollen 12-16 celled (size 11.9-13.7 µm).  Cells squarish uniform in size and 

compactly arranged in definite geometry. Pollen mean size is 37.75 µm. 

Surface of pollen appear undulate and psilate........Acacia modesta*  

1b Pollen grain with more than 16 celled, spheriodal, Isopolar, radially 

symmetrical........2 

2a Pollen exine ornate, cells  shape squarish to polygonal, joined in irregular 

fashion, size of cells ranges from 0.9-1.5 µm, , pollen size 

41.25µm............................Catalpa ovata  

2b Pollen exine foveolate-rugulate,  cells  squarish,  joined irregularly, pollen 

mean size is 44 µm...............Acacia nilotica * 

B Pollen Saccate and Alveolate,pollen size 43-50µm  two separate sacci of 

similar size. exine granular. Cappa,  Laptoma and sacci are rugulate. Size 

sacci is 43µm  X   20 µm.........................Pinus roxberghii* 

C Pseudomonad 

1a Exine scabrate reticulate. Grain with one ulcerate pori and three  lateral 

colpi, Grain size P.olar view 29 µm X 18.5µm in Eq. view..........Carex pollen 

1b. Exine areolate, Grain without ulcerate with three lateral colpi, studded with 

spinules, depressions minute and uniformly distributed over exine. Grain size 

P. view 27.5µm X 35 µm E. view.......................................Cyperus rotundas   

D Monad 

I Monoporate Pollen 
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1a Spheriodal, monoporate, isopolar, radially symmetrical pollen....................2 

2a Mean diameter below or equal to 35µm........................................................3 

2b Mean diameter above 35µm. Exine scabrate with minute sculpturing 

detached, blunt head and closely placed, diameter ≤ 1µm. Grain mean size in 

P. view is 86.25µm, surface undulated and granulated......................Hordeum 

vulgare 

3a Tectum areolate.....................................................................................4 

4a Pori Annulate and operculate 

i Irregular-spheriodal to polygonal insulae island, studded  with spinules (3-5), 

grain size 27.5µm.................................. Oryza sativa 

ii. Irregular-spheriodal to polygonal insulae and  reticulate under LM, grain size 

32 µm, exine 2.5 µm......................Cynodon dactylon* 

4b Pori without Annulus and operculum, irregular-spheriodal to polygonal 

insulae studded with few minute spinules. Exine undulate appear as reticulate 

under LM, pollen mean size is 26 µm, exine 2.5µm.............Cymbopogon 

citritus  

1b Spheriodal-Prolate, monoporate, isopolar pollen..............................2 

2a Mean diameter below 35µm.............................................................3 

3a Tectate Areolate...............................................................................4 

3b Tectum scabrate...............................................................................6 

4a Pori Annulate...................................................................................7 

7a Irregular-spheriodal to polygonal insulae studded spinules, exine undulate, 

pollen size 25.9 µm X19.55µm.............................Avena sativa 

7b Irregular-spheriodal to Prolate, polygonal insulae with spinules, exine 

undulate, insulae are aggregates on annuli. Pollen mean diameter 

30µm..................Setaria type  

7c Irregular-spheriodal to polygonal insulae studies with number of  spinules, 
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size  of pollen between 27.5µm and thin exine..........Sorghum helipense* 

7d Irregular-spheriodal to polygonal insulae studed with number of  spinules, 

size  of pollen between 25-30m and thin exine.................Phleum pratense* 

6. Spinules detached and not grouped, spinules large closely placed  near each 

other. Pollen mean diameter is 32 µm..................... Pennisetum typhoides * 

II Pollen Monocolpate prolate, bilaterally symmetrical, operculate, exine 

reticulate, grain size 90 µm...................Iris pollen type.  

III Triaperturate pollen 

1a Tricolporate Pollen.....................................................................................2 

1b Tricolpate Pollen.......................................................................................16 

1c Triporate Pollen.........................................................................................19 

2a Pollen shape spheriodal, isopolar, radially symmetrical..............................3 

3a Tectum echinate.........................................................................................4 

4a Spines long 

i Grain mean diameter is 35-40 µm. Length of echines sharp pointed, ranges 

from 5-  6µm tapering tip, base broad and perforated. Exine on pori is 

rugulate, spine rows between colpi 4-

8...…....................................................Calendula arvensis 

ii Grain mean diameter is 35 µm. Length of echines ranges up to 2.45µm 

 tapering towards tip, conical shape with definite geometry, base broad 

and  perforated. Echines sharp pointed. Pori bulging out in globose shape 

out of exine.................Helianthus annus 

4b Spines medium, Grain mean diameter 35 µm, exine sculpturing do not extend 

to colpi. Exine on colpi is rugulate..................................Silybum marianum* 

4c Spines short and reduced, Grain size 23.75µm, exine sculpturing do not 

extend to colpi instead rugulate sexine elements, Pores and furrows 

conspicuous, Spines conical with blunt end, less than 2µm in 
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height..........................Artemesia roxburghiiana* 

3b Tectum striate or striat-perforate.................................................................5 

5a Grain size mean 25.5µm, zonocolpate, syncolpate, ridges in exine separated 

by valleys of pori < 1µm..................................................Prunus pollen type 

5b Grain size mean 25.5µm with zonocolpate, syncolpate, ridges in exine are 

joined  and not separated by valleys of pori....................................Eriobotrya 

japonica 

3c  Tectum striate or striato-rugulate.................................................................6 

6a Grain mean size 21 µm exine striated sexine  elements interwoven, length 

more than 1µm long........................................................................Ziziphus 

mauritiana 

6b Grain mean size is 3µm, rugulate elements are arranged in zig zag manner 

centripetally..................................................... Tricholepsis chaetolepis 

3d Tectum perforate/scabrate............................................................................7 

7a Grain mean size 28.5µm. colpi lolongate. Colpi (Length X 28.5µm) extend till 

middle but never join in middle..............................................................Carissa 

opaca 

7b Grain mean size 47-52.7 µm. Colpi depth ranges from 8-10 µm with pori 

having perforate sculpturing.............................................................. Sapium 

sebiferum  

7c Grain mean size is 22 µm. Colpi V shape. Exine foveolate  not extended to 

middle and appear rough...............................................Robinia pseudoacacia 

7d Grain mean size is 43-45 µm and very coarse, muri always simpli-

 columellate and very thick and deep- depth of muri > length of the thin 

short columellae..........Olea ferruginia 

2b Pollen shape Angular to Prolate ................................................................ 9 

9a Tectum Reticulate 
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i Margocolpi band was broken up into areolae. Colpi membrane reticulate or 

granulated. Grain mean size 37.7 µm in E. view and 28µm in 

P.view................Justicia adhatoda  

ii Margo present Sexine in mesocolpium is thicker than in the colpi area forming 

a margo. Grain size in E. view 30.62 µm while P. view is 

27.45µm........Trifolium repens 

2c Pollen shape is Angular to Oblate................................................13 

13a Apocolpial Island present............................................................14 

14a Exine scabrate-perforate, arcuate colpi, syncolpate, apocolpial island present, 

amb convex, apocolpial island globular, grain mean diameter 15.9 

µm........................ Callistemon citrinus  

14b Margo slightly clear and thickened at edges. Apocolpial island closely fitting, 

Within colpi the remains of exine also exist in triangular form showing 

scabrate or verrucate arrangements...................Syzigium jambos 

13b Apocolpial Island absent. Exine scabrate perforate syncolpate grain 22.5µm. 

Margo Thickened around edges however in the centre colpi and margo  are 

merged. Amb straight. Exine scabrate perforate syncolpate grain 22.5µm. 

 Angular colpi. syncolpate. angular colpi..............Eucalyptus globulus 

1b Tricolpate..................................................................................................16 

16b Pollen shape spheriodal to suboblate 

i Tectum echinate with pollen mean diameter is 14.5-17.5µm. Echines 

 conical. Furrows conspicuous. Spines conical and 

perforated...........Parthenium hysterophorus* 

ii Tectum Reticulate Grains below 35µm around 20-26µm. Exine reticulations, 

range from 0.5-1.5µm diameter instead furrows are scabrate..............Brassica 

campestris    

1c Pollen Triporate, Spheriodal below 25 µm. Pori trizoloporate annulate, exine 
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areolate cum scabrate sculpturing (< 2µm in size), extended to 

annulus..............Cannabis sativa* 

VI Tetraperturate 

1a Tetracolporate............................................................................3 

3a Pollen shape spheriodal............................................................4 

 

4a Tectum reticulate (macroreticulate around 1 µm).....................5 

4b Tectum Foveolate.....................................................................6 

5 Margo Present. Margocolpi band brokeninto areolae, i.e. circular  areas of 

lophate sexine. Colpus long, elliptical. Colpi  membrane is  granulated. 

Pori in middle of the trema area which is studded  with circular ‘insulae’ 

(areolae). Grain size 23.4-24.4 µm............................................Citrus sinensis 

6 Margo Absent Grain size ranged between 32-34 µm..............Melia azaderach 

3b Pollen shape Oblate, tectum scabrate rugulate ridges, Aspis present, 4-5 

porate. Grain mean diameter 19.25-22.6 µm pollen.......Alnus nitida  

1c Hexacolporate Pollen..............................................................2 

2a Pollen shape spheriodal...........................................................3 

2b Pollen shape Polyplicate...........................................................5 

2c Pollen shape oblate exine bireticulate Scabrate colpi. Grain mean size is 22.1-

24.1µm .....................................Hissopus officinale 

3a Exine with high ridges and perforated lacunae ………....……4 

4a Pollen fenestrate. Spines conical, sharp broad based with joined basis 

connected to each other, numerously  perforated having length upto 

1.25µm.Pori bulges out and rugulate 

i Pollen grain having mean size of 28.25µm.............Taraxicum officinale * 

ii Pollen grain with mean size of 26-31µm...........................Sonchus asper.* 
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iii Spines are curved, pori bulges out and psilate. Pollen grain having mean size 

of 30 µm........................................................................Conyzanthes conyzoides 

5a Tectum reticulate, Margocolpi band broken and studded with one  stopple. 

Colpus long and elliptical shaped. Colpi membrane is psilate. Grain mean 

diameter is 37.5 µm pollen........................................................Peristrophe 

penniculata 

5b Tectum rugulate-striate, Grain mean length is 32.5µm and width 12.75µm. 

Pollen dumbell appearance............... Coriandrum sativum 

VII Periporate/Pantoporate Pollen ................................................1 

1a Ektexinous bodies sunken.....................................................2 

2a Ektexinous bodies 5 µm, well seprated, deeply seated in tectum with 

numerous microspines, pollen diameter 17.23µm .................Arthraerna pollen 

* 

2b Ektexinous bodies below 2.5 µm, well seprated, deeply seated in tectum, 

microspines 5 or above  .......................Amaranthus spinosis * 

1b Ektexinous bodies bulging out.............................................3 

3a Ektexinous bodies (> 1µm) rounded bulging out of tectum, tectum ounctate 

and microspinulated well seperated from sexine...............Chenopodium album  

* 

3b Ektexinous bodies star like/ or stellate  bulging out of tectum and 

 nanogranulated, polyhedral, size 28µm.....................................Stellaria 

media 

3c Tectum densely spinulate, undulate mesoporia, ektexinous bodies sunken, 

tectum with microspines 1 and toothed. Exine around ektexinous body forms a 

ring, spheriodal pollen, periporate, diameter 16.5µm or below ....................... 

Plantago ovata * 

From the above record one can determine plants having allergenic and 

melliferous nature through pollen analysis. All identified allergenic plants are marked 

with asterisk 
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3.5 ALLERGENIC AND MELLIFEROUS FLORAL CALENDAR 

Survey of  allergenic and melliferous flora was carried out side by side to keep 

the record about allergenic and melliferous floral preference of studied sites ( through 

surveys, interviews and recording their flowering time and distribution). 205 most 

dominant species are identified belonging to sixty seven families. Including wide 

range of wild, cultivated, ornamental, exotic, crop, anemophilous flora and grasses. 

Wild plants like Justicia adhatoda, Acacia spp., Ziziphus jujuba etc. are wild flora 

serving in apiculture industries at large scale along with Taraxicum officinalis, 

Artemisia absinthium, Casuarina sempervirens., Broussonetia papyrifera, Cupressus 

spp. or Pinus spp. playing role in triggering pollen allergy symptom. Cultivated crop 

like Pennisetum spp., Nigella sativa, Triticum aestivum along with fruit gardens of 

Pyrus, Prunus, Eryobotria, Citrus etc. are popular melliferous flora of studied sites. 

Exotic/ introduced species like Eucalyptus spp. or Parthenium hysterophorus, are also 

observed frequently visited by bees indicating the significance of those plants in bee 

industry and at the same time triggering the allergies by producing the windborne 

pollen. Native species like Acacia spp. or Ziziphus spp. This indicates the significance 

of native and crop plants in allergy and bee resources. 

The study was carried out during 2012-2015 in different cities in Pakistan. 

Their distribution are presented in Table (9). Survey was done from various 

geographical sites to present heterogeneity of sampling sites, biodiversity, flowering 

seasons/ blooming period. The field data were collected during whole years the radius 

of honey bee foraging range in the surrounding area of the apiaries (not exceeding 

four kilometer) and covering surrounding flora were kept in consideration data 

collection including observations of bees activities, identification, collection and 

preservation of plants, flowering season, their taxonomic data, flower colour, plant 

habit, bees pollen loaded specimens and previously identified allergic flora. 

 Monitoring airborne pollen content enables identification of the pollen types 

causing pollinosis in a particular geographical area. This knowledge is essential for 

design of pollen calendars and area of distribution, essential to reduce the exposure of 

allergic patients to pollen during the days of higher pollen concentration and enable 

the development of preventive measures when planning outdoor activities. Pollen 
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calendars offer information about pollen type diversity around, timing and intensity of 

the pollen season as well. Moreover, continuous monitoring of airborne pollen grains 

offers us valuable aerobiological information, being one of the most accurate and 

valuable indicators on the impact of climate change (Pérez-Badia et al., 2010) 

It has been observed that flowering and pollination timing among different 

plant species are different at different time and season of the year. There is a 

fluctuation in availability of nectar and pollen during different time of year hence all 

resources are not available at same time (Free, 1970). Same observation applies to 

allergenic plants. With reference to melliferous plant flowering time of same plant 

varies with the soil, climate, habitat (Sivaram, 2001) and such floral resources are not 

found everywhere they are in particular area, region or climate. That is why different 

regions produced different honey types and pollen allergy season (Figure 12 & 13)  

The floral specimens were later studied under microscope to develop a 

reference pollen atlas that later help to identify the pollen in honeys collected during 

the surveys. Location of bee hives along record on surrounding flora was also noted. 

Season for bee foraging in different areas were also observed. During field surveys 

honey bees activities were closely observed following Bista and Shivakoti (2001) that 

bees are either inserting there proboscis in the nectaries of those flowering or foraging 

the pollen in their corbicular. Additional information regarding plants visited by bees, 

Flowering season, bees foraging timing, most visited plants, flowering periods of bees 

favorite plants were collected from Beekeepers, farmers, wild honey collectors and 

honey sellers, allergy patients and physicians through discussions.  

Information collected during these surveys helps in identifying melliferous 

pollen in honey and  information on distribution of specific plant species in particular 

areas with flowering seasons aids in pollen identification of Light microscope and 

Scanning Electron Microscope data of allergenic and melliferous plants. During field 

survey it has been observed that bee foraging occurs on several different types of 

plants, including wild and cultivated plants which continuously produce nectar and 

provide pollen.  

Major bee flora contribution families were found to be Asteraceae, Rosaceae, 

Poaceae, Lamiaceae etc. top represented families are presented (Figure 10)          
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Asteraceae was identified as major melliferous flora contributor by Locatelli and 

Machado (2000) he found largest number of species of bee importance. Similarly 

(Carvalho & Marchini, 1999, Marchini et al., 2001) also pointed out Asteraceae as a 

significant beeflora including Fabaceae, Myrtaceae, Verbenaceae and Mimosaceae. It 

has been found out that the arboreals like Acacia spp., Ziziphus spp., Eriobotria 

japonica, Eucalyptus cammoldulensis, Eucalyptus globulus, Ficus bengalensis, Ficus 

palmate, Grewellia robusta, Grewia asiatica, Hamelia patense, Jacarenda 

mimosifolia, Melia azadrach, Morus alba, Morus nigra, Olea spp., Prunus species, 

Punica granatum, Pyrus species and herbaceous plants like Abelmoschus esculentus, 

Calendula officinalis, Convolvulus arvensis, Coriandrum sativum, Foeniculum 

vulgare, Helianthus annus, Linum usitatissimum, Mantha sp., Nepeta sp, Nigella 

sativa, Plantago ciliate, Sonchus asper, Tagetes patella, Taraxicum officinalis, 

Trifolium resupinatum, Impatience sp. had the greater melliferous attraction followed 

by shrubs like Prosopis sp, Justicia adhatoda etc. major focus of attraction was from 

Herbs (36%) followed by Arboreal species (26%) and others (Figure 11) 

  Brassica sp. Zizyphus jujuba, Helianthus annus, Eugenia jambolina, 

Coriandrum sativum L., Citrus sp., Syzygium, Cassia, Citrus, Pongamia, Azadirachta, 

Areca, Cocos,  Guizotia, Helianthus   Albizzia, Acacia, Lagerstroemia have also been 

identified as major melliferous flora (Sekine et al., 2013, Sivaram, 2001, Saha, 2003). 

Sivaram (2012) while working and evaluating potential of beekeeping in South Asia 

highlighted some significant nectar and pollen sources surveyed in current study and 

above mentioned plants including fruit trees of Pyrus spp., Eriobotrya japonica , 

Citrus sinensis, and some Acacia spp, Albizia lebbeck, Mimosa spp., Prosopis 

cineraria, Justicia (adhatoda) vasica, Alnus nitida, Quercus dilatata, Althaea rosea, 

Robinia pseudoacacia, Helianthus annuns, Hibiscus cannabinus, Mentha longifolia, 

Melilotus albus he pointed out significance of Plectranthus plantations for A. cerana 

queens larvae production in other valleys. Albizia lebbeck, Calliandra calothyrsus, 

Cassia fistula, Cedrela toona, Dalbergia sissoo, Eucalyptus sp., Gleditsia triacanthos, 

Grevillea robusta, Haematoxylon campechianum, Prosopis juliflora, Robinia 

pseudoacacia, Rosmarinus officinalis, Sapindus mukorossi, vitex negundo, Ziziphus 

spina-christi are very important for beekeeping. In addition, Antogonon leptopus,  
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Figure 11       Average Contribution by each plant habit  

Figure 10.  Dominant families observed in Field Survey 
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Eriobotrya japonica, Lamium album, Melilotus alba, Medicago spp., Plectranthus 

rugosus and Terminalia chebula etc. It has been observed that beekeepers carry their 

apiaries and try to keep on migrating from one area to other depending upon plants in 

bloom. It has also been observed that some farmers have placed colonies of bees or 

sometime hire beekeepers to pollinate their crops like in Sargodha beekeepers are 

hired to pollinate citrus gardens. Thus getting mutual benefit. USDA national center 

reported many perennial crops are reported to be pollinated by bee farming it favors 

cropping by producing fruits and vegetables (Klein et al., 2007) and on other hand 

supports long term management of flowering or fruit crop (USDA National 

Agroforestry Center, 2006). 

Adhikari et al. (2010) in a meeting on Common bee flora of Central Nepal 

(Proceedings of the The 95th ESA Annual Meeting, 2010) survey on melliferous flora 

of Nepal and identified one hundred and sixtytwo melliferous plants. Alnus 

nepalensis, Eclipta prostrate, Mentha spicata, Bombax sp., Zea mays and Ageratum 

conyzoides.In current study following species were also found melliferous including 

Artemisia, Bombax, Berberis, Brassica, Citrus, Rubus, Pyrus, Callistemon etc. 

following species are also confirmed with Light microscopic and FESEM analysis. 

During their survey in Nepal April-Oct were found to be pollen and nectar flow 

seasons . In present survey studied site in June-July were observed to be low or almost 

absent time for melliferous activities. Members of Fabaceae like Pisum blossom in 

winter was also identified by him as bee favourite food source along with Impatience,  

Zea, Sesamum, Lagerstromia along with few species of  Cucurbita family. 

During field survey it has been found that Apis cerena, A. florea, A. dorsata and A. 

mellifera prefer visiting these species as in Nepal. March to October were found to be 

major bee for a seasons with various combination of plants in blossom. Whereas June-

July are the dearth periods. Acacia modesta, Dalbergia sissoo, Lagerstromia indica, 

Justicia adhatoda were reported as bee flora by Ahmad et al. (1983). 
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Figure 13. Pollen Allergenic Floral Sources availability throughout year 

 

Figure 12. Melliferous floral resources availability throughout year 
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During survey of the flora of the selected sites it was observed that the same 

plant species are preferred in certain sites like Abelmoschus esculentus, Acacia 

modesta, Albizzia lebbeck, Asparagus gracilis, Canna indica, Cyperus rotundas, 

Ficus benghalensis, Fumaria indica, Grewia asiatica, Helianthus annus, Indigofera 

heterantha, Jasminum humile, Mantha sp, Nerium oleander, Ocimum basilicum, 

Plectranthus rogusus, Prunus armeniaca, Punica granatum, Ziziphus nummularia 

while where there is different ecological and climatic conditions species significant in 

one site is not same in other like Elaeagnus angustifolia, Rubinia pseudoacacia, 

Corylus sp. etc these constitute beeflora of Northern Area.  

Length of pollen season varies among the taxa studied and observed in the 

field (Figure 12 & 13). Graph representing the pollen types of number of identified 

pollen allergenic has shown that most of the pollen sources are flowering in February 

March and April. These three months are also observed to be problematic for patients 

of allergies and asthma. Broussonetia papyrifera, Cupressus spp., Schinus molle 

Casuarina equisetifolia, Eucalyptus species, Plantago ovata  and Callistemon citrinus 

are producing pollen. Longest season for pollination are shown by grasses like 

Cynodon dactylon followed by Chenopodium album and shortest season is by Ulmus 

species, Broussonetia papyrifera, Casuarina equisetifolia etc. Weryszko-

Chmielewska and Piotrowska (2004) also observed longest season by Poaceae and 

Plantago pollen while Ulmus spp., and Fagus express the shortest one. All form of 

habits are expressed by allergenic plants present study agrees with Weryszko-

Chmielewska and Piotrowska (2004) has also observed trees, shrub and herbs among 

allergenic flora of Poland. Herbaceous pollen were dominant followed by tree and 

shrub in Karachi as proposed by Anjum Perveen and Sad-ul-Islam (2007). 

Chenopodium album pollen are found dominant by them though September to March 

by them agreeing with present results. They performed the skin prick test and 

confirmed Cynodon dactylon, Sorghum helepense, Secale cereal, Prosopis juliflora, 

Plantago ovata, Chenopodium album, Eucalyptus sp. and Acacia nilotica proved 

allergenic.  
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Sr. Allergenic and 

melliferous plants 

Family Season Distribution J F M A M J J A S O N D 

1 Abelmoschus esculentus  Malvaceae Summer Tropics in Pakistan             *           

2 Acacia modesta. Fabaceae 
Spring  / 

Summer 

KPK, Punjab, 

Baluchistan 
    * * *               

3 Acacia nilotica  Fabaceae 
Spring/ 

Summer 

KPK, Punjab, 

Baluchistan 
            * * * *     

4 Acer caesium  Aceraceae Summer AJK,Punjab, KPK     * *                 

5 Achyranthes aspera   Amaranthaceae 
Throughout 

the Year 
Punjab/ KPK * * * * * * * * * * * * 

6 Justicia adhatoda  Acanthaceae 
Spring/ 

Winter 
Punjab * * * *     * * * * * * 

7 Aerva javanica  Amaranthaceae 
Summer/ 

Winter 
KPK/ Punjab         * * * * * * *   

8 Ageratum conyzoides  Asteraceae 
Throughout 

the Year 
Punjab * * * * * * * * * * * * 

9 Albizia lebbeck  Mimosaceae 
Spring/ 

Summer 
KPK/Punjab       * *               

10 Allium cepa  Alliaceae Spring KPK/ Punjab             * *         

11 Alnus nitida  Betulaceae 
Summer/ 

Winter 

Kashmir/ KPK/ 

Punjab 
                * *     

12 Althaea cannabina  Malvaceae Spring All around Pakistan     * *                 

Table 9.  Floral Calendar of Allergenic and Melliferous Flora of Pakistan 
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13 Amaranthus viridis Amaranthaceae Winter Punjab/ KPK     * *                 

14 Anagallis arvensis  Primulaceae Spring KPK   * *                   

15 Sorghum bicolor  Poaceae Summer All around Pakistan             * *         

16 Arachis hypogaea  Papilionaceae Winter KPK/ Punjab               * * *     

17 Artemisia absinthium  Asteraceae Summer 
Kashmir/ KPK/ Gilgit 

Baltistan  
          * * * *       

18 Asparagus gracilis Asparagaceae 
Spring/ 

Summer 

KPK, Punjab, 

Baluchistan 
    * * *               

19 Asphodelus tenuifolius  Asphodeliaceae Spring Throughout Pakistan  * * * *             * * 

20 Avena sativa Poaceae   Throughout Pakistan      * * * * * *         

21 Melia azedarach  Meliaceae Spring KPK     * * *               

22 Bauhinia variegata  Caesalpinaceae Spring KPK/Kashmir/Punjab     * * *               

23 Bombax ceiba  Bombacaceae 
Winter/ 

Spring 
Punjab/KPK * * *                 * 

24 Sinapis alba  Brassicaceae 
Spring/ 

Summer 
Punjab       * * *             

25 Brassica campestris Cruciferae Winter Punjab/KPK * * *                   

26 Brassica oleracea  Brassicaceae Winter Throughout Pakistan      * *                 

http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=20218
http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=250072788
http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=200012507
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27 Brassica rapa Linn.,  Brassicaceae 
Winter/ 

Spring 
Throughout Pakistan    * *                   

28 Butea monosperma  Papilionaceae Spring 
Pakistan 

(Rawalpindi),KPK 
    * *                 

29 Calatropis procera Apocynaceae 
Throughout 

the Year 
Punjab * * * * * * * * * * * * 

30 Calendula arvensis Asteraceae 
Spring/ 

Summer 
Punjab/KPK   * * *                 

31 Calendula officinalis Asteraceae 

Winter/ 

Spring/ 

Summer 

Punjab/KPK *                     * 

32 
Calligonum 

polygonoides  
 Polygonaceae Summer 

Southern Baluchistan 

and Trans-Indus 

plainsAll around 

Pakistan 

      * * *             

33 Callistemon citrinus  Myrtaceae Summer Punjab     * * *               

34 Canna indica  Cannaceae 
Spring/ 

Summer 
Punjab/KPK     * * * * * *         

35 Cannabis sativa  Cannabaceae 
Spring / 

Summer 
Punjab/KPK       * * * *           

36 Capparis aphylla Capparidaceae Spring KPK     * *                 

37 Capparis spinosa  Capparidaceae Winter KPK               * *       

http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=20218
http://en.wikipedia.org/wiki/Callistemon_citrinus
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38 Carissa opaca  Apocynaceae 
Spring-

Summer 

Punjab/ KPK/ 

Himalayas upto 6000 

ft 

    * * * *             

39 Carthamus oxycantha Asteraceae Summer KPK/ Punjab       * * *             

40 Cassia senna  Caesalpiniaceae Summer KPK/Punjab, Sind       * * *             

41 Cassia fistula  Leguminosae Summer Punjab/ KPK       * * *             

42 Cenchrus ciliaris  Poaceae 
Summer/ 

Spring 
Throughout Pakistan   * * *                 

43 Centauria cyanus Asteraceae Spring KPK/Punjab     * *                 

44 Chenopodium album  Chenopodiaceae 
Summer/ 

Winter 
Throughout Pakistan  * * * * * * * * *       

45 Chrysanthemum  Asteraceae Spring Throughout Pakistan    * * * * * * *         

46 Cicer arietinum  Papilionaceae Spring KPK   * * *                 

47 Cichorium intybub Asteraceae Spring KPK       *                 

48 Citrullus colocynthis  Cucurbitaceae Summer KPK/Punjab             * *         

49 Citrullus vulgaris  Cucurbitaceae Summer Attock           * * * *       

50 Citrus sinensis  Rutaceae 
Winter/ 

Spring 
Punjab  * * 

 
               *  * 

http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10142
http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=20218
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51 Citrus aurantifolia  Rutaceae 
Winter/ 

Spring 
KPK   * *                   

52 Citrus medica var. Rutaceae 
Winter/ 

Spring 

KPK/Balochistan and 

Punjab 
  * *                   

53 Citrus sinensis  Rutaceae 
Winter/ 

Spring 
KPK   * *                   

54 Convolvulus arvensis Convolvulaceae 
Spring/ 

Summer 
Punjab/ KPK     * *                 

55 Cordia myxa  Boraginaceae Spring KPK       * * *             

56 Coriandrum sativum Apiaceae Spring KPK/Punjab   * *                   

57 Cosmos bipinnatis Asteraceae 
Summer/ 

Winter 
KPK/Punjab   * *                   

58 Cucumis melo Cucurbitaceae 
Spring/ 

Summer 
KPK/Punjab             * * *       

59 Cucumis pepo Cucurbitaceae Summer KPK         * *             

60 Cucurbita maxima Cucurbitaceae 
Summer/ 

Winter 
KPK       * * * * * * *     

61 Cynodon dactylon Poaceae 
Throughout 

the Year 
Punjab/KPK * * * * * * * * * * * * 

62 Cyperus rotundas Cyperaceae 
Spring / 

Summer 
Punjab/ KPK       * * * * * * *     

63 Dahlia variabilis Asteraceae Spring KPK       * *               

64 Daucus carota Apiaceae Spring KPK     * *                 

65 Delbergia sisso Leguminosae Spring KPK/Punjab       * *               

66 Delphinium ajacus Liliaceae Spring Punjab     * *                 

67 Dicliptera Acanthaceae Summer/ KPK                 * *     
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roxburghiana Winter 

68 Dodonia viscosa Sapindaceae Spring/Winter KPK/Punjab   * * *                 

69 Duranta repens Verbenaceae 
Spring/ 

Summer 
KPK       * * *             

70 Eriobotria japonica Rosaceae Winter Punjab/KPK *                   * * 

71 Eruca sativa Brassicaceae Spring KPK   * *                   

72 
Eucalyptus 

cammoldulensis 
Myrtaceae Winter Punjab/KPK     * *                 

73 Eucalyptus globulus Myrtaceae Winter Punjab/KPK     * *                 

74 Euphorbia helioscopia Euphorbiaceae 
Spring/ 

Summer 
Punjab       *                 

75 Euphorbia heterophylla Euphorbiaceae Spring KPK       *                 

76 Euphorbia pulcherimma Euphorbiaceae 
Summer/ 

Winter 
KPK * * * * * *         * * 

77 Fagonia sp. Zygophyllaceae 
Throughout 

the Year 
KPK/Punjab * * * * * * * * * * * * 

78 Ficus bengalensis Moraceae Summer KPK/Punjab       * * * *           

79 Ficus palmata Moraceae 
Summer/ 

Winter 
KPK         * * * * * * *   

80 Foeniculum vulgare Apiaceae Spring KPK     * *                 

81 Fumaria indica Fumariaceae Spring KPK/Punjab   * * *                 

82 Gossypium herbaceum Malvaceae Summer KPK                 * * * * 

83 Grewellia robusta Protiaceae Spring Punjab     * *                 

84 Grewia asiatica Tiliaceae Summer Punjab/KPK       * * *             

85 Grewia tenax Tiliaceae Summer KPK/Punjab       *                 
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86 Gymnosporia royleana Celastraceae 
Throughout 

the Year 
KPK * * * * * * * * * * * * 

87 Hamelia patense Rubiaceae 
Throughout 

the Year 
Punjab * * * * * * * * * * * * 

88 Helianthus annus Asteraceae Summer Punjab/KPK                 * * * * 

89 
Heliotropium 

strigossum 
Bignoniaceae   KPK/ Punjab             * * *       

90 Hibiscus rosa sinensis Malvaceae 
Throughout 

Year 
KPK/Punjab     * * * * * * * *     

91 Hordeum vulgare Poaceae 
Throughout 

Year 
KPK           * * *         

92 Iberis amara Cruciferae Spring Punjab   * * *                 

93 Impatience sp Balsaminaceae   Punjab/KPK           * * *         

94 Indigofera sp. Papilionaceae 
Throughout 

the Year 
KPK/ Punjab * * * * * * * * * * * * 

95 Ipomia caririca Convolvulaceae Winter KPK                 * * * * 

96 Ipomoea purpurea Convolvulaceae Summer Punjab         * *             

97 Isodon rugosus Lamiaceae 
Spring-

Summer 
KPK     * * * * * * * *     

98 Jacarenda mimosifoLia Bignoniaceae Summer Punjab       * *               

99 Jasminum humile Oleaceae Summer Punjab/KPK         * * * *         

100 Jatropha curcas Euphorbiaceae 
Throughout 

the Year 
Punjab * * * * * * * * * * * * 

101 Juglans regia Rosaceae Summer Punjab/KPK       * *               

102 Justicia adhatoda Acanthaceae Winter Punjab * * * *     * * * * * * 
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103 Lactuca sativa Ateraceae Summer Punjab     * * * *             

104 Lageneria siceraria Cucurbitaceae Summer KPK         * *             

105 Lagerstromia indica Lythraceae Spring Punjab     * *   * *           

106 Lantana camara Verbenaceae 
Throughout 

the Year 
 KPK/Punjab * * * * * * * * * * * * 

107 Lathyrus aphaca Papilionaceae Spring KPK/Punjab   * *                   

108 Launaea nudicaulis  Asteraceae Winter KPK           * * * * *     

109 Linum usitatissimum Linaceae Winter Punjab * *                     

110 Litchi chinensis Sapindaceae   Punjab                         

111 Luffa cylinderica Cucurbitaceae 
Winter/Summ

er 
KPK               * *       

112 
Lycopersicum 

esculantum 
Solanaceae 

Winter/ 

Spring 
KPK * * * *                 

113 Lycopersicum indica Solanaceae 
Winter/ 

Spring 
KPK * * * *                 

114 Mantha longifolia Lamiaceae 
Summer/ 

Winter 
KPK         * * * * * * *   

115 Mantha sp. Lamiaceae 
Summer/ 

Winter 
Punjab/ KPK         * * * * * * *   

116 Medicago sativa Fabaceae 
Spring/ 

Summer 
Punjab         * * * * *       

117 Melia azadrach Meliaceae Spring KPK     * *                 

118 Merabilis jalapa Nyctagenaceae 
Throughout 

the year 
KPK                 * *     

119 Micromeria biflora Lamiaceae 
Throughout 

the Year 
KPK * * * * * * * * * * *   
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120 Mimosa  Mimosaceae Winter Throughout Pakistan               * *       

121 Momordica charantia Cucurbitaceae Summer KPK             * * *       

122 Morus alba Moraceae Summer KPK     * *                 

123 Morus nigra Moraceae Summer KPK       * *               

124 Narsicus sp Amarilydaceae Summer KPK       * *               

125 Nasturtium officinaLis Solanaceae Summer Punjab       * * * *           

126 Nepeta sp Lamiaceae Summer Kashmir/KPK         * * *           

127 Nerium oleander Apocynaceae Summer KPK /Punjab       * * * * * * *     

128 Nigella sativa Ranunculaceae Spring Punjab     * *                 

129 Ocimum basilicum Lamiaceae 
Throughout 

the Year 
KPK/ Punjab * * * * * * * * * * *   

130 Olea europea Oleaceae Summer KPK       * * *             

131 Olea ferruginia Oleaceae Summer KPK /Kashmir       * * *             

132 
Otostegia 

limbata (Benth) 
Lamiaceae Summer KPK/ Punjab       * *               

133 Oxalis corniculata Oxalidaceae 
Summer/ 

Winter 
KPK     * * * * * * * * *   

134 Papaver somniferum Papaveraceae Summer KPK/Punjab       * * *             

135 
Parthenium 

hysterophorus 
Asteraceae 

Throughout 

Year 
Punjab * * * * * * * * * * *   

136 Peganum hermala Attock/  Summer Punjab       * *               

137 Pennisetum typhoideum Poaceae Winter Punjab               * * *     

138 Pervoskia abrotrides Lamiaceae Summer Throughout Pakistan           * * *         
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139 Phonex dactylifera Arecaceae Summer KPK/ISL/ Balochistan           * *           

140 Plantago ciliata Plantaginaceae Winter KPK/Punjab     * *                 

141 Plectranthus rogusus Lamiaceae 
/SummerWint

er 
KPK/Punjab             * * *       

142 Populus alba  Salicaceae KPK/Punjab Punjab             * *         

143 Portulaca grandiflora Portulacaceae Summer Punjab/KPK               * *       

144 Portulaca oleracea Portulacaceae Summer KPK/KPK         * * *           

145 Portulaca quadrifida Portulacaceae Winter KPK * * *         * * * *   

146 Prosopis juliflora Mimosaceae Summer KPK       * * * * *         

147 Prunus armeniaca Rosaceae Spring Punjab/ KPK   * *                   

148 Prunus domestica Rosaceae Spring 
KPK/Dir Kohistan 

Valley 
  * * *                 

149 Prunus persica Rosaceae Spring Punjab/ KPK   * *                   

150 Psidium guajava Myrtaceae Summer KPK       * *     * *       

151 Punica granatum Punicaceae Summer KPK     
 

*                 

152 Pyrus communis Rosaceae Spring KPK   * *                   

153 Pyrus malus Rosaceae Spring KPK   * *                   

154 Pyrus pashia Rosaceae Spring KPK     * * *               

155 Quisqualis indica Combritaceae Summer KPK       * *               

156 Raphanus sativa Brassicaceae Winter Punjab/ KPK * * *                   

157 
Rhododendron 

arborium 
Ericaceae Spring KPK   * *                   

158 Ricinus communis Euphorbiaceae 
Throughout 

the Year 
Punjab * * * * * * * * * * * * 
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159 
Robinia pseudo-

acacia Linn. 
Papilionaceae Summer KPK       * *               

160 Rosa brunonii Lindl. Rosaceae 
Summer/ 

Winter 
KPK/Punjab       * * * * * *       

161 Rosa indica Rosaceae 
Summer/ 

Winter 
KPK       * * * * * *       

162 
Rosa 

macrophylla Lindl. 
Rosaceae 

Summer/ 

Winter 
KPK       * * * * * *       

163 Rosa sericea Lindl. Rosaceae 
Summer/ 

Winter 
KPK       * * * * * *       

164 
Rosa webbiana Wall. ex 

Royle, 
Rosaceae 

Summer/ 

Winter 
KPK       * * * * * *       

165 Rubus fruticosus Rosaceae 
Summer/ 

Winter 
KPK             * * *       

166 Ruellia prostrata Acanthaceae 
Summer/ 

Winter 
KPK         * * * * *       

167 
Rumex 

dentatus Linnaeus 
Polygonaceae Spring Punjab/ KPK     * *                 

168 Runnunculus muricatus Rannunculaceae Winter KPK   * *                   

169 
Saccharum 

officinarum Linn. 
Poaceae   KPK                         

170 Sarcococa saligna Rosaceae 
Summer/ 

Spring 
KPK * * * *         * * *   

171 Saussoria hetromala Asteraceae 
Throughout 

the Year 
Punjab/Attock * * * * * * * * * * * * 

172 Sesamum indicum Linn. Pedaliaceae 
Summer/ 

Winter 
Throughout Pakistan           * * * *       
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173 Solanum melongena  L. Solanaceae Summer KPK           * * *         

174 Solanum nigrum L. Solanaceae 
Winter/ 

Spring 
KPK   * * * * * *           

175 Sonchus asper Asteraceae 
Spring/ 

Summer 
Punjab     * * * * * *         

176 Syzigium cumini Myrtaceae Summer KPK     * *                 

177 Tagetes patela Asteraceae Winter Punjab                         

178 
Tamarindus 

indica Linn. 
Fabaceae Summer Punjab       * * * * * *       

179 
Tamarix aphylla (L.) 

Karst. 
Tamaricaceae Summer KPK         * * * * *       

180 Taraxicum officinalis Asteraceae Spring KPK/Punjab           * *           

181 
Tecoma stans (Linn.) 

Juss 
Bignoniaceae 

Throughout 

the Year 
Punjab * * * * * * * * * * * * 

182 
Terminalia 

arjuna (Roxb. ex DC.) 
Combretaceae Summer Punjab       * *               

183 Tradescantia indica Euphorbiaceae 
Throughout 

the Year 
Punjab * * * * * * * * * * * * 

184 Tribulus terrestris Linn. Zygophyllaceae 
Throughout 

the Year 
Punjab/KPK * * * * * * * * * * * * 

185 
Trifolium 

alexandrianum Linn. 
Leguminosae Summer Throughout Pakistan       * *               

186 
Trifolium 

resupinatum Linn. 
Papilionaceae Summer KPK       * *               

187 Triticum aestivum Linn. Poaceae Summer Punjab       * * * * *         
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188 Tropaeolum majus Tropaeolaceae Spring KPK/Punjab     * * * * * * * *     

189 Ulmus sp. L. Ulmaceae Spring 

Ziarat, Murree,Hazara 

and 

Kashmir/KPK/Punjab 

  * * *                 

190 Verbascum thepsis Scrophulariaceae Summer Punjab           * * *         

191 
Verbena 

officinalis Linn. 
Verbenaceae 

Summer/ 

Winter 
Punjab/  Attock           * * * * * * * 

192 Viccia sativum Leguminosae Winter Punjab * *           * * * * * 

193 Vitex negundo Linn. Verbenaceae Summer KPK * * * * * * * * *       

194 
Withania 

somnifera (L.)  
Solanaceae 

Throughout 

the Year 
KPK/ Punjab * * * * * * * * * * * * 

195 Zea mays Linn. Poaceae 
Summer/ 

Winter 
KPK     * *     * *         

196 Zinnia eLegance Asteraceae Winter Punjab                     * * 

197 Ziziphus jujuba Mill. Rhamnaceae Autumn KPK             * * *       

198 
Ziziphus 

mauritiana Lam. 
Rhamnaceae Summer KPK         * *             

199 
Ziziphus nummularia               

(Burm. f.) Wight & Arn. 
Rhamnaceae Autumn KPK/ Punjab     * * * *             

200 
 Ziziphus 

oxyphylla Edgew. 
Rhamnaceae Autumn 

(Punjab, KPK.), 

Kashmi 
          * * * *       

201 Broussonetia papyrifera Fabaceae Spring 
Cultivated in Punjab, 

Sind  
    * * *               

202 Cupressus Cupressaceae Spring- Punjab   * * * * *             
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sempervirense  Summer 

203 Schinus molle Anacardiaceae Spring 
Cultivated in Punjab, 

Sind  
    * *                 

204 Casuarina  equisetifolia Casuarinaceae Spring 
Cultivated in Punjab, 

Sind 
    * * *               

Abbreviations:       

*( Asterisk ) represents the time of flowering.    

J= January, F= February, M=March, A=April, M= May, J= June, J=July, A=August, S=September, O=October, N=November and D=December 
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3.6 CONCLUSION AND RECOMMENDATIONS 

 

This study is focused on pollen investigation of allergenic and melliferous 

plants of Pakistan using various techniques and approaches. This is the first attempt 

regarding the development of pollen of melliferous and allergenic plant of Pakistan. It 

is observed from this study that utilization of various techniques are useful for 

understanding diverse taxonomic features of pollen grains and their identification. 

The following outputs have been achieved: 

 

 For investigating the melliferous flora, various techniques for pollen extraction 

from honey samples and to determined their origin by identifying the pollen 

and correct plant species. Reference slides, taxonomic features and field 

surveys were used for confirmation of correct identification. During field and 

laboratory practices , diverse characteristics of pollen in wild and farm honey 

samples have been observed. In addition to diagnostic characteristics of 

pollen, some common species identified in majority of honey samples 

includes Acacia modesta, Acacia nilotica, Trifolium repense, Taraxicum 

officinalis etc.  

 

  The study regarding melliferous pollen number of qualitative pollen features 

were found to be diagnostic including  pollen size, shape, apertures, surface 

sculpturing are important diagnostic features in palynology. Especially 

aperture type, numbers and sculpturing proved useful. However  some pollen 

features were diverse within different species of families like Brassicaceae 

(tricolporate reticulate), Asteraceae (Tri to hexacolporate echinate), Fabaceae 

(tricolporate reticulate), Lamiaceae (hexacolporate bireticulate) while  in 

Family Poaceae pollen were found to consistant under light microscopes but 

can be differentiated in scanning electron microscopy. Most of the melliferous 

pollen show coarsely rugulate or verrucae exine sculpturing it is expected that 

these type of sculpturing increase the surface area and increase the volume of 

pollen for entomophilous mode of pollination.  
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 Pollen from native flora were found to be serving as major melliferous flora, 

contributing a lot of pollen from Acacia spp. and Zizyphus spp. Current study 

presents pollen spectra of particular region which is considered as a 

characteristic of site. The honeybees have expressed preference for certain 

type of plant species however their presence or their frequencies are not the 

actual representation of the composition of flora of the region.  

 

 Higher trees are also frequently visited by bees like Eucalyptus 

cammoldulensis. Brassica campestris and Raphanus sativa crops were visited 

by bees regularly but for short period. Occasionally hyphae of molds appear in 

samples showing honey dew origin evidence and also level of contamination. 

 

 Pollen key is develop as an aid for identification of  melliferous and allergenic 

flora representing different species of the area for future reference. In addition 

to this a floristic list of 204 species has been compiled that represents the 

melliferous and allergenic flora of Pakistan.  

 

 Number of taxonomic and phytogeographic attributes of allergenic and 

melliferous flora were studied including habit, flowering season and 

distribution during field observations. It has been observed that trees and 

shrubs are the common attraction for the bees. Ziziphus spp. and the Acacia 

spp. are the big attraction and major commercial melliferous flora. Usually 

Apis mellifera has been used for bee farming. Crops like Trifolium sp., 

Brassica campestris and fruit gardens like Citrus or Eriobotrya japonica farms 

are pollinated by bee colonies hired by owners. Seasons for pollination was 

found to be winter in case of Brassica i.e. December to March. For Trifolium 

repense it is spring-summers like April to June in different part of country. 

Pollen allergy causing plants like Broussonetia papyrifera, Eucalyptus species, 

Acacia species were found pollinating in March-April mostly while grasses 

like Cynodon dactylon was found to producing pollen throughout the year. 

This could help in determining the season of pollination as best time and 

location that could serve as a guide for placement of bee colonies on one hand 

and recommendation by the physician to the pollen allergy patients for 
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avoiding exposures to the sensitizing flora and their habitat on the other hand. 

This study helps in developing calendar for timely warning about pollen 

season. 

 

 During floral calendar preparation it has been observed that the native 

ecosystem of the area has been affected a lot by deforestation for agriculture, 

or housing schemes most the roadside plants like Ziziphus, Prosopis juliflora 

and some species of Acacia are cut especially in region of Potwar for road 

expansion plans this has made the beekeepers shift their colonies to other 

localities affecting the honey production. Current study indicate through 

melliferous pollen identification regarding conserving and recovering the 

identified plants. Present study could guide the beekeepers to plan seasonal 

management by placing colonies near identified flora and localities thus 

improving the conservation status of economically important plants.  

 

 It is observed during sample collection that the source claimed by the 

honeybee keepers was different while identified during pollen analysis, 

indicating significance of pollen detection for labeling honey before 

marketing. As sometimes products like honey or pellets or propolis served as 

medication by traditional healer, misidentified honey could be problematic in 

such cases for example presence of certain specific pollen that may induce 

allergic reaction to sensitive individual.  

 

 Most of the apiaries were closed to road side with Prosopis juliflora, Acacia 

modesta, Callistemon citrinus, Ziziphus jujube, Bombax ceiba, Eucalyptus sp. 

etc around (Table Beeflora) species are common especially in cities. Whereas 

some of the apiaries were placed in the fields to pollinate the crops like in the 

Brassica campestris or farm houses of Citrus plants.  

 

 Pollen load colour guide has been prepared showing the colour range from 

offwhite to Yellow to purple. Different plants have given different colour 

range most of the colors matches their anther shades. It reveals an easy 

identification for beekeepers for cross checking melliferous source. Pollen 
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loads colour identification has proved to be a guide in field without laboratory 

analysis.  

 

 The number of pollen types present in each honey sample ranged from one to 

many. Microscopic analysis showed eighty six morphological pollen types, of 

which some are from nectariferous plants like Citrus spp., Ziziphus sp., and 

few are from nectarless species from Olea, Plantago, Ulmus, Pinus and 

members of Poaceae. These studies serve to maintain healthy colonies and as a 

result increase honey production. 

 

 Presence of wind pollinated plants allows the differentiation of honey from 

different regions like presence of Pinus pollen in honey samples from 

Rawalpindi, Islamabad, Kashmir and Lahore. Alnus is also representative of 

such regions. Besides establishing analytical criteria for pollen, it is hoped to 

provide apiarists with guidelines for monitoring the quality of their product as 

well as meeting the requirement of a microscopic examination sometimes 

demanded by importing countries.  

 

 Furthermore this study provides details of allergenic pollen in Bright Field 

microscopy and presented the detailed focal series of some of the important 

pollen to express their morphological diversity at various angles and to avoid 

confusion of identification. As we keep on changing focus of pollen under 

Bright field, pollen changes its shape at different axis those images are 

sometime confusing especially in a condition when these pollen allergy 

causing pollen are counted in aerobiological samples over tapes (pollen stick 

over the tapes, wrapped over drums in pollen trap) for determining pollen 

concentration in air. Pollen focal series gives the clear picture of changing 

morphology of same pollen to establish reference content.  

 

 Field emission scanning electron microscopy has given detailed images of 

allergenic and melliferous pollen. Detailed morphology and sculpturing has 

been focused and identification features have been highlighted to establish 

identification key. 
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Recommendation 

 

 Present work needs to be compiled into a book with detailed description and 

colored photos of the pollen scanning electron microscope (SEM) and Light 

microscope (LM) to serve apiculturist, aerobiologist and non specialist. 

 

 Many plants found attracted by bees don't give the exact picture of pollen 

representation like in case of Ziziphus jujuba. During quantitative analysis 

pollen were found low because bees collect nectar from the plant and not the 

pollen. Pollen load checking would be useful in such cases. It is also necessary 

to develop a definite system for establishing criterion for uniflorality and 

polyflorality of the honey through repeated analysis of similar honey for 

several years for establishing the criterion. There is no doubt about pollen 

dominant source. This needs a proper collection of replica of same types of 

honey and determination of pollen content (qualitatively and quantitatively) 

for determining pollen combination with certain dominant type.  

 

 It is observed that with passage of time and changes in flora the bee preference 

for certain pollen in same site also changes. There is a need to monitor it 

regularly and keep a record for regional flora and differences. 

 

 Fundamental parameters that affects the commercial quality of the product is 

declaration of their resources. From health benefit point of view nutritional, 

chemical and microbial composition valorize the product. Characterization of 

diverse pollen appear as sound research prior to trace a reliable data on this 

valuable beehive product. These studies serve to maintain healthy colonies and 

as a result increase honey production. It is cleared from study that 

multidisciplinary approach is needed to give clear and authentic picture of 

melliferous and allergy specific plants. Biochemical analysis like flavonoids, 

protein or elemental profiling of honey is recommended that could provide an 

additional support to honey studies for avoiding adulteration and 

authentication of product. 
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 Such pollen pellets are also used in pharmaceutics or as a product of medicine 

proper origin labeling is required for raw material in pharmaceutics and 

product hygiene. Foraging on poisonous plants could be directly determined in 

the field before any consequences later 

 

 Apiculture has been proved to be an important economic activity, it has served 

as subsistence economy in rural areas, honey is exported to other countries. 

Because of increase in demand at local and international market increase in 

production of honey is necessary also with the change in climate and 

biodiversity, growing incident of deforestation and urbanization, identification 

and conservation of these species is necessary. Proper identification of these 

resources at regional or local level could guide about restoration of 

reforestation plan for economic management of these species.  

 

 Detailed data of pollen allergy causing plant has been given that could be used 

in different purposes like diagnosis, prevention and treatments. This delineates 

detailed spectrum of pollen of country.  

 

 With help of pollen features proposed in this study for exact pollen 

identification, bio molecules could be diagnosed for identifying type specific 

pollen allergy. Identified pollen could be used for developing vaccines hence 

helpful for not only therapeutic but also preventive measures.  

 

 The allergenic content of the atmosphere varies according to climate, 

geography and vegetation. Data on the presence and prevalence of allergenic 

airborne pollen, obtained from both aerobiological studies and allergological 

investigations, make it possible to design pollen calendars with the 

approximate flowering period of the plants in the sampling area. In this way, 

even though pollen production and dispersal from year to year depend on the 

patterns of preseason weather and on the conditions prevailing at the time of 

anthesis, it is usually possible to forecast the chances of encountering high 

atmospheric allergenic pollen concentrations in different areas.Aerobiological 

and allergological studies show that the pollen map of Europe is changing also 
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as a result of cultural factors (for example, importation of plants such as birch 

and cypress for urban parklands), greater international travel (e.g. colonization 

by ragweed in France, northern Italy, Austria, Hungary etc.) and climate 

change. In this regard, the higher frequency of weather extremes, like 

thunderstorms, and increasing episodes of long range transport of allergenic 

pollen represent new challenges for researchers. Furthermore, in the last few 

years, experimental data on pollen and subpollen-particles structure, the 

pathogenetic role of pollen and the interaction between pollen and air 

pollutants, gave new insights into the mechanisms of respiratory allergic 

diseases.  

 

 Pollen belonging to the tri colporate (three pores) group are particularly 

difficult to differentiate (e.g., Brassicaceae, Casuarinaceae, Myrtaceae, 

Convolvulaceae and Apiaceae) as in light microscopy only few features are 

distinguishable. It has been found out that the areas where agricultural or some 

specific species are common identification of resources is easy however the 

sites where the vegetation is mixed or no specific dominant species exist 

identification appear difficult. I have concluded out that there is a need for big 

fund to establish the pollen atlas of regions or establishing morphological 

pollen species for providing solution to identification issues. 

 

 It is also recommended to do the molecular identification of pollen to establish 

the reference for the future. Especially when aerobiological analysis is being 

done. it could serve as an alternative to the pollen analysis that is tedious job 

and need a highly skilled palynologist. 
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Families Plant species   AH

1 

CH

2 

DH

3 

FH

4 

GH

5 

GH

6 

GH

7 

GH

8 

GH

9 

GH 

10 

GH 

11 

GH 

12 

HH 

13 

IH 

14 

IH 

15 

JH 

16 

Acanthaceae Justicia 

adhatoda 

B 23                       3.5   0.74   

Peristrophe 

penniculata   

B                   5.2             

Amaranthaceae Amaranthus 

viridus 

B         3.5   5.33                   

Anacardiaceae Schinus molle B                                 

Apiaceae Coriandrum 

sativum 

B 2.4         20.5                   11.9 

Apocynaceae Carissa opaca B           33.3                 72.5   

Asteraceae Taraxicum 

officinalis 

B 10.6                 8.98     1.2       

Artemesia 

dubia 

B             2.39                   

Helianthus 

annus 

B   4               19.1     1 1.76     

Pathenium 

hysterophorus 

B                         1 1.66     

Sonchus asper B 8.84                             11.9 

Conyzanthus 

conyzoides 

B                                 

Sillibum 

merianum 

B     2   13                   10.1 12 

Betulaceae Alnus 

nepalensis 

B                                 

Bignoniaceae Catalpa ovata B                             3.63   

Table 4:   Supplementary material: Pollen percentage representation in each sample 
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Bombacaceae Bombax ceiba B                                 

Brassicaceae Brassica 

campestris 

B       90             97   3.2       

Caryophyllacea

e 

Stellaria media B     2       8.1     10.67             

Chenopodiaceae Chenopodium 

album 

W   6                             

Combretaceae Terminalia 

arjuna 

B                                 

Convolvulaceae Convolvulus 

arvensis 

B         14             6.25         

Cyperaceae Cyperus 

rotundas  

W                     0.5           

Carex sp. W             5                   

Elaeagnusaceae Elaeagnus 

angustifolia  

B               52.7                 

Euphorbiaceae Sapium 

sabiferum 

        3                         

Fabaceae Bauhinia 

variegata 

B 15                               

Trifolium 

repense 

B 13.3                 24.75   25 30.58 29.4 1.44 9.52 

Melilotus 

indica 

B   23                             

Rubinia 

pseudoacacia 

sp. 

B                 62               

Iridaceae Iris sp.               0.9                   

Lamiaceae Hissopus  B             8.81                   
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Lythraceae Lagerstromia 

indica 

B                                 

Malavaceae Grewia 

asiatica 

B             7.5                   

Abutilon 

indicum 

B                                 

Meliaceae Melia 

azaderahta 

B                                 

Fabaceae  (Sub 

family 

mimosaceae)  

Acacia nilotica B   48       38.5       31.3     26.19 25.2   20.7 

Acacia modesta B 19.5                               

Myrtaceae Callistemon 

citrinus 

B                                 

Eucalyptus 

globulus 

B     2 7 13           2.3   29.6 29.4   7.84 

E. 

cammoldulensi

s 

B                                 

Syzygium 

cumini 

B                           5.68     

Phyllanthaceae Bischofia 

javanica 

B                                 

Pinaceae Pinus 

roxberghii 

W                         3.5 0.98     

Poaceae Eragrostis 

cilianaris 

W                                 

Lolium 

multiflorium 

W                                 

Pennisetum 

typhoides 

B     56                           
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Poa annua W         17   62                   

Zea mays B         39                       

Triticum 

aestivum 

B                                 

Proteaceae Grewellia 

robusta 

B                                 

Plantaginaceae Plantago type B               10.4                 

Rhamnaceae Zizyphus jujuba B     32                           

Rosaceae Prunus persica B               34.7                 

Eriobotrya 

japonica 

B                       43.75         

Rosa alba B                                 

Rutaceae Citrus sinensis  B 4.42 19                             

Solanaceae Solanaceae 

Type 

B 3                         2.45 11.6   

Unidentified (Unidentified) B               2.2 31               

Verbenaceae Lantana 

camara 

B                           1.96     

Verbena 

tunisecta 

B                                 
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Part 2. 

Families Plant species   JH 

17 

KH 

18 

KH 

19 

KH 

20 

KH 

21 

KH 

22 

KH 

23 

KH 

24 

KH 

25 

LH 

26 

LH 

27 

LH 

28 

LH 

29 

IH 30 M

H 

31 

MH 32 

Acanthaceae Justicia 

adhatoda 

B     8                           

Peristrophe 

penniculata   

B                                 

Amaranthaceae Amaranthus 

viridus 

B                                 

Anacardiaceae Schinus molle B                                 

Apiaceae Coriandrum 

sativum 

B   15                             

Apocynaceae Carissa opaca B                                 

Asteraceae Taraxicum 

officinalis 

B   1.8

7 

  8.0

1 

            5.1           

Artemesia 

dubia 

B                                 

Helianthus 

annus 

B     2     2.71           4.17     16.

66 

31 

Pathenium 

hysterophorus 

B     3.07         6                 

Sonchus asper B           6.78                     

Conyzanthus 

conyzoides 

B             3.5                   

Sillibum 

merianum 

B       8.9

7 

3                       

Betulaceae Alnus 

nepalensis 

B           42.8

7 
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Bignoniaceae Catalpa ovata B                               18.6 

Bombacaceae Bombax ceiba B                                 

Brassicaceae Brassica 

campestris 

B 14.

45 

                    3.96         

Caryophyllaceae Stellaria media B                                 

Chenopodiaceae Chenopodium 

album 

W                                 

Combretaceae Terminalia 

arjuna 

B                                 

Convolvulaceae Convolvulus 

arvensis 

B   1.2

5 

                            

Cyperaceae Cyperus 

rotundas  

W                       3.18         

Carex sp. W                                 

Elaeagnusaceae Elaeagnus 

angustifolia  

B                                 

Euphorbiaceae Sapium 

sabiferum 

                                  

Fabaceae Bauhinia 

variegata 

B   1.2

5 

                            

Trifolium 

repense 

B         96.

2 

        73.0

2 

33.4   28       

Melilotus indica B                     6.2         11.5 

Rubinia 

pseudoacacia 

sp. 

B                                 

Iridaceae Iris sp.                                   
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Lamiaceae Hissopus  B           46.1

3 

                    

Lythraceae Lagerstromia 

indica 

B                                 

Malavaceae Grewia asiatica B                             6.3

3 

  

Abutilon 

indicum 

B                 5               

Meliaceae Melia 

azaderahta 

B       6.3

7 

                        

Fabaceae  (Sub 

family mimosaceae)  

Acacia nilotica B   54.

1 

72           85.6

7 

20 35.1 4.84 41.6       

Acacia modesta B 61                           29.

16 

  

Myrtaceae Callistemon 

citrinus 

B   22.

1 

0.88               17.6 61.35         

Eucalyptus 

globulus 

B 4.0

2 

          17.2

5 

    5.18             

E. 

cammoldulensis 

B                               15 

Syzygium 

cumini 

B       4.9

6 

                        

Phyllanthaceae Bischofia 

javanica 

B                                 

Pinaceae 

 

 

Pinus 

roxberghii 

W                                 
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Poaceae Eragrostis 

cilianaris 

W                               23.9 

Lolium 

multiflorium 

W 19.

56 

                              

Pennisetum 

typhoides 

B             24.2

5 

78                 

Poa annua W   3.4     0.8 1         2.6 22.5   2.8     

Zea mays B                         6.6       

Triticum 

aestivum 

B                                 

Proteaceae Grewellia 

robusta 

B                                 

Plantaginaceae Plantago type B             7.6                   

Rhamnaceae Zizyphus jujuba B             30 12         16.8       

Rosaceae Prunus persica B                                 

Eriobotrya 

japonica 

B     14                           

Rosa alba B                                 

Rutaceae Citrus sinensis  B                           97.2 33.

5 

  

Solanaceae Solanaceae 

Type 

B             13.0

7 

4 3.33               

Unidentified (Unidentified) B                 6           2   

Verbenaceae Lantana 

camara 

B                                 

Verbena 

tunisecta 

B             4.33                   
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Part 3 

 

Families Plant species   MH 

33 

M

H 

34 

MH 

35 

IH 

36 

MH 

37 

MH 

38 

MH 

39 

MH 

40 

MH 

41 

IH 

42 

IH 

43 

IH 

44 

IH 

45 

IH 

46 

IH 

47 

NH 

48 

Acanthaceae Justicia adhatoda B 5.4

6 

              41.

98 

13.13     3.84   86.

36 

  

Peristrophe penniculata   B                                 

Amaranthacea

e 

Amaranthus viridus B                                 

Anacardiaceae Schinus molle B         10.0

9 

                      

Apiaceae Corianderum sativum B 15.

1 

            8.38       8.38         

Apocynaceae Carissa opaca B                                 

Asteraceae Taraxicum officinalis B 0.6

2 

            9.37       19.3

5 

        

Artemesia dubia B           3.5                     

Helianthus annus B     7.5             4.01       9.7

5 

  17 

Pathenium 

hysterophorus 

B       12

.5 

14.3

2 

                      

Sonchus asper B 4.3

7 

            8.06       18.0

6 

        

Conyzanthus 

conyzoides 

B                 8.5               
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Sillibum merianum B                     18.18           

Betulaceae Alnus nepalensis B                                 

Bignoniaceae Catalpa ovata B               6.66                 

Bombacaceae Bombax ceiba B                   3.64             

Brassicaceae Brassica campestris B     70.5   14.2

3 

                      

Caryophyllace

ae 

Stellaria media W                                 

Chenopodiacea

e 

Chenopodium album W       7.

6 

                        

Combretaceae Terminalia arjuna B 1.8

7 

                              

Convolvulacea

e 

Convolvulus arvensis B       9.

4 

          9.12             

Cyperaceae Cyperus rotundas  W         3.8           10.6           

Carexsp. W                                 

Elaeagnusacea

e 

Elaeagnus angustifolia  B                                 

Euphorbiaceae Sapium sabiferum                                   

Fabaceae Bauhinia variegata B 7.5     11

.2 

                  4.8

7 

    

Trifolium sp. B       18

.8 

    17 12.6   45.25     96.15 56.

09 

    

Melilotus indica B                               36.9 

Rubinia pseudoacacia 

sp. 

B                                 

Iridaceae Iris sp.                                   

Lamiaceae Hissopus B                                 

Lythraceae Lagerstromia indica B                             3.0   
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3 

Malavaceae Grewia asiatica B         13.2                       

Abutilon indicum B                                 

Meliaceae Malia azaderahta B                                 

Fabaceae  (Sub 

family 

mimosaceae)  

Acacia nilotica B 25.

5 

67

.2 

      27.5 67   20 19.7         10.

6 

29.26 

A. modesta B     11.2                 2.58   29.

26 

    

Myrtaceae Callestemon citrinus B               2.58                 

Eucalyptus globulus B 10               20.

59 

              

E. cammoldulensis B             13                   

Syzygium cumini B                     19.9           

Phyllanthaceae Bischofia javanica B                                 

Pinaceae Pinus roxberghii W                                 

Poaceae Eragrostis cilianaris W     10.8           7.4

2 

              

Setariasp. W   20                             

Pennisetum typhoides B           56.5                     

Poa annua W   12

.8 

  2.

6 

22.6   3                 12.19 

Avena sativa W                                 

Triticum aestivum B                                 

Proteaceae Grewellia robusta B       13

.4 

                        

Plantaginaceae Plantago type B           10.4                     

Rhamnaceae Zizyphus jujuba B       24                         
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.5 

Rosaceae Prunus persica B                                 

Eriobotrya japonica B                                 

Rosa alba B                   3.64 51.4 51.6

1 

        

Rutaceae Citrus sinensis  B 25             46.17 1.5               

Solanaceae Solanaceae Type B 2.4                               

Unidentified (Unidentified) B               6.2   0.72             

Verbenaceae Lantana camara B                                 

Verbena tunisecta B                                 

 

Part 4 

 

Families Plant species   NH4

9 

PH5

0 

SH5

1 

SH5

2 

SH5

3 

SH5

4 

SH5

5 

SH5

6 

SH5

7 

SH5

8 

SH5

9 

SH6

0 

SH6

1 

SH6

2 

SH6

3 

SH6

4 

Acanthaceae Justicia 

adhatoda 

B                           3.83 3.78   

Peristrophe 

penniculata   

B         3.35                       

Amaranthaceae Amaranthus 

viridus 

B                                 

Anacardiaceae Schinus molle B                                 

Apiaceae Corianderum 

sativum 

B       6.1     18.66       4.5           

 

Apocynaceae 

 

Carissa opaca 

B                                 



343 

 

Asteraceae Taraxicum 

officinalis 

B           21.36   7.57     2.25           

Artemesia 

dubia 

B                                 

Helianthus 

annus 

B         3 17.98               3.35     

Pathenium 

hysterophorus 

B                         1.2   0.94   

Sonchus asper B                                 

Conyzanthus 

conyzoides 

B               2.42                 

Sillibum 

merianum 

B       3.7                     2.36   

Betulaceae Alnus 

nepalensis 

B                                 

Bignoniaceae Catalpa ovata B 29.3                           79.4   

Bombacaceae Bombax ceiba B   3.12     6.5     15.15       3.4         

Brassicaceae Brassica 

campestris 

B       21.7     45.48         78   0.72     

Caryophyllacea

e 

Stellaria media W   3                     3.6       

Chenopodiaceae Chenopodium 

album 

W           18.76                     

Combretaceae Terminalia 

arjuna 

B               2.27   32             

Convolvulaceae Convolvulus 

arvensis 

B   2.8                       1.43     
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Cyperaceae Cyperus 

rotundas  

W   5.2       7.29   1.81                 

Carex sp. W                                 

Elaeagnusaceae Elaeagnus 

angustifolia  

B                                 

Euphorbiaceae Sapium 

sabiferum 

                                  

Fabaceae Bauhinia 

variegata 

B                                 

Trifolium 

repense 

B     43 24           60           85 

Melilotus 

indica 

B 21.9                               

Rubinia 

pseudoacacia 

sp. 

B                                 

Iridaceae Iris sp.                                   

Lamiaceae Hissopus B       2             6.81           

Lythraceae Lagerstromia 

indica 

B                                 

Malavaceae Grewia 

asiatica 

B         3                       

Abutilon 

indicum 

B                                 

Meliaceae Malia 

azaderahta 

B                                 

Fabaceae  (Sub 

family 

mimosaceae)  

Acacia nilotica B 29.3     18.9 12     30.35     6.81     80.6     

Acacia modesta B                                 
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Myrtaceae Callestemon 

citrinus 

B   32.3   16.3         86.75           8.64   

Eucalyptus 

globulus 

B   35.4 57   70             18.6         

E. 

cammoldulensi

s 

B                   8       8.64     

Syzygium 

cumini 

B                                 

Phyllanthaceae Bischofia 

javanica 

B                                 

Pinaceae Pinus 

roxberghii 

W                                 

Poaceae Eragrostis 

cilianaris 

W                                 

Lolium 

multiflorium 

W           17.79   7.78                 

Pennisetum 

typhoides 

B                                 

Poa annua W 12.2               13.24   2.27   23       

Avena sativa B               4.84                 

Hordeum 

vulgare 

B                         71     11.46 

Proteaceae Grewellia 

robusta 

B       6.8                         

Plantaginaceae Plantago type B                             2.12   

Rhamnaceae Zizyphus jujuba B                                 



346 

 

Rosaceae  Prunus persica B                                 

Eriobotrya 

japonica 

B                             1.41   

Rosa alba B                           1.43     

Rutaceae Citrus sinensis  B             35.86 26.51     75           

Solanaceae Solanaceae 

Type 

B   13.4     2                       

Unidentified (Unidentified) B 12.7                               

Verbenaceae Lantana 

camara 

B                                 

Verbena 

tunisecta 

B                                 

W= Wind Pollinated Pollen   

B= Bee Pollinated Pollen 
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Table 5.  Frequency contribution of different melliferous pollen types   

and botanical families 

 

 Sr. #  Family  Plant Species Pollination 

type 

Frequency 

of occurance 

(%) 

1 
Acanthaceae 

  

Justicia adhatoda BP 17.2 

  
Peristrophe 

penniculata 
BP 1.6 

2 Amaranthaceae 
Amaranthus 

viridus 
WP 3.1 

3 Anacardiaceae Schinus molle BP 1.6 

4 Apiaceae 
Corianderum 

sativum 
BP 16.6 

5 Apocynaceae Carissa opaca BP 3.1 

6 

Asteraceae 

  

  

  

  

  

  

  

Taraxicum 

officinalis 
BP 18.8 

  Artemesia dubia BP 3.1 

  Helianthus annus BP 15.6 

  
Pathenium 

hysterophorus 
BP 12.5 

  Helianthus annus BP 9.4 

  Sonchus asper BP 9.4 

  
Conyzanthus 

conyzoides 
BP 4.7 

  
Sillibum 

merianum 
BP 14.1 

7 Balsaminaceae 
Impatience 

edgeworthi 
BP 

 

3.1 

 

8 Betulaceae Alnus nepalensis BP 1.6 

9 Bignoniaceae Catalpa ovata BP 7.8 

10 Bombacaceae Bombax ceiba BP 7.8 

11 Brassicaceae 
Brassica 

campestris 
BP 17.21 

12 Caryophyllaceae Lychnis coronaria BP 7.8 

13 Chenopodiaceae 
Chenopodium 

album 
WP 4.7 

14 Combretaceae Terminalia arjuna BP 4.7 

15 Convolvulaceae 
Convolvulus 

arvensis 
BP 10.9 

16 
Cyperaceae 

  
Cyperus rotundas  WP 10.9 
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26 

Poaceae 

  

  

  

  

  

  

Eragrostis 

cilianaris 
WP 4.7 

  
Lolium 

multiflorium 
WP 6.3 

  
Pennisetum 

typhoides 
BP 6.3 

  Poa annua WP 10.9 

  Poaceae Type WP 15.6 

  Zea mays BP 4.7 

  Triticum aestivum BP 3.1 

  Poa annua WP 10.9 

  Poaceae Type WP 15.6 

  Zea mays BP 4.7 

  Triticum aestivum BP 3.1 

27 Proteaceae Grewellia robusta BP 3.1 

28 Plantaginaceae Plantago type BP 6.3 

 29 Rhamnaceae Zizyphus sp. BP 1.6 

30 Rosaceae 
 Prunus 

bokharensis 
BP 1.6 

17 Elaeagnusaceae 
Elaeagnus 

angustifolia  
BP 1.6 

18 
Fabaceae 

  

  

  

  

Bauhinia 

variegata 
BP 7.8 

  Delbergia sisso BP 3.1 

  Trifolium repense. BP 34.3 

  Melilotus indica BP 7.8 

  
Rubinia 

pseudoacacia sp. 
BP 1.6 

19 Iridaceae Iris sp.   1.6 

20 Lythraceae 
Lagerstromia 

indica 
BP 1.6 

21 Malavaceae 

  

Grewia asiatica BP 4.7 

  Abutilon indicum BP 3.1 

22 Meliaceae Melia azaderach BP 1.6 

23 

  

 

Mimosaceae 

 (Subfamily) 

Acacia modesta BP 3.1 

Acacia nilotica BP 37.5 

24 
Eucalyptus 

globulus 

  

  

  

Callistemon 

citrinus 
BP 14.1 

  
Eucalyptus 

globulus 
BP 21.9 

  
Eucalyptus 

cammoldulensis 
BP 9.4 

  Syzygium cumini BP 4.7 

25 Pinaceae Pinus roxberghii WP 3.1 
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    Rosaceae Type BP 4.7 

    
Eriobotrya 

japonica 
BP 4.7 

    Rosa sp BP 3.1 

31 Rutaceae Citrus sinensis  BP 14.1 

32 Simaroubaceae 
Ailanthus 

altissima  
BP 1.6 

33 Solanaceae Solanaceae Type BP 14.1 

34 Verbenaceae Lantana camara BP 1.6 

    Verbena tunisecta BP 1.6 

 




