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"It is He Who sendcth down rain from the skies: with it We produce vegetation of all 

kinds: fro~ some We produce green (crops), out of which We produce grain, heaped 

up (at harvest): out of the dat~palm and its sheaths (or spathes) come clusters of 

dates hanging low and ncar: And (then there are) gradeRS of grapes, olives and 

pomegranates, each similar (in kind) yet different (in variety): When they begin to 

bear fruit, feast your eyes with the fruits, and the ripeness thereof. Behold! in these 

things are signs for people who believe. II 

(AI-Quran 99:6) 
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ABSTRACT 

Specially during the last decade, pollen allergy diseases afe on the increase as reported by 

the medical practitioners and the media in Islamabad. It was felt that scientific investigation 

in this direction should be conducted to find out which particular grass pollens in Islamabad 

are responsible for allergy. This study was carried Ollt in collaboration with Nat ional 

Institute of Health . A palynological and taxonomical study of 54 species belonging to 37 

genera of the fami ly Gramineae from Islamabad was conducted. Pollen morphology was 

studied with light microscope and scanning electron microscope from slides prepared with 

Erdtman 1943 (modified by personal communication with Dr. Syed Zahoor Husain) 

method and by mounting dry pollens on the metal stubs with cellotape on it respectively. 

Light microscopy reveals that the pollens of grasses studied are spheroidal, ovoidal or 

ellipsoidal, monoporate, ectoporlls, some pollens are endoporus smooth (psilate) or 

granulate, rarely reticulate. Scanning electron microscopy of grass pollens reveals variation 

in exine surface, involving presence or absence of granules wi th different variations. The 

observations show some taxonomic correlations at generic level. It may be said that the 

differentiating characters of the pollen grains of the grasses have to do with relat ively slight 

and inconstant differences in their shape and size, the shape and size of the aperture and its 

operculum and the texture of their exine. It is only in relatively few cases where such 

characters can be used for specific or even generic identification with any degree of 

certainty. On the basis of exine ornamentation and wall patterns the pollen of grasses have 

been divided into two new groups and two sub groups. 20 grasses of Islamabad are 

reported to be allergenic and the pollen samples are presented to National Institute of 

Heal th for allergy tests on patients. This is the first such study in Islamabad. 



Chapter One 

(Introduction) 



INTRODUCTION 

This research work was carried out in February 1996 under the supervision of Dr. MiT 

Ajab Khan, Assistant Professor of Botany in Department of Biological Scineces, Quaid-i

Azam University Islamabad and Dr. Syed Zahoor Husain, an overseas Pakistani UNDP 

consultant in pollen allergy and senior research scientist at Reading University, UK. This 

research project comprises the palynological and taxonomic studies of allergy causing and 

other grasses of Islamabad. The research includes the collection of pollens from the 

members of the family Gramineae, from different sectors of Islamabad , preparation of 

vouchers plant specimens, identification of plants and pollen collection , preparation of 

permanent slides for light microscopic studies and collection of polliniferous material for 

scanning electron microscopic studies. 

This research work was based on prevalence of pollen allergies in Islamabad. 

Recently in Islamabad pollen allergy was diagnosed in large number of patien ts from 

different sectors of Islamabad. It was felt that scientific research in this field should be 

conducted to find out which particular grass pollens in Islamabad are responsible for 

anergy. This study was undertaken in collaboration with National Institute of Health 

Islamabad . 

1.1 Location of Islamabad 

The area si tuated and adjacent to the north and east of Rawalpindi was named 

Islamabad, the new Capital of Pakistan by the Federal Government of Pakistan on 24th 

February 1960. The area of Islamabad forms the north ~eastern part of the Pothohar plateau 

at 330 -36 ' and 330 -49 ' in latitude and 720 -50' and 730 -24 ' longitude. It is bounded on the 

noth-east by the Margalla Hills. 

1.2 Topography 

The city of Islamabad lies at the foot of Margalla hill s. The major area is undulating 

ground ri sing gradually from an elevation of 494 to 610 meters above sea level. 

(Stewart, 1985) 
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1.3 Climate and annual rainfall 

The climate of Islamabad is monsoonic temperate with an average rainfall of about 

1143 mm . The haviest precipi tation occurs in the months of July~September which is also 

the season when grasses are in abundance. The annual mean maximum temperature ranges 

between 28.90C to 300 C and mean minimum fro m 10 to 14.4oc. January is the coldest 

month with the lowest minimum temperature reaching the freezing point. (Beig etal 1985) 

1.4 Physical features 

Rawalpindi~Islamabad, along with the Margal la Hills is largely tert iary in age (7~65 

million years old) with smaller areas of form ations belonging to the cretaceous period ~ 136 

million years. (Department of Earth Sciences Quaid~i -Azam University Islamabad , Dr 

Tahi ra Mehmood Department of Biological Sciences Quaid-i-Azam Universi ty Islamabad). 

The soil in this area is derived from wind and water laid deposits and sedimentary 

rocks. The soil from wind deposition is dark brown to yellowish brown, has medium to 

fine texture and well developed profiles. The subsoil is usually of decalcified or calcareous 

silt loam. The soil profile of the Rawalpindi series consists of very deep, well drained, 

medium textures soils, decalcified to a depth of 2 feet (Dr. Tahira). They have yellowish 

brown , pliable non-calcarious massive, very fine sandy loam topsoil about 6 inches thick. 

This overlies brown to dark brown , friable, non-calcareous, si lt loam subsoi ls with weak, 

coarse, angular, blocky structure. The substratum is yellowish brown, friable, massive si lt 

loam and strongly calcarious. (Shah, Ibrahim, 1977) 

1.5 Grasses and Their Economic Importance 

The establishment of grasses and grazing animals among dominant life forms on 

earth considerably preceded the advent of man . The fossil record of 'grasses is rather 

meagre but there are fa irly good grounds for assuming that they emerged as a dist inct class 

of the Angiosperm complex during late Cretaceous limes, or even earlier when flowering 

plants were spreading throughout the world (Barnard and O.H. Franbel). By Miocene 

times, that is some 20 millions years ago, grasses were probably assuming an important 

place in the earth vegetation. Speciat ion of the grasses and the development of the grass-
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lands has been occurnng throughout the whole period from early tertiary times to the 

present day. 

The grasses are one of the largest families of flowering plants in number of genera 

and species. From an estimated total of 12,500 genera of flowering plants, 600 or 4.8 

percent are grasses, and from an estimated total of 225,000 species, 75,000 or 3.3 percent 

are grasses (Good, 1953) Clayton and Renvoize (1986) put the total number of grasses in 

the world at about 10,000 species. They recognized 65 1 genem and assigned them number 

indicating their phylogenetic status based upon various evidences. 

Geographically, the grasses are ubiquitous and the grass family is true l) 

cosmopolitan. Grasses occur in all continents and there are no significant lacunae in the 

distribution paltern . 

Grasses are found allover the land surface of the globe i.e., marshes and in deserts, 

on prairies and in woodland, on sand, rocks and fer tile soil , from the tropics to the polar 

regions and from sea level to perpetual snow on the mountains. Their widespread 

distribution on the earth is probably due to their several lines of parallel and convergent 

evolu tion, and to many trends of adaptation hav ing been reversed. Therefore, the grasses as 

a family are outstanding in their abil ity to adapt themselves to diverse ecological 

conditions. 

This ability to adapt is surpri sing because both morphologically and biologically the 

grasses form a fairly homogenous group. Floral characters are si milar throughout the 

family, a feature which has led the grasses to be regarded as a difficult group from the 

viewpoint of the taxonomists. With the exception of bamboos, they are all herbaceous with 

relatively little variation in growth form. The species are virtually all wind-pollinated or 

c1eistogamous, and hence thei r di stribution is not dependent upon the presence of insect 

poll inators. 

Reproduction: Grasses are among the most successful plants occupymg adverse 

environments. Their success is due to a variety of morphological and physiological 

characters among which are the effective protection of their florets and reduction to a 

minimum of the time when the florets are open. The developing inflorescence are enclosed 
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by the leaf sheaths untill fully differentiated, while each florets is in turn protected by a 

lemma and palea, except for the one brief period when they are forced apart by the 

lodicules to allow pollen dispersal and to exposed the stigmas to cross-pollination. The 

grasses are pre-eminent to keep this period to a minimum for out breeding populations by 

controlling the season of flowering and of the daily time of flower opening. 

A similar flexibility exists in the breeding system of grasses, which may vary 

greatly with environmental conditions. Whether the florets are normal or proliferous, 

cleistogamous or chasmogamous, self or crossed-fertilized, sexual or apomictic, in many 

species depends on, and are adopted to the climatic conditions prevailing during 

inflorescence development. 

Breeding system: The grasses have exploited a wide range of breeding systems as IS 

evident from the following diagram which is based on data from Fryxell (1957). 

Poa pratensis -, 

Cross 

Ferti lized 

Apomictic 

Scale cereale 

. Deschampsia 

Agropyronscabrum 

Oryza sativa 

Self 

Fertilized 

Breeding system in grasses (based on data from Fryxe ll (19571 

Many of the annual grasses are self-fertilized while the majority 9f the perennials 

are cross-fertilized and show inbreeding depression and self-incompatibility. The breeding 

system of grasses can be profoundly modified by environmental conditions. Sometimes this 

is due to a change in floral behaviour as in wheat and rice (Howard, A., and G.L.C . 

1909). The compatibility system in grasses is probably beyond environmental influence, 
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but the occurrence of apomixis male sterility, cleistogamy, monoecium and dioecium are 

a1l subject to climatic influence. 

The anthers of grasses appear to be among the most susceptible of floral organs to 

adverse environmental conditions during their differentiation. The male florets of 

monoecious species may be delayed, inhibited or even replaced by female florets under 

unfavourable photoperiods and low temperatures. Frost may emasculate wheat and barley 

(Sunelbn, 1953) wh ile long days and low temperatures lead to low fertility in norma ll y 

male-fertile Pennisetum clandesfillm (Youngner, !961). 

Apomixis is common among the grasses and in most it is facultative rather than 

obligate. In fact, doubt exists as to whether there are any wholly obligate apomicts 

(Clausen, 1954) and it is becoming apparent that environmental cond itions may influence 

the degree of apomixis in grasses. 

Cytogenetics 

The chromosome numbers and their behavi 'lir at meiosis have been studied in most 

important cultivated grass species (Atwood, 1947 , Avdll1or, Carnahan, and Hill, 1961), 

The cytological situation in the Gramineae is complicated because most species are, in fact, 

polyplaids or contain chromosome races forming polyploids series. In addition, many of 

the apomictic genera such as Poa form extensive aneuploid series. 

The basic chromosome number in the Gramineae varies and is related to the 

taxonomic grouping. Carnahan and Hill have listed the chromosome numbers of more than 

1550 species and an analysis of these show that over 90 percent fall into one of two major 

groups. The tropical and subtropical species with small chromosomes represen tat ive of the 

tribes Andropogoneae, Maydeae, Paniceae, Chlorideae, Eragrosteae, and Danthonieae have 

a basic number n= 10 or simple derivatives such as 9 ar 12. Those species with a mainly 

temperate distribut ion, including the Agrostideae, Aveneae, Phalarideae, Festuceae and 

Hordeae have large chromosomes and the basic number is usually 7. 

Cytogenetic evidence has provided valuable information on phylogenetic 

relationships in the Gramineae and has been useful in the identification of species in certain 
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genera in which morphological characters alone are insufficient for this purpose 

(Morrison,1959, 1961 and Rajhathy 1961). 
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Table 1 

Table of Chromosome Number of the Taxa Studied 

Taxon Gametopbytic Sporopbytic Reference 
chromosome No. chromosome No. 

(n) (2n) 
Alopecurus 14 - Mehra and Sharma 1977 
myosuroides 
Aristida Adscensionis 33 - Spies and dll Plessis 1987 

11 - Bir and Sahni 1983 
Aristida funiculata 11 - Bir and Sahni 1984 
A vena ludoviciana - 42 Magulaer 1976 

21 - Mehra and Sharma 1975 
A vena sativa - 42 Jones eta!, 1989 

21 - Mehra 1982 
Bothriochloa pertusa - 40 Caupta and Srivasta 1974 
Brachiaria distachya 36 - Mehra and Sharma 1975a 

- 36 Muniyamma 1976 
Brachiaria eruciformis 18 - Mehra and Sharma 1975a 
Brachypodium 30 - Baltisberger & Leuchtmann 
distachyon 1991 
Bromus catherticus - - -
Bromus danthoniea - 28 Chopanov & Yurtsev 1976 
Bromus japonicus - 14 Chopanov & Yllrtsev 1976 

14 - Mehra & Sharma 1977a 
Bromus j)ectinatus - -

Cenchrus 18 - Bir & Singh 1983 
penisctiformis 27 - Bir & Sanhi 1986 

Chrysopogon aucheri 10 - Faruqi eta! 1979 
Cymbopogon flexllosus 10 20 Christopher 1978 

Cymbopogon 10 - Faruqi eta! 1987 
schoenanthus 
Cynodon dactylon 18 - Mehra & Sharma 1975c 

- 18 Chopanov & Yllrtsev 1976 
Dactyloctenium 20 - Sharma & Sharma 1978 
aegyptium 18 - Mehra & Sharma 1975c 

23 - Kalia 1978 
24 - Dujardin 1978 

Desmostachya - 20 Kalia 1978 
bipinnata 20 Muniyamma eta! 1976 

Dicanthium annulatium 10 - Sarkar eta! 1975a 
20 - Kalia 1978 
- 40,50 Gupta & Srivastava 1974 

Dicanthium foveolatum - - -
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Taxon Gi:llY1etophytic Sporophytic Reference 
chromosome No. chromosome No. 

(n) (20) 

Digitaria biformis 9 - Mehra & Chaudhry 1975 
36 - " 
- 36 Christopher & Abraham 1976 

Digitaria nodosa - - -
Digitaria sanguinalis - 18 Gupta & Yarshvir 1977 

- 36 Chopanov & Yurtsev 1976 
9 - Mehra & Sharma 1975 
18 - Christopher & Abraham 1976 

Echinochloa colonum 27 - Mehra & Sharma 1975a 
- 54 Chatterji 1975 

28 - Bir & Sindhu 
Echinochloa crus-galli - 54 Indakova 1974 

27 - Christopher & Abraham 1976 
Eleusine indica 9 - Mehra & Sharma 1975a 

- 18 Sarkar 1976 
9, 18, 27 - Kalia 1978 

Eragrostis minor 30 - Reeder 1977 
- - Sokolovskaga & Probatova 
- 40 1978 

Heteropogon 39, 40, 50, 60, 69, Tothill & Hacker 1976 
contourtus 70, 80,90 

40,50,60 Gupta & Srivavasta 1974 
Imperata cylindrica - 20 Christopher 1978 

10 - kalia 1978 
Lolium multiflorum 7 - Mehra & Sharma 1975b 

- 14 Skalinska eta!. 1978 
Oplismenus burmannii 18 - Mehra & Sharma 1975a 

36 - Christopher & Abraham 1976 
- 44 Mehra & Chaudhry 1975 

Parapholis strigosa - - -
Paspalidium flavidum 27 - Chatterji 1975 

- 54 Shanthamma eta!. 1976 
22 - Sharma & Sharma 1978 

Paspalum dilatatum - 50,60 Dandin & Chennaveeriah 
25 - 1977 
30 - Mehra & Sharma 1975a 

Mehra & Chaudhry 1975 
Paspalum distichium - 60 Dandin & Chennaveeraiah 

20 - 1977 
30 40,60 Fernandes eta!. 

Mehra & Sharma 1975a 
Kata yama & Ikeda 

Pennisetum - 14 Hanna eta!. 1976 
americanum - 14 Brunben 1977 
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Taxon Gametophytic Sporophytic Reference 
chromosome No. chromosome No. 

(n) (2n) 

Phalaris minor 14 26 Humphries 1978 
28 - Chopanor & Yurtsev 1976 

14+0-1B - Sharma & Sharma 1978 
Phleum himalacum 14+0-B - Sharma & Sharma 1978 
Phleum pratense - 42 Skalinska etal. 1978 

- 28 Magnlaev 1976 
Phragmites australis 22-25 47-49, 72, 96 Gonzalez-Aguilera eta!, 1990 

48, 50, 52, 56, 72, Gorenflot 1986 
96 

Poa annua 14 - Devesa etal 1990 
- 28 Koul 1990 

Poa infirma 7 - Devesa etal 1990a 
Poa nemoralis 21 42 Galland 1988 

7 - Devesa etal 1991 
Polypogon 13, 14+0-1B - Paruq 1987 
monspeliensis 7 - Devesa etal 1991 
Sacchanum 30 60 Sinha etal. 1990 
spontaneum 27,45 - Sin~h etal. 1990 
Setaria glauca 18 - Sinha etal. 1990 

18 - Bir & Ehauhan 1990 
Setaria pumila - 36 Devesa etal . 1991 
Sorghum halepense 23 - Gohil & Kaul 1986 
Stipa splendens 20 - Gohil & Kaul 1986 

30 - Bir & Chauhan 1990 
U rochloa panico ides 24 - Sinha etal. 1990 

30 - Bir & Chauhan 1990 
Vetiveria zizanoides 10 - Bir & Sanhi 1983 

10 - Bir etal. 1987 

A knowledge of the chromosome numbers and the recognition of the chromosome races 

within a species complex may influence the choice of particular race or species for crossing 

or the direction in which the crosses are made (McWilliam, 1962). Investigation of 

chromosome homology in interspecific hybrids can lead to a better understanding of species 

relationships and evolutionary history, suggesting possible avenues for further hybridization 

(Stebbins, and Zohary, 1959). Also cytogenetic studies can contribute fundamental 

information on the nature of polyploidy and apomixis and the existence of aneuploidy and 

other chromosomal irregularities. 
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Polyploidy: Polyploidy has also undoubtedly played an important role in the evaluation of 

the Gramineae for about 70 percent of the known wild species of grasses are of polyploid 

origin (Stebbins, O.L. 1947). The major role of polyploidy in evaluation has been in the 

fixing and spreading of hybrid combinations either at the varietal, sl1b~species or species 

level. It has also provided one of the most rapid known methods of producing radically 

different but nevertheless vigorous and well adopted genotypes. This has been achieved 

through the production of new combinations of characters rather than the origin of new 

characters themselves and has thus tended to be a conservative rather than a progressIve 

force in evolution. 

Apomixis: Apomixis is a term covering all types of reproduction which rep lace or 

substitute the usual I sexual process. Two main types are recognized, vegetative apomix is 

where reproduction is by means of vegetative proliferation (vivipary) , and agamospermy 

where reproduction is by means of seed (Gustafsson, 1946-47). 

Apomixis is common in the Gramineae, agamospermous apomixis is known to 

occur in 74 species and 12 other species reproduce, at least occasionally, by viv ipary 

(Brown and Emay, 1957, Fryxell , 1957). The greatest number of species with 

agamospermolls type of apmixis occur in genera from tropical and sub-tropical regions. In 

the subfamily Panicoideae, for example, agamospermy has been recorded in 22 genera and 

is particularly common in BOfhriochloa, Paspalllln, Peflnisefwn, Urochloa and Dicallfhium. 

In the Festucoideae, grasses of the temperate regions, vivipary tends to be more common. 

Of the various forms of vegetative apomixis, vivipary or inflorescence proliferation is 

probably of greatest significance in the Gramineae. 

The Uses of Grasses 

Of all the plants of the earth the grasses are of the greatest use to· the human race. 

The grasses directly or indirectly provide man and his domestic animals with the principal 

necessities of life. From the cereals - wheat, barley, oats, and rye of cool regions and rice, 

maize and millets of warmer lands - enormous crops of grain are harvested , rich in starch, 

oi l, fats, proteins, minerals and vitamins. These grains are the source of flours and meals 

used in bread making and in the preparation of various food stuffs as well as in the 
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manufacture of numerous products such as adhesives, cosmetics, plastics and oi ls. The 

sweet sap of sugar cane and varieties of Sorghum yields much of our sligar besides syrups 

and molasses. Alcoholic beverages, liquors, and industrial alcohol are made from the 

grains of cereals and from sugar molasses. 

Some of the important uses of grasses are as foHows: 

Food Grasses 

The most important food plants for the human race are the cereals, including wheat, 

maize, rice, barley, rye, oats and many kinds of Sorghu11I. The seeds of the cereals are also 

extensively used as feed for domestic animals. 

Forage Grasses 

Forage grasses are used for hay, pasturage, soiling and silage. 

Hay grasses: The grasses together wi th clovers and alfalfa are the basis of permanent 

meadows. The most important perennial grasses used for hay are Timothy (Ph/cum 

pratense) Redtip (Agroslis alba), orchard grass (Dactylis gloml/rala) smooth brome 

(Bromus peetinatus) and Juhnson grass (Sorghum halepense). 

Pasture grasses: The more common grasses used for permanent pasture are: (Poa 

netloralis), Bermuda grass (CYIIO(/Oll dacryloll), smooth brome (Bromus earherricus), ItaJ ian 

ryegrass (Lolium mulliflorum) and Dallis grass (Paspalum di/alarum). 

Soiling grasses: Grasses used for soiling are for the most part the cereals, mi llet and other 

annual grasses used for temporary meadows. 

Silage grasses: Any grass may be cut and stored in soils, but corn and the sorghum are the 

ones most used . 

Range Grasses 

A large number of grasses make li p much of the wild pasture known as the range. 

Important range grasses are: red canary grass (Phalaris arul1dillacea, AriJ(ida ful/ku/aw, 

silpa sp/endens) Brome grass (Bromlls japoniclIs). 
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Soil, Sand, and Mud-binding Grasses 

Most grasses by providing a cover over the surface and a fine network of roots in 

the soil prevent erosion by wind and water, especially on hills and mountains slopes, river 

sides and on muddy and sandy sea shores. 

There are several grasses which may be used for the control of drifting sand of 

coastal dunes. The rhizomes of these grasses spread rapidly through loose sand, branching 

and rooting profusely and giving rise to erect leafy shoots capable of growing up through 

gradually increasing layers of sands. 

On tidal mud-flats, flooded at high water, the common salt marsh-grass (Puccinellia 

maritima) spread over the bare mud by means of its creeping rooting stolons gradually 

forming the short dense turf of a salt marsh . 

Grasses in the Industrial Arts 

The most important species of the industria] arts group is sugarcane. The fiber 

producing grasses are utilized in paper making. The pith of the corn stalk and the oil of the 

com grain find many uses in the arts. 

Certain aromatic grasses furnish essential oils used in perfumery. The best known 

are lemon grass (Cymbopogoll citralUs), citronella grass (Cymbopogon 1lardus) and vetiver 

(Vetiveria ziza1l;oides) . 

The bamboos, the largest of grasses, are of vast importance in the industrial arts. 

The culms or stems are very strong and are used for building houses and bridges. When the 

stems are splits, flattened out, and the partitions at the joints removed Ihey make very 

durable boards, a foot or more wide for floors and walls. Rafts and floats are made of the 

hollow stems closed at the joints by natural airtight partitions. With the partitions removed 

bamboo stems furnish water pipes. Much of the furniture and many of' the utensils and 

implements used are made wholly or in part of bamboo. Brooms are made from the seed 

heads of broomcorn, a variety of Sorghum. Leg horn hats are made of a kind of wheat 

straw cut young and bleached . Straw of rice and oats is used for matting and for hats. 
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Grasses for Lawns 

The lawn is a most important part of a well -planned landscape, park or garden. 

Kentucky blue grass. used for pasture, is the best known lawn grass. Bermuda grass is 

often used as a lawn grass in shady places. 

Ornamental grasses 

It is true that grass flowers cannot compete in colour, scent and splendour with the 

lily or the rose, nevertheless , they posses distinctive types of foliage and flower-head which 

provide a very pleasing setting or more showy plants. For practical purposes ornamental 

grasses may be divided into two groups depending on whether they are grown for their 

attractive flower heads or for their graceful and unusual foliage. Among typical 

ornamentals or the plume grasses, giant reed (Arundo dOl/ax) and pampas grass (Conad/ria 

sel/oalla) are the most popular for parks and large areas. Dwart bamboo (Bambllsa 

mlltip/ex) is used for hedges. 

1.6 TIle Classification of Grasses 

The angiosperms are widely distribu ted with so many variations that someti mes it 

seems almost impossible to arrange them in systematic order. Since the prehistoric times 

the people were interested in the solution of the problem, and for the first time a few 

plants were classified according to their medicinal and food value and thus the taxonomy 

of flowering plants originated . 

There can be three different possible types of systems of classification, the 

artificial, the natural and the phylogenetic classification. 

Artificial system:- In artificial system of classification only a few characters of the plants 

are being considered, for example, the grouping of plants into herbs, shrubs and trees or 

the sexual system of Linnaeus based on the number of stamens and style'S. There are so 

many drawbacks in this system, the most important one is that the plants closely 

resembling each other are very often placed in widely separated groups, whi le those quiet 

different from each other are being placed in the same group. The artificial systems are not 

in current use. The best known artificial system is of Linnaeus published in 1735. 
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Natural System:- In the natural system all the important characters of the plant are being 

considered, and the plants are classified according to their related affini ties. This system 

reflects the situation as it is thought to exist under natural conditions, for example, 

Bentham and Hooker' s system (1862-83). 

Phylogenetic system:- In phylogenetic system, the plants are classified according to their 

evolutionary and genetic affinities. But it seems a bit difficult to classify the plants 

(especially grasses) perfectly on the basis of eVOlutionary tendencies due to imperfection of 

fossil records, and therefore, at present the plants are classified partly according to natural 

and partly according to phylogenetic basis. The system of classification proposed by 

Engler in 1886, by Hutchinson in 1926 and by Tippo in 1942 are phylogenetic. 

Scheucher (1 708) was one of the first who published a scientific paper about grasses. II 

went under the title Agrostographial Helvetica Prodromus. Linnaeus (1753) systematised 

the grass classification in his first edition of "Species plantarum" and listed 40 grass 

genera. L innaeus sexual system of classification was based on the number and arrangement 

of stamens and pistil s. Linnaeus listed 28 genera of grasses under Triandria digYllia, but 

the other twelve genera were classified in quite different groups, for example, CiflflCl in 

Monandria digynia, Nardus in Trial/dria monogynia, Zea and Coin in Monoecia triandria, 

Anthoxmuhum in Diandria digynia, Oryza in Hexandria digYflia and Andropogofl , 

Isehaemwn, Ceflehrus, fIo/ells and Aegi/ops in Polygamia mOl/oecia. 

In the beginning of the nineteenth century, taxonomists started to classify plants 

according to a wide range of morphological characters (natural system of classification) . 

Brown (1810) understood the true nature of grass morphology. He recoganized the 

spikelets as a reduced inflorescence branch. He classified the grasses into Paniceae and 

Poaceae and describe the spikelet characteristics of these groups. He noted that Paniceae 

were distributed mostly in the tropics and sub-tropics while the Poaceae were mainly 

adopted to temperate regions. 

De Beaurois (1812) named and described a large number of grass genera and recognized 

the grass family as the best known of the higher plants. Kunth (1833) distinguished 13 

tribes but recognized no sub-families. Fries (1846) recognized Clisanthees and Euryanthees 
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as his two mai n groups of grasses. BenthuOl (1881) divided Brown's Paniceae into 7 tr ibes 

and further divided some of the tribes into sub-tri bes. Har (1880) recognized three main 

groups of grasses - Frumentaceae, Sacchariferae and Fragmitiformes. 

A phylogenetic system of classification of the grasses was presented fi rst by 

Avdulov (1931) and elaborated in various versions by Pilger (1954), Tateoka (1957), Prat 

(1960) , Stebbins and Crampton (1961), Parodi (1961) , Jacques-Felix (1962), P ot Tal 

(1964) , Goned (1968) , Clayton (1978), and Hilu and Wright (1982). Most of these 

workers claimed their classifications to be the phylogenetic systems but actually this is 

largely not so. Hubbard (1966) recognized 59 tribes which he placed in 19 'groups' 

which were not named or given a precise taxonomic rank. 
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Table 2a 

Major Classifications of Grasses since Avdulor 

Avdulor (1931) Pilger (1954) Tateoka Prat (1960) Stebbins & 
(1957) Crampton (1961) 

Parodi (1961) 

Poatae Panicoidea 
Andropogonoideae Panicoideae Festucoidees Panicoideae 

Phragmitiformes Eragrostoideae Eragrostoideae Panicoidees Eragrostoideae 
Festuciformes Festucoideae Pooideae Chloridoidees Festucoideae 

Bambusoideae Ayu ndinoideae Oryzoidees Arundinoideae 
Sacchariferae Plyroideae Pharoideae Olyroidees Bambusoideae 

Oryzoideae Phragmitiformmes Oryzoideae 
Micrairiodeae 
Anomochlocideae 

Table 2b 

Jacques-Felix Potztal Gould Clayton Hilux Wright 
(1962) (1964) (1968) (1978) (1982) 

Pnaicoide Pooideae Festucoideae Bambusoideae Festucoideae 
Chloridoide Micrairioideae panicoideae Centothecoideae Nardoideae 
Festucoide Eragrostoideae Eragrostoideae Arundinoideae Oryzoideae 
Arundinoide Oryzoideae Bambusoideae Chloridoideae Arundinoideae 
Bambusoide Oly roideae Oryzoideae Panicoideae Centotheocideae 
Oryzyoide Panicoideae Arundinoideae Pooideae Panicoideae 
Stipoide Andropogonoideae Eragrostoideae 
S treptogynoide Bambusoideae Bambusoideae 
Ehrhartoide Anomochloideae 
Olyroide 
Zizanioide 

Several notable systems have been produced by contemporary botanists, including 

A. Takhtajan (1910-1992) of Leningrad, A. Cronquist (1919-1990) of New York, and 

R. Thorne (1920- ) of California Cronquist's sY$tem is the best developed, and it has 

been selected for use in the family circumscriptions and family sequence in several recent 

floristic projects in the world. 
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Synopsis of sub-families and tribes of the family Gramineae 
(following A. Cronquist, 1982) 

Table 3 

Class Liliopsida 
Sub-class Commelinidae 
Order Cyperales 
Family Poaceae 

Subfamily Tribes 
I. Festucoideae Festuceae 

Aveneae 
Triticeae 
Meliceae 
Stipeae 
Brachylytreae 
Diarrheneae 
Nardeae 
Monermeae 

II. Panicoideae Paniceae 
Andropogoneae 

III. Eragrostoideae Eragrosteae 
Chlorideae 
Zoysieae 
Acluropodeae 
Unioleae 
Pappophoreae 
Orcuttieae 
Aristideae 

IV. Bambusoideae Bambuseae 
Phareae 

V. Oryzoideae Oryzeae 
VI. Arundinoideae Arundineae 

Danthonieae 
Centotheceae 
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Systematic arrangement of the family Gramineae 
(After Bentham & Hooker, Engler & PrantIe and Hutchinson) 

Table 4 

Bentham & Hooker Engler & Prantle Hutchinson 
Phanerogams Phanerogam Angiospermeae 
Monocotyledones Monocoty ledoneae Dicotyledones 
Glumaceae Glumiflorae Glumiflorae 
Gramineae Gramineae Graminales 

Gramineae 

1. 7 Phylogeny of Grasses 

Efforts have often been made to trace the descent of present day grasses but the 

fossil record for grasses is so limited that it is almost negligible as compared to their large 

number of genera and species in the world today. Grasses probably came into being in the 

Mesozoic, after flowering plants were well diversified. The first reported grass like fossils 

are from the upper cretaceous, and the firs t definitely known grass foss ils are from late 

tertiary rocks of Europe (Gould, 1968). Carbonized grass fruit from tertiary deposits of the 

florissant beds of Colorado were assigned to stipa by Cockerell (1908). 

Hutchinson (1934) suggested that the grasses along with the sedges have been 

derived from Liliaceous ancertral stock in a Juncaceae complex . Lawrence (1969), 

however, did not regard the Gramineae and Cyperaceae as closely related. He noted that 

grasses have terminal flowers whose ovaries probably evolved from ancertral types with 

parietal placentation, whereas sedges have axillary flowers whose ovaries evolved from the 

types with free central placentation. The Cyperaceae are more like the Juncaceae than the 

Gramineae. Ziegenspeck (1938) believed that the parental line from Liliales divided 

immediately into two branches, one giving rise to Commelinaceae and Gramineae and the 

other to Juncaceae and Cyperaceae. From the first line Commelinaceae branched off, 

leaving reduction and specialization produced the Gramineae in its present form. Stebbins 
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(1956) suggested the relationship of grasses to be with the families Flogellariaceae and 

Reslionaceae. 

Sharma (1979) suggested that in response to the forces of evolution and natural 

selection grasses have added some parts and eliminated others to produce an extra ordinary 

mosaic of characters. He suggested that progenitors of the present-day grasses were 

probably herbaceous forest grasses which now seem extinct but lived in the cretaceous, 

judging from the few fossil data available for grasses. The characters of those grasses are 

now found in Bambuseae, Phareae and some members of Oryzeae. A vdulor (1931) 

suggested that the phylogenetic tendencies within the Gramineae have been fro m high basic 

number and small size chromosomes to low basic number and large chromosomes. The 

series phragmitiformes (including tribes Arundineae and Bambureae) with high basic 

number is primitive and genera with low basic numbers (many of his festuci -formes) are 

more advanced . Bews (1929) Prot (1936) and Stebbins (1956) regarded the Bambuseae as 

the most primitive tribe within the fami ly Gramineae. The Bambuseae have three lodicules, 

six stamens, perfect many flowered spikelets; WOOdy, perennial stems; articulate leaves, 

awnless glumes and lemma, and high number of chromosomes of small size. 

Beetle (1955) regarded phareae as the most primitive of all the tribes, The phareae 

have well developed lodicules, six stamens, perfect spikelets, a herbaceous perennial habit , 

petiolate leaves and a tropical distribution. Tateoka (1957) placed Phareae and Oryzeae in 

his primitive group. The members of the Oryzeae have a one flowered spikelet and some 

members like Hygroryza, Oryza and Leersia possess six stamens. The Oryzeae also posses 

high chromosome numbers of small size, 

1.8 Description of the family Poaceae 

A large cosmopolitan ramily with about 898 genera and 10,000 species throughout 

the world (Tveler, 1989) and represented by 158 genera and 492 species in Pakistan 

(Cope, 1982). The family Poaceae can easily be distinguished from other families by its 

unique and unusual vegetative and floral structure. 

Habit:~ Mostly the plants are annual, biennial or perennial herbs or shrubs. 
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The grass plant for the purposes of description can conveniently be divided into two 

parts: the vegetative shoot and the reproductive shoot. 

The Vegetative Shoot 

Root:~ Roots are fibrous in nature and in certain circumstances are profusely developed. 

Rhizomes:~ Rhizomes are underground stems and consist of short internodes covered with 

reduced leathery sheaths without blades and end in terminal coriaceous poin ted buds which 

enable them to pierce the soil often to considerable distances. 

Culms:~ The stem of a grass, known as the culm, is made up of sol id disc-like nodes 

separated by internodes. Most cu lms are smooth and gJaborus between the nodes. 

Internodes:- The internodes of most grasses are hollow but there are notable exceptions. 

Nodes:- The nodes are transverse septa which serve to strengthen the stem. They a re often 

marked by a darker colour and a sl ight constriction or swelling in diameter of the culm . 

The base of the leaf sheath is attached at the nodes. 

Leaves:~ The fo liage of the grass plant consists of the sheath, the ligule and the leaf blade, 

the three combined to form one organ, the leaf. 

(a) Leaf~sheath. The sheaths originate at the nodes of the culm . The culm-sheaths are 

mostly terete in shape and clasp the stern firmly. 

(b) The ligule. An outgrowth , the ligule, occurs at the inner di stal margin of the I03f-

sheath and is found to originate frolll the epidermis alone. The ligules of the grasses 

exhibit great variation in shape and texture, but for individual species they are 

constan t in texlure ;:md S\¥lw very little variation in size and shape. In texture, they 

may be hyaline and delicate, translucent milky-white or coriaceous. In some the ligule 

may be completely absent. 

(c) Auricle: An ear-shaped part or appendage, such as that occurring at the base of 

some grass leaves e.g., rice (Oryza sativa) 

(d) Lear blade. At the top of the leaf sheath is the leaf blade, the cheif organ of 

nutrition of the plant. The blades are typically flat, narrow and sessile. In dry regions they 
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are usually involute or convolute; in tropical shade they are often comparati vely short and 

wide. 

The Reproductive Shoot 

The inflorescence. The inflorescence of the grass plant is produced on shoots which may 

be terminal or axillary, but most often terminal. Most in florescence, although they 

originate in the axil of the uppermost leaf, are at anthesis well exerted. 

As in every other organ of this family the variety of inflorescence is bewi ldering, 

ranging as it does from closely packed spikelets to the most effuse of panicles, from few 

spiculate to inflorescences which contains hundreds of spikelets. 

Inflorescences may be conveniently divided into spikes, racemes, spike-like racemes 

and panicles, true and false but there is always a central axis or rhachis. 

The Axis or Rhachis. This is the structure to which the spikelets are attached , either 

sessile or by means of branches or pedicels. It may be fragile and consist of joints, or 

tough and continuous, and is often obviously noded. 

The Spikelet. The spikelet is the unit of inflorescence. Essentially it consists of a pair of 

empty bracts at the base, alternately and distichously arranged on a tough or fragile jointed 

axis, the rhachilla. Above them, again disti cholls and a1ternate on the rhachilla , is a floret 

or series of florets each consisting of two bracts enclosing a flower. The outer bract is 

called the lemma, the inner the palea. The spikelet itself may have from none to more than 

forty florets. 

The Rbachilla. Rhachi lla is the axis of the spikelet upon which the glumes and florets are 

distichously aranged. It is sometime tough, that is, the mature florets fall away from it 

leaving it intact, but generally speaking it breaks up above or below the glumes and 

between the florets; the florets fall away with the adjacent joint of the rhachilla. 

The Glumes. These are the two empty bracts seated at the base of the spikelets one above 

the other, named upper and lower glu mes respectively. When the glumes are main 

protective cover for the florets they are usually of the same length and are of a much 

tougher texture than the lemma, but in other cases where the protecti ve role is taken over 

by the lemma, the latter is tough and coriaceolls, and the glumes herbaceous or hyaline. 
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The glumes are mostly not awned but in some cases the glumes are powerfull y 

awned. 

The Lemma. These are the fl ower bearing bracts. The lemma are hyaline in texture. 

Usually the lem ma bears a long own as an extension of the midrib at the apex or back. The 

nerves of the lemma are sometimes of value. The outer surface of the lemma is often 

glabrous but the surface may be hairy andlor the nerve ciliate. 

The Palea . The palea is the scale borne on the fl oral axis directly facing the lemma, and 

between them is to be found the flower. The palea is mostly 2-keeled and often concave 

between the keels. 

The Flower. The flower consists of gynoecium, androecium and lodicules. 

The Gynoecium. The gynoecium consists of the pistil and its contents. The component 

parts of the pistil are ovary, ovules, style and stigma. One carpel, unilocular ovary, single 

ovule, style short, usually two, stigma usually two ari se from the carpeJ1 ary wall, feathery. 

The Androecium. The stamens constitute the androecium. Usually three stamens sometime 

six, e.g. , in O'yza, Bambllsa etc., and sometimes re<iuced to two or one, the stamens are 

with three, long slender filaments and versati le anthers. Anther two celled, deh ise 

longitudinally. 

The Lodicules. These are small to fai rl y large (in comparison with the lemma) scales, 

oblong, or lanceolate in shape, toothed or lobed in various ways, glabrous or hairy, two or 

three in number or completely absent. They are hyaline, often richly vascular and with 

fleshy bases. 

The lodicules become very turgid at anthesis and it is believed that when in this 

state they serve to force apart lemma and palea so that the anthers may be thrust out and 

also subsequanliy the style. 

Fruit. The fruit of the grasses is usually a caryopsis, in which the single seed is grown fast 

to the pericarp. forming a seed like grain. 



Chapter Two 

(Introduction to Palynology) 



INTRODUCTION TO PALYNOLOGY 

Palynology is the science of pollen grai ns and spores. It is relatively new weft in the 

complicated web of natural sciences (Scil!:Yltia amabilis). It is particularly connected with 

paleobotany (poUen analysis of quaternary and pre-quaternary deposits) and taxonomy. 

The word "palynology" was coined by Hyde and Williams (1945) as a substitute 

for "the science of pollen grains and spores". It comes from the Greek verb palynein, 

meaning "to spread, the distribute" in recogn ition of the fact that many pollen grains and 

spores are easily carried by the wind. "Sporo\ogy" has been mentioned as a possible 

alternative and the cytological difference between "microspores" and "pollen grains" is nol 

so great that these two groups cannot be dealt with under a common heading. 

Palynology is at present penetrating into many other domains of botany and allied 

sciences, from which it is not separated by distinct lines of demarcation. The nucleus of 

palynology, is namely the pollen grains and spores themselves, and the morphology, fine 

structure etc. of their wall (sporoderm), particularly of it s outer most layer, the exine. This 

layer is usually extraordinarily resistant and exhibits array of characteristic details that it 

can be used for the identification of plants. The resistance of grains and spores is so great 

that they can be preserved as fossil in peat and lake sediments etc. and thus provide a 

record of climatic and vegetational history stretching from our present days right back to 

Cambrian or, maybe, even pre-Cambrian times. Moreover. pollen grains and spores are 

found everywhere. It has been said Ihat Ihey have probably a wider distribution. both with 

regard to time and space, than any other organism or parts of organisms. 

2.1 Subdivision of Palynology 

Tentatively, palynology can be subdivided as follows: 

1. Basic Palynology (Pollen and spore morphology) 

2. Applied Palynology 

l. Palynotaxonomy. Pollen and or spore morphology and plant taxonomy. 

II. Geopalynology or palaeopalynology. The study of fossil pollen grains 

and spores. 

Ill. Aeroplaynology. The study of pollen or spore distribution through the air. 
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iv. Melittopalynology. The study of pollen grains etc. in honey. 

v. Phannacopalynology. The study of pollen grains in drugs. 

v!. Iatropalynology. The study of pollen grains etc. in connection with 

allergies. 

VII. Copropalynology. The study of pollen grains in excrement. 

2.2 Pollen Grain 

Plants characteristically undergo a cyclic alternation of generation in which a spore 

producing generat ion, called the sporophyte (spore plant), is followed by a gamete

producing generation, called the gametophyte (gamete plant), and so on. In lower plants, 

such as ferns, both generations are distinctly evident and recognizable as plants. In 

evolutionary higher plants, however, the gamete producing generation has been 

progressively reduced in size and in duration of its existence, where in the seed plants, the 

male gametophyte has been diminished to the tinny pollen grain. 

Pollen grains (male gametophytes) are produced on highly modified leaves called 

microsporophylls. In cone-bearing plants, such as pine trees, the microsporophylls is a 

scale of a male cone. In flowering plants the microsporophylls is the stamen of a flower . A 

stamen consists of a pollen producing anther, and a stalk (filament) . As the anther matures, 

four groups of specialized cells called microspore mother cell s (or pollen mother cell s or 

microsporocytes). Each of the four groups of the microspore mother cells is surrounded by 

nutritive tissue and supporting cells and is collectively referred to as an anther sac, a pollen 

sac, or a microsporangium. Each microspore mother cell divides to form four micro 

spores, that is why the flower bearing plant is called the sporophyte. While still in the 

anther sac and shortly before being released, each microspore begins to germinate; that is, 

its nucleus divides into two nuclei, the generative nucleus and the tube nucleus. These are 

not separated from each other by cell walls but are still generally regarded as constituting 

two cells, - one the generative cell, being inside the other, the tube cell. The two nucleate 

structure is the pollen grain, or the male gametophyte. The pollen grain' s generative 

nucleus will later divide into male sex celis, or gametes that is why the pollen grain is 
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called the gametophyte. The two male sex cells are known as sperm nuclei and correspond 

to the sperm of anima1s. 

Pollen may be produced in relat ively sma1 l amounts, as few as several dozen per 

anther sac, or in large numbers, as in the wind-pollinated coniferous trees, where a singal 

cone may pr.:oduce million of grains. Pollen grains are commonly yellow in colour and 

measure between 24 to 50 microns in size, but could also be orange, green or other colou rs 

and may measure from about 2 microns to several hund red micorns. Pollen grain contain 

proteins and sugars and serve as an attractant to insects and other an imals, which aid in 

pollination. Because pollen grains are distinctive in shape and structure, particularly in the 

form of their outer walls, they are identi fiable to their plants of origin . Pol len research 

contributes to medical knowledge (allergies), to agriculture, and in the study of fossi lized 

specimens, to the evolution of plants and the search for oi l. 

2.3 Pollen Wall 

The pollen grain is surrounded by an elaborate, ornate cell wall. The pattern of the 

pollen wall can be intricate and beautiful; at the sametime it is useful both to the plant and 

to plant w:onomists. The wall is composed of an extremely hard material called 

sporopollenin. This material is so hard that pollen grains many thousands of years old, still 

retain their pollen wall tex ture and pattern. Plan t taxonomists study pollen wall patterns and 

evolutionary relationships. 

When the pollen grains are mature, the anther wall spli ts open and the pollen are 

shed. Once on the stigma, if the pollen and the stigma are geneticall y compatible, it will 

germinate to form an elongate pollen tube. The ornate pattern of the pollen grain wall 

serves as the means for receptive stigmas to recognize compatib le pollen. The troughs and 

ridges of the pollen wal l apparently contain proteins in specific patterns and concentrations. 

These patterns correlate with those of the st igma. Metabolic events are triggered wi th in the 

pollen grain to stimulate the pollen tube to grow in to the pistil' s tissue. Lack of recognition 

indicate incompatibility and the poUen grain will not germ inate (Elliot Weier, etal , 1982). 

Recognition system also ex ist at diffe rent levelS, for example, some 

compatibili ty/incompatibi lity reactions are triggered after pollen tube germi nation. In such 
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a case an incompatibility reaction would actually inhibit further pollen tube growth in to the 

style. Other reaction systems regulate pollen tube entry into the embryo sac and gamete 

release. 

The elaborate cell walls of pollen grains present many in trigui ng problems. Their 

intricate details are sometimes species-specific and their chemical constitution is so resistant 

to decay, that pollen may still be present in fossil and subfossil plant depos its when all 

other traces of biological material have been lost. 

The deposition of the wall begins during meiosis and passes through a number of 

steps, some of which occur after developing pollen grains lie free in the pollen sac in the 

anther. There is an evidence of some change in the ribosomes in developing pollen and of 

ribosome association with the plasma lemma. There is also an evidence that anther cell s 

surrounding pollen sacs may be influen tial in wall pattern formation. Sculpturing of pollen 

wall is so precise and consistent in its major feastures that it forms the basis for a well 

developed fi eld of pollen taxonomy. 

2.4 Pollen-Wall Proteins 

It has been known, for a long ti me, that pollen grains release enzymes in to the 

germination medium (Green 1894, Stanley and Linsken 1964, 1965, Lewis etal. 1967, 

Markinen and Brew Baker 1967). Tsinger and Petrovskaya-Baranova (1961) were the firs t 

to report the presence of proteins in the walls of pollen grains. It is largely through the 

work of J . Heslop-Harrison and his associates that the details of pollen-wall proteins and 

their significance have become apparent. Both layers of the pollen wall, the intine and 

exine, contain a considerable amount of protein (Knox and Heslop-Harrison 1969). The 

intine protein are present in the form of radially-arranged tubules or tangent ially-oriented 

leaflets. They are generally concentrated near the germpore. The exine prdteins are present 

in the cavaties between the baculae (in tectate grains) or in the surface depressions (in non

tectate grains). A part of these proteins are mostly hydrolytic enzymes sllch as esterases) 

acid phasphatase, amylase and ribolHlc1eaSEl (Knox and Heslop-Harrison, 1970). The 

proteins responsible for pollen allergy are also present in the pollen wall (Knox etal. 1970, 

Knox and Heslop-Harrison 1971). 
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Esterases occur predominantly in the exine and acid phosphatases in the intine. 

Esterases and acid phosphatases can, therefore, be used as marker enzymes for exine and 

intine proteins respectively (Vithange and Knox 1976). 

2.5 Pollen stratigraphy 

Pollen stratigraphy involves the identification and study of fossil pollen in soils and 

rocks formations. Because the outer wall of pollen grains are quite resistant to chemical 

decomposition, the grains can serve as valuable microfossils. Fossil pollens were originally 

identified in 1836. Lennart Von Post (1916) made the first application of pollen 

Stratigraphy in studies of peat bogs in Sweden . 

Foss il pollen is most often associated with sedimentary rocks and in particular with 

lake, swamp or bog deposits. It can also be found in deltaic, near shore-marine and even 

deep-ocean deposits. The most suitable deposi ts for pollen preservation are fine grained 

sediments that have been subjected to little distortion, compaction or oxidation. Pollen is 

not as common in limestone or other deposits because of their pH. Pollen is extracted from 

sediments by the use of strong acid or by flotation of the grains in a heavy liquid, such as 

zinc chloride. 

The chronologic and areal distribu tion of pollen in geologic deposits can be used to 

reconstruct past climates and environments and is also used as a method of stratigrophic 

correlation. Pollen Stratigraphy is better adapted to identifying ecotones - the boundaries 

between different plant communities and to indicate changes within a plant community. 

Pollen data can be used to determine former environments on a larger scale than can most 

other fossils, which tend to refl ect only the immediate surroundings of the former 

organism. Other uses of pollen stratigraphy include the location of ancient shorelines and 

the identification of human-induced changes in an area, such as those cause by the 

introduction of agriculture. 

2.6 Tenninology - definition of Palynological tenns used in this work (after 

Erdtman 1969; Faegri & Iverson, 1975) 

Aperture:~ Morphologically it is an opening or a thinning of exine (except in operculate 

opertures where the intine is thickened); physiologically it could be a germinative zone. 
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Aperture Membrane:- Thin exine of the aperture. 

Aperturate:~ Pollen grain provided with one or more apertures. 

Annulus:~ Border to a porus which is produced by either a thickening or thinning of the 

exine. 

Colpus:- Meridional simple aperture having length/breath ratio greater than 2.0. 

Colpate:~ Pollen grain provided with one or more colpi. 

Colporus:- Meridional composite aperture having an elongated ectoaperture (col pus) and 

an endoaperture. 

Colporate:- . Pollen grains with compound apertures one or more porate colpi . 

. Columellae: General term for small, rod-like elements radially directed and forming the 

inner layer of the sexine. They are attached at their bases to the nexine and at their heads to 

the tectum . 

Costa A thickning of the nexine near an aperature. 

Ectexine:- Outer layer of exine staining red with fuchsin B. 

Ectoaperture:- The thinning or opening in the ectexine/sexine. 

Endexine:- Inner layer of exine that apears faintly pink after staining with fuchsin B. 

Endoaperture:- Thinning or opening in the endexhle/nexine. 

Equatorial Axis:- The greatest axis, perpendicular to the polar axis, except when the 

pollen is constricted at the equator. 

Exine:- External wall of pollen containing sporopollenin. 

Eurypalynous:- Families characteri zed by a great array of pollen types (different 

apertures, sculpture etc.). 

Granulate:- Pollen grains with very small grain like stmcture on its surface. 

Intine:- Part of the pollen wall between the exine and the cytoplasm. 

Lamellae: Tagential layers of exine material which are usually seen in the nex ine. 

Layer:- Subunits of the pollen wall. 

Lumen: A gap or space between the walls of reticulate, striate or rugulate sculpture. 

Murus: A ridge or wall separating two lumina of reticulate, striate or rugulate sculpture. 

Nexine:- Inner exine representing either sole (foot layer) or end exine or both. 
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Operculum:- Thickened exine covering the aperture. 

Polar Axis:- Line between the proximal and distal poles. 

Porus or pore:- Simple aperture with length/breadth ratio less than 2.0. 

Porate:- Pollen grain provided with one or more pori . 

Psilat.e:- Pollen grain with no external visible features i.e., smooth. 

Reticulum: A network or mesh-like pattern on the exine. 

Reticulate: Pollen grain with a reticulum. 

Rugulate: Pollen grain with sculptu ring elements elongated sideways, length greater than 

twice the breadth . 

Scaborate:- Pollen grams with very small isodiametric sculptu ring elements called 

sca.,brae. 

Sculpturing:- External features of the pollen wall. 

Sexine:- Outer usually sculptured layer of exine. 

Stenopalynous:- Families characterized by Slight variations in poJlen types. 

Striate: Pollen grain with a pattern consisting of approximately parallel muri and lemina. 

Tectum:- The outer stratum of the sexine found over a columellar or granular stratum. 

Verrucae: Wart-like processes, usually broader than high and never const ri cted at the 

base. 

Verrucate: Pollen grains possessing vernlcae on the surface. 

2.7 POLLEN ALLERGY 

Allergy:- Allergy is an abnormal reaction of the body to substances normally harmless , 

such as pollen, dust, certain food s, drugs and insect stings. The term allergy is of Greek 

origin and means "abnormal response" . 

The symptoms of allergy vary with the causative agen t, which is called an allergen 

antigen, with which the part of the body is affected. The symptoms, or allergic reactions, 

may include sneezing, watery eyes, and nasal congestion, as in hayfever and allergic 

rhin iti s; a rash, stomach upset and itchy swellings on the skin as in some food and drug 

allergies spasms within the lungs that interfere wi th breathing as in asthma and in rare 

cases, anaphylactic shock which may lead to asphyxiation and death. Anaphylactic shock 
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occasionally fallows injections of penicillin or other drugs and may sometimes fol low the 

sting of a bee or wasp. 

Common allergens, in addition to those mentioned above, include animal fur, 

feathers, cosmetics, textile dyes, smoke, bacteri a, Louse dust, mites and other plants. 

Molds, chemical pollutants in the atmosphere, animal excretions, blood serum received by 

transfusion, may aslo cause sickness. Even heat, cold and ligh t may also cause allergy in 

susceptible people. Allergens may act fallow ing inhalation, injection, ingestion or contact 

with the skin. 

The AUergic Reaction 

An allergic reaction occurs when the immune system, which is the body' s normal 

defense against dangerous foreign substances, such as a virus, people with this type of 

unusual immune system are said to be hypersensitive. The body immune system reacts to 

an allergen in many different ways to cause the discomforting symptoms such as allergy. In 

many allergies, the process begins when the allergen stimulates the immune system 

producing certain antibody molecules called immune globulin E (igE) . These ant ibody 

molecules then combine with the allergen molecules and bind to certain cells called mast 

cells and basophils , causing the release of histamine and other active compounds. The 

histamine in turn affects the blood vessels and mucous membranes, leading 10 swell ing, 

congestion. These physiological changes lead to a runny nose if the allergen is ai r borne 

and inhaled. Other cells and other constituents of the blood serum can cause other types of 

allergies, such as poisonary dermatitis and serum sickness . 

Types of Allergy 

Allergies characterist ically are not symptomatic with the first exposure to the 

allergen, and the symptoms occur only upon re·exposure to the same agent. A person is 

said to have been sensitized by the fi rst contact. That is, the immune system some how 

"learns" to respond to the agent wi th an allergic reaction, but it reacts only at lale r 

contacts. Sensitization of this type occurs in a variety of infectious diseases j such as 

Brucellosio, Glanders , Syphilis, and Coccidio~idomy , Cosies, in which allergy develops to 

the infecting bacteria, fungi or vimses. 
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In many cases genetic di sorders are responsible for the tendency to be allergic to a 

variety of substances. Persons with sllch inherited tendencies are called atopic. Numerolls 

studies have shown that atopic who sufers with allergy are more likely to sufer with other 

allergies when compared with the general population. Many atopies so affl icted have 

generally a family history of allergic diseases. 

Diagnosis 

Allergic disease is diagnosed from the patient's medical hi story, symptoms and so 

called skin tests, which help to identify the allergen . Small doses of the many of the most 

common allergens are injected subcutaniously to substances which the patient is allergic, 

resulting in redness and swelling at the injection site. Skin tests are often "false posi tive", 

however, they may indicate a sensitivity when in fact none exists. 

Treatment 

If the allergens can be identified, treatment of allergy may be merely the avoidance 

of the offendjng agents. If they can not be avoided, as with house dust, pollen, insect stings 

and perhaps animal fur, treatment is by descensitization. In descensitization small amounts 

of the substance that causes the allergy are injected in different concentration under the skin 

during repeated visits to a physician . After many such injections, the body may "learn" not 

to react to the offending substance. 

Pollen Allergy 

With a few notable exceptions, all poUen found in the ambient air is potentially 

allergenic. About 60 families of higher plants are implicated in pollinosis (Lewis etal; 

1983) out of which only about half of these cause significant allergy. Pollen grains of these 

plants are mostly aperturate (with pores or furrows), a few, such as those of populars, are 

nonaperturate. The number of pores may be one per grain, as is typical of "grasses; two per 

grain, as in members of the mulberry and stinging nettle families; three per grain, as in 

birches; four to six, as in alders, walnuts. 

What is important in immediate hypersensitivity is that proteins and other 

compounds - perhaps recognition molecules typical of species - stored in the exine and Ihe 

intine are released through these pores and apertures when the pollen is in contact with 
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mucosal surfaces. This release an allergens gives Tlse In sensitized atopic persons to 

allergic rhinitis, allergic sinusitis, and bronchiaJasthma. 

Pollen Dispersal and Allergy 

Mature anthers release pollen that transmit the male genetic material in sexual 

reproduction. Pollen may be wind-dispersed (anemophilous) and depending on its 

buoyancy, sculpturing, shape and thickness, as well as environmental conditions, can be 

carried some distance from the immediate vicini ty of the patient. Anemophi lolls species 

pollen are the cause of the vast majority of pollen allergens. The flowers of these species 

possess a set of adaptive characterist ics that includes reduction in size and number of 

perianths parts; little or no necter, few or no aromatic compounds; small, dry and smooth 

pollen (20 to 40 J..f m in diameter) with slow terminal velocities (2 to 6 cm/second); a 

complex feathery stigma with a relatively large surface area, and a large number of pollen 

grains per ovule (Adams etal .• 1981). 

In temperate areas, allergenic plants are traditionally grouped as trees, grasses and 

weeds; this is a useful grouping because it fo llows a generalized flowering sequence from 

spring to au!umn. Trees and shrubs flower primarily from late winter to late spring, 

grasses from late spring to mid summer, and weeds from mid summer to autumn. Some 

grasses begin flowering in spring after a mild winter and continue flowerin g during a wet 

summer until the autumn. Sti ll other grasses do not begin flowering unti l late slimmer. 

Therefore in certain localities a secondary release of pollen with subsequent grass pollinosis 

is not unusual . 

2.7 lATROPALYNOLOGY OF THE FAMILY POACEAE 

The branch of palynology which deals with the study of pollen grains in connection 

with allergies is called Iatropalynology. Grass pollen is one of the most serious problems, 

mainly because it is so abundant in the atmosphere. In a Swedish study of a whole range of 

allergies, over 30% were caused by pollens. Many grasses are known to cause allergy. The 

important of these are: Dactylis g/umerafa, Lolium perenne, Phleum profel/sis, Poo 

profensis, Fesfllco prafensis, Phragmifes communise. Sorghum ho/epellse, Cyflocioll 

dactylofl, and Zea mays. 
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The grasses shed light pollen, sometimes in enormous quantities, which is the cause 

of much hay fever. Next to the ragweeds and their all ies, they are probably responsible for 

more hay fever than are the plants of any other group. Most of the species that produce the 

largest quantities of pollen flower in late spring and early sum mer, and post monsoon ra ins 

in Pakistan. There are some grasses that have a more extended flowering period, for 

example, Bermuda grass, which flowers throughout the year causing much pollen allergy. 

Patients sensitive to grass pollen begin to show symptoms when the pollen content of the 

air rises above 50 grains m-3 . 

Pollen grains from the atmosphere come into contact with the cornea of the eye and 

with the surfaces of the trachea and bronchi, where the allergic reaction takes place. They 

are unlikely to penetrate into the lungs themselves because of their relatively large size and 

the degree of the air turbulence in the upper respiratory tract. Once they have landed on the 

lining membranes they are removed in the surface mucous coat by the beating of cilia , 

probably being brought back the pharynx within an hour of entry, but by then the irritating 

biochemical reactions have taken place. 

The allergens which elicit a response are proteins and glycoproteins which leak from 

their storage si tes within the complex structure of the pollen grain wall. Their likely role in 

nature is in .the process of recognition that takes place between the pollen grain and the 

stigma surface. 

Species composition and density of pollen in the atmosphere vary with flowering 

season and also with weather conditions, as shown on the studies of grass pollen in 

Denmark by van den Assem (1971). Allergic problems are thus greatest when weather 

conditions are warm and dry and when the offending species, such as grasses, are in full 

bloom. 

It was found that many sufferers have found relief by living in areas of low 

vegetation cover, such as the arid desert regions. But the human desires to be surrounded 

by plant li fe has resulted in an increasing extension of gardens, parks and lawns and the 

consequence is that air borne pollen and the incidence of hay fever is now on the increase. 
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2.8 PREVIOUS TREATMENT OF THE FAMILY POACEAE 

Pollen grains of the family Gramineae have been studied by different workers in the 

last 30 years, the following are the main contributors. 

Demerc 1924, Armbruster and Denike 1929, Cranwell, 1942, Drahowzal 1936, 

Durham 1951, Erdtman 1923, 1939, 1943, 1945, Ferrari 1927, Firbas 1937, 

Geisler 1945, Griebel 1930, Janes and Newell 1948, Knell 1914, Knowlton 1922, 

Kuprianowa 1945, 1948, Meinke 1929, Nakamura 1943, Nygren 1946, 1949. 

Parnell 1921 Qaiser etal 1994, Schnarr 1931, Selling 1947, Vieitez and Blanco 

1947,. Wodehouse 1928, 1935, 1942, 1945, Yamasaki 1933, Young 1908, Zander 

1935 

One of the conspicuous structural features of pollen is the ornamentation of the 

exine. The importance of the archi tecture of the pollen wall, in biosystematics, has been 

realized since long. Extensive investigations have been carried out on this aspect 

particularly by Wodehouse and Erdtman, who laid the foundation s of 'Palynology' 

(Faegri and Iverson 1964, Wodehouse 1965, Erdtman 1966, 1969). Interest in this area 

continues (Nair 1970, Brooks eta!. 197 1, Ferguson and Muller 1976. Crompton 1981). 

The range of variation in grass pollen surface revealed by Rowley (1960), 

Anderson and Bertelsen ( 1972) and Grant (1972) was confirmed and somewhat extended 

by Watson and BeU (1975). 

An attempt was made by Kohler & Lange to differentiate wild grass pollen from 

cereal pollen by light microscopy (Grana 18: 133-140, 1979). They exam ined under Light 

Microscope and Scanning Electron Microscope 12 species from 8 genera which are of 

special interest for pollen analysis and for the history of settlement. Among the numerous 

earlier attempts to differentiate wi ld grass pollen from cereal poll en by ·Iight microscopy 

(Firbas 1937, Grohne 1957, Geng 1961, Faegri & Iverson 1975 and others) the 

elaboration of several types of exine scu lpture by Beng (1961) deserves special emphasis. 

Anderson & Bertelsen (1972) confirmed the exine's microstructure studied by 

Rowley (1960). While these au thers delt with species of eight genera of the Poaideae 

(Festucoideae) related to cereals, Watson & Bell (1975) extended their hwestigations to 
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the whole family, starting from allergy research problems. Thei r study of 18 species 

representing five subfamilies gives a firs t survey of the exine sculpture of the Poaceae and 

reveals a certain degree of taxonomic order. Albers (1975) studied all 8 genera of a 

subtribe and reported on the important influence of cytological factors on size and tine 

structure. Damblon (1975) added to the fine sculpture of some grass pollen by 

demonstrating the advantage of the sputtering method. 

A palynological study of 64 species belonging to 40 genera of the family Gramineae 

from Karachi was conducted by Tahmeena Siddiqui and M. Qaiser (1985). Pollen 

morphOlogical study of aquatic grasses growing in different pools and lakes of the Indian 

Botanic Gardens was conducted by M.S. Mandai (1989). 

2.9 PALYNOLOGY IN RELATION TO TAXONOMY 

Pollen grains have not been very frequently used in taxonomy for the simple reason 

that they are rather very small stmcture. However, since the publication of R.P. 

Wodehouse 's book on pollen grains (1935) interest in the study of pollen grains has 

increase considerably . In fact the major reason of the pollen study was not important in 

taxonomy but their significance as casual organisms and some of the diseases like hay 

influenza. 

Recently pollen grams have also become very important as a source of data in 

paleontology. Pollen grains are one of the structure which have been preserved in fossils. 

Large groups have been identified with the help of pollen grains. Pollen grains are al so 

playing an important role in the honey industry. 

Swedish botanist G. Erdtman has been mainly responsible for establishing the 

palynology as a full -fledged science. He started his publications in 1943. His first book 

"Pollen Morphology and Plant Taxonomy" appeared in 1952 and since then he has been 

publishing its editions, largely as a result of Erdtman, palynology is now a major discipline 

of the plant sciences. There is an institute of palynology at Sweden, Holland, United States 

and Norway . A text book of pollen analysis by Faegri is one of the important books 

relevant to this subject. 
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Major characters of the pollen grains used in taxonomy 

There are three main characters which are often used in taxonomy. 

I. The number and position of depressions and position of furrows (colpi). 

2. Number, position and complexity of the pores or apertures. 

3. The form of ornamentation or sculpturing of the outer wall of the pollen grain 

eXIne. 

Ther~ are obviously number of modifications in these characters. They are usually 

used in identifying plants species, genera or families. 

NUMBER, POSITION AND COMPLEXITY OF THE APERTURE 

The number, position and complexity of the apertu re has also been considerably 

modified. There is either a reduction in number of pores or an increase in the number of 

pores. Likewise, the sculpturing or ornamentation has also been variously modified. 

Generally the insect pollinated flowers have pollen grains with elaborate sculpturing 

while the wind pollinating flowers tend to have smooth pollen grains. In other words 

anemophily appears to be a derived condition or advance condi tion, for example, 

Gramineae. In gamopetalous families it is the dominant way of pollination. 

Pollen grains may be considerable importance either at the generic level or 

sometimes at the specific levels. Usually the fam il ies have different types of pollen grains 

but there are some families in which the pollen grains are not very vari able. Such famili es 

are known as stenopaiynolls famil ies. Some of the stenopalynous families are: Crucifereae. 

Asc1apidaceae, Labiatae and Gramineae. Most of the families have variable pollen 

characters and known as eurypalynous, for example, Compositeae, Euphorbiaceae, 

Rosaceae etc. In stenopalynous families pollen grains cannot be of much use on the other 

hand eurypalynous pollen grains character is helpful generally at the tribe level. 

Sometime pollen grains are the characteristics of the genera like the Salicaceae -

salix and populus. Populus has spherical and round pollen grains with distinct aperture. 

Salix on the other hand has long narrow and three furrowed pollen grains. 

Recently with the invention of the scanning electron microscope (SEM) peripheral 

parts have been studied. The exine can be examined in depth with scanning electron 
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microscope. ·The wall has been divided into various parts even the outer exine have two 

parts - the ectexine and endexine. It is generally agreed that the two should be studied 

separately. Number of studies have shown that the extexine is variable and usually endexine 

does not show much variation. 

The nuclear condition of the pollen grains have also of considerable significance. 

The pollen grains may be ei ther two or three nucleated. The mono cotyledon fam ilies are 

usually binucleate li kewise the polypetalolls fami lies are trinucleate. There are some 

exceptions (or example, the fam il ies of centrospermeae have trinucleate condition. 

However, this character have been fou nd to be of little taxonomic value. 

Palynology have been used in taxonomy in a number of ways: 

1. It has been very helpful in identifying the genera or taxa of uncertain affinities. 

2. Palynology has also been very helpful in indicating probable lines of evolu tionary 

trends. It has, for instance confirm the view that the line of demarcation between the 

monocotyledons and dicotyledons is arbi trary. There are number of families of 

dicotyledons like Magnoiiaceae and Nympbaceae which possess monocatyledenoid 

characters. On the other hand some fami lies of the monocotyledons like Alismalaceae, 

Butamaceae (Wodehollse and others e.g. Salisbury 1926, have treated the affinity to 

Ral1unculaceae) possess dicotyledonoid characters specially the leaves venat ion. 
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Chapter Three 
(Materials and Methods) 



Materiakand Methods 

3.1 Source of material 

Freshly polliniferous materi al of 37 genera were collected from different sectors of 

Islamabad in di fferent floweri ng seasons (spring and Monsoon) . Fresh, mature, closed 

flower buds were selected . 

3.2 Light Microscopic Studies 

There are many methods used for pollen analysis. The important one is the classical 

acetolysis technique devised by Erdtman (1969), The steps involved in acetolys is are as 

follows: 

1. Material placed in 5.0 ml concentrated glacial acetic acid for at least one hour. 

2. Sample lightly macerated with blunt glass st irring rod , then poured through a fine 

mesh screen/cloth into a funnel placed in centrifuge tube. 

3. Sample tube filled to 10.0 ml and centrifuge for 10 minutes, then supernatant 

di scarded after careful removal using glass pipette. 

4 . 10.0 ml of a 9 : I mixture of 99% anhydrous acetic acid and concentrated 

sulphuric acid (the acetolysis mixture) added to sample tube, then place inboiling 

water for 2-5 minutes or un ti ll the sample darken to dark brown considerab ly. 

5 . Sample centrifuged and supernatant removed with glass pipette; 15 ml di stilled 

water added several time to halt acetolysis, stirring slightly with glass rod. 

6. Sample centri fuged and supernatant removed. 

7. Sample and remain ing liquid removed with glass pipette and carefully spotted on 

to a paper towel which to absorb most liquid. 

8. Glycerine jelly with phenol and safaranine as a stain was used as mounting 

medium, a small piece on a dissecting needle was used to pick lip sample from 

paper towel. 

9 . Glass slide with small sample heated on a hot plate, coverslip was placed over 

sample, nai l poli sh or paraffin shavings placed around the edges of coverslip, 

cooled to make permanent slide. 
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The drawback of this method is that it is lengthy complex and time consuming. It is 

modified by PUNT (1 962) and HOU (1969) as a micro method suitable for the preparation 

of pollen slides from single anther or even single pollen grain. The method that was used 

for preparation of slides for light microscopic studies is as under: 

1. The flower/anther was heated in a few drops of distilled water in a watch glass on the 

hot plate, when fu lly soften the fl ower was teased open with fine forcep and with the 

help of a mounting needle under the dissecting microscope and the anthers were 

dissected out. The remaining unwanted floral parts were removed to the margin of the 

watch glass leaving the anthers in the middle. The pollen grains were teased out by 

crushing of the anthers with a glass stirring rod. F inally the anthers were drawn to the 

edge of the watch glass, leaving just the pollen in the middle. Return the watch glass to 

the hot plate and evaporated to complete dryness . 

2. With a bulb pipette a few drops of acetolysis mixture were added to dry the pollens in 

the watch glass on the heating block. Warm untill the pollen darkens and the solution 

went to a dark brown colour. 

3. The watch glass was allowed to cool for a few minutes methylated spirit was added 

drop by drop to the centre of the remaining acetolysis mixture. This displaced the 

acetolysis mixture to a ring around the rim of the watch glass, leaving the pollens in the 

centre. More methylated spiri t was added to the pollens, never allowing it to dry at th is 

stage. 

4 . A small portion of glycerine jelly with a safranin stain added with a fine scalpel and this 

was rolled over the pollens in the watch glass untill all or most of the grains have 

adhered to it. The glycerine jelly now wi th pollens was transferred to a clean glass sl ide 

and placed it on the hot plate and when completely melled, the coverslip was carefully 

lowered on the glycerine jelly. 

5. The slide was labelled and sealed with white transparent nail varn ish as sealant. 

6. As acetolysed pollens tended to be markedly deformed to avo id this, pollen grains slides 

for ligh t microscopy were prepared directly in distilled water. This method was adopted 
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after personal discussion with my co-supervisor Dr. S.Z. Husain. The method IS as 

fo llows: 

1. T he spikelets were removed from their floral receptacle and freed as far as 

possible from all extraneous materials. The mass of flowers was then soaked 

in di stilled water in a watch glass and gently st irred with a glass rod to 

loosen the pollens from the anthers. After much practice the floral parts and 

other unwanted materials were removed to one side of the watch glass. 

Pipette out the clear distilled water containing large number of pollens in the 

middle of the watch glass. 

2 . A drop of pollen containing water was placed on clean glass slide. 

3. Cut a small block of glycerine jelly with safaranin stain (glycerine jelly with 

safaranin stain can be prepared by mixing 1 gram of 0 .1 % thymol in 225 

grams of 22.5% glycerol and 120 grams of 12% gelatine in 655 grams of 

65.5 % water, then mix all these with 50 mg safaranin and make the vol ume 

upto li tre) added with a fine scalpel and rolled this in drop of wate r 

containing pollens on the sl ide. 

4 . The glass slide was placed on hot plate and as soon as it has completely 

melted , any air bubble were removed with a clean mounting needle. Then 

carefully the coverslip was placed onto the glycerine jelly. 

5. The slide was labelled and seaJed with transparent nail varnish as sealant. 

3.3 Scanning Electron Microscopic Studies 

For scanning electron microscopy pollens were not acetolysed because grass pollen 

tend to collapse after acetolysis due to the presence of their thin and delicate exine and only 

distilled water and untreated dry pollens were used. 

Material for scanning electron microscopy was air dried on to the stubs previously 

coated with double sided self-adhesive tape. After drying, the specimens were coated wi th 

approximately 200 AO of gold using leol Ion Sputter Coater. All specimens after coating 

were examined with a l eol ISM-35CF scanning electron microscope. 
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When speci mens prepared by this method were examined it was observed that the 

focused pollens reptured li ke pressed balloon. I discussed it with Dr. S.Z. Husain who 

suggested that stubs should be prepared by using totally dry pollens. The following method 

for preparation of stubs for scanning electron microscopy was followed. 

1. Staminate flowers were teased open with a fine forcep and a mounting needle under 

a dissecting microscope the anthers were dissected out. 

2. Anthers were placed on a clean glass slide and crushed with a glass stirring rod and 

the anther deberis were f'p.moved with a mounting needle and the slide was 

examined under the light microscope for presence of pollens and circle was marked 

around the pollens. 

3. The stub was coated with a double sided self-adhesive tape. The coated stub was 

pressed on the pollens bearing area of the slide so that maximum pollens should 

stick on the cellotape. The slide was examined under the light microscope to 

confirm the pollens were transferred on the stub. After successful transference of 

pollen grains on the stub, the stub was coated with gold using Jeol Ion Sputter 

Coater. All specimens after coating were examined with a Jeol JSM-35CF scann ing 

electron microscope. Quite satisfactory results were obtained by th is method. Other 

methods such as critical freeze drying, mounting pollens on the stub in stickly 

acetone ceilotape solution but non of these methods yielded satisfactory results. 

3.4 Problems Encountered 

The r11ajor problem encountered when studying pollen grains with scanning electron 

microscope was that the grass pollens were easily over acetolysed, distored and ruptured 

when mounted directly in distilled water. 

Many grasses, particularly those having cleistogamic mode of reproduction, produce 

smal l number of pollen grains within closed fl orets. These grasses such as Braff/liS, 

Panicum, Elusine, Digiraria etc. produce flowers with mature pollens at specific time. 

Therefore, these grasses must be collected for polleniferous material during their perfecl 

flowering time. 
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It was observed that most of the grasses which produce large number of pollen 

grains are allergy caus ing grasses. The pollen grains of these grasses must be collected at 

the time of their flowering period on large scale so that at the time of preparation of pollen 

specimens for scanning electron microscopy maximum pollen would be available for 

transference on to the stubs. 

I have also adversely encountered the problem of teasing out the pollens from dry 

specimens. As in grasses the flower is much reduced and it is difficult to dissect flower 

easily without dissecting microscope. Therefore, there is a need to collect the pollen grains 

in pure form while the plants are shedding their pollens. 

Another problem that I had to face was the charging of scanning electron 

microscope .. It might be due to the metal particles remained on the stub surface during 

shining of the stubs for mounting. This problem can be resolved by rinsing the stubs 

thoroughly in acetone. 

The major problem with all methods was manipulating pollen grains during 

treatment and retrieval, handling (dry and isolated). Anthers and pollen sacs should be 

collected from plants actively shedding pollens and stored in special capsules for future use. 

3.5 Morphology of the grasses 

Morphological data are based on stud ies in the hab itats of the plants and the 

herbarium specimens. 

Fresh plants were collected from different sectors of Islamabad and mounted on 

herbarium sheets for study. Herbarium material from the Quaid-i-Azam University 

Herbarium was also used in this research. The vouchers specimens have been submitted to 

the Herbarium Quaid-i-Azam University Islamabad . 

Five specimens per species were used for morphological characters; '3 -4 values were 

taken for each character of a representative plant. 
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The following characters were considered: 

1. Plant height 

2. Culm pubescence 

3. Number of nodes 

4. Leaf length and width 

5. Leaf blade pubescence 

6. Leaf sheath pubesence 

7. Ligule length 

8. Length and width of panicle 

9. Length and width of spikelets 

10. Number of spikelets 

11. Pedicel length 

12. Number of florets 

13. Lower glume shape 

14. Lower glume length and width 

15. Upper glume shape 

16. Upper glume length and width 

17. Number of lower glume veins 

18. Number of upper glume veins 

19. Shape of lemma 

20. Lemma length and width 

21. Awn length 

22. Number of lemma veins 

23. Palea length and width 

24. Anther length 

25. Caryopsis length 
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The follwoing 37 genera and 54 species have been used in present research. 

Alope~urlls myasllroides 

Arislida adseensionis 

Arislida fimielilara 

A vena ludoviciana 

A vella saliva 

BraehypodiufIl distachyon. 

BOlhriochloa perlusa 

Braehiaria dislachya 

Braclliaria erlleijormis 

Bromlls calherliells 

Bromus dallfholliae 

Bramus japo1licus 

Bronllls peclinarus 

Cenchrus penisclijonnis 

Chrysopogon auclleri 

Cymbopogon flexsuoslIs 

Cymbopogoll schoenalllhus 

Cyllodoll daety/oll 

Dactyloelenw11 aegypfiwll 

Desmosfachya bipillflala 

Dicamheium onnll/alUm 

Dicalllhill11l foveo/arlll11 

Digitario bijonllis 

Digifaria not/osa 

Digitaria sanguinalis 

Echinoehloa crus-galli 

Ecltinochloo eolof/tlm 
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Elellsine indica 

Eragroslis minor 

Heleropogon COf/(O/Jrtus 

lmperala cyli1ldrica 

Lolium mullij1omf1l 

Oplismelllls burma1lllii 

Parapholis slrigosa 

Paspalidi1l11l flavidum 

Paspalum dilarallim 

Paspallll1l dislichium 

PeflnisefUm americallum 

Pen"isefUm lanalum 

Phalaris minor 

Phleum himafaccul1I 

Ph/eum prate1lse 

Phrasmiles australis 

Poa amUla 

Poa infirma 

Poa nemoralis 

PolypOgOll m01lspeliensis 

Saccharum SpOllfalleUm 

Setaria gfauca 

Setaria pumila 

Sorghum hafepense 

Slipa splendefls 

Urochloa panicoities 

Veliw!ria zizal/ioides 
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Chapter Four 

(Results) 



Results 

4.1 Morphology of Grasses 

Results of morphological studies of 54 species belonging to 37 genera of the family 

Poaceae are presented in table 5&6 and key to the genera. Photographs of the taxa studied 

are shown in plates (1 -27), The results of morphological features wh ich help in 

identification of the genera and species of the family are g iven below: 

Alopecllros myoSllroides (plate 1) 

Huds. FI. Angl. 23. 1762. 

Synonyms:- Alopecurus agrestis L. Sp. PI. ed. 2: 89. 1762 

Type:- England , Hudson. 

An ann ual glabrous grass upto 25.0clll tall with tufted slender culms. Leaf blade 

4.0-7.0 em long and 2 .5-4.0 mill wide, glabrous, leaf sheath glabrous. Ligule 1.5-2.0 mm 

long, membranus. Panicle erect cylindrical, uptc 6.0 em long, 3.0-5.0 mm wide, tapering 

towards the end. Spikelets elliptic or ovate, 5.0 mm long , 1 flowered. Glllmes united by 

their margins for 1/3 to 112 their length, oblong or broadly ovate, 3-nerved, minutely 

hairy. Lemma as long as the glumes, broadly ovate, 5-nerved, awned, the awn projecting 

by 4 .0-6.0 mm above the glumes. Palea absent. Aflfher 2.0-2.5 mOl long. 

Flowering and fruiting period: March- April . 

An'stida adscellsiollis (plaJe 1) 

L . Sp. PI. 82. 1753; FBI 7: 224.1896 var. adscellsiollis. 

Synonyms:- . Aristida caerulescellS Desf., A. curvara (Nees) Trin & Rup r; A. depressa 

Retz . , A. Jestucoides, Poir., A. gllineensis Trin & Rupr., A. sllbmllCl'Oflala Schumach, 

Chaeta ria adscel1siollis (L.) P. Beauv. C. curvala Nees, C. feslUcoides (Poir) P. Beaur. 

Type:- Ascension Island, osbeck (LINN). 

An annual grass with erect or ascending culms often branching from the base, 

smooth and glabrous, lIpto 25.0-30.0 em tall. Leaj blade flat, upto 22.0 em long and 1.0-

1.5 mm wide, pubescent, leaf sheath smooth . Ligule a row of very short hairs . Pal/icle 

purplish , nodding, 8.0-20.0 em long, 1.0-1.5 mm wide. Glumes lanceolate, unequal, the 

lower about 4.0-4.5 mm long, acute, the upper 7.0 mm long, relatively narrow. Lemma 
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cylindrical , 5 .0-7 .0 111m long and 0.5-1.0 mm wide, bearded or cil iate along the margin , 3-

nerved, central awn 15.0 mm long. AI/ther 1.5 mm long. COIyopsis 6.0 mm long. 

Flowering and fl'Uiting period: July-A ugust. 

Aristida fi l1liCIIlata (plate 2) 

Trin. & Ruper., Sp. Gram. Stip. 159, 1842. Cope in Nasir and Ali, FI. Pak. 143: 45-46 

(1982). 

Synonyms:- Arisrida macr(uhera Rich, A. mallica Edgew, A. royleana Trill. & Rupr. 

Arthratherum Kotsehyi Hochst. ex Steudel. 

Type:- Senegal, Leprieur (P). 

Tufted annual grass , 10.0-30.0 Clll tall. Leaf blade linear, fl ate or folded, 8.0 cm 

long, 1.0-2.0 mm wide, pubescent. Ligule, a row of short hairs. Pal/icle narrow whitish , 

nodding, 5.0- 15.0 em long, 1.0-1.5 em wide. Spikelets laneeolate, 6.0 mm long, 1.0-1.5 

mm wide. Glumes long, membranolls, unequal , the lower 4.0-5 .0 111m long and 1.0-1.5 

mm wide, the upper 7.0 mm long and l.0 mm wide, both finely attenuate. Lemma 

cylindrical about 7 .0 mm long and 1.0-2.0 111m wide 3 nerved. Awns upto 15. 0 mm long . 

Alltl/er 2. 0 mm long. Caryopsis 6.0 mm long. 

Flowering and fruiting period: Late Apri l-May 

Avena /udovicialla (plate 2) 

Durieu, Act. Soc. Linu . Bordeaux 2:41. 1855. 

Synonyms:- Avena persica Steud. Syn. PI. Glum 1:23011854. 

Type:- At (8) 

An annual grass upto 65 .0 em tall with tufted slender culms. Leaf blade upto 30.0 

em long, 10:0 mm wide, rough. Ligule upto 6.0 mm long. Panicle upto 17.0 cm long 

and 5. 0 mm wide, spreading. Spikelets 20.0 mm long and 5.0 111111 wide, 2-flowered. 

G/umes 1anceolate, finely acute , llpto 20.0 mm long and 6.0 mm wide 9-nerved. Lemma 

oblong densely hairy, upto 15.0 mm long 5.0 mm wide 6-nerved. Palea uplO 12.0 mill 

long and 3.0 111111 wide. Awn length 3.5 cm. Anther upto 3.0 mm long. Caryopsis 3.0 mm 

long. 

Flowering and fm iting period: March-Apri l. 
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Avella saliva (plale 3) 

L., Sp. P. 1:.79 (1753); Guest & AI-Rawi FI. Iraq 9:338-340 (1 968) . 

Type:- "Hortlls Cliftortianus". Linnaeus (8M) , Lectotype. 

Annual, clum soli tary or tufted, uplc 80.0 em lc1.11. Leaf blade UplD 5.0 mm long. 

Panicle spreading or narrow, 30.0 em long and uplC 10.0 em wide, loose. Spike/els 

pendulous, uplC 18.0 mm long and 4.0 mm wide, 2-flowered, rhachilla articulated beneath 

each floret. Glllmes lanceolate finely acute, uplO 18.0 mm long and 6.0 min wide 8-

nerved. Lemma oblong, uplD 8.0 mm long and 4.0 mm wide, densely bearded around the 

caJlus; usually 2-4 dentate at apex, 4-nerved. Awn weak, upto 27.0 mill long. Allfher 2.5 

mOl long. Caryopsis 1.0-2.0 mm long. 

Flowering and fruiting period: March-April. 

BOlhriochloa perll/sa (plale 3) 

(L.) A. Camus L.C . 164 

Synonyms:- Holcus per/lIslis L.. Andropogoll perlusus (L.) Willd., FBI 7: 173. 

StoloniFerous sward forming perennial, cu lms erect, or geniculately ascend ing upto 

18.0 cm high. Leaf blade 4 .5-5.0 cm long and 2.0-3.0 mm wide, smooth. Ligule just a 

hairy strip. Inflorescence subdigitate, bearing 3-8 shorUy pedunculate racemes, raceme 3.0 

cm long. Spike/els sessile, narrowly elliptic, 3.0-6.0 mm long and 2.0 IllJll wide. GIlfmes 

2.5-4 .0 mm long and 1.0 mm wide, lower glume pitted above the middle with a deep 

circular pit at or about the middle blunt, slightly shorter than the pointed upper glume, 5-

nerved. Lemma lanceolate , 2.5 mm long and one mm wide, 6-nerved. Awn 16 .0 mm long. 

Amher 1. 5 mm long. 

Flowering and fruiting period: August-September. 

Brochiaria dislachya (pIal 4) 

(L.) Stapf in Prain, L.C . 565. 

Synongms:- PalliCllm disfachyoll L. Mant. AIL 183 . 1771., FBI 7:37. 

Creeping annual , cuims 10.0-30.0 em long , ascend ing frolll a prostate base. Leaf 

blades broadly linear to narrowly lanceolate, 2.0-9. 0 cm long, 3.0-6.0 mm wide, 

pubescent. Ligule is a row of small hairs. Inflorescence of 2-3 racemes on an axis 0-5-2 .0 
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cm long , raceme 4.5 cm long. Glwlles ovate, 2.2-3.0 mm long and 2.0 mm wide, 5-

verved. Lemma ovate, 1.5-2.0 mm long and 1.0 mm wide, 5-nerved, awnless. Anther 1.0-

1.2 mm long. Caryopsis 2.0 mm long. 

Flowering and fruiting period: July-August. 

Bracltiaria emcifomris (plate 4) 

(J.E. Sm) Griseb. in Web. Fl. Ross. 4:469. 1853. 

Synollyms:- Pallicum eruciforme 1 .. E. Sm.; Panicwn isaclll1e Roth ex R.&S.; Pallicllfll 

isachlle Roth . , FBI 1:28. 1896. 

Type:- Ethiopia, Dehli Dikeno, Schimper in Buchinger 11 73 (P). 

An annual grass. Culms ascending, 20.0-50.0 cm tall. Leaf blades linear to 

narrowly lanceolate, 2.0-7.0 cm long and 2.0-5.0 mm wide, pubescent. Ligule a row of 

small hairs. /!ljloresellce of 3-14 .widely spaced racemes, 0.5-2.0 cm long. Spikelels 

elliptic, 1.8-2.0 mm long and 1.2 mm wide. Glume lanceolate, 0.3 mm long and 0.2 mm 

wide, lower glume a minute scale. Upper lemma readily deciduous, smooth , skinny, 

obtuse. Alllher 1.0 mm long. Caryopsis 1.5-2.0 mm long. 

Flowering and fruiting period: July-August. 

Brochypodiu1II l/islachyo" (plale 5) 

(L.) P. Beauv. 

Synonyms:- Trachynia dislachya (L.) Link. 

A compactly tufted annual, culms 10.0-38.0 cm high, but usually much less 

geniculately ascending, rarely erect, glabrolls. Leaf blades upto 10.0 cm long and 2.0-3.0 

mm wide. nate, pubescent. Ligule 1.0-1.5 mm long membranous. /lIf!oresellce with 1-3 

spikelets crowded at the tip of the peduncle. Spikelefs cylindrical, lanceolale, 9.0 mm long 

and 3.0 mm wide, 10-flowered. Chimes unequal, lower glume lanceolite , 6.0 mm long 

and 1.2 mm wide 5-nerved, upper lanceolate, 7. 0 Illm long and 1. 2 mill wide 7-nerved. 

Lemma l anc~l ate, 9.0 mm long and 3.0 mm wide, 3-nerved, tipped by an awn uplO 15.0 

mm long. Allfhers 1.0-2.0 mm long. Catyopsis 6.0 mm long. 

Flowering and fruiting period: Apri l-May 
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Bromus calherticus (plale 5) 

Vahl, Symb. Bot. 2:22 (1791); Cope in Nasir & Ali, FI. Pak. 143: 582-583 (1982). 

Synonyms:- Festuca unio/aides Willd., Hort. Berol. 1:3 (1803); CerOioch/oa !llIio/aide's 

(Willd.) P. Beaur. Ess. Agrost. 75t. 15/17 (1812); Brollllls /ll/iioides KUllth in H.B.K. , 

Nov. Gen. Sp.PI. 1:151 (1815). 

Type:- Peru', Dombey (P). 

Annual grass, culms 20.0~70.0 em high, glabrous. Leaf blades uplC 20.0-30.0 em 

long, 3-6.0 mm wide flate, sheath glabrolls or pubescent. Ligule 6.0 mm long , 

membranous. Panicle oblong, lipID 30.0 em long. Spike/els large, uplC 30.0 mm long and 

6.0 mm wide, very strongly compressed, 6- 12 flowered. G/umes sub equal, narrowly 

lanceolate, lower glume 8.0- 15.0 mm long. upper 11.0-16.0 mm long. Lemmas closely 

over lapping, laterally compressed and strongly keeled, 5-9 nerved, minutely bidentate, 

awn weak, short, 1.5-3.0 mm long. Allfher 0.2-0.5 mm long. Cmyopsis 1. 2-5. 0 mm long. 

Flowering and fruiting period: Late March-April 

Bromus japoniclls (plale 6) 

Thunb. ex Murr., Syst. Yeg. 119. (1784); Rozher and shishbin in Kom; PI. USSR 2:578; 

Bor in Town" Guest & AI-Rawi, Fl.lraq 9: 146 (1968); Bor in Rech.F., PI. Iran . 70: 112 

(1970); Stewart, Ann, cat. vase, PI. W. Pak & Kash. 140. (1972); Tzveler, Poaceae USSR 

229. (1976); Smith in Tutin etal; PI. Eur. 5: 188. (1980); Cope, FI. Pak. Fasc. 143:564. 

(1982). 

Synonyms:- Brollllls palllills Mart. & Kochl., Dentsch. Fl., ed. 3, 1 (2):685. (1823); 

Hook f. FI. Brit. Ind. 7:361 (1896); B. palltills Mert & koch var. vetwilllls Boiss., FI. Or. 

5:655. (1884); Bromus allalolicus Rozher & Shishkin in Korn., FI. USSR 2:578. (1934); 

B. Japollicus Thunb. var. ve/utintls Bor in Towns, Guest & A1-Rawi; FI. Iraq 9: 147. 

(1968); Bor in Rech. f, FI. Ir~n 70:114. (1970) Stewart, Ann. Cat. Vase. PI. W. Pak & 

Kash. 140 (1972) . 

Type:- Described from Japan, Thunberg (Ups). 

Annual grass, 2.0-35.0 cm high, culms erect or geniculately ascending. Leaf blades 

upto 15.0 em long and 2.0-3.0 mm wide, leaf sheaths hairy or smooth . Ligllie 1.5-2 .5 mm 
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long membranus. Pallicle 6.0- 10.0 em long, very lax and spreading, (he pedieels very 

long, filiform and flexuous. Spike/els 12.0-24.0 mm long and 2.0-4.0 mill wide, ovale 10 

oblong-laneeaJate, 7-14 flowered, compact. Glumes glabrous or hairy , the lower 

laneeolate, 6.0 mm long and 4.0 mm wide, 3-nerved, the upper ovate, 5.0-8.0 mm long 

and 1.0-2.0 mm wide, 7-nerved . Lemmas oblanceolate, 7.0-8.0 mm long and 4.0 111m 

wide, minutely 2- toothed at the tip; awn sub-apical, flattened specially at the base, 13.0 

111111 long on the upper lemmas. Palea 5.0 mm long and 3.0 mm wide. Alllher one mill 

long. Caryopsis 6.0 mm long . 

Flowering and fnJiting period: April-first week of May. 

Brornus peetilwtus (plate 6) 

Thunb . , Prodr. FI. Cap. 1: 22 (1794); Clayton, FI. Trop. East Aft. Granimeae 68 (1970); 

Cope, FI. Pak. 5466 (1982)); Chaudry, Grasses S. Arabia, 1989. 

Synonyms:- BrolllllS pawlus Mert & Koch var. pectil/atlls (Thunb.) Stapf. I.C.; 

B.Japol/icus Thunb. vor.pecfil/mIlS (Thunb) Aschers & Graeb; Syn Mitteleur. Fl. 2 (I). 

620. (1901) . 

Type:- South Africa, cape of Good Hope, Thunberg 2522 (UPS) . 

Annual grass lIpto 35.0 cm tall. Clilms erect or geniculately ascending, 5 nodes, 

glabrous. Lea! blades 8.5 mill long and 2.0 mm wide, sheath hairy. Ligule 1.5 mill 

wide, lanceoiate, 6- flowered, somewhat laterally compressed. Glumes narrowly lanceolate, 

lower glume 5-6 mm long and 1- 1.5 mm wide, 3-nerved, upper glume 7.0-1 1.0 mill long 

and 1.0-2.0 mm wide, oblanceolate, 5-nerved. Lemma narrowly oblanceolate, 6.0-10.0 

mm long and 1.5-2.0 mm wide, 5-nerved, the awn 7.0- 12.0 mm long, arising from below 

the 2-toothed membranous apex of the lemma. Palea 0.5 mm large and 0-2. 0 mm wide. 

An/her 0.5- 1.0 mm long. Caryopsis 3.0 mOl long. 

Flowering and fruiting period: March-April. 

Bromus dalltholliae (plate 7) 

Trin. in C.A. Mey., Vertz Pf. Cauc. 24 (1831); Bor in Towns; Guest & AI-Rawi, FI. Iraq 

9: 136- 141 (1986); Cope in Nasir & Ali, Fl. Pak. 143:580-582 (1982). 
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Synonyms:- Bromlls macrosfachys Desf. Vat. triarislG(us Hack. III flora 62: 155. 1879; 

FBI 7:362 

Type:- Caucasus, C.A. Meyer (LE). 

An annual grass, 10.0-41.0 cm high, sol itary , erect or geniculately ascending, 

fascicled culms, 3-4 nodded, smooth and glabrous. Leaf blades 5.0- 12.0 cm long and 1. 4-

3.0 mm wide, narrowly linear, blades and sheaths pubescent. Ligule 0.9-1.0 I11Ill long a 

row of very small hairs. Panicle 2.7-8.0 cm long and 1.9-2.0 cm wide, pedicles 20.0 I11Ill 

long, ascending. Spikelets 17.5-32.5 111 m long, elliptic or oblong elliptic, 5.-15 nowered, 

compact. Gilimes ianceolate, lower glume 4.5-7.5 mm long and 1.2-1.8 mm wide 3-5 

nerved , hyaline margins; upper glume 5.5-8.5 mm long and 3.0-3.5 111m wide, narrowly 

ovate or broad lanceolate, 7-9 nerved; hyaline margined. Lemmas narrowly lanceolate, 

12.0-15.0 mm long and 3.0 mm wide, 9-nerved, with broad hyaline margins widened 

above the middle into an obtuse angle, the lower lemma I-awned, the upper lemmas 3-

awned; the central awn longer than the lateral lwo, the central awn 1.5-3.0 mm long. 

Palea 7.0-10.0 mm long and 1.0-1.2 mill wide. AIII"ers 0.2-0.5 mm long. Caryopsis 1.2-

5.0 mm long. 

Flowering and fruiting period: Late MarCh-April. 

Cenchrus penisclifonnis (plale 7) 

Hochst. & Stend., Syn. PI. Glum 1:109.1854. 

Synonyms: PellfliselUm cenchroides var. echinoides Hk.f. , FBI 7:88. 

Type: Saudi Arabia, Jeddah , Schimper 973 (K) & S.I., SChimper 974 (P). 

Annual grass, upto 30.0 em tall , clilms erect, solid, glabrons. Leaf blade 9.0 cm 

long and 2.0 mm wide, pubescent, leaf sheath glabrous. Ligule a dense row of short hairs. 

Spike varying from long and dense to short and lax bristles, white, grcc'n or dark-purple, 

8.0 em long and 1.0 wide. Spikleles laneeolate, 5 .0 mm long and 3.0 mm wide, 1-2 

flowered. G/llmes sub equal, lower glume laneeolate, 3.0 mm long and 1.5 mill wide, 

upper glume laneeolate, 4.0 mm long and 2.0 mm wide, 3-7-nerved. Lemmas lanceolate, 

4.0 mm long and 2.0 mill wide, awn very short, 7-nerved. Palea 3.0 mm long and 1.5 Illlll 

wide. Anther 2.2 mm long. Caryopsis 1.0-2.0 111m long. 
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Flowering and fruiting period: April -First week of May. 

Cllrysopogon auclleri (plnle 8) 

(Boiss) Siapfin Kew Bull. 1907,21.1907. 

Synonyms: Alldropogoll aI/cheri Boiss; FBI 7: 195. 

Type: Saudi Arabia, Jeddah to Makkah? SChimper. 

An annual grass, culms slender, 20.0-58.0 cm high, glabrous, 5-6 nodes. Leaves 

short crowded at the base. Leaf blade hairy , 6.5 em long and 2-2.5 mm wide, leaf sheaths 

glabrous. Ligule a ciliate rim. Panicle oblong, 8.0-11.0 cm long and 1.0-2.0 cm wide, 

branched at tip . Spike/els sessile, 5.0-8.0 mm long and 1.0-2.0 mill wide, linear-sublliate, 

callus densely bearded. Glumes subequal, membranous the upper produce a plulllose awn 

24.0 mm long, oblong, 6.0 mm long and 1 mm wide, lower glume broadly oblong, 5. 0-

8.0 mm long and 1.0-1.5 mm wide, 3-7 nerved. Lemmas lanceolate, 6.0 mm long and 1.0 

mm wide. Amher 3.0 mm long, yellow. Caryoprsis 2.0 mm long. 

Flowering and fruiting period: Late March-April-May. 

Cymhopogon flexsuoslls (palle 8) 

Sprengel PI. Pugil l, 2:14 (1815) 

Synonyms: Andropogoll flexlloslls (Flora of Lyhia). 

An annual grass, culms erect, upto 80.0 em high, glabrous, 3-7 nodes. Leaf blade 

glabrous, 37.0 cm long and 5.0 mm wide, leaf sheath glabrous. Ligule 3.0 mm long, ovate 

with brown hairs . Panicle spathteate, narrow, dense, 6.0 cm long and 5.0-10.0 mm wide. 

Spikelels oblong-elliptic, 4.5 mm long and 2.0 mm wide, pedicel 2.2 111111 long , 1-3 

flowered. Glumes lanceolate, 4.0-4.2 mm long and 1.0·5.0 mm wide, 3.0-5.0 nerved. 

Lemmas lanceolate with an awn 16.0 mm long, 3-nerved. Palea 3.5 mill long and 1.5 mm 

wide. Amher2.0 mm long yellow. Caryopsis 1.0-2.0 111m long. 

Flowering and fruiting period: August-September. 

Cymhopogon sclloenallllllls (plale 9) 

(L.) Sprengel, pI. Pugill , 2: 14 (1815); Clayton & Renvoize in polhill, Fl. Trop. East Afr. 

Gramineae: 765 (1982). 

63 



Synonyms: Andropogoll sellllarellsis Hochst. in Flora 27:243 (1844); A. proximus A. 

Rich., Tent. Fl. Abyss. 2:464 (1851); Cymbopogoll sellllarensis (Hochsl.) Chior. , Gram. 

essenze: 16 (1909); C. proximus (A. Rich.) 5taprin Prain, FI. Trap. Afr. 9:271 (1919). 

Type: S.l. Plukent (8M) 

A perennicai tufted grass usually about 35.0 em high but upto 1.0 meter tall. Leaf 

blades linear, 15.0 cm long and 2.5 mm wide, the leaf sheath glabrous, persistent on the 

culms. Ligule 1.5-2.0 mm long. Spikes densely woolly with hai rs, the lower most pedicel 

swollen, 3.5 cm long and 1.0-2.0 mm wide. Spikelels sessile, 5.0 mm long and 1.0- 1.2 

mm wide, 1-2 nowered, GlulIles lanceolate hairy, 3.5 mm long and 2.0 nll11 wide, lower 

glume flate in the upper halt and with a deep v-shaped groove in the lower, the keels 

winged above; 3-9 nerved. Lemmas Ianceolate to ovate, 2.5 mm long and one mm wide, 

nerves not clear. Amher 1.8 mm long. Caryopsis 1.0-2 .0 mm long. 

Flowering and fl'Uiting period: Late July-September. 

CYllodoll dactyloll (plate 9) 

(L.) Pers., syn. pI. I :85.1805; FBI 7:288. 

Synonyms: Pallicllm dactyloll L.; Digitaria dactyl an (L.) Scop. Capriola dactyloll (L.) 

KlZe., Rev. Gen. PI. 2:764 (189 1). 

Type: S . Europe (Herb. Linn. 80/35). 

A rhizomatus, stoloniferous, perennial grass; culms slender, upto 25.0 em tall. Leaf 

blades linear, 4.5 em long and 2.0-4.0 mm wide, glabrous, leaf sheath glabrous. Ligule a 

very short ciliate rim. Spike digitate, 4.5 em long and 1-1.5.0 mill wide. Spikelels 2.0-2.8 

mm long and 1.5 mm wide, I -flowered. Gillmes unequal , lower glu me sl ightly shorter 

than the upper, lanceolate, lower glume 1.5-2.3 mm long and 0.8- 1.0 mm wide, upper 

glume 1-5-2 .5 mm long and 0.8 mm wide, I-nerved. Lemmas boat shaped, 2.0 mm long 

and 1.2 mm wide, 3-nerved, keeled. Palea as long as the lemma. Anther 1.5 mm long. 

Flowering and fruiting period: March-September. 

Dactylocteniwn aegyptiwn (plale 10) 

(L.) P. Beaur., Ess. Agrosl. Expl. 15 . 1812. Clayton & Renvoize in Polhi ll , FI. Trop. 

East Afr. Gramineae: 254 (1974); Cope in Nasir & Ali , FI. Pak. 143:107 (1982). 
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Synonyms: Cynosurus aegyplius L. Sp. PI. 72. 1753. E/lll1sine aegypliaca (L.) Desf., FI. 

Atlant. 1:85, 1798; FBI 7:295, Cli/oris mllcronara Michx" FI. Bor, Amer. 1:59 (1803); 

Dactyioclenilll1l mucronalIlm (Michx) Willd., Enutn. Hart. Serol 1029 (1809). 

Type: Described from egypt (in Bauhin, Pinax 7(1623) and India, 

Annual grass up to 45.0 em tail, rarely more. Culms glabrous, 3-4 nodded. Leaf 

blades flat, 13.0 cm long and 5.0 mm wide, papillose-hispid. Ligule a 0.5, mm long row 

of small hai rs. Inflorescence of 3-5 digitate spikes, each 2 .3 cm long · an~ . 5. 0 mill wide. 

Spikeiels 3. 0 mm long and 1.2 mm wide, 3-flowered, laterall y cOllmressed. G/limes 

subequal, lanceolate , 1. 5-2.0 mm long and 0.8 mm wide, both prominently keeled , the 

upper with a divergent rather stontown as long as or more usually shorter than the glume 3-

nerved . Lemmas ovate, 2.5 mm long and 1. 8 mm wide, keeled, cuspidate. Palea keeled 

winged or wingles, 2.0 mill long and one mm wide, Afllher 0.2-.05 mm long. Caryopsis 

about one mm long. 

Flowering and fru iting period: May-early July, 

Desmoslaclzya bipinllala (plale 10) 

(L,) Stapf in Thiselt. Dyer, FI. Cap, 7:632 (1900); Borin Towns" Guest and AI-Rawi , Fl. 

Iraq 9:429 (1968); Bor in Rech, f " FI. Iran, 70:436 (1970); Cope in Nasir & Ali , Fl. Pak, 

143: 109 (1982), 

Synonyms: Briza bipinllata L. Syst. Nat. ed. 10, 2:875. 1759. Eragrosris CYflosliroides 

(Retz), P _ Beauv, Ess, Agrost. 162, 18 12, FBI 7:324 ; Srapjioia bipillllara (L.) 0, Klze, 

Type: Egypt, Hasselquist. 

A robust, coarse perenn ial grass, culms stout glabrous lip to 40 .0 Clll high. Leaf 

blades upto 20.0 cm long and 5.0 mm wide, glabrolls, flat or noded, acute. Ligule a row 

of very short hairs. Inflorescence a strict panicle of densely clustered or ·spaced spikes of 

spikeiets , 9.0 em long and 1.0 em wide, each spike 1.0-4.0 cm long. Spikelels compressed, 

2.2 mm long and one mm wide, 4-flowered, awnless, G/umes ovale, equal, I mm long 
/ 

and 0.5 mm wide, I-nerved, membranous. Lemmas keeled, ovate, 1.8-2. 0 mm long and 

1.2 m wide, 3-nerved , Palea 2-keeled, 0,8-1.0 mm long and 0,5 111111 wide, AIII"er one 

111m long, 
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Flowering and fnliting period: April-August. 

Dicalllhillm an/wlalurn (plale 11) 

(Forssk) Stapf in Prain, FI. Trop. Afr. 9:178 (1917) Bor in Towns. , Ouest & AI.! Rawi, 

FI. Iraq 9:523 (1968); Bor in Rech. f., Fl. Iran. 70:540 (1970); Cope in Nasir and Ali, FI. 

Pak. 143:280-282 (1982); Clayton and Renvoize in polhi ll , FI. Trap. East Afr. 

Oramineae: 725 (1982). 

Synonyms: -Andropogon awwlatus Forssk., FI. Aegypt. -Arab. 173. 1775. 

Type: Egypt, Forsskal (C). 

A perennial grass, eulms 30.0-48.0 em high, nodes hairy. Leaf blades flat or 

rolled, 10.5 em long and 2.0-3 .0 mm wide, pubecent, lear sheath smooth. Ligule 1.0-2.5 

mm long, membranous. Inflorescence of 2.0-7.0, shortly peduncled, digitate or subdigitate 

spikes, 3.0-4.0 cm long and 1.5 mm wide. Spikelets more or less imbricate with or 

without lower few pairs on a spike homogenous, sessi le, 3.8 mm long and 1.2 mill wiele. 

Glumes broadly ianceoiate, 3.0-4.0 mm long and 1.0-1.5 mm wide, pubescent or long

hairy below the middle, 3-nerved, the awn 18.0 mm long. Lemma lanceolate 2.0-3.0 mm 

long and I mm wide. Palea 2.5 mm long and 1.0 mm wide. Amlter 1.5 mOl long . 

Flowering and fruiting period: Late March-October. 

Dicanthium foveolatum (plate 11) 

(Del.) Roberty in Boissiera 9: 170 (1960); Cope in Nasir and Ali, FI. Pak. 143:279 

(1982); Clayton and Renvoize in polhill , FI. Trop. East Afr. Oramineae: 723 (1982). 

Synonyms: Alldropogoll foveolollll1l Del., FI. Egypt. 16, f. 812 (1812); A. SlircllIs 

Roxb., FI. Ind . ed.2, 1:250 (1832); Eremopogollfoveolotus (Del.) Stapf in Prain Fl. Trop. 

Afr. 9: 183 (1917); E.slricllIs (Roxb.) A.comus in Ann. Soc. Linn. Lyon, n.s . 68:208 

(1921). 

Type: Egypt, Delile (K). 

A tufted perennial grass, upto em to 70.0 em tall. Culms slender, WIry . Leq! 

blades narrow linear , 20.0 em long and 3.0 rum wide pubescent, leaf sheath smooth. 

Ligule 1.0-2.0 mm long. Inflorescence of solitary narrow spike (raceme) subtended by a 

narrow spath.ide. Spikes 1.5-4.5 em long 1.0-1.5 mm wide; the lower few spikelets-pairs 
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homogenous or not. Spikele{,\' sessi le, elliptic, 2.5-4.0 mm long and 1.0 mm wide. Gllimes 

subequal, ianceolate, with a c ircular depression in the upper third, acute, 3.5 mill long and 

1.0-1.5 mm wide, awn 18.0 mm long, 5-nerved . Lemmas lanceolate, 2.5 mm long and 1. 0 

mm wide. 5-nerved. Palea 1.5 mill long and 0. 8 mm wide. Afllher 1. 2 mOl long. 

Flowering and fmiting period: May-October. 

Digilaria bi/onTlis (plate 12) 

Willd . PI. Hort. Berol. 92. 1809 
, 

Synonyms: Paflicum biforme (Willd.) Kunth , 1829; P. Sanguinale L. vaT biforme 

(Willd.) Hack. en .Dur. and Sehinz. 

Type: China, Canton, Wennerberg (LD). 

An annual grass, culms up to 40.0 cm high, decumbent at the base and geniculately 
.,,:,. " , . 

ascending. Lea/blades broadly linear, 12.0 em long and 3.0-5.0 mm wide, pubescent, leaf , 
sheath pubescent. Ligule 3 .2 mm long, membranous. lnjleresence digitate or sub-digitate , 

composed of 2.0- 12.0 racemes; racemes stiff, 12.5 cm long and 2.0-5.0 mm wide. 

Spikelets binate and overlapping by abollt 2/3 their length on a winged rhaehis, with . 
triquetrous midrib, narrowly e lliptic, 3.0 mm long and 1.0 mm wide, sharply acute , 1-

flowered. Glum'es equal, lower glume distinct, ovate or triangular 1.5-2.0 mm long and 1.0 

mm wipe 3-nerved, upper gilimes 1.5 mm long and 1.0 mm wide, 3-nerved. Lemmas 
, 

ovate, 2 .5 mm long and 1. 0 mill wide, 7-nerved, the nerves evently spaced, appressed, 

silby pubescent. Palea membranous very small. Amher 0.2 mm long. 

Flowering and fruiting period: Late June-July. 

Digilariil nodosa (plate 12) 

ParI. , P I. Nov. Min. Not. 39 (1 842); Cope in Nasir and Ali; FI. Pak. 143.227 (1982). 

Synonyms: Pallicl.lm par/morei Stend.; P.pabulare Aitch. and Hemsl: 1882. Paspalum 

sanguinale (1..) Lamk. var. pablilare (Aiteh.) Hkt., FBI 7: 15. Digiraria parlatorei 

(Stendel) Chior. in Ann. 1st. Bot. Roma 13:4 1 (1914). 

Type: Canary Islands? 

A tussocky perennial grass without rhizames but with bulbous bases of the clilms 

giving rise to new shoots . Culms lip to 30 cm tali, glabrous,S nodes. Leaf blades linear to 
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narrow lanceolate, 12 cm long and 3-5 mm wide, pubescent, leaf sheath pubescent. Ligule 

a 0.2 mm long row of very small hairs. Inflorence of 4-1 2 spikes, digitate, sub-digitate or 

racemose on an axis up to 10 cm long, the spike 12 long and 2.5 mill wide. Spikelels, 1.5-

2 mm long and 1 mOl wide, Glumes minute oval scales, the lower glume 0.5-1 mm long 

and 0 .8 mrn wide, 3-nerved, upper glume, 3-nerved, ovate, 7-nerved, as long as the 

spikelets, usually sparsely to densely hairy with long white hairs. Anther 0.2 01111 long. 

Flowering and fruiting period: Late June-October. 

DigiJaria sanguillalis (plale 13) 

(1..) Scop. FI. Carn ., ed. 2, 1:52 (1771) ; Bor in Towns., Guest & At Rawi, Fl. Iraq 9:478 

(1968); Bor in Rech. f., FI. Iran, 70:49 1 (1970); Cope in Nasir & Ali, FI. Pak. 143:23 1 

(1982); Claylon & Renvoize in polhill, Fl. Trop. East Afr. Gramineae: 650 (1982). 

Synonmys: Pal/icam sal/gail/ale 1.. Sp.PI. 57. 1753 . Paspa/am sal/gllil/a/e (1..) Lamk; 

FBI 7: 13. 

Type: Cultivated at l.eiden (1..). 

An annual decumbent grass with culms 15.0-50.0 cm tall. Leaf blades linear to 

linear-Ianceolate 6.5 em long and 4.0 mm wide, pubescent, leaf sheath smooth. Ligule 1.5 

mm long. llljloresellce of 2-7 spikes, the spikes digitate, or sub-digitate in 2 or more 

whorls or racemose on a central axis, each 7.0 mm long and 1.5 mm wide. Spikelels 3.0 

mm long and 1.0 mm wide, acute, I-Flowered. GlwlIes ovate lower glume minute 0.2 mill 

long , 3-nerved, upper glume 5-nerved, 1. 5 mm long and l.0 mm wide. Lemmas ovate 

lanceolate, 2.5-3.0 mm long and 1.1 mm wide , 5-nerved, scaberulous on the nerves with 

minute siliceous spines, appressed pubescent. Palea 2.5 111m long and 1.0 mm wide. Afllher 

1.0 mm long. Caryopsis 2.0 mm long. 

Flowering and fru iting period: July-August. 

Echinochloa colonll1n (Plate 13) 

(Linn) Link, HOrt, Berol. 2:209. 1833; Blaller & McCann, Bombay Grasses 148.1935; 

Bor, FI. Assam 5:246.1940; Suitan & Slewart. Grasses W.Pak. 1:44.1958; Bor, Grasses 

Burma Ceyl. Ind. Pak. 308.1960; Bar in Towns; Guest & AI-Rawi; Fl.lraq 9:479. 1968; 

Bar in Rech. f., FI. Iran. 70:479.1970; Claylon in Tulin etal; F1. Eur. 5:262.1980. 
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Synonyms: P(llliCIlI1l c%num Linn ; Syst. Nat; ed. 10,2:870.1 759; Boiss; FI. Or; 

5 :435 .1884; Buthie; Fodder Grasses 4.1888.Hook. r., FI. Brit. Ind. 7:32.1896; P. bl'izoides 

Linn; Mant. 2:184.1771 ; Opfismellus cofonwlI (Linn) H.B .K. , Nov. Gen.Sp. 1:108. 1816; 

Echinochloa crus-gaflj (Linn) P,Beauv, Subsp cololla (Linn) Honda in Bot. Mag; Tokyo 

37: 122.1923. 

An annual grass, cJums 10.0-50,0 cm high, erect or ascending. Leaf blades 4.0-

28. 0 cm logn, 2,0-8 ,0 mm wide. Ligule absent; sheath glaf)rous , 1I1jloresce;!ce typically 

linear 1.0-15,0 COl long; the racemes neatly 4-rowed, seldem over 3,0 cm long, simple, 

commonly half their length apart. Spikelets 2.0 mm long an'd 1. 5 mm wide. Oiumes ovate, , 
equal , 1.5 mm long and 1.0 mm wide, 3-nerved. Lemma ovate, 2.0 mITI long and 1. 5 mill 

wide, 5-nerved. Palea membranolls. Anther 1,0 mm long. Caryopsis 2.0 mm long , 

Flowering and fruiting period: July-August 

Eehinoehloa' ems-galli (plaJe 14) 

(L.) P. Beauv., Ess. Agrost. 53, 161 (1812); Bor in Towns:; Guest & AI. Rawi, FI. Iraq 

9:480 (1968); Bor in Rech. r., FI. Iran. 70:480 (1970); Cope in Nasir & Ali , FI. Pak. 

143: 193 (1982); Clayton and Renvoize in polhill, FI. Trop. East Afr. Gramineae: 577 

(1982). 

Synonyms: Pallicum crus-galli L., Sp. PI. 56 (1753) . Echillochfoa subverticillata Pilg. in 

Not. Bot. Gart. Mus. Berlin-Dahlem 15:451 (1941); E.g/abl'escens Kossenko in Bot. Mat. 

Gerb. Bot. Inst. Kamarer 11:40 (1949) . 

Type: Described from Europe, 

An annual grass, culms 20.0-40,0 cm high, erect or ascending, glabrous. Leaf 

blades flat, 11.0-20.0 cm long and 0,9 mm wide, Ligule absent. Inflorescence 6,5 cm long 

and 10 .0 mm wide, narrow or ovate, Spikelets irregularly arranged in 2:.several rows on 

the rhachis, the spikelets 2.0 mm long and 1.5 mm wide, with bulbous based short and 

long bristils, Glllmes ovate, the lower glume 1.5 mm long and 1.0 mm wide, 3-nerved the 

upper g lume 1.5-2,0 mm long and 1.0-1.5 mm wide s-nerved. Lemmas ovate, 2.0 mm 

long and 1.5 mm wide, the lower lemma projected into an awn up to 15 ,0 mm long , 5-
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nerved. Palea 2.0 mm long and 1.5 mm wide. Anther 1.0 mm long. COIyopsis 2.0 mm 

long. 

Flowering and fruiting period: July-August. 

Eleusille indica (plate 14) 

(L.) Gaertn., Fruet. Sem. PI. 1:8 (1788); Bor in Reeh. f., FI. Iran. 70:437 (1970); Cope 

in Naisr & Ali , FI. Pak. 143: 103 (1982). 

Synonyms: Cynosurus indicus L. Sp. PI. 1:72 (1753); Eleusil/e ajriCal/fl Kennedy-D, 

Byrne in Kew Ball . 12:65 (1957). 

Type: South Africa, Cape province, Warrenton-an-vaal, Wilmann H.K.I .(K). 

A tufted annual grass up to 50.0 cm tall culms glabrous, 2-4 nodded. Leaf blades 

flat or folded, 17.0 cm long and 5.0 mm wide, glabrous, leaf sheath 7.0 cm long, 

glabrous. Ligule with a ciliate fringe. Inflorescence of usually 2-several digitate sp ikes, 

often with one of these set below the main cluster of spikes at the tip; spike, 5.0-10.0 em 

long and 1.0-2.0 mm wide. Spikeiefs 3.5 mm long and 1.0-2.0 mm wide, 3-flowered . 

Glumes unequal, laneeolate acute, the lower glume 2.0 mm long and 0.8 mm wide, 3-

nerved the upper giume, 2.0-2 .5 mm long and 1.5 mm wide, 3-nerved. Lemmas with a 

subsidiary nerve close to the keel on either side in the upper part, 2.3-3.0 mm long and 

1.0-1.5 mm wide. Paleo membranous 2/3 of the length of the lemma. Alilher 0. 2 mOl 

long. Caryopsis 0.5 mm long . . 

Flowering and fruiting period: Late June-August. 

Eragrostis millor (plate 15) 

Host, Gram. Austr. 4: 15 (1809); Clayton in polhill, FI. Trop. East Mr. Gramineae: 234 

(1974); Cope in Nasir & Ali, FI. Pak. 143:95 (1982). 

Synonyms: Eragrostis paaides P. Beauv. , Sp. PI. 1: 68 (1753). E. multiflora (Forssk.) 

Asehers. var. pappiana chiox in Ann. 1st. Bot. Roma 8.65 (1905); E. pappiana (Chior.) 

Chiro. in Ann . 1st. Bot. Rama. 8:371 (1908). 

Type: Italy, Baeck (LINN). 

A tufted annual grass up to 35.0 em tall, eulms glabrous, 3 nodded. Leaf blades 

flat, 14.5 em long and 2.0 mm wide, pllbescent, leaf sheath glabrolls, 3.8 em long. Ligule 
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a row of short hairs. Pal/icle open or rather dense, ovate, 4.0- 14.0 cm long and 5.0 mm 

wide, with or without glands on the branches and pedicels, pedicels 2.0-2.0 mm long. 

Spike/els 5.0 mm long and 1.5-2.0 mm wide, 10-flowered, breaking up from the base 

upward. G/ums ovate, 1-3 nerved, subequal, 1.0-2.0 mm long and 0.5-1 .5 mOl wide, often 

glandular on keel. Lemmas ovate, 1.2-1.5 mm long and 1.0 mm wide, often glandular on 

the keel, obtuse 3-nerved. Palea persistent. Anther 0.2 mm long. 

Flowering and fruiting period: June-August. 

Heleropogoll cOlllo",1l1S (plale 15) 

(L.) P. Beallv . ex Roemer & Schultes, Syst. Veg. 2:836 ( 1817); Borin Towns., Guest & 

AI-Rawi, FI. Iraq 9:528 (1968); Bar in Rech. r., FI. Iran . 70:548 (1970); Cope in Nasir & 

Ali, PI. Pak. 143:312 (1982). 

Synonyms: Antiropogon COI/IOllrlllS L., Sp. PI. I: 1045 (1753). 

Type: Jndia, illustration in Plukenet, phyt., f. 19115 (1692). 

A densely tufted, branched perennial grass, culms 30.0-80.0 cm high, glabrous, 2-4 

nodded. Leaf blaties pubescent, a cuminate, leaf sheath glabrous. Ligules a row of very 

small hairs. Racemes 4.0 em long and 3.0 mm wide, the awns twisted together into a 

bundle at the top of the raceme; lower homogamons spikelets - pairs 6-7 spike/els sessile, 

9.0 mm long and 3.0 mm wide including bearded sharb callus, spikelets in the upper part 

of the raceme female. G/llmes equal, lanceolate, 8.0 mm long and 2.0-5.0 mm wide, 9-

nerved, awn 8.0 cm long; Lemmas lanceolate, 8.0 mm long and 3.0 mill wide. Palea 4.0 

mm long and 1.5 mm wide. Anther 2.5 mm long. 

Flowering and fruiting period: April-September. 

Imperata cylilldrica (plale 16) 

(L.) Raeuschel, Non. Bal., ed. 3: IO (1797); Bor in Towns; Guest & AI-Rawi, FI. Iraq 

9:532 (1968); Bar in Rech. f., FI. Iran. 70:513 (1970); Cope in Nasir & Ali, FI. Pak. 

143:252 (1982); Clayton in Polhill. FI. Trap. East Afr. Gramineae: 700 (1982). 

Synonyms: Lagur/ls cyU,ulricus L. Syst. Nat. , ed. 10, 2:878 (1759); Saccharum 

cylintiriculIl (L.) Lam., Encycl. Meth. Bol. 1:594 (1785); S. koenigii Retz. ,Obs. Bot. 

5:16(17989); S.I/lIl11brKii Retz; I.C. 17 (1789) . Imperata arunt/illacea Cyr., PI. Rar. Neap. 
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2:27, t. II (1792); I. Koenigii (Retz.) P. Beall. var. major nees, FI. Afr. Alistr. 90 

(1 841). 

Type: Europe (LINN). 

A coarse, rhizomatous perennial grass, culms 10.0-30.0 em high, glabrous, 2.0-3.0 

nodded. Leaf blades fl al, 5.8 em long and 3.0 mill wide, pubescent , leaf sheath glabrous, 

8.7 em long. Ligule 0.1 mm long hairs row. Panicle silky. white hairy. dense, cylindrical, 

10,0 em long and 1. 0 em wide. Spikelefs 4.0 mm long and 1.0 mill wide, 2- fl owered. 

Glumes lanceolate subequal, the lower glume 3.0-4.0 mm long and 1.0-5.0 mm wide, the 

upper glume 4.0 mm long and 1.0-5.0 mm wide, 5-nerved. Lemmas lanceolate, 3.0-5. 0 

mm long and 2.0 mm wide, awnless. Palea 2.5 mm long and 2.0 mm wide. Anther 2.2 

rom long. 

Flowering and fruiting period: March-May. 

LtJlillm mullif10rllm (plale 16) 

Lam., FI. F.r. 3:621 (1778) ; Bar in Towns., Guest & AI-Rawi, FI. Iraq: 93 (1968) ; Bar in 

Rech. f., FU lran. 70:92 (1970); Cope in Nasir & Ali, FI. Pak. 143:377 (1982). 

Synonyms: LtJliuni italicUTn A.Br . in Flora 17:243. (1 834). 

Type: France (P.). 

An annual grass, culms sol itary or tufted 10.0-15.0 em high, glabrous, 2-4 nodded. 

Leaf blades auriculate, pubescent, 14.0 em long and 2.0-4.0 mm wide, leaf sheath, 

glabrous, 7.0 em long. Ligule 1.5 mm long membranous. Spike slender to rather stant, 

erect or nodding, 'compressed, 7.0- 14.0 em long and 2.0-4.0 mm wide. Spikelet.}' awned, 

12.0 mm long and 3.5 mm wide, 6-flowered. Glumes shorter than the spikelets, narrowly 
1.' 

oblong, 4.0-7.0 nerved, lower glume present only in the terminal spikelet, upper glume 

12.0 mm long and 2.0 mm wide. Lemma overl apping, lanceolate 6 mm long and 2.5 mm 

wide, awned, the awn 7 mm long as long as the lemma. Allfher 3.2 mm long. 

Flowering a nd fruiting period: March~ April. 

Oplismenus bunnamlii (plate 17) 

(Retz.) P . Beauv. Ess. Agrost. 54, 168, 169. 18 12; FBI 7:68. 

Synonyms: Paniculll bllrmollllii Retz. Obs. Bot. 3: 10.1783. 
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An annual grass with prostrate or trialing culms, 2.0-72.0 cm long. Leaf bla(/e 

lanceolate to narrowly ovate, 7.0-8.0 cm long, 18 mm wide, pubescent, leaf sheath 

glabrous, 2.5 cm long. Ligule 1. 2 mm logn , membranous. Inflorescence 9.0 cm long, 5.0 

mOl wide, racemes 0.5-2 .5 cm long, their rhachis hirsute, the spikelets contiguous. 

Spike/els lanceolate, 2.5 mm long and 1.5 mm wide, often with a transverse ban of hairs 

across the middle of the lower lemma, rarely glabrous. Glumes lanceolate with an awn, 

unequal, lower g/lime 2.0 mm long and 1- 1.5 mm wide, upper glume 1.2- 1.5 mm long and 

1 mm wide, 3-5 nerved . Lemmas lanceolate to ovate, 2.5 mm long and 1.0 mm wide, 3-

nerved. Pa/eas as long as the lemmas. Anther 1.2 mm long. 

Flowering and fru iting period: June-August. 

Parapholis strigosa (plate 17) 

(Dum.) C.E. Hubbard in Blumea, Supp!. 3: 14 (1946) 

An annual grass, culms upto 35.0 em high, glabrous, 4-nodded, loosely tufted or 

salitary, erect and spreading. Leaf blades glabrous, 15.0 em long and 4.0 mm wide, leaf 

sheath rounded on the back, glabrous, 6.5 em long. Ligules 0.2 mm long membranous. 

Spikes usually straight and erect, cylindrical, stiff, 14.0 cm long and 1.5 mm wide, ax is 

smooth, jointed, the joints deeply hollow out on one side, breaking horizentally at maturity 

beneath each spikelet. Spike/els embedded in hollows in the spike axis, soli tary and 

alternating on oposite sides of axis, 4 mm long and 1.0 mm wide, closely pressed to the 

axis, I-flowered . G/umes equal, or nearl y so, as long as the spikeltes, narrow, pointed, 

rigid, 3-nerved. Lemmas oblong, blunt, as long or nearly as long as the glumes, 

membranous, finely 3-nerved. Paleas about as long as the lemmas. Anther 1.2 mm long. 

Grain tightly enclosed between the glumes and the joint of the spike-axis. 

Flowering and fruiting pel'iod: July-August. 

Paspa/idiumflavidum (palle 18) 

(Retz.) A.Camus in Lecomte, Fl. Gen. del, Indo·chine 7:419 .1922. 

Synonyms: Pallicumj/avidllm Retz. Obs. Bot. 4:15. 1786; FBl7:28 . 

A tufted perennial grass, culms 10.0-15.0 em high, erect or ascending from a 

prostrate base, glabrous 3-IlOdded. Leaf blades linear or folded, blent at the tip , 7.3 em 
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long and 7.0 mm wide, leaf sheath glabrous, 6.3 cm long. Ligule a row of very small 

hairs . II/florescel/ce, 8.0- 15.0 em long and 3.0 mm wide, raceme 1-2.5.0 em long, distinct 

by 2-4 times their own length, their rhachis very narrowly winged from a triquetrous 

midrib, 0 .5-0.8 mm wide, glabrous or minutely c iliate. Spikeiers ovate, 2.0-3 .0 mm long 

and 1.5 mm wide. Glumes ovate, unequal, the lower glume 1.5 mm long and 1.2 mm 

wide, 3-nerved truncate the upper glume 2.2-2 .2 mm long and 1.8-2 em wide, 5-nerved. 

Lemmas ovate, the lower floret with a paiea, its lemma as long as the spikelet, the nerves 

not raised granulose. Amher 0.2 mm long. 

Flowering and fruiting period: Late June-August. 

Paspalum dilatatum (palte 18) 

o .. 

Poir. in Lam. Encyl. Meth. Bot. 5:35 (1804); Bor in Towns., Guest .and AI. Rawi, Fl. 

Iraq 9:492 (1968); Bor in Rech. f., FI. Iran. 70:493 (1970); Cope in Nasir and Ali, FI. 

Pak. 143:2 11 (1982); Clayton and Renvoize in Polhill, FI. Trop. East Afr. Gramineae: 
. " 

608 (1982). ' "I " . , , " 

Synonyffis: 'Paspalum avatum Nees ex trin ; Gram Pan. 113 (1826). 
' .. 

Type: Argen'tiha, Buenos Aires, Commerson (P) . 
. 

A tufted perennial grass, eulms robust, 20.0-40.0 em tall , glabrous, 3-nerved. Leaf 

blades glabrous , 12 .6 em long and 5.0-7.0 mm wide, leaf sheath glabrous, 10.8 em long. 

Ugules 1.0 mm long membranus. II/florescel/ce of usually 3-5 racemosely arranged spikes 

on 2.0-20.0 eln long axis; the spikelets paired in 2 or 4 rows on the rhaehis. Spikes 

catterpiller like, 6 .0- 1.0 em long and 1.5-2.0 mm wide. Spikets ovate, 3.0-3.5 111111 long 

and 2.0 mm wide, I-flowered. Glwnes equal, ovate, 3.0-3.5 mm long and 2.0 mm wide , 
, 

upper glum~ sparsely pilose on the surface, ci liate on the margins, 3-nerved. Lemmas 
, , 

ovate, lower lemma like the upper glume but not ciliate; upper lemma minutely papillose, 

3-nerved. Anther 0.5 mm long. Caryopsis 2.0-1.0 mm long, 

Flowering and fruiting period: Late April·June. 

Paspaium distichium (plate 19) 

L., Syst. Nat. ed. 10,2:855 (1759); Hitche, and Chase, Man . Grasses U.S. 603-604 

(1950). 164. 
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Synonyms: Digitiria pospalodes Michx., Fl. Bar. Am. 1:46 (1803); Paspallllll 

paspaloides (Michx) Scrib. in Mem. Torrey Bot. Club. 5:29 (1894); Bar in Towns., Guest 

and AI-Rawi, Fl. Iraq 9:494 (190~); Cope in Nasir and Ali, Fl. Pak. 143:2 11-212 (1982) 

as P. Paspa/oides. 

Type: Jamaica 

A stoloniferous perennial grass; culms 10.0-20.0 em tall, glabrous, 3-nodded . Leaf 

blades glabrous. 8 cm long and 3.5 mm wide, leaf sheath glabrous, 5.0 COl long. Ligule 

1.0 mm long, membranous. [nf/orescllce of usually two spikes, each 5.0-9.0 cm long and 
• 

1.0-1.5 rom wide, spike/els in two rows on winged rhachis. Spikelels abruptly acute, 

appressed minutely, 2.0-3.0 rum long and 1.2 wide, I-flowered . Glumes ovate, equal, 

upper glume, thick leathery, pubescent, 3-nerved, 2.0-3.0 rum long and 1.0-2 .0 mm wide. 

Lemmas ovate, as long as the spikelet, the lower lemma thick, leathery, 3-nerved. All/her 

0.2 mm long: 

Flowering and fruiting period: Late June-September. 

Penniselum americanum (plate 19) 

(L.) Schumann in Engl. Ptlanzenw. Ost. Afr. B51, C.tab. 4. 

Synonyms: P. ryphoides (Burm. f.) Stapf; Panicum ornericaflum L. 

Type: Ceylon, Hermann (BM). 

A tall cultivated grass, culms upto 80.0 cm tall, glabrous, 5-nodded. Leaf blades 

flat, large, upto 40 em long and 1.0 em wide, pubescent, cordate at the base, leaf sheath 

9.0 cm long, pubescent. Ligules, 1.0-5.0 mm long, hairy Panicle stift, very dense, 

cylindrical, upto 30.0 cm long, 10.0-20.0 mm wide, bearing spikelets in clusters of 2,s. 

Spike/es turgid, 3.5-4.5 mm long. Lemmas and palea pubescent on the margines. Anther 

3.5 mm long. Grain spherical, ususally white, protruding from spikelet at n1aturity. 

Flowering and fruiting period: June-August. 

Pennisetum lanalum (plat 20) 

Klotzsch in Bot. Erg. Waldrem . Reise 65, f. 99. 1862. 

A tuff ted perennial grass with tough extensive rhizomes; culms, 30.0-80.0 cm high , 

erect, glabrous, 5-nodded. Leaf blolies 9.0 cm long and 2.0-2.5 mm wide pubescent , leaf 
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sheath pubescent, 8.0 cm long. Ligule a row of long hairs . Panicle linear, 3.0-5.0 cm long 

and 0.5- 1.0 cm wide, rhachis with shallow angular ribs, pubescent, involucre enclosing 2-4 

spikelets, each shortly pedicelled, bristles densely to sparsely ciliate, bramched, often 

several times above the base. Spikeiels lanceolate, 3. 0-5 .0 mm long and 2.0-2.5 mm wide, 

2-flowered, Glumes lanceolate, unequal, the lower glume 3.0-5 .0 mm long and 1.0-1.5 

mm wide, upper glume 4.0 mm long and 1.5-2.0 mm wide, 5-nerved. Lemmas 3.0-5.0 

mm long and 1.0-2.0 mm wide, the lower lemma acuminate, upper lemma acute, firmer in 

texture and slightly shorter than the lower. Palea, 3.0-5.0 mm long and 1.0-2.0 mm wide, 

Anther 3.0-5,0 mm long. 

Flowering and fruiting period: April-May-June. 

PlzaiIJris minor (plale 20) 

Retz. , Obs. Bot. 3:8 (1783); Bor in Towns., Guest and AI-Rawi, FI. Iraq 9:364 (1968); 
, 

Bor),n ,Rech. f. , FI. Iran. 70:346 (1970); Cope in Nasir and Ali , FI. Pak. 143:494 (1982). 

Type: "I,qcality;. Orient. 

',. A tufted lUlnual grass, culms 20, 0-47.5 em high, ovate, h.tiry, 5-nodded, Le'lf 

blades 1 \ .\1, 17.5 em long and 1.0-1.8 mm wide, dorselly glabrous, leaf sheath, glabrous, 

14.7 ~I(.! lo~g . Ligule 3.0 mOl long, membranous, prominent. Panicle densely spicale, 

ovate to ~ylinderical, 2,0-4,5 em long and 1.0· 1.4 em wide. Spikelets 4,0 mm long and 2.5 

mm wide. I-flowered. Glur.:es subequeal, broadly winged, the wing usually dentate or , . 
entire, sterile florets represented by two minute scaJes; fertile florets 2.5-4 .0 mOl long, the 

lower glume 4.5 mm long and 2.0 mm wide, the upper glume 1.0-2 .0 mm long and 0 .5-

1.0 mm wide, 2-nerved .. Lemma ovate, 3.0 mm long, 2-nerved . Palea 1.0 mm long and 

0.5 mm wide. Anther 0.8-1.0 mOl long. Caryopsis 1.0· 1.5 mm long. 

Flowering and fruiting period: Late March-April. 

Ph/film ilimaiIJccilm (plate 21) 

Huds. FI. Angl. 23 . 1762; 

Synonyms: Ph/ellm asperum Jacq. Coli, 1: 10. 1786; FBI. 7:237 

An annual glabrous grass, culm" 8.0-22 em high, usually erect, 4-nodded . Lellf 

blades 8-1 5 em long and 3-6 mill wide, pubescent leaf sheath glabrous. Ligufes 0 .5 mOl 
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long. Panicle 1.8-4.8 cm long and 5-8 mm wide, ovoid or oblong, green. Spikelers 5-14 

mOl long and 1-2 mm wide, I - flowered. GII/mes, unequal, gradually narrow into a short 

awn, scabrid on the side, st iffly ciliate on the keel, softly hairy on the margin, awn 1- 1. 5 

mm long, 3-nerved, lower glume 2 mm long and 0. 2 mm wide, upper glume 3 mm long 

and 1 mm wide. Lemmas lanceolate, 2.5 mm long and 1 mm wide, 5-nerved. Paleo 1.5-2 

rum long and 0.8 mm wide. Anrher 1.0 mm long. Caryopsis 0.8 mm long. 

Flowering and fruiting period: March-April 

Phleum pratellse (plate 21) 

L., Sp. PI. 59.1753. 

A loosely or densely tufted perennial, culms 15-35 em high, erect or geniculately 

ascending, the lower nodes some time swollen and tuberous, 4-nodded. Leaf blades 15-20 

em long and 3-7 mm wide, scrabrid on both sides, uper sheath slightly inflated. Ligule 1-4 

mm long. Panicle 2-8 em long and 4-8 mm wide, cylindrical green. Spikelers, 3-3.8 mm 

long and 0.2-0.5 mm wide, I - flowered . Glumes narrowly oblong, swifftly cil iate on the 

keel, the lower softly hairy on the margin, awn 1-2 mm long, 3-nerved. Lemmas blunt , 0.7 

mrn long and 0.2 mm wide, 5-7 nerved, minutely hairy . Paleo 0.5-0.7 mm long and 0.2 

mm wide. A1lIher 2 mm long. Caryopsis 0.5 mm long. 

Flo,:"ering and fruiting period: March-April. 

PIzragmiles australis (plate 22) 

(Cav.) Trin. and Stende1, Nom. Bot. ed, 2:324 (1841); Bor in Towns; Guest and A1-Rawi, 

PI. Iraq 9:26 (1968), Bor in Rech. f., PI. Iran 70:352 (1970); Clayton in Milne-Redhead 

& Po1hill, FI. Trop. East Afr. Gramineae: 117 (1970). 

Synonyms: Anmdo phragmiles L., Sp. PI. 1:81 (1753); A australis Car. in Anales Hist, 

Nat. Madrid 1: 100 (1799); Phragmiles commullis Trin; Fund. Agros!., 134 (1820); 

Trichoon phragmites (L.) Rendle, Cat. Afr. PI. Welw. 2:218 ( 1899) Phragmires maxima 

(Forssk). Blatter and McCann, Bumbay grasses: 202 (1935) in part, based on Amlldo 

maxima. Forssk 1775. 

Type: Australia, Nee (MA) 
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A s tout perennial, rhizomatous reed, culms upto 1.5 meters high, glabrous, 3-5 

nodded, Leaf blades firm usually 50.0 cm long and 10.0 mill wide, acute, leaf sheath, 

glabrous, 35 .0 em long. Ligule 4-5.0 mm long, membranous. Pallicle large, 43.0 em long 

and 5.0 em wide. Spikelets 4.0 mm long and 1.5 mm wide, pedicellate, 23-flowered, 

gaping. Glumes unequal, lancealate, the lower glume 4 .0 mm long and 2-5.0 mm wide, 3-

nerved. the upper glume 5.0 mm long and 2-3.0 mm wide, 3-nervfid. Lenmws narrowly 

laneeolate, 3-4.0 mm long and 1.5-2.0 mm wide, 3-nerved., Ra.fea 1.0 mm long. Anther 

2.2 mm long: 

Flowering and fruiting period: Late July-October. 

Poa annua (plate 22) 

, . 

L., Sp. 1:68 (1 753); Bar in Towns. , Guest and AI-Rawi, FI. Iraq 9: 122 (1968) ; Bor in 

Rech. r., F I. Iran. 70:29 (1970); Cope in Nasir and Ali, FI. Pale 

Synonyms: Poa roylealla Steudel, Syn. PI. Glum. 1:256 (1854) . 

Type locality: Eroupe. 

An annual tufted grass, culms 10-22.0 em high, glabrous, 3-nodded. Leaf blades 

usually flat , soft, 6.0 em long and l.5-3.0 mm wide. hairy, a cute or obtuse, leaf sheath 

glabrous, 6.0 em long. Ligule 3.0 mm long. Panicle ovate to pyramidal, dense or lax . 8.0 

cm long and 1-3. 0 cm wide with paired branches. Spike/els 3.5 mm long and 1.5-2.0 111m 

wide , 3-flowered; Gfwlles unequal, lanceoiate, the lower glume 2. 0 mOl long and 1.0 mm 

wide. I-nerved. the upper glume 3.0 mm long and 1.5 mm wide. Lemmas oblong, 2 .0 mm 

long and 1.0 mm wide, glabrous or ciliate on the keel 3-nerved. Palea almost as long as 

the lemma, ciliate along the keels. Alllher 1.2 mm long. Caryopsis 1-5.0 mm long. 

Flowering and fruiting period: Early March-April 

Poa infinna (plate 23) 

Kunth in Humb., Bon PI. and Kunth Nov. Gen. Sp. I : 158 (1816); Bar in Towns, Guest 

and AI-Rawi, FI. Iraq: 124 (1968); Bor in Rech. f., FI. Iran . 70:30 (1970); Cope in Nasir 

and Ali, FI. Pak. 143:30 (1970). 

Synonyms: Catabrosa tholllsolli Hook. r., PI. Brit. Ind . 7:31 1 (1896). 

Type: Col oll1~i a , Kunth. 
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An annual tufted grass very similar to Poa amma. Culms 5.0- 15.0 em high , 

glabrous, 4-nodded. Leaf blades 3.5 cm long and 3.0 mm wide, publeseent, leaf sheath 

glabrous, 2.5 em long. Ligules 3.0 mm long blunt. Panicle ovate, dense or lax, 3.0 em 

long and 1. 5 long with paired branches. Spike/els 3.0 mm long and 1.5 mm wide, 3-

flowered. Glumes lenceolate to oblong, unequal, the lower glume 1.5 mm long 1.0 mm 

wide, I-nerved, the upper glume 2.0 mm long and 1.0 mm wide, 3-nerved. Lemmas 

oblong, 2.0 mm wide and J.O mm wide, 3-nerved . Palea almost as long as the lemma, 

ci liate along the keel. Anther 0.2-0.5 mm long. Caryopsis 1.5 mm long. 

Flowering and fruiting period: March-April. 

Poa nemoraus (plale 23) 

L. Sp. 69 . 1753; H Brit. Ind. 7:34 l. 

A loosely tufted perennial grass, eulms 20.0-30.0 em high, glabrous, 3-nodded. 

Leaf blades finely to abrapUy pointed , 10.0 em long and 2.0 mm wide, ususally weak, 

minutely rough or nearly smooth, leaf sheath glabrous , 13.0 em long. Ligules up to 0 .5 

mm long, membranous. Panicle usually nodding, laneedate to ovate, very lax and open, 

8.0-14.0 em long and 2.0-10.0 mm wide, pedicel 1.0 mm long. Spike/els lanceolate to 

ovate or oblong, compressed, 1. 5 mm long and 0.5 mm wide, 2-flowered. Gfwnes 

persistent, equal or slightly unequal, finely pointed , 3-nerved, membranolls, rough on the 

keels; lower glume lanceolate, 1.2 mm long and 1.0 mm wide, upper glume ovate , 1.0-1.5 

mm long and 1.0 mm wide. Lemmas overl apping, lanceolate-oblong in side view, blunt or 

slightly poin!ed, 1.5-2.0 mm long and 1.0 mm wide, 5-nerved. Pa/eas as long as the 

lemmas. Anthers 0.5 mm long. 

Flowering a nd fruiting period: Jul y-September. 

Polypogon mOllspeliensis (Plale 24) 

(L.) Desf., FI. Altant. 1: 67 (1798); Borin Towris. , Guest & AI Rawi, FI. Iraq 9:3 18 

(1968) ; Bor in Rech . f., FI. Iran. 70:303 (1970); Clayton in Miln-e-Redhead & Polhill , FI. 

Trop. East Afr. Gramineae: 100 (1970); Cope in Nasir & Ali , FI. Pak. 143: 467 (1982). 

Synonyms:- Alopeel/flls lIIo11speliellsis L., Sp. PI. 1:61 (1753). 

Type:- Europe, Linnaeus (LINN). 
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An artnual grass culms 12.0-50.0 cm high, 5-6 nodded. Leaf blades 12.0-15.0 cm 

long and 5.0-12.0 mm wide. Leaf sheath glabrous. Ligule 6.0-9.0 mm long. Panicle 3.0-

12.0 cm long and 0.6-3.0 cm wide. Spikelet 2.5-3.0 mm long and 1.5 mm wide, one 

flower . Glumes narrowely oblong, equal 2.0 mm long and 0.5 mm wide, 1-2 nerved. 

Lemma broadly elliptic, 1.0 mm and 0.9 mm wide. Awn 4.0 mm long, 5-nerved. Palea 

membranous, 0.9 mm long and 0.6 mm wide. Anther 0.5 mm long. Cryopsis 1.0 mm 

long. 

Flowering and fruiting period: March-April. 

Saccharum sponteneum (plate 24) 

L., Mant. 2:183 (1771); Bar in Rech. f., Fl. Iran. 70:516 (1970),; Cope in Nasir and Ali, 

Fl. Pak. 143:263 (1982); Clayton and Renvoize in Polhill, FI. Trop. East Afr. Gramineae: 

704 (1982) .. 

Synonyms: Imperata spontanea (L.) P. Beauv., Ess. Agrost., 8.(1812); Saccharum 

semidecum bens Roxb; Fl. Ind. 1:241 (1820); S. canaliculatum Roxb; I.C . 251; S. 

propinq~ufit Steudel; Syn. PI. Glum. 1:406 (1855). 
~ , I . 

Type~ India, Koenig (LINN). 

A ~o&ust rhizomatous perennial grass, culms up to 1 meter or more high, glabrous, 
, , ! ' 

5-7 nodded. Leaf blades 54.0 cm long and 3.0-5.0 mm wide, glabrous, publescent at the 
" I 

margins, 'l d f sheath glabrous, 15.0 cm long. LiguZes 1.5 mm long hair, triangular. Panicle 

24.0 cm long and 4.0 cm wide, primarily and further branche including the pedicels all 

hirsute. Spikelets 2.5-3.0 mm long and 1.5 mm wide, the hairs on the callus 2-3 times the 

length of the spikelet. GZumes equal, glabrous, often ciliate along the margins; lanceolate, 

2.5 mm long and 1.5 mm wide, 3-nerved. Lemmas lanceolate-elliptic, 1.5-2.0 mm long 

and 1.2 mm wide, upper lemma very narrow, shortly awned. Anther' 1.5 mm long. 

Caryopsis 1.0 mm long. 

Flowering and fruiting period: August-October. 

Setaria glauca (plate 25) 

(L.) P. Beanv. Ess. Agrost., 51, 170, 128.1812. 

Synonyms: Panicum gZaucum L., Setaria glaucescens (Weig.) C.T. Hubb. 
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An annual grass, culms 10.0-30.0 cm high, glabrous, 3-nodded . Leaf blades finely 

pointed, 11.0 em long and 4.0 mm wide, flate, hairy towardss the base, minutely rough on 

the margins, ' leaf sheath smooth, 6.5 em long. Ligule a dense fring of fine hairs. Panicle 

spike-l ike, dense, very bristly, erect, cylindrical, 3.0 em long and 3.0 mm wide. Spike/els 

broadely elliptic back view, blunt, broadly elliptic in side view, 2.5 mm long and 1. 5 mm 

wide, I-flowered with lower fl oret'moie or barren and the upper bisexual. Ghlmes broadly 

ovate, unequal lower glume 1-2 mOl long and 1.5 mm wide 3-nerved, the upper glume 1.5 

long and 1.0 mm wide, S-nerved . Lemmas ovate, as long as the spikeiets, 3-nerved. 

Paleas flate. 2.5 mm long and 1.5 mm wide. Aml/ers 1 mm long. Caryopsis 0.7 mm long. 

Flowering and fruiting period: Late June-August. 

Setaria pumila (pliJle 25) 

(poir.) Roemer & Schultes, Syst. Veg. 2:891 (1817); Clayton & Renvoize in Polhill, FI. 

Trop. East Afr. Gramineae: 530(1982). 

Synonyms: POllictll1f pumilum Poir. , Encyc!. Meth. BoL, Supp!. 4:273 (1816); Pal/icuIII 

pallide-/uscum Schum., Besker. Guin. PI., 58 (1827) ; P.rubiginosllm steudel, Syn . PI. 

Glum. 1:50 (1854); Setaria rubiginosa (Steudel) Miq., FI. Ned. Ind. 3:467 (1857); S. 

erythrae Mattei in Bol. Ort. Bot. Palermo 9:49 (19\0); S. pallide-/llsa (Schumach.) Stapf 

& Hubb . in Kew Bull . 1930:259 (1930); S. glallcasensu praine, FI. Trop. Afr. 9:814 

(1930); Bor in Polhill, FI. 

Iraq 9:500 ( 1968), mult. auct. non (L.) P. Bea. uv. (1812); S. (elltescens sensu multi auct., 

non (Weigel) Hubb. (1916) . 

Type: Not known, probably France or North Africa, Desfontaines (?P). 

A tufted annual grass, culins 10.0-70.0 cm long, glabrous, 5-nodded. Leaf bltules 

22.0 em long and 2.0-5.0 mm wide, leaf sheath glabrous 11 .5 cm long. Ligule 1.0-2 .0 mm 

long dense row of hairs. Panicle dense, cylindrical, spicate, bristles 3.0- 12.0 mm long, 

yellow 5.0-1 1.0 cm long and 3.0-5.0 mm wide, 2-flowered. G/limes ovate, equal, 0.8-1.0 

mm long and 0.5 mm wide, 3-5 nerved. Lemmas ovate, as long as the glumes, lower 

lemma staminate or sterile with a well-developed paJea almost as long as the lemma, upper 
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lemma usually strongly rugose rarely smooth. AflIhers 0.8 mm long. Caryopsis 1.0- 1.5 I11Ill 

long . 

Flowering and fruiting period: July-September. 

Sorghum halepeflse (plate 26) 

(L.) Pers. , Syn. PI. 1: 101(1805); Bor in Towns; Guest and AI-Rawi, Fl. Iraq 9: 548 

(1968) Bor in Rech. f. , Iran. 70:529 (1970), Cope in Nasir & Ali, Fl. Pak. 143:295 

(1982) . 

Synonyms: Holeus "alepel/sis L., Sp. PI. 1:1047 (1753); Al/dl'Opogol/ "alepel/sis (L.) 

Brot., Fl-Brit. Ind. 7: 182. S. bie%r (L.) Moench subsp. drummondii (Stendel) de wit in 

Am . 10urn. Bot 65:481 (1978), in part. 

Type locality: Syria and Mauritania. 

A tufted rhizomatous perennical grass , culms 20.0-70.0 COl high nodes pubescent or 

glabrous, 9-nodded. Leaf blades fiat, 45.0 cm long and 7.0 mm wide, pubescent, leaf 

sheaths 11 .5 em long and glabrous. Ligule 2.0 mm long membranous. Panicle loose, 

pyramidal, 23.0 em long and 13 .0 mm wide. Spike/els sessi le , ovate, soft-hairy, 1. 0-4.0 

mm long and 1.5 mm wide, awned, pedicellate spikelets 3.5 mOl long and 1.0 mm wide, 

lanceolate, much narrower than the sessile spikelets 2-flowered . Glumes ovate, subequal, 

lower glume 3.2 mm long and 2.0 mm wide, 7-nerved upper glume 3.5 mm long and 2 

mm wide, 3-nerved. Lemmas equal lower lemma ovate, 2 .5 mOl long and 1.0 mm wide, 

upper lemma laneeolate, acute with an awn 12.0 mOl long. Palea as long as the lemma. 

AI/I"er 2.1 mm long. Caryopsis 2.0 mm long. 

Flowering and fruiting period: August-October. 

Stipa splendens (plale 26) 

Trim. in Spreng., Neue Entdeck., 2:54. 1821; Fl. Brit. Ind. 7:232. 

Synonyms: Stipa altaica Trin.; Lasiagrostis splefll/el1s (Trim .) Kunth . ; Achl/atherum 

splendens (Trin.) Ohwi; S. schlagintweifii Mez. var. spIel/deliS . 

A tufted robust perennial , culms 20.0-57.0 em high, glabrous, 4 . 0~5 . 0 nodded. 

Leaf blades flat, sheath 3.5 em long , glabrolls . Ligule 3 .5 mill long, membranolls. Panicle 

narrow, dense but sometimes loose, 28.0 em long and 2.0-5.0 cm wide, the branches 
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usually bare at lower haIr. Spikelets sessile, 2-flowered, 5 .0 mm long and 1.2 mm wide. 

Glumes unequal , elliptic lanceolatc acute, the lower glume 3 .5 mill long and 2. 0 mm wide , 

I -nerved, upper glume 4.5 mm long and 2.5 mm wide, 3-nerved. Lemma narrowly elliptic 

lancenlatc, 0.3 mm long and 0.1 mill wide, conspicuously 2-toothed at the tip, awn 

straight, 7 .0 mm long. Polea membranous less conspicuous. AlIlher 1:5 ~ong . 

Flowering Bnd fruiting period: August-October. 

Urachloa pallicoides (plale 27) 

P . Beauv. , Ess. Agrost. 53, t. 11. f . 1.1 812 . 
. .f. • 

Synonyms: Panicumjavollicum Poir.; Fl. Bri t. Ind. 7:35; ufIOchloiOtefiJjJUs Stapf. 

A tufted annual grass, culms 20.0-25.0 em high, often ascanding from prostrate 

rooting base, glabrous, 6-nodded. Leaf blades linear to narrowly laneeolate, 11.0 em long 

and 5.0- 11.0 mm wide, glabrous, the margin tuberculate-ciliate at least near the base, leaf 

sheath glabrous, 7.0 em long. Ligule a dense row of short hairs. Infloresence of 2.0-7.0 , 

racenes on a common ants, racemes 6.0-12 .0 em long and 4.0 mm wide, bearing single or 

sometimes paired spike/els on a narrowly winged rhachis, 1.0-2.0 mOl long pedicels with 

white hairs, Spike/els elliptic, 2.2 mm long and 1..2 mm wide, acute, I -flowered . Glllmes 

ovate, . equal , L 1 mm long and 0.8 mOl wide, the lower glume obture to subacute, 3-

nerVed, the upper glume often with cross-veins, glabrous, 5-nerved. Lemmas ovate, 0.5- 1 

mm lo~g and 0.7 mm wide. Palea membranous, 0.5-1 long. Allther 1.0 111111 long. 

Caryopsis 1.0 mm long. 

Flowering and fruiting period: July-August. 

V.dveria riwnioides (plale 27) 

(L.) , . ash in small , PI. So.E.U.S . 67.1 903 . 

Synoiiyms: Phalaris zizallioides L. Mant. 2: 183.1771; Adropogoll squarroslls L. f. ,F!. 

Brit. Ind. 7: 186.1896. 

Type: India, Koenig. 

A tu fted perennial grass, eulms upto l.0 meier high, glabrous, 3-5 nodded . Leaf 

blades flat , erect, 37.0 em long and 5.0 mm wide, glabrous slightly hairy on the margin, 

leaf sheaths glabrous 26.0 em long. Ligllie dense fr inge of hairs Pallicle oblong, usually 
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contracted, 28.0 cm long and 2.0 cm wide, it longest raceme lip to 7.0 cm long. Spikelels 

sessile, 3.8 mm long and 1.0-2.0 mm wide, callus 1.0 mm long. Glumes equal, lanceolate , 

spinulose, 3.0 mm long and 1.5 mm wide, 3-nerved. Lemmas lanceolate, 3.0 mm long and 

1.5 mm wide, upper lemma awnless. Palea membranous, 2.5 mm long and 1.0 mm wide. 

Anther 2.0 mm long. 

Flowering and fruiting period: August-November. 
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4.2 Light M icroscopic Observations 

The pollen grai ns of the family Poaceae are monad, heteropolar, spheroidal, rarely 

elliptical or oblate, with an average diameter 45.0~lIn, usually monoporate, psilate or clea rl y 

ridged producing a rugulate or reticlloid pattern as observed by light microscopy. Surface 

sculptu ring pattern granulate, scabrate, verrucate, rugulate. Pore always annulate, annulus 

conspicuous, granulate and scabrate, circular" costa pori present, operculate or non

operculate. Sculpturing elements fine, small , closely, medium or widely spaced. Ten samples 

of each species were examined, their detailed description is presented in table 7. The 

photographs of each species are presented in plate no. 28-38. 

Descriptioll of tlte pollell graills o/species e:t.-amilled ullder ligltt microscope. 

Alopecurlls myostlroides (plate JOa) 

Symmellyend/arm: Ellipsoidal. 

Dimensions: Polar lengtIF(30-) 3 1. 5 (-33)Jtm; equatorial length~ (26-) 28.5 (-3 1 )~m ; PIE 

ratio 1.00. 

Aperture type: Monoporate, circular, diameter-2.0J.lm, non-operculate, with conspIcuous 

annulus 2-5~lm wide. 

Pore type: Ectoporous. 

Exine thiclmess: 2.0~lm. 

Exine sUlface: Granulate. 

Aristitla adscells;ollis (plate JOc) 

Symmelly (lndform: Spheroidal . 

Dimensions: Polar l engt h~ (25-) 26.5 (-28)Jttn; equatorial l ength~(25-) 26.5 (-28)~m ; PIE 

ratio 1.00. 

Aperture type: Monoporate, circular, diamcter=2J.lm, operculate, annulus not conspicuolls. 

Pore type: Endoporus. 

Exine thickness: 2.0~lln. 

Exille surface: Granulate. 

Aristifla/ulliclllata (plate JOh) 

Symmellyalldform: Spheroidal. 
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Din/ellSiolls: Polar l ength~ (33-) 36 (-39)llm; equatorial length~ (33-) 36 (-39)11111 ; PIE ral io 

1.0· 

Aperture type: Monoporate. ci rcular, diametep3~lm, operculate, with prominent annulus. 

Pore type: Ectoporus. 

Exine thickness: 2.0flm. 

Exilic surface: Granulate. 

Avena /UI/Ol'icilIllU (p lme J8n) 

Symmetryandform: Oblate. 

Dimensions: Polar lengt h=(38~) 40 (~42)l-lm; equatorial length=(32-) 34 (-36)~un; PIE ratio 

1.17. 

Apertllre type: Monoporate, circular, diameter=3.0~lm, non-operculate. 

Pore type: ECloporus. 

Exine thickness: 2.5~lm. 

Exine slilface: Granulate. 

Avena sativa (pillte 38b) 

Symmetry andform: Oblate. 

Dimensions: Polar length= (47-) 5 1 (-55)~lm; equatorial length= (45-) 46.5 (-48)~lm; PIE ratio 

1.09. 

Aperture type: Monoporate, circular, diameter=3.S~lm. non~operculate. 

Pore type: Ectop0nls. 

Exine thickness: 2.5~l m. 

Exine surface: Granulate or scabrate. 

Botltriocltloa per/usa (plate 30j) 

Symmetry and form: Spheroidal. 

Dimellsiolls: Polar lenglh~(30-) 32.5 (-35hll11; equatorial l ength~ (30-) 32.5 (-35hlm; PIE 

ratio 1.00. 

Aperture type: Monoporate, circular, diameter=2.0~lIn, operculate. 

Pore type: Endoporus. 

Exine thickness: 2.0j..tm. 
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Exine sllf/ace : Granulate. 

Brachiaria distachy" (plate 30d) 

Symmetry and form: Spheroida l. 

D imensions: Polar length= (30-) 32.5 (-35)l.lm; equatoria llength= (30-) 32 (-35)~l!n; PtE ratio 

1.01. 

Aperture type: Monoporate, circular, diameter=2.5~lm, non-operculate. 

Pore type: Endoporus 

Exine thickness: 2.0~lm. 

Exine sill/ace: Granulate. 

Brachiaria erusiformis (plate 30e) 

Symmeoyandform: Spheroidal. 

Dimensions: Polar length~ (2 1-) 23.5 (-26)~tm ; equatorial length~(21-) 23 .5 ( -26)~tl11 ; PIE 

ratio 1.00. 

Aperture type: Monoporate, circular, diameter=2.5 ~lm, non-operculate. 

Pore type: Ectoporus. 

Exine thickness: 2. 0~lm . 

Exille surface: Granulate. 

Brachypo(/iulIl distachyofJ (plate 34c) 

Symmetryandform: Spheroidal. 

Dimensions: Polar l englh~(29-) 3 1. 5 (-34)~tm; equalorial l engl h~(29-) 3 1.5 (-34)~tm; PIE 

ratio, 1.00. 

Aperture type: Monoporate, circular, diameter=3 I.lm; operculate, annulus not conspicuous. 

Pore type: Endoporus. 

Exine thickness: 1. 5 ~tnl . 

Exine slirface: Coarsely granu late. 

Bromus catherticlls (plate 34a) 

SymmetlY Gndform: Elliptical. 

Dimensions: Polar l englh~ (32-) 34 (-36)~tm ; equalorial l englh~(28-) 30.5 (33-)~ttn ; PIE ralio 

1.11. 
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Aperture type: Monoporate, circular, diameter=2.5 ~lm, operculate. 

Pore type: Endoporus. 

Exine thickness: 2.5~lm. 

Exille sUlface: Granulate. 

Bromus j aponicus (plate 31a) 

Symmelly alldfarm: Speroidal. 

DimellSiolls: .Polar lengtIF(3 1-) 32.5 (-34)~lm ; eq uatoria l length~ (3 1-) 32.5 (-34hlm; PIE 

ratio 1.00. 

Aperture type: Monoporate, circular, diameter=2.0J.lI11, operculate. 

Pore type: Endoporus. 

Exine thickness: 2.0~lm . 

Exine surface: Coarsely granulate. 

Bromlls denthonitle (plate 34h) 

Symmellyalldform: Spheroidal. 

Dimellsiolls: Polar length~(33-) 35 (-37)J.lm; equatorial length~(33-) 35 (-37)J.lm; PIE ratio 

1.00. 

Aperture type: Monoporate circular, diameter=2.0J.lm; operculate. 

Pore type: Elldoporus. 

Exine thickness: 2.0~lm . 

Exille surface: Fine granulate. 

BrollJlls pectinatlls (plate 31 h) 

SymmetelY GIld form: Spheroidal. 

Dimellsiolls: Polar l engt h~ (32-) 34 (-36)~l m; equatorial length (32-) 34 (-36)J.lm; PIE ratio 

1.00. 

Aperture type: Monoporate, circular, diameter=2.0J.lm; non-operculate, with an annulus. 

Pore type: Ectoporus. 

Exille thickness: 2.0J.lm. 

Exine sur/ace: Coarsely granulate. 
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Cenclrrus penisctiformis (plate 29a) 

Symmetryaudform: Spheroidal. 

Dimellsiolls: Polar l engt h~(34-) 35.5 (-37)lun; equatorial l engt h~(34 -) 35.5 (-37)rlm; PIE 

ratio 1.00. 

Aperture type: Monoporate, circular, diameter =2.0~lm, non-operculate. 

Pore type: Ectoporus. 

Exine thickness: 2.0~lm. 

Exine surface: psi late. 

Clrrysopogon flllclter; (plate 34d) 

Symmetry and form : Oblate-elliptica l. 

Dimmellsions: Polar length~(32-) 34.5 (-37)llm; equatorial l ength~(30-) 32.5 (-35)lun; PIE 

ratio 1.07. 

Aperture type: Monoporate, ci rcular, diameter=2.0).l 1TI, non-operculate. 

Pore type: Ectoporus. 

Exine thickness: 2.5).lm. 

Exine surface: Fine granulate. 

Cymbopogonflexslloslls (plate 34e) 

Symmerlyaodform: Spheroidal 

Dimensions: Polar length: (33-) 39 (-45)llm; equatorial length= (33-) 39 (-45)~lm; P/F ratio 

1.00. 

Aperture type: Monoporate, circular, diameter 2 . 0~lm, operculate. 

Pore type: endoporus. 

Exine thickness: 2.0Ilm. 

Exine surface: Fine granu late. 

Cymbopogon sc1toellantlms (plate 34f) 

Symmetry and form : Spheroidal . 

Dimellsions: Polar length~(30-) 33.5 (-37)lun; equatorial length~ (30-) 33 .5 (-37)lun; PIE 

ratio 1.00. 

Aperture type: Monoporate, circular, diameter=2 . 0~tm; non-operculate. 
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Pore type: Ectoporus. 

Exille thickness: 1 .5 ~l1n . 

Exine surface: Fine granulate. 

Cynodon ([acryloll (plate 28a) 

Symmellyalldform: Spheroidal. 

DimellSiolls: Polar length~ (2 1-) 23.5 (-26)~tm; equatorial l engt h~(2 1 -) 23.5 (-26)~tm; PIE 

ratio l.00. 

Aperture type: Monoporate, circular, diameter 2.5~lm ; non-operculate. 

Pore type: Ectoporus. 

Exine thickness: 2.0flm. 

Exille surface: Coarsely psi late. 

Dactyloctenium aegyptium (plate 35a) 

Symmetryalld form: Spheroidal. 

Dimellsiolls: Polar l ength~(20-) 26.6 (-36httn; equato ri all engt h~(20) 26.6 (-J 5)~m ; PIE ratio 

1.00. 

Aperture type: Monoporate, ci rcular, d iameter-2.0~lm, non-operculate, with an annulus. 

Pore type: Ectoporus. 

Exine thickness: 2. 0~ml. 

Exine slirface: Fine granulate. 

Desmostacltya bipilllwta (plate 3 Ie) 

Symmellyandform : Spheroidal-oblate. 

Dimellsiolls: - Polar l ength~(21-) 24.5 (-28)~ttn; equatorial length~(2 1 -) 24.5 (-28)~t tn ; PIE 

ratio l.0. 

Apertllre type: Monoporate, circular, diameter-2.0flm ; non-operculate with an annulus. 

Pore type: Ectoporu s. 

Exine thickness: 2.0flm . 

Exine surface: Psilate. 

Dicantlrium (lfIlUlfatlllll (plate 29b) 

Symmetryal1(lfo1'''': Spheroidal. 
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Dimensions: Polar l ength~ (21-) 30 (-32)~11l ; equatoriallength~(2 1 -) 30 (-3 2)~lm ; PIE ratio 

1.0. 

Aperture type: Monoporate, circular, diameter=2.0J.lm, non-opercu late, with an annulus. 

Pore type: Ectoporus. 

Exine thickness: 1 .5~lIn. 

Exine surface: Fine granulate. 

DicantltilllllfOl,eolatllm (plate 3Sb) 

Symmel1yaud/ol'm: Oblate. 

Dimensions: Polar length~ (32-) 35.5 (-39)~lm; equatorial lengt h~(3 1 -) 33. 3 (-36)J.lm; PIE 

ratio 1.0. 

Aperture type: Monoporate, circu lar, diameler=2.S)J.m, non-operculate, enclosed by an 

annulus. 

Pore Iype: Ectoporu s. 

Exine thickness: 2.0~lm . 

Exille smiace: Fine granulate. 

Digitaria hiformis (plate l8b) 

Symmetry and/arm: Spheroidal. 

Dimensions: Polar length~ (2 1-) 28.5 (-36)~lm; equatorial length~(2 1 -) 28.5 (-36)~lm; PIE 

ratio 1.0. 

Apertllre type : Monoporate, circular, diameter=2.SJ.lm, non-operculate, encircled by an 

annu lus. 

Pore type: Ectoporus. 

Exine thickness: 1 .5 ~lm. 

Exine ::ilUface : Coarsely psi late. 

Digitaria notlosa (plate 29c) 

Symmetry Gnd form : Speroidal. 

Dimensions: Polar l ength~ (22-) 23 .5 ( -2 5 )~111 ; equatorial lel1gth~(21 -) 23. 5 (-2 5)~lm; PIE 

ratio 1.0. 
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Aperture type: Monoporate, circular, diameter-2.5~tm, non-operculate, encircled by an 

annulus. 

Pare type: Ectoporus. 

Exine thickness: 2.0Jlm. 

Exine surface: Fine granu late. 

Digitaria sangllinelis (plate lItQ 

Symmet,y and form: Speroidal . 

DimellSions: Polar length= (30-) 33.0 (-36)~lm; equatorial length=(30-) 33 .0 (-36) ~lm; PIE 

ratio 1.0. 

Aperture type: Monoporate, ci rcular, diameter=2.0~lIn , operculate, encircled by an annulus. 

Pore type : Ectoporus. 

Exine thickness: 2.0~tm. 

Exine surface: Psilatc. 

Echinocltloa colonum (plate 3Ie) 

Symmetry and/orm: Spheroidal. 

Dimensions: Polar length= ( 18-) 2 1.0 (-24)~lm; equatorial length=(19-) 2 1. 5 (-24) ~11l1 ; PIE 

ratio 1.0 

Aperture type: Monoporate, circular, diameter=2.0~lm, non-operculate, encircled by an 

annulus. 

Pore type: Ectoporus. 

Exine thickness: 2 . 0~lIn . 

Exine surface: Fine granulate. 

Echinocltloa crus-galli (plate 3Sc) 

Symmetry alldfarm: Spheroidal. 

Dimensions: Polar length= (26-) 28.0 (-30)~lm; equato rial length=(26-) 27.0 (-30hlm: PIE 

rat io l.0. 

Aperture type: Monoporate, circular, diametcr=2.0J1m; operculate, encircled by an annulus. 

Pore type: Ectoporu s. 

Exine thickness: 2 . 0 ~m1. 
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Exine sill/ace: Granulate. 

Eleusine indica ()lltlte 31j) 

Symmetry and form : Spheroidal. 

Dimellsiolls: Polar length~ (22-) 24. 5 (-27)~m ; equatorial l ength~(22-) 24.5 (-27)~lm . PIE 

ratio 1.0. 

Apertllre type : Monoporate, circular, diaJ1leter=2 ~1J1l ; operculate, encircled by an annulu s. 

Pore type : Endoporus. 

Exine thickness: 2.0~lm . 

Exine stlrface: Fine granulate. 

Eragrostis minor (plate 31a) 

Symmetlyand form : Spheroidal. 

Dimellsiolls: Polar l ength~ (2 1-) 23.5 (-26)~lm ; equatorial length~(2 l -) 23.5 (-26hlm; PIE 

ratio l.0. 

Aperture type: Monoporate, circular, diameter=2.0flJ1l, non-operculate, encircled by an 

annulus. 

Exine thickness: 2.0~lm. 

Exille sUI/ace: Granulate. 

HeteropogolJ contollrflls (plate 38c) 

Symmetry and/orm: Ell iptical . 

Dimensiolls: Polar length~ (38-) 41.0 (-44)~lm; equatorial length~(3 6-) 38.5 (-4 l )~rn ; PIE 

ratio 1.0. 

Aperture type: Monoporate, circular, diameter=2. 0~lm, non-operculate . 

Pore type: Ectoporus. 

Exine thickness: 2 . 0~lm . 

Exille surface: Coarsely granulate . 

Imperata cylimlrica (plate 35d) 

Symmetryalldform: Spheroidal. 

Dimensions: Polar length~ (27-) 32. 5 (-3 8) ~lm; equatorial length~(27-) 32.5 (-3 8)~lm ; PIE 

ratio 1.0. 

113 



Aperture type: Monoporate, circular, diameter=2.5~m; operculate. 

Pore type: Ectoporus. 

Exine thickness: 2.0~lm . 

Exine surface: Fine granulate. 

Lolium l1Iultiflorum (plate 35e) 

Symmetry Gndfarm: Elliptical . 

Dimensions: Polar l engt h~ (28-) 32.5 (-37)llm; equatorial length~(27-) 31.0 (-35)IIIn; PIE 

1.0. 

Apertllre type: Monoporate, circular, d iameter=2.0~lm, operculate. 

Pore type: Ectoporus. 

Exine thickness: 2. 0~lm . 

Exine stllface: Fine granulate. 

Oplismenlls hurmannU (plate 28c) 

Symmetryandfarm: Spheroidal. 

Dimensions: Polar l ength~ (23-) 26.5 (-30)llm; equatorial l ength~(22-) 25.5 (-29)llm; PIE 

ratio 1.0. 

Apertllre type: Monoporate, circular, diameter=2.0~Lm, non-operculate. 

Pore type: Endoporu s. 

Exine thickness: 2.0~lm . 

Exine surface: Psi late. 

Parapholis strigosa (plate 281/) 

Symmetry andfarm: Oblate. 

Dimensions: Polar length~ (26-) 29.5 (-33)1101; equatorial l engt h~(22-) 27.0 (-32)l'm; PIE 

ratio 1.09. 

Aperture type: Monoporate, circular. diameter=2.0~lm. non-operculate. 

Pore type: Ectoporu s. 

Exine thickness: 2.0~m. 

Exine surface: Psi late. 
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PaspalitUumJ1aviclu", (plate 28e) 

Symmetry and form: Spheroidal-oblate. 

Dimensions: Polar l ength~ (25-) 28.5 (-32)~m; equatorial l ength~(24-) 27.0 (-30)~lm; PIE 

ratio 1.05. 

Aperture type: Monoporate, circular, diameter=2.S~rn, non-operculate. 

Pore type : Ectoporu s. 

Exine thickne~is: 2.5~m. 

Exine slIrface: Psilate. 

PaspalulII di~atatulIJ (plate 351) 

SymmetrYalld/arm: Spheroidal. 

Dimensions: Polar length~ (31 -) 32.5 (-34)~m; equatorial length~(31 -) 32.0 (-3 3)~1l1 ; PIE 

ratio 1.01. 

Aperture type: Monoporate, circular, diameter=2.0~lm, operculate. 

Pore type: Ectoporus. 

Exine thickness: 2.0j.lm. 

Exine surface: Granulate. 

Paspalum t/islichillm (plule 36u) 

Symmellyandform: Spheroidal. 

Dimensions: Polar length~ (32-) 39.0 (-46)~m; equatorial l ength~(32-) 39.0 (-46)~lm; PIE 

ratio 1.00. 

Aperture type : Monoporate, circular, diameter=2.0j.lm, operculate. 

Pore type: Endoporus. 

Exine thickness: 2.5 ~lm . 

Exine slIrface: Granulate. 

Penn;setum americanll'" (plate 36b) 

Symmetry and form : Elliptical. 

Dimensions: Polar l ength~ (30-) 33 .0 (-36)~m; equatorial length=(28-) 3 1.0 (-3 4)~lm ; PIE 

ratio 1.06. 

Aperture type : Monoporate, circular, diameter=2.0j.lIn, non-operculate. 
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Pore type: Ectoporus. 

Exille thickness: 2.0Jlm. 

Exilic surface: Granulate. 

Pennisetllm lanatum (plate 36c) 

Symmetry and form: Spheroidal. 

Dimensions: Polar length= (33-) 34.5 (-36)~lm; equatorial length=(33-) 34.5 (-36)~lm; PIE 

rat io 1.00. 

Aperture type : Monoporate, circular, diameter=2.5Jlm, operculate. 

Pore type: Ectoporus. 

Exille thicklless: 2.0~m. 

Exille sllrfac~: Granulate. 

Pltalaris minor (plate 36d) 

Symmetryalldfarm: Spheroidal . 

Dimellsiolls: Polar l ength~ (37-) 39.5 (-42)1101; equatorial l ength~(37-) 39.0 (-4 1)~O1 ; PIE 

ratio 1.00. 

Aperture type: Monoporate, circular, diameter=2.0~lm> operculate. 

Pore type: Ectoporus. 

Exille thickness: 2.0j.tm. 

Exine surface: Granulate. 

Plt/eum ltimalaccum (plate 36f) 

Symmetry alld form: Spheroidal. 

Dimellsiolls: Polar length~ (22-) 25.0 (-28)1101; equatorial length~(22-) 25.0 (-28)1101; PIE 

rat io 1.00. 

Aperture type: Monoporate, circu lar, diameter=1.5~lm, non-operculate. 

Pore type: Ectoporus. 

Exine thickness: 2.0~lm . 

ExiliC sUI/ace: Granulate. 

PhleulII pratense (plate 32b) 

Symmelly Glldform: Oblate. 
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Dimellsiolls: Polar l ength~ (26-) 27.5 (-29)~m; equatorial lengt h~(26-) 27.5 (-29)~'m ; PIE 

ratio 1.00. 

Aperture type: Monoporate, circular, diameter=2.0Ilm, non-opercu late. 

Pore type: Endoporus. 

Exine thickness: 2.0/-lm. 

E:dne surface: Granulate. 

Phragmites allstralis (plate 36e) 

Symmetry and/arm: Elliptical. 

Dimellsiolls: Polar l ength~ (35-) 39.0 (-43)~lIn ; equatorial length~(3 3-) 37.0 (-41)~'m ; PIE 

ratio 1. 05. 

Aperture type: Monoporate, circular, diameter=2.5 J.lm, non-operculate. 

Pore type : Ectoporus. 

Exine Ihic/me,ss: 2. 0~lm . 

Exine slIrface: Granulate. 

Poa annua (plate 32c) 

Symmetry and/orm: Elli ptcal. 

Dimellsiolls: Polar l ength~ (27-) 29.0 (-31)~(m; equatorial l ength~(26-) 28.5 (-3 1)~m ; PIE 

ratio 1.01. 

Aperture type: Monoporate, circular, diameter=2 .S j..lm, operculate. 

Pore type: Endoporus. 

Exine thickness: 2.0I-lm. 

Exine surface: Granulate. 

POQ infirma (plate 321/) 

Symmetry alld form : Spheroidal. 

DimellsiollS: Polar length~ (22-) 25.0 (-28)~(m ; equatorial length~(22-) 25.0 (-28)~(m ; PIE 

ratio 1.00. 

Aperture type: Monoporate, circular, diameter=2.0~tm , operculate. 

Pore type: Ectoporus. 

Exine thickness: 2.0~tm . 
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Exine surface: Granulate. 

Poa nemoTlllis (plate 32e) 

Symme[Iyandform: Spheroidal. 

Dimensions: .Polar length= (20-) 22.5 (-25)~lm ; equatorial length=(20-) 22.0 (-24)~lm; PIE 

ratio 1.01. 

Aperture type: Monoporate, circular, diameter=2.0I-1m, operculate. 

Pore type: Endoporus. 

Exine thickness: 2.0 I-1m. 

Exine surface: Granulate. 

Polypogon monspelie"sis (plate 28f) 

Symmetry and form: Spheroidal. 

Dimensions: Polar length~ (26-) 28.0 ( -30)~m; equatorial length~(26-) 28.0 (-30)~m; PIE 

ratio 1.0. 

Aperture type: Monoporate. circular, diameter=2.0I-1m, operculate. 

Pore type: E, toporus. 

Exine thickness: 2.0I-1m. 

Exine sllrface: Scabrate. 

Saccharum spontalleum (plate 37(1) 

Symmetryalld form: Oblate. 

Dimensions: Polar length~ (27-) 31.5 (-36)~m;equatorial length~(26-) 29.5 (-36)~m; PIE 

ratio 1.06. 

Aperture type: Monoporate, ci rcular, diameter=2.5 ~lm, non-operculate. 

Pore type: Ectoporu s. 

Exine thicloless: 2.0I-1m. 

Exine slIrface: Fine Granulate. 

Selaria gla"ca (plale 381lj 

Symmet,yand/orm: Spheroidal. 

Dimensions: Polar length~ (35-) 38.5 (-42)~Lm; equatorial l ength~(35-) 38.0 (-40)~Lm ; PIE 

rat io 1.01 . 
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Aperture type : Monoporate, circular, diameter=2.0~lm, operculate. 

Pore type: Endoporus. 

Exine thickness: 2.0~m. 

Exine surface: Granulate. 

Setaria pllmila (plate 38e) 

Symmetlyand form: Oblate. 

Dimensions: Polar l ength~ (40-) 44.5 (-49)~lm; equatorial length~(40-) 44.5 (-49)I.un; PIE 

rat io 1.00. 

Aperture type: Monoporate, circular, diameter=2.5).tm, operculate. 

Pore type: Endoporus. 

Exille thickness: 2.0Ilm. 

Exine surface: Granulate. 

Sorghum ltalepellse (pillte 38f) 

Symmetry andform: Oblate. 

Dimensions: Polar length~ (39-) 61.0 (-82)~m; equatorial length~(36-) 56.44 (-80)~m; PIE 

ratio 1.07. 

Aperture type: Monoporate, circular, diameter=2.5).tm, non-operculate. 

Pore type : Ectoporus. 

Exine thickness: 2.0~lm . 

Exine surface: Fine granulate. 

Slip. splemlen" (plale 13f) 

Symmetryandform: Spheroida1. 

Dimensions: Polar l ength~ (25-) 29,,5(-34)~lm ; equatorial length~(2 5-) 29.5 (-34) ~llll ; PIE 

ratio 1.00. 

Aperture type : Monoporate, circular, diameter=2.5 ).tm, non-operculate. 

Exine thickness: 2.0~lm . 

Exine surface: Granulate. 

Urochloa panicoiiles (plale 33a) 

Symmetry Glldfarm: Spheroidal. 
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Dimensions: Polar length = (25-) 26.5 (-28)mm; equatorial length = (25-) 26.5 (-28)mm; PIE 

ratio 1.00. 

Aperrure type: Monoporate, circular, diameter=2.0mm, operculate. 

Pore type: Endoporus. 

Exine thickness: 2.0mm. 

Exine surface: Granulate. 

Vetivem zimnoides (plate 33b) 

Symmetry and jom!: Oblate. 

Dimensions: Polar length = (24-) 26.0 (-28)mm; equatori al length =(24-) 25.0 (-26)mm; PIE 

ratio 1.04. 

Aperture type: Monoporate, circular, diameter=2.0mm, operculate. 

Pore type: Endoporus. 

Exine thickness: 2.0mm. 

Exine surface: Granulate. 
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Plates 
Light Microscope Micrographs 
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Plate 28. (x 1000) Light microscope micrographs of psilate small size pollen grains of grass 
species (a) Cynodon dactylon (b) Digitaria bi/ormis (c) Oplismenus burmannii (d) Parapholis 
strigosa (e) Paspalidiumflavidium (f) Polypogon monspeliensis. 
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Plate 28. (x 1000) Light microscope micrographs of psilate small size pollen grains of grass 
species (a) Cynodon dactylon (b) Digitaria bi/ormis (c) Oplismenus burmannii (d) ParapholiS 
strigosa (e) Paspalidiumflavidium (t) Polypogon monspeliensis. 
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Plate 29. (x 1000) Light microscope micrographs of psilate medium size pollen grains of grass 
species (a) Celle"r"s pellisctiforlllis (b) Dieal/tltilllll allllltlalll/ll (c) Digitaria lIodosa 
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Plate 30. (x 1000) Light microscope micrographs of granulate small size pollen grains of grass 
species (a) Alopecurus myosuroides (b) Aristidajuniculata (c) Aristida adscensionis (d) 

,Brachiaria distachya (e) Brachiaria eruciformis (t) Bothriochloa pertusa. 
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Plate 31. (x 1000) Light microscope micrographs of granulate small size pollen grains of grass 
species (a) Bromlls japolliclis (b) Bromlls pectillallls (c) DesmoslOchya bipillllata (d) Digitaria 
sanguinalis (e) Echinochloa c%llum (t) EJcus;ne i"dica. 
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Plate 32 . (x 1000) Light microscope micrographs of granulate small size pollen grains of grass 
species (a) Eragl'Osfis minor (b) Phfeum protel/se (c) Poa amlUo (d) Poa infirma (e) Poa 
lIemoralis (f) Sripa splel/del/s. 
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Plate 33. (x 1000) Light microscope micrographs of granulate small size pollen grains of grass 
species (a) Urochfoa pallicoides (b) Vefiveria l. izonoides. 
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Plate 34. (x 1000) Light microscope micrographs of granulate medium size pollen grains of 
grass species (a) Bromus catherticus (b) Bromus danthoniae (c) Brachypodium distachyon (d) 
Chrysopogon aucheri (e) Cymbopogonjlexuosus (f) Cymbopogon schoenanthus. 
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Plate 35. (x 1000) Light microscope micrographs of granulate medium size pollen grains of 
grass species (a) Dactyloctenum aegyptium (b) DicanthiumJoveolatum (c) Echinochloa crus
galli (d) Lolium multiflorum (e) Paspalum dilatatum. 
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Plate 36. (x 1000) Light microscope micrographs of granulate medium size pollen grains of 
grass species (a) Paspalul1I dislichiuf7l (b) Pennise/fllII ameriC{Jllllm (c) Peflnisetum lafl(Jwl1/ (d) 
Pha/aris millor (e) Phragmites australis (f) Ph/ellm himalaCCIlf1l. 
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Plate 37. (x. WOO) Light microscope micrographs of granulate medium size pollen grains of 
grass species (a) Saccharum spolllolleulIl. 
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Plate 38. (x 1000) Light microscope micrographs of granulate large size pollen grains of grass 
species (a) Avella l udoviciano (b) Avella sativa (c) fleleropogon COf/(OllnIlS (d) Setaria glauco 
(e) Setaria pI/mila (f) Sorghum Iw/epel/se . 
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4.3. Scanning Electron Microscopic Analysis of Pollen Grain Surface. 

Scanning electron microscopic analysis of pollen grain surface is very useful for elucidation 

of exine sculpturing features which could be used to solve taxonomical problems. 

Sculpturing of the pollen grain exine surface of the grasses studied is generally 

granulate scabrate, verrucate, rugulate, micro verrucate or ps ilate. Scanning Electron 

Microscope analysis of pollen grains surfaces examined is given in table 7. The micrograph 

of each species is shown plate Nos. 39-55. The salient surface details of the apertural and 

apertural regions of 37 genera and 54 species of grasses are presented. 

Alopecuros myosuroides (plate 39c) 

AperlUral region: Non-operculate, ectoaperlure, ± circular, encircled by an annulus of 

1.66mm width. 

Exine ornamentation: Scabrate (coarse granulate), scabrae separate and closely spaced. 

Pollen group: Granulate (Coarse gran ulate) 

Arislida at/scetlsiolJis (plale 39 a,b) 

Apertural region: Operculate, endoaperture, ± circular, encircled by an annulus of 0.8mm 

width. 

Exine ornamentation: Verrucate, verrucae separate and closely spaced. 

Pollen group: Fine granulate 

AristUia flllliCll /ata (plate 54a) 

Apertural regiol/.: Non-operculate, ectoaperture, ± circular, encircled by an annulus of 0.6 

mm width. _ 

Exine omameflfatioll: Rugulate, spinules widely spaced . 

Pollell grollp: Rugulate (widely spaced). 

Avena ludovicialJa (plate 48a) 

Apenural region: Operculate, ectoaperture, ± ci rcular , enci rcled by an annulus of 2.25111111 

width. 

Exille ornamentation: Granulate, granules separate and mediumly spaced . 

Pollen group: Coarse granulate 
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Avena sativa (plate 48b) 

Aperlural region: Non-operculate, ectoaperture, ± circular, encircled by an annulus of 

I. 78mm width. 

Exine omamenrafioll.: Granulate, granules separate mediumly spaced. 

Pollen group: Fine granulate. 

Bothriochloa peril/sa (plate 40b) 

Apertural region: Operculate, endoaperture. ± circular, encircled by an annulus of O.8mm 

width. 

Exine ornamellfarion: Granulate, granules separate closely spaced. 

Pollen group: Coarse-granulate. 

Brachiaria distachya (plate 39d) 

Apertural regio,,: Non-operculate, ectoaperture, ± circular, encircled by an annu lus of 

1.42mm width. 

Exine ornamellfation: Verrucate, verrucae separate and closely spaced. 

Pollen group: Verrucate (fine granulate), 

Brachiaria emcifom,is (plate 40c) 

Aperrural regiol/.: Non-operculate, ectoaperture, ± circular, encircled by an annulus of 1.0 

mm width. 

Exine ornamellfafiofl: Verrucate, verrucae separate and overlapping. 

Pollen group: Verrucate (Coarse granulate). 

Brachypodillm distachyoll (plate 48c) 

Apertural region: Operculate, endoaperlure, ± circular, encircled by an annu lus of 2.27m 

m width. 

Exine ornamentation: Granulate, granules separate mediumly spaced . 

Pollen group: Coarse granulate. 

Bromlls catherlicllS (plate 40d) 

Aperrural region: Operculate, endoaperture, ± circular, encircled by an annulus of O.8mm 

width. 
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Exine omame11latio1l: Granulate, granules separate closely spaced. 

Pollen group: Fine granulate. 

Bromus japollicus (plate 41a) 

Apertllral region: Operculate, endoaperture, ± circular, enci rcled by an annulus of 1.57m 

m width. 

Exine omamcfllarion : Verrucate, verrucae separate and closely spaced. 

Pollen group: Fine granulate. 

Bromus pectinatus (p late 41b) 

Aperlllral region: Operculate, ectoaperture, ± circular , encircled by an annulus of 1.76mm 

width. 

Exine ornamentation: Scabrate (coarse-granulate) scab rae separate and closely spaced. 

Pollen group: Scabrate (coarse granulate). 

Bro1ll1ls danlhoniae (plate 54b, c) 
. 

Apertural region: Operculate, endoaperture, ± circular, encircled by an annulus of 1.33m 

m width. 

Exine ornamentation: Granulate, granules separa te widely spaced. 

Pollen group: Fine granulate. 

Cencilms penisctijonnis (pude 41c) 

Apertllral region: Non-operculate, ectoaperture, ± circular, encircled by an annulus of 

2.22mm width . 

£tifle omame11lation: Verrucate, verrucae separate and closely spaced. 

Pollen group: Verrucate (coarse granulate). 

Chrysopogon auehcri (plate 42a) 

Apertural region: Non-operculate, ectoaperture, ± ci rcular , encircled by an 'annulus of 0.8 

mm width .. 

Exine ornamentation: Granulate, granules separate closely spaced. 

Pollen group: Fine granulate. 
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Cymbopogon flexuosus (plale 54d) 

AperlUral region: Operculate, endoaperture, ± circular, encircled by an annu lus of 1.42 m 

m width . 

Exifle ornamentation: Verrucate, verrucae separate and widely spaced. 

Pollen group: Verrucate (coarse granulate). 

Cymhopogon sclwenafltlllls (plate 49a,b) 

Apertural region: Operculate. ectoaperture, ± circular, encircled by an annulus of 201 m 

width. 

Exine ornamentatioll: Verrucate, verrucae separate and mediurnly spaced. 

Pollell group: Verrucate (coarse granulate), 

Cynodon dactyloll (plate 41<1) 

Apertural region: Non-operculate, ectoaperlure. ± ci rcular, encircled by an annulus of 2.5 

mm width. 

Exine ornamentation: Verrucate, vermcae separate and colsely spaced. 

Pollen group: Verrucate (coarse granulate), 

Dactylocteuium aegyptium (plate 42b) 

Aperwral region: Operculate, ectoaperture, ± circular, encircled by an annulus of 3mm 

width. 

Exine ornamentation: Scabrate, scabrae separate and closely placed. 

Polletl group: Scabrate (coarse granulate) . 

Desmostachya bipi,mata (plate 42c) 

Aperwral region: Operculate, ectoapertu re, ± circular, encircled by an annulus of l.02mm 

width. 

Exine ornamentation: Verrucate, verrucae separate and closely placed. 

Polletl group: Verrucate (coarse granulate). 

Dicartthium all"ul.atllm (plale 43a) 
-

AperfUrai region: Non-operculate, ectoaperture, ± circular, encircled by an annulus of 

1.l7mm width. 

Erille ornamelllatioll: Scabrale, scahrae separate and closely placed. 
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Pollen group: Scabrate (coarse gran ulate). 

Dicanthium loveolatum (plate 42d) 

Apertural region: Operculate, ectoaperture, ± circular, encircled by an annulus of 1.7mm 

width. 

Exine ornamentation: Scabrate, scab rae separate and closely placed. 

Pollen group: Scabrate (coarse granulate). 

Digilaria bifon/lis (plale 48d) 

Apertural region : NonMopercu!ate, ectoaperlure, ± ci rcular, encircled by an annulus of 

1.30mm width . 

Exine ornamentation: Granulate, granules separate widely spaced. 

Pollen group: Granulate (coarse granulate). 

Digilaria /lodosa (plale 49c) 

Apertural regioll : Operculate, ectoaperture, ± circular, encircled by an annulus of 1.42m m 

width. 

Exine omamellfotioll: Granulate, granules separate and mediumly spaced. 

Pollen group: Verrllcate (coarse granulate). 

Digilaria soltguilwlis (49t1) 

Apertural region: NonMoperculate, endoaperture, ± circular, encircled by an annulus of 

2.0mm width. 

Exine ornamelltatioll : Granulate, granules separate rnedi urnly spaced. 

Pol/en group: Fine granulate, 

Echinochloa m,s-galli (plale 43c) 

Apertural region: Operculate, ectoaperture, ± circular, encircled by an ann ulus of 1.53mm 

width. 

Exine ornamentatioll: Granulate, granules separate and closely spaced. 

Pol/en group: Scabrate (coarse granulate). 

Echinochloa Colollllln (43b) 

Apertllral region: Non-operculate, ectoapertu re, ± circular, encircled by an annulus of 

l.17mm width. 
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Exine omamef1fafion: Scabrate, scab rae separate and closely spaced . 

Pollen group: Scabrate (coarse granulate). 

Elellsine indica (plate 50a) 

Apertural region: Operculate, ectoaperture, ± circular, encircled by an annulus of 0 .86ml11 

width. 

Exine ornamentatioll: Verrucate, verrucae separate and mediumly spaced. 

Pollen group: Fine granulate. 

Eragras!is minor (pIau SOb) 

Apenural region: Operculate, ectoaperture, ± circular, encircled by an annulus of 2 .66ml11 

width. 

Exine ornamentation: Scabrate, scabrae separate mediumly spaced . 

Pol/en group: Scabrate (fine granulate) . 

Heteropogon contollrills (SOc,d) 

Apertural region : Non-operCU late, ectoaperture, ± ci rcular, encircled by an annulus of 

2.99mm width. 

Exine ornamellfation: Scabrate, scab rae separate mediumly spaced. 

Pollen group: Scabrate (fine granulate). 

Imperala cylind,;ca (plale SIa,b) 

Aperrurai region: Non-operculate, ectoaperture, ± ci rcular, encircled by an annulus of 1. 6 

rnrn width. 

Exine omamelltatioll; Granulate , granules separate mediumly spaced. 

Pollen group: Fine granulate. 

Loliwn multiflonWl (plate 51 c) 

Apertural region: Operculate, ectoaperture, ± circular, encircled by an anmHus of 1.76mlll 

width . 

Exine ornamelllatiofl: Granu late , granules separate mediumly spaced. 

Pollen group: Fine granulate. 
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Oplismenus bunnatwii (plate 43d) 

Apertural regio,,: Operculate, ectoaperture. ± ci rcular, enci rcled by an annulus of2.6301m 

width . 

Exine ornamemGrio,,: Verrucate, verrucae separate closely spaced. 

Pollell group: Verrucate (coarse granulate). 

Pampholis slrigosa (plate SSa,b) 

Apertural region: Operculate, ectoaperture, ± circular, encircled by an annulus of 1. 330101 

width. 

Exine ornamentatioll: Granulate, granules separate widely spaced. 

Pollen group: Fine granulate. 

Paspalidillmj1avidll11l (plate 44a) 

Aperfllrai region: Non-operculate, ectoaperture, ± circular, encircled by an annulus of 

l.S3mm wid th . 

Exine omame11lalion: Scabrate, scabrae separate and closely spaced. 

Pollen group: Scabrate (coarse granulate) . 

Paspalum dilatatllm (plate 44b) 

Apertural region: Non-operculate, ectoaperture, ± circular, encircled by an annulus of 

l.S6mm wid th . 

Exilic ornamellfarioll: Verrucate, verrucae separate and closely spaced. 

Pollen group: Verrllcate. 

Paspa{um distichill1n (plate 51d) 

Apenurai region: Operculate, endoaperture, ± circular, encircled by an annulus of 1.5mm 

width. 

Exine ornamematiot/: Granulate, granules separate mediumly spaced. 

Pollen group: Fine granulate. 

Pennisetum americallC1l11l (plate 52a, b) 

Aperwral region: Non-operculate, ectoaperturc, ± circular, encircled by an annulus of 

1.99mm width. 

Erille ornamentation; Scabrate, scabrae separate mcdiumly spaced. 
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Pollen group: Scabrate (coarse granu late). 

Pennisetwn lanatmn (plate 44c) 

Apertura! region: Non-operculate, ectoaperture, ± circular, encircled by an annulus of 

1.66mm wid th. 

Exine ornamellfalion: Scabrate, scab rae separate and closely spaced. 

Pollen group: Scabrate (coarse gran ulate). 

Phalaris minor (plate 44tl) 

Apenural region: Non-operculate, ectoaperture, ± circular , encircled by an annulus of 

2.28mm width . 

Exine ornamematio1/.: Granulate, granules separate mediumly spaced. 

Pollen group: Fine granulate. 

Ph/eum himalacctl11l (plate 52c,tl) 

AperlUral region: Operculate, ectoaperture, ± circular, enci rcled by an annulus of 2.99m l11 

width. 

Exine ornamentation: Verrucate, verrucae separate and mediumly spaced. 

Pollen group: Verrucate (coarse granulate). 

Ph/eum protellse (plate 45a) 

AperlUra! region: Operculate, endoaperture, ± circular, encircled by an annu lus of 1.87m 

m width. 

Exine ornamentation: Verrucate , verrucae separate and closely spaced. 

Pollen group: Verrucate (course granulate). 

Phragmites allstralis (plate 53b) 

Apertural region: Operculate, ectoaperture, ± circular, encircled by an annulus of 1.6111111 

width . 

Exille ornamellfation: Verrllcate, verrucae separate and mediumly spaced. 

Pollen group: Verrucate (coarse granulate). 

Poa anllUa (plate 45b) 

Apertural region: Operculate, endoaperture, ± circular, encircled by an annulus of 1. 30m 

III width. 
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Exine ornamellfation: Verrucate, verrucae separate and closely spaced. 

Pol/en group: Verrucate (coarse granulate). 

Poa irlfinlla (plale 45c) 

Apertural region: Operculate, endoaperture, ± circu lar, encircled by an annulus of O.92m 

m width. 

Exille ornamentation: Verrucate, verrucae separate and closely spaced. 

Pollen group: Verrucate (coarse granulate). 

Poa nemoralis (plate 45b) 

Aperfllral region: Non·operculate, endoaperture, ± ci rcular, encircled by an annulus of 

1.66mm width. 

Exine ornamentation: Vermcate, verrucae separate and closely spaced. 

Pollen group: Verrucate (coarse granulate). 

Polypogoll mOllspeliellsis (plate 460) 

Aperfllral region: Operculate, endoaperture, ± ci rcular, encircled by an annulus of 2.35111 

m width. 

Erille ornamentation : Scabratc, scabrae separate and closely spaced. 

Pollell grot/po Scab rate (coarse-granulate). 

Sacclwmm Spolltalleum (p/nle 46b) 

Apenllrai region: Non·operculate, ectoaperture, ± circular, encircled by an annulus of 

1.33mm width. 

Exille ornamellfatioll: Granulate, granules separate closely spaced in patches. 

Pollell group: Fine granulate. 

Selaria glauca (pUrle 46<) 

Apenural region: Operculate, ectoaperture, ± ci rcular, encircled by an annulus of 2.0mm 

width. 

Exine ornamentation: Granulate, granules separate mediumly spaced in patches. 

Pollell group: Fine granulate. 



Setaria pI/mila (plate 46(1) 

Apertural region: Operculate, endoaperture, ± ci rcular, encircled by an annulus of 1.66m 

m width. 

Exine art/amelltalioll : Verrllcale, verrucae separate and closely spaced . 

Pollen group: Vemlcate coarse granulate). 

Sorghum halepellse (pfaJe 43b,c) 

Apertural region: Non-operculate , ectoaperture, ± circ ular, enci rcled by an annulus o f 1. 5 

mm width . 

Exine omamemalion: Granulate , granules separate closely spaced in patches. 

Pollen group: Fine granulate. 

Slipa splendens (plate 47a) 

Apertural regio,,: Operculate, ectoaperture, ± circular, enci rcled by an annul us of 2. lOmm 

width. 

Exine omamclltafioll : Granulate, granules separate closely spaced in patches. 

Pollen group: Fine granu late . 

Uroehloa panieoides (plate 47b) 

Apertura! region: Opercul ate, ectoaperture, ± circular, encirc led by an annulus of 2.00mm 

wid th . 

Etille ornamelltation : Granulate , gran ules separate and closely spaced. 

Pollen group: Fine granulate. 

Veh'veria zizanoides (plate 55cJ d) 

Apenural region: Operculate, ectoaperture, ± circular, encircled by an an nulus of 1. 52m m 

width. 

Eri1le ort/amell/arion: Granulate, granules separate widely spaced. 

Pol/ell group: F ine granu late. 



Plates 
(Scanning Electron Microscope Micrographs) 
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Plate 39. Scanning electron micrographs oflillacetolysed grass pollens (a) Arislida adscellsiollis 
x 4000 (b) Arislida adsccnsiollis pollen surrace x: 6000 (c) AlopeclIl'lIs myosllroides x 3000 (d) 
Brachiaria dis/achya x 3500. (scale: a, b, baF 1.0~lIn) 
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Plate 40. Scanning electron micrographs of unacetolysed grass pollens (a) BOfhriochloa penllsa 
x 2400 (b) BOfhrioch/oa pCrfllsa su rface x 6600 (c) Brachiaria eruciformis x 3600 (d) Broil/lis 
cathcrliclIS x. 2600 (scale: a, c, d, bar =:: 10.0111111, b, bar = 1 ,0111111) 



b 
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Plate 41. Scanning electron micrographs of unacctolysed grass pollcns (n) 1Jl'OlI1/1sjapollic/ls x 
2400 (b) Broil/lis pee/ilia/lis x 2000 (c) Cellchl'lls pelliscf!formi.\' x 2200 (d) C:Yllodoli doclyloll .'\ 

3000 (sc.lc: b. c. d. bnpIO.O~'Ill) 
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Plate 42. Scanning electron micrographs of unacetolysed grass pollens (a) CJuysopogofi 
allcheri x 2400 (b) Dactyloctelli/lm aegyptiul1I x 3500 (c) Desmostachya hipimlGla x 3600 (d) 
Dicanlhiumfoveolatllm x 2600 (scale: a, c, d, bar = IO . O~un) 



b 
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Plate 43. Scanning electron micrographs of unacetolysed grass pollens (a) Dicanthium 
annulatum x 2000 (b) Echinochloa colonum x 2600 (c) Echinochloa crus-galli x 2400 (d) 
Oplismenus burmannii x 2400 (scale: a, b, c, d, bar=10.0Ilm) 
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Plate 44. Scanning electron micrographs of un aceta lysed grass pollens (a) PaspalidiulII jlallidllm 
x 3200 (b) Paspalllm dilafalllm x 2000 (c) PeJlllisefllllllaJlalll1ll x 2200 Cd) Plla/aris minor x 
2200 (scale: a, b, C, d, bar-10.Opm) 



b 

c 

Plate 45 . Scanning electron microg raphs of un aceto lysed grass poll ens (a) Phlellm pm/elise x 
2000 (b) Poa amlllo x 3000 (c) Poa inji/'JIIQ x 2600 (d) Poa mel/oralis x 5000 (scale: R, h, c, 
bar=lO.O ~lJn) 



c 

Plate 46. Scanning electron micrographs ofunacelolysed grass pollens (a) Po/ypogoll 
1I10l1SpttliCIISis x 2200 (b) Sacchal'lllll spOlllal/CUIII x J 500 (c) Setaria glallca x 1800 (d) Selar;c1 

pI/mila x 2200 (scide: <1, C, d, bar= I O.O~Ull) 



Plate 47. Scanning electron micrographs of un aceto lysed grass pollens (a) Sfipa splelldcns)( 2200 
(b) Urochloa panicoides)( 2400 (scale: a, b, bar=lO.O~tm) 
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c. 

Plate 48. Scanning electron micrognlphs of un aceto lysed grass pollens (a) Avella IlIdolliciclIICl x 
2000 (b) A )le ila saliva x 1800 (c) Bmchyporlilll1l dislachyoll x 2600 (d) Digita";n biforlllis x 3000 
(sca le: ',b, c, d, bar-ID.DILlll) 

15 L 
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Plate 49. Scanning electron micrographs of unacetolysed grass pollens (a) Cyl1lbopogoll 
sclloellomhus x 2600 (b) Cymbopogon schoel/aml/us surface x 6000 (c) Digiraria flot/osa x 
3600 (d) Digltaria sallgllilla/is x 3500 (scale: a, c, bar = lO.Omm) 
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Plate 50. Scanning electron micrographs of un aceto lysed grass pollens (a) Elellsil1e indica x 3000 
(b) EragrosliS mil10r x 3500 (c) lIeleropogOJl con/ouffUs x 2500 (d) Heleropogoll contour/us 
surface with pore x 500 (scale: a, b, bar= I O.O~lm) 

1.')3 



c:. 

Plate 51. Scan ning electron micrographs of unacetolysed grass pollens (a) lmpet:ata qUl/drica 
x 3200 (b) Illiperata cylindrica sli rface x 4400 (c) La/i/lll/ 111/11rijTarwn x 2200 (d) Paspal/lll/ 
disriclii/lll/ x 2600 (scale: n, c, d, bar = 10.Omln , b, bar = 1.0mm) 



b 

Plate 52. Scanning electron micrographs of un aceto lysed grass pollens (a) PellllisellflJl 
awericol1ufI/ x 2000 (b) Pelllliselwll (fmeriCClIIUI1I surface x 10,000 (c) Ph/eum himalacclflll x 
1600 (d) Phleum hima/acclflll surface x 10,000 (scale: c, eI , bar- I O.O~Ull) 
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c 

Plate 53. Scanning electron micrographs of unacetolysed grass pollens (a) Phragmiles australis 
x 3000 (b) Sorghum halepallse x 2000 (c) Sorghum halepellse surface x 7500 x 7500 (scale: a, 
d, bar= 10.0I11m) .. 
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Plate 54. Scanning electron micrographs of unacetolysed grass pollens (a) Aristidafimiclliata x 
4000 (b) Bromus danthol/iae x 1800 (c) Bronllls danliloniae surface x 2700 (d) CymbopogolJ 

jlexllOSlIS x 5000 (scale: a, b, bar= !O.O~m) 
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c. 

Plate 55. Scanning electron micrographs of un aceto lysed grass pollens (a) Pal'apholis slrigosa x 
3500 (b) POl'apholis slrigosa surface x 7500 (c) Vi!illeria zizanoides x 3200 (d) Veliveria 
zizalloides surface x 1500 (scale: c, bar=IO.OlIlTI, d, bar=I.Ollm) 
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Table 5 

Vegetative morphology of the taxa studied 

Sub-Family Tribe Taxon Plant hight Culm No. of Leaf length & Leaf blade Leaf Ligule 
(cm) pubescence nodes width (cmxmm) pubescence sheath length 

Pubescence (mm) 

Bromus catherticus 40-70 Glabrous 5 20-30x3.5-5 Pubescent Glabrous 6 

Bromus danthoniae 15-35 " 3-4 12.5x 1.4-3 " Pubescent 0.9-1 . 

Bromusjaponicus 22-35 " 2-3 22x2-3 Hairy Smooth 1.5-2.5 

Festuceae Bromus pectinatus 15-35 " 5 13x2 Pubescent Hairy 1.5 

Poa annua 10-22 " 3 12x1.5-3 Hairy Glabrous 3 

Poa infirma 5-15 " 4 6x3 Pubescent Glabrous 3 

Festucoideae Poa nemoralis 20-30 " 3 23.2-25x2 Glabrous Glabrous 0.5 

Lolium multiflorurn 10-15 " 4-5 21x2-4 Pubescent Glabrous 1.5 

Avena ludoviciana 20-65 Pubescent 6 30x4-11 Rough Glabrous 6 

Avena sativa 30-81 Smooth 4 42xL5 Pubescent Glabrous 5 

Polypogon monspeliensis 12-50 Glabrous 5-6 12-15x5-12 Dorsally glabrous " 6-9 
ventrally pubescent 

Aveneae Phalaris minor 20-50 Ovate hairy 5 23.5 xL8 " " 3.0 

Alopecums myosuroides 10-25 Glabrous 3 11 -15x2.5-4 Glabrous " 1.5-2 

Phleum himalaccum 8-22 Glabrous 4 8-15x3-6 Pubescent Glabrous 0. 5 

Phleum pratense 15-35 Glabrous 4 15-20x3.7 Pubescent Glabrous 3-4 

Triticeae Brachypodium distachyon 10-38 Glabrous 5 12.5x2-3 Pubescent Glabrous 1-1.5 

Stipeae Stipa splendens . 20-57 Glabrous 4-5 85xlO Pubescent Glabrous 3.5 

Monermeae Parapholis strigosa 20-35 Glabrous 4 21.5x4 Glabrous Glabrous 0.2 
Digitaria bi. [ormis 15-40 Glabrous 4-6 19x3-5 Pubescent Pubescent 3.2 
Digitaria nodosa 10-30 Glabrous 5 19x3-5 Pubescent " 0.2 long 

row of 
hairs 

Digitaria sanguinalis 15-50 Glabrous 7 17x4 Pubescent Glabrous 1.5 

Brachiaria distachya 10-30 Pubescent 5-6 14x13 . Pubescent Pubescent a row of 
hairs 

Panicoideae Paniceae Brachiaria erusiformis 20-50 Glabrous 7-8 1O.5x5 " " a row of 
small hairs 

Paspalum dilatatum 20-40 Glabrous 3 23.4x5.7 Smooth Glabrous LO 

Paspalum distichium 10-20 Glabrous 3 13x3-5 Glabrous Glabrous LO 
Oplismenus burmannii 20-60 Glabrous 20 l1.3xl8 Pubescent Glabrous 1.2 

Pennisetum americanum 50-100 Glabrous 5 40-50xIO ~Pubescent Glabrous a row of 
long hairs 

Pennisetum lanatum 30-80 Glabrous 5 17-21 x2.5 Pubescent Pubescent " 
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Sub-Family Tribe Taxon Plant hight Culm No. of nodes Leaf length & Leaf blade Leaf sheath Ligule length 

(cm) pubescence width (cmxmm) pubescence Pubescence (mm) 

Echinochloa col onium 10-50 Glabrous 3-5 4-28x2-8 Glabrous Glabrous Absent 

Echinochloa crus-galli 20-50 Glabrous 4 17x1.9-3 Glabrous Glabrous 1.0 

Setaria glauca 10-30 Glabrous 3 17.5x4 Pubescent Glabrous a dense fring 
of hairs 

Panicoideae Paniceae Setaria purnila 10-70 Glabrous 5 33.5x2-5 " Glabrous 1-2 

Cenchrus penisctiorrnis 15-30 Glabrous 2 20x2 " Glabrous a dense fring 
of short hairs 

Urochloa panico ides 20-50 Glabrous 6 18x5-11 Glabrous Glabrous row of small 
hairs 

Paspalidium flavidum 10-50 Glabrous 3 13.6x7 Pubescent Glabrous " 

Imperata cylindrica 10-30 Glabrous 2-3 14.5x3-3.5 " Glabrous 0.1 

Saccharum spontaneum SO-100 Glabrous 5-7 69x3-5 Glabrous Glabrous 1.5 

Barthiochloa pertusa 15-IS Glabrous 3 4.5x2-3 Glabrous Smooth a row of small 
hairs 

Andropogoneae Heteropogon contourtus 30-80 Glabrous 3-4 17x4 Pubescent Glabrous " 
Chrysopogon aucheri 30-58 Glabrous 5 11 -13x2-2.5 " Glabrous Ciliate 

Cymbopogon flexuosus 20-S0 Glabrous 3-7 29x7 Glabrous Glabrous 3 
Cymbopogon 20-35 Glabrous 5-7 lS.Sx2.5 Pubescent Glabrous 1.5 
schoenanthus 
Dicanthium annulatum 30-48 Glabrous 4 14.7x2-3 " Smooth 1-2 

Dicanthium foveolatum 15-60 Glabrous 7 31x3 " " " 
. Sorghum halepense 20-70 Glabrous 26 l1.3xl8 " Glabrous 1.5-2t 
Vetiveria zizanoides 40-100 Glabrous 3-5 63x5 Glabrous Glabrous a dense fling 

of hairs 
Eragrosteae Eragrostis minor 6-35 Glabrous 3 2lx2 Pubescent Glabrous a row of small 

hairs 
Eleusine indica 10-50 Glabrous 2-4 21.5x5 Glabrous Glabrous triangular row 

of hairs 
Dactyloctenium 20-45 Glabrous 3-4 18x5 Pubescent Glabrous 0.5 
aegyptium 

Eragrostoideae Chlorideae Cynodon dactylon 10-25 Smooth 5 7.Sx2-4 Glabrous Glabrous a dense row of 
hairs 

Desmostachya bipinnata 22-40 Glabrous 3 29x5 Glabrous Glabrous semi circular 
row of hairs 

Aristideae Aristida adscensionis 15-30 Glabrous 3 28x 1- 1.5 Pubescent Glabrous a row of short 
hairs 

Aristida funiculata 10-30 Glabrous 2 15xl -2 " Glabrous " 
Arundinoideae Arundineae Phragmites australis 100-400 Glabrous 3-5 85x lO Glabrous Glabrous 10-50 ! 

i 
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Table 6 

Floral morphology of the taxa studied 

Sub-Family Tribe Taxon Length & width Length & width No. of Pedicel No. of Lower glume shape Lowerglume Upperglume Upper glume 

of panicle of spikelet (mmx spikelets length florets length & width shape length & width 

(cmxmm) mm) (mm) (mmxmm) (mmxmm) 

Bromus catherticus 10-20 15-35x5-6 15-20 5-15 5-10 narrowly lanceolate in 8- ISx1.9-2 narrowly 11 -16x3 
side view lanceolate 

Bromus danthoniae 2 .7-8x 1.9-2 17.5-32.5 - 20 5-15 lanceolate 4.S-7.5x1.2-1.8 narrowly ovate 5.5-8.5x3-3.S 

Bromus japonicus 6-10 12-24x2-4 14 25-30 7-14 lanceolate 4.5-6xl -1.5 ovate 5-8xl -2 

Festuceae Bromus pectinatus 5-8x3-S 10-15x1.5-2 11 10-22 4-6 narrowly lanceolate 5-6xl -1.5 oblanceolate 7-1 I xl -2 

Poaannua 8xl -3 3.5x 1.5-2 3 1.5 3 lanceolate 2xl oblong 3x 1.5 

Poa infmna 3xl -S 3x1.5 4 1.5 3 " 
Festucoideae Poa nemoralis 8-14x7-10 1.5xO.5 3-20 I 2 " 1.2xl ovate I - J.5xl 

Lotium multiflorum 7-14x2.5-4 12x3.5 12 sessile 6 " 3-4 x 1.5 obtuse narrowly 12x2 
oblong 

Avena ludoviciana 17x5 20x5 25 28 2 lanceolate fmely acute 20x6 ianceolate fme1y 18x6 
acute 

Avena sativa 30xlO 18x4 59 11 2 lanceolate 18x5 lanceolate 12x6 

Polypogon 3-12xO.6-3 2xl 6-15 2.4 1 narrowly oblong 2xO.5 narrowly oblong 1.9xO.2 
monspeliensis 

Aveneae Phalaris minor 2-4.5xl-2 em 4x2.5 20-30 2 I narrow oblog 4.5x2 ovate 1-2 xO.5-1 

Alopecurus 2-6x3-5 5x3 4-40 sessile I oblong 4x1.2 oblong 3x2 
myosuroides 
Phleum hirnalaccum 1.8-4.8x5-8 5-14xl -2 5 - I narrowly oblong 2xO.2 broadly oblong 3xl 
Phleum pratense 2-8x4-8 3-3.8xO.2-O.5 6 - I " I narrowly oblong 1.2 x 1.5 

Triticeae Brachypodium 2-2.8x4 9x3 11-17 sessile 10 lanceolate 6xl .2 lanceolate 7 x1.2 
distachya 

Stipeae Stipa splendens 28x2-5 Sx1.2 many " 2 lanceolate 3.Sx2 lanceolate 4.Sx2.S 

Monermeae Paraphotis strigosa 14x I.S 4x1.S 36 " I oblong 3.2x1.5 oblong 3x1.5 
Digitaria bi i"orrnis 12.Sx2-S 3xl many 2 I ovate 1.5-2x I ovate I.Sxl 
Digitaria nodosa 12.Sx2.S 1.5-2x I " 0.4-0.5 I " 0.S- lxO.8 " 1.5 x I 
Digitaria sanguinalis 7xl-S 3xl.l many (21 -15) 1-2 I " 0.2 ovate I.Sxl 

per raceme 

Brachiaria distachya 4.Sxl 3.1 x2 35 sessile I " 2.2x2 ovate 0.2xO.1 

Panicoideae Paniceae Brachiaria erusiforrnis 2x4 1.8-2x 1.2 many 1.2 I lanceolate 0.3xO.2 ovate 0.2xO.1 
Paspalurn dilatatum 6-12x1.S 3-3.Sx2 20-60 I I ovate 3-3.5x2 " 3-3.5x2 

Paspalurn distichiurn 5-9x 1-1.5 2-3xl -2 15-30 0.5 I " 2-3x 1-2 " 2-3xl-2 
Oplismenus burmannii 9xS 2.5xJ.5 many sessile I lanceolate to ovate 2xl-1.5 lanceolate to 1.2-1.5 x I 

with awn ovate 
Pennisetum 1-0-20x2cm 3.5-4.5 many 1-1.5 2 lanceolate 3.Sxl-1.5 lanceolate 4x I.S-2 
americanurn 
Pennisetum lanatum 3-5xO.5-1 3-Sx2-2.S " 1-1.5 2 " 3.5x 1- 1.5 lanceolate 4x2 

--- ---
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Floral morphology of the taxa studied 

Sub-Family Tribe Taxon No.oflower No. of upper Shape of Lemma length Awn length No. oflemma Palea length Anther Carypsis length 

glumeveins glumeveins lemma & width (mm (mm) veins & width (mm length (mm) 

xmm) xmm) (mm) 

Bromus cathertieus S 9 narrowly 12- I Sx3 0.9-1 9 7xIO 0.2-0.9 I.2-S 

lanceolate 

Bromus danthonica 3-5 7-9 Oblaneolate in 9- l2.2x2.7-S Central 9 6-9.2xO.9-1.2 0.9-1 S-8 
side view awn1.S-2.S em 

lateral awn 4-
10 

Bromus japonieus 3 7 Oblanceolate 7-8-x4 13 7 Sx3 1 6 

Festueeae Bromus pectinatus 3 S narrowly 6-IOxJ.5-2 7-12 S 0.SxO.2 O.S- I 3 
oblanceolate 

Poa arulUa 3 3 Lanceolate 1.5-2xl - 5 1.5-2xl O.S -
oblong 

Poa informa 

Festucoideae Poa nemoralis 3 3 Lanceolate 1.5-2 x I - 5 1.5-2xl 0.5 -
oblong 

Loliwn multiflorum 4 7 Lanceolate 6x2 .5 7 S 6x2.5 3.2 -
Avena ludoviciana 9 6 Oblong 15x5 3.Scm 6 12x3 3 3 

Avena sativa 8 7 Oblong 8x4 2.7em 4 5x3 2.S 1-2 

Polypogon monspeliensis 1 1-2 Broadly elliptic 1xO.9 4 S 0.9xO.6 0.2-O.S 1 

Aveneae Phalaris minor 2 2 Ovate 3x2 0.5 2 IxO.S 0.8-1 1-1.5 

Alopeeurus myosuroides 3 7 Ovate 4x2 4 4-5 - 2.S - I 
Phleum himalaeeum 3 3-7 Lanceolate 6x1.5 24 6 5xl 3 2 

Phleum pratense 3 5-7 Oblong 0.7xO.2 1-2 5-7 0.5-OxO.2 2 0.5 

Tritieeae Brachypodium distachya 5 7 Lanceolate 9x3 12 3 - 1.2 6 

Stipeae Stipa splendens 3 Cross veins Ovate 0 .5-1 xO.7 - many 0.5 1 1.0 

Monermeae Parapholis strigosa 3 3 Oblong 3xJ.5 - 3 3x J.5 1.2 -
Digitaria bi:"formis 3 5 Lanceolate 2.5xl - 7 membranus 0.2 -

very small 
Digitaria nodusa 3 5 Lanceolate 2 .5-3xl.l - 5 2.5 xl 1 2 

Digi taria sanguinalis I 3 Ovate 1.5-2xl 0.3 7 " 0.2 3 

Brachiaria distachya 5 7 Ovate 1.S-2xl - 5 1.5 x 1 1-1.2 2 

Brachiaria erusiformis 3 5 Ovate 0.2xO.1 - - - 1 1.5-2 

Paspalwn dilatatum 3 3 Ovate 3-3.2x2 - 3 - 0.5 2 

Pennisetwn americanwn 5 5 Lanceolate 3-5x 1-2 12 9-10 3-5 x l-2 3.5 -
Pennisetwn lanatwn 5 5 Lanceolate 2 .5-4 x 1-2 12 8-9 2.5-4xl -2 3.5 -

Paspalwn distiehiurn 3 3 Ovate 2-3x 1-2 - 3 - 0.2 -

Panicoideae Paniceae Oplismenus burmannii 3 5 Lanceolate 2.S x l - 3 2.S x l 1.2 -
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Sub-Family Tribe · Tnon Length & width of Length & width No. of Pedicel length No. of Lowerglume Lowerglume Uppergiume Upperglume 
panicle of spikelet (mmx spikelets (mm) florets shape length & width shape length & width 

(cmxmm) mm) (mmxmm) (mmxmm) 

Echinochloa colonium 6.5xlO 2xLS many 0.5 2 Ovate L5xl Ovate L5-2xL5 

Echinochloa crus-gaIIi 6-20x8 3-4xL5-2 many 0.5 2 Ovate L5xl Ovate L5-2xL5 

Setaria glauca 3x3 2.5 xL5 many Sessile 2 Ovate l-2xL5 Ovate L5xl 

Panicoideae Paniceae Setaria ptuni\a S-llx3.5 2.2xL5 many " 2 Ovate 0.8-lxO.5 Ovate 0.8-lxO.5 

Cencluus penisctilormis 8xl 5x3 3-9 " 1-2 Lanceolate 3xl.5 Lanceolate 4x2 

Urochloa panicoides 6-12x4 2.5xL2 many L2 I Ovate LlxO.8 Ovate LlxO.8 ! 

Paspalidium flavidium 8-ISx3 2-3xL5 8-9 Sessile 2 Ovate Uxl.2 Ovate 2-2xI.8-2 

Imperata cylindrica 10xl0 4xl many I 2 Lanceolate 3-4xL5 Lanceolate 4xL5 

Saccharim spontanum 24x4 2.5-3xL5 many 1-2 2 " 2.5xL5 " 2.5xL5 

Bothriochloa pertusa 3xl5 3-6xl-2 9-13 Sessile 2 Oblanceolate 2.5-4xl Oblanceolate 2.5-3.1 xl -L5 

Andropogoneae Heteropogon contourtus 4xl3 9x3 IO " 2 Lanceolate 8x2.S Lanceolate 8x2.5 
Chrysopogon aucheri 8-llxl -2 5-8x 1-2 22-30 0.9-30 3 Broadly 5-8xL5 Oblong 6xl 

Oblong 
Cymbopogon flex"Uosus 6xl -2 4.5x2 many 2.2 1-3 Lanceolate 4.3xL5 Lanceolate 4xU 
Cymbopogon 3.5 xO.8 Spathioles 2.5-3cm 2- Sessile 2 " 3.Sx2 " 3.5xI.8-2 
schoenanthus Sx1.2 5/raceme 

DicanthiUlll annulatum 3-4xl.S 3-8xL2 10-13 " 2 " 3-4xl " 3xl 
Dicanthium foveolatum 13x3 2.S-4x I 9-1 8 " 2 " 3.Sxl-L5 " 2.2xL5 
Sorghum halepense 23x13 l=4xLS-2.S many " 2 Ovate 3.2x2 Ovate 3.5x2 
Yeti veria zizanoides 28x20 3.8xL2 lllraceme 1.5 I Lanceolate 3xO.5 Lanceolate 3xL5 

Eragrosteae Eragrostis minor 4-14xS Sx 1.5-2 12-1 00 2.2 10 Ovate 1-2xO.S-L5 Ovate L5-2xl 
Eleusine indica 5-IOxl 3.Sxl-L5 many 0.2 3 Lanceolate 2xO.8 Lanceolate 2-2.SxL5 

acute subacute 
Dactyloctenium 2.3 xS 3xL2 many Sessile 3 Lanceolate L5xO.8 Lanceolate to 2xO.8 
aegyptium Ovate 

Eragrostoideae Chlorideae Cynodon dactylon 4.Sxl - 1.5 2-2.8 x 1.5 30 0.3 I " 1.5-2.3xO.8 Lanceolate 1.5-2.3xO.8 
Desmostachya bipinnata 9xlO 2.2xl many Sessile 4 Ovate IxO.S Ovate 1.5xl 

Aristideae Aristida adscensionis 8-20x I-U 8x 1-1.5 S-50 3 I Lanceolate 4-4.SxI.S Lanceolate 7x1.5 
Aristida funiculata 5-1Sxl -2 6-7x l -U 12-S0 4.S I " 4.Sxl -L5 " 7xl 

Arundinoideae Arundineae Phragmites australis 44xSO 4x1.5 many 2-3 2-3 " 4x2-5 " 5x2-3 
- - -
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Sub-Family Tribe Taxon No. of lower No. of upper Shape of Lemma length Awn No. of lemma Palea length Anther length Carypsis length 
glumeveins glume veins lemma & width length veins & width (mm (mm) (mm) 

(mmxmm) (mm) xmm) 

Echinochloa colonium 3 5 Ovate 2x1.5 IS 5 2xl.5 1 2 

Echinochloa crus-galli 3-5 5 " 3xl.5 20 5-7 3x1.5 1 2 

Setaria glauca 3 5 " 2.5x1.5 - 3 2.5x1.5 1 0.7 

Panicoideae Paniceae Setaria pumila 3 5 " 0.8- lxO.5 - 3 0.8-1 xO.5 0.8 1-1.5 , 

Cenchrus penisctitorrnis 3 7 Lanceolate 4x2 I 7 3x1.5 2.2 1-2 

Urochloa panicoides I 3 Lanceolate O.3xO.1 7 - - 1.5 -
Paspalidium flavidium 3 5 Ovate 2.5x2 - - 1.8-2 0 .2 -
Imperata cylindrica 5 ' 5 Lanceolate 3.5 x2 . - - 2.5 x2 2.2 -
Saccharim 'spontanum 3 3 Lanceolate 1.5-2x1.2 very - - 1.5 I 

short 
Bothriochloa pertusa 5-6 6 Oblanceolate 2.5xl 16 6 2.5xl l.5 -

Andropogoneae Heteropogon contourtus 9 9 Lanceolate 8x3 8cm - 4x1.5 2.5 -

Chrysopogon aucheri 5 3-7 " 6x 1.5 24 6 5x l 3 2 

Cymbopogon flexsuosus 5 3 " 4.2x1.5 16 3 3.5x1.5 2 1-2 

Cymbopogon schoenanthus 9 3 " 2.5xl - whitish nerve not - 1.8 1-2 
clear 

Dicanthium annulatum 3 7 " 2-3xl 18 7 2.5xl 1.5 -
Dicanthimn foveolatum 5 5 " 2.5x l 18 5 J.5xO.8 1.2 -
Sorghum halepense 

Vetiveria ZiZa!10ides 3 3 Lanceolate 3x 1.5 - 3 2.5 xl 2 -
Eragrosteae Eragrostis minor I 3 Ovate 1.2-1.5 x I - 3 - 0.2 -

Eleusine indica 3 3 " 2.3-3xl -1.5 0.2 3 2xl 0.2 1.5 

Dactylocteniwn aegyptium 3 3 " 2.5x1.8 - 3 2xl 0.2-0.5 I 

Eragrostoideae Chlorideae Cynodon dactyl on I I Boat shape 2x 1.2 - 3 2x 1.2 1.5 -

Desmostachya bipinnata I I Ovate 1.8-2x 1.2 - 3 0.8-l xO.5 I -
Aristideae Aristida adscensionis I I Cylindric! 7xO.5-1 15 3 - 1.5 6 

Aristida fWliculata I I " 7x l -2 IS 3 2 5 

Arundinoideae Arundineae Phragrnites australis 3 3 Narrowly 3-4xI.5-2 - 3 IxO.5 2 .2 -
lanceolate 
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S. 
No 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Taxon PoDen 
type 

Alopecurus Granulate 
mysuroides 

Aristida Scabrate 
adscensiorus 

Aristida Granulate 
funiculala 

Avena .. 
ludoviciana 

Avena sativa .. 

Botlu;ochloa . 
pertusa 

Brachiaria .. 
distachya 

Brachiaria .. 
erusifonn is 
Brachypodium .. 
distachyon 
Brornus .. 
catherticus 

Bromus japonicus .. 

- ------ -.-~-

+ = Operculum present 
- = Operculum absent 

Table 7 

Pollen Morphological Data of Taxa Studied by Light & Scanning Electron Microscope 

Aperture Pore type PoDen 
type shape 

Porate Ectoporus Elliptical 

· Endoporus Spheroidal 

.. Ectoporus Spheroidal 

.. Ectoporus Oblate 

.. Ectoporus Oblate 

.. Endoporus Spheroidal 

· Ectoporus Spheroidal 

· Ectoporus Spheroidal 

.. Endoporus Spheroidal 

.. Ectoporus Ell ipsoidal 

.. Endoporus Spheroidal 

~~- -

CST = Closed spaced type 
MST = Medium spaced type 

Polaraxb 
Pore SIz.e (Jun) 

Length Width 
(~) (lUll) 

7.0 2.0 (26-) 28.5 (-31) 

3.0 2.0 (33-) 26 (-39) 

7.0 2.0 (2 5-) 26.5 (-28) 

3.0 2.5 (3 8-) 40 (-42) 

8.0 3.0 (47-) 51 (-55) 

5.0 2.5 (30-) 32.5 (-35) 

5.0 2.5 (30-) 32.5 (-35) 

8.0 2.5 (21 -) 23.5 (-26) 

3.0 3.0 (29-) 37.5 (-34) 

6.0 2.5 (32-) 34 (-36) 

4.0 2.0 (31 -)32.5 (-34) 

'--. 

WST = Widely spaced type 

Equatorial am PIE Operc~ 

(Jun) ratio u1um Annulus Exine 
Omamen-

Dlander Thickness tatlon 

(lUll) (lUll) 
(33-) 26 (-39) 1.10 - 7.0 1.66 Scabrate 

(coarse 
granulate) 

(33-) 26 (-39) 1.00 + 3.0 0.8 Venucate 

(25-) 26.5 (-28) 1.00 - 7.0 0.6 Rugulate 

(3 2-) 34 (-36) 1.17 - 3.0 2.25 Granulate 

(45-) 46.5 (-49) 1.09 - 8.0 2.78 Granulate 

(30-) 32.5 (-35) 1.00 + 5.0 2.8 Granulate 

(30-) 32 (-34) 1.01 + 5.0 2.42 Venucate 

(21 -) 23.5 (-26) 1.00 - 8.0 2.05 Venucate 

(29-) 3 1.5 (-34) 1.00 + 3.0 2.2 Granulate 

(28-) 30.5 (-33) 1.11 + 6.0 2.8 Granulate 

(31 -)32.5 (-34) 1.00 + 4.0 1.57 ~~enucate .1 
~- .----. - -----~ 
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Exine Surface No. of PoDen group 
Thicmess Pattern pores 

(].un) 

2.0 CST Monop- Coarse granulate 
orate 

2.0 CST .. Fine granulate 

2.5 WST .. Rugulate 
spinulate 

2.5 MST .. Coarse granulate 

2.5 MST .. Fine granulate 

2.0 CST .. Coarse granulate 

2.0 CST .. Venucate fme 
granulate 

2.0 CST .. Verrucate (coarse 
Granulate) 

1.5 MST .. Coarse granulate 

2.5 CST .. Fine granulate 

2.0 CST " .. 



S. 
No 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Taxon Pollen 
type 

Bromus Granulate 
pectinatus 

Bromus Granulate 
Danthoniae 

Cenchrus Psilatcte 
Penisctifonnis 

Chrysopogon Granulate 
aucheri 

C)robopogon Granulate 
flexsuosus 

C)robopogon Granulate 
schoenanthus 

Cynodon Cloudy 
dactycon psilate 

Dactyloctenium Granulate 
aegypteum 

Desmostachya Psilate 
bipinnata 

Dicanthium Psilate 
annulatum 

Dicanthium Granulate 
foveolatum 

+ = Operculum present 
- = Operculum absent 

Pollen Morphological Data of Taxa Studied by Light & Scanning Electron Microscope 

Aperture Pore type 
type 

Porate Ectoporus 

" Endoporus 

" Ectoporus 

" Ectoporus 

" Endoporus 

" Ectoporus 

" Ectoporus 

" Ectoporus 

" Endoporus 

" Ectoporus 

" Endoporus 

CST = Closed spaced type 
MST = Medium spaced type 

PoDen 
shape 

Spheroidal 

Spheroidal 

Spheroidal 

Oblate 

Spheroidal 

Spheroidal 

Spheroidal 

Spheroidal 

Spheroidal 

Spheroidal 

Oblate 

PolJlI"axIs 
Pore Size ()lm) 

Length Width 
(urn) (urn) 

6.0 2.0 (32-) 34 (-36) 

36.0 2.0 (33-) 32.5 (-37) 

72.0 2.0 (34-) 35.5 (-37) 

38.0 2.0 (32-) 34.5 (-37) 

85.09 2.0 (33-) 39 (-45) 

56.0 2.0 (30-) 33.5 (-37) 

56 2.5 (21 -) 23.5 (-26) 

85.0 2.0 (20-) 26.6 (-35) 

34.0 2.0 (21-) 24.5 (-28) 

65 .0 2.0 (28-) 30 (-32) 

46.0 2.5 (32-) 35.5 (-39) 

WST = Widely spaced type 

Equatorial axis PIE O~rc-

(11m) ratio u1um Annulus Exine 
Omamen_ 

Dlamter Thiclmess tatlon 
(!Lm) (!Lm) 

(32-) 34 (-36) 1.00 + 6.0 1.76 Scabra1e 
, 

(33-) 32.5 (-37) 1.00 + 6.0 1.33 Granulate 

(34-) 35.5 (-37) 1.00 - 2.0 2.22 Verrucate 

(30-) 32.5 (-35) 1.07 - 8.0 0.8 Granulate 

(33-) 39 (-45) 1.00 + 5.0 1.42 Verrucate 

(30-) 33.5 (-37) 1.00 + 6.0 2.0 Verrucate 

(21-) 23.5 (-26) 1.00 - 6.0 2.5 Verrucate 

(20-) 26.6 (-35) 1.00 + 5.0 2.0 Scabrate 

(21-) 24.5 (-28) 1.00 + 4.0 1.02 Verrucate 

(28-) 30 (-32) 1.00 - 5.0 1.17 Scabrnte 

(31 -) 33 (-36) LOa + 6.0 1.7 Scabrate 
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Exine Surface No. of PoDen group 
Thiclmess Pattern pores 

()lm) 

2.0 CST Monop_ Coarse granulate 
orate 

2.0 WST " Fine granulate 

2.0 CST " Verrucate 

2.5 CST " Fine granulate 

2.0 WST " Verrucate 

1.5 MST " Verrucate 

2.0 CST " Verrucate 

2.0 CST " Coarse (coarse 
granulate) 

2.0 CST " Verrucate 

1.5 CST " Scabrate (Coarse 
granulate) 

2.0 CST Scabrate 



Pollen Morphological Data of Taxa Studied by Light & Scanning Electron Microscope 

S. Tuon PoDen Aperture Pore type PoDen PolaX'axIs Equatorial axis PIE Operc-
PoDen group I No type type shape Pore Size (j.un) (j.un) ratio ulum Annulus Exine Exine Surface No. of 

Omamen - Thickness Pattern pores 

Length Width Diarnter Thickness tatlon (fUll) 
(fUll) (fUll) (...,,) (fUll) 

23 Digitaria bifonnis Coarse Porate ECtoporus Spheroidal 4 .0 3 .0 (22-) 2B.5 (-36) (21-) 2B.5 (-36) 1.00 - 4.0 1.30 Granulate 1.5 WST Monop- Granulate 
psilate orate 

24 Digitaira nodosa Psilate .. Ectoporus Spheroidal 4.0 2.0 (IB-) 20.5 (-23) (IB-) 20.5 (-23 ) 1.00 4.0 1.42 Verrucate 2.0 MST .. Verrucate 
+ 

25 Digitaria Cloudy .. Endoporus Spheroidal 5.0 2.0 (30-) 33 (-36) (30-) 33 (-36) 1.00 - 5.0 2 Rugulate 2.0 MST .. Fine granulate 
sanguinelis granulate 

26 Echinochloa Cloudy .. Ectoporus Spheroidal 3.0 2.0 (18-) 21 (-24) (19-) 21.5 (-24) 1.00 - 3.0 1.17 Scabrate 2.0 CST .. Scabrate (coarse 
colonum psilate granulate 

27 Echinochloa Psilate Porate Ectoporus Spheroidal 6 .0 2.0 (26-) 2B.0 (-30) (26-) 2B.0 (-30) 1.1 + 3.0 1.53 Scabrate 2 .0 CST " Scabrate 
crus-galli 

-2ll. Eleusine indica Granulate .. Ectoporus Spheroidal 3 .0 2.0 (22-) 24.5 (-27) (22-) 24.5 (-27) 1.00 + 3.0 0.B6 Verrucate 2.0 MST .. Fine granulate I 

I 

29 Eragrostis minor .. .. Endoporus Spheroidal 4.0 2.0 (21 -) 23.5 (-26) (21 -) 23.5 (-26) 1.00 + 4.0 1.66 Scabrate 2.0 MST .. Scabrate 
I 

30 Heterpogon Granulate .. Ectoporus Elliptical 7.0 2.0 (38-) 41 (-44) (36-) 38.5 (-41) 1.00 - 7.0 1.99 Scabrate 2.0 MST .. Scabrate 

I 
contourtus 

I 
I 

31 Imp.:rata .. .. Ectoporus Spheroidal 6.0 2 (27-) 32.5 (-38) (27-) 32.5 (-38) 1.00 + 6.0 1.6 Granulate 2.0 MST .. Fine granulate 
cylindrica I 

32 Lolium .. .. Ectoporus Ellipsoidal 5 .. 0 2.0 (2B-) 32.5 (-37) (27-) 31 (-35 ) 1.02 + 5.0 1.76 Granulate 2 .0 MST .. Fine granulate 
multiflorum 

33 Oplismenus Psilate .. Ectoporus Oblate 5.0 2.0 (23-) 26.5 (-30) (22-) 25.5 (-29) 1.02 + 5.0 2.63 Verrucate 2.0 CST Verrucate 
burmannii 

--- -- ------ ,- ---- ----- - - --- - - -- -----

+ = Operculum present CST = Closed spaced type WST = Widely spaced type -= Operculum absent MST = Medium spaced type 
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S. TaIon PoUen 

No type 

34 Parapholis Cloudy 
strigosa psilate 

35 Paspalidium Psilate 
flavidum 

36 Paspalum Granulate 
dilatatum 

371 Paspalum " 
distichium 

38 

39 

40 

41 

42 

43 

44 

Pennisetum " 
americanum 

Pennisetum " 
lanatum 

Phalaris minor .. 

Phleum .. 
himaliccum 

Phleum pratense .. 

Phragmites Cloudy 
australis granulate 

Poa annan Granulate 

+ = Operculum present 
- = Operculum absent 

Pollen Morphological Data of Taxa Studied by Light & Scanning Electron Microscope 

Aperture Pore type 
type 

Porate Ectoporus 

" Ectoporus 

" Ectoporus 

" Endoporus 

" Ectoporus 

.. Ectoporus 

" Ectoporus 

" Ectoporus 

" Endoporus 

" Ectoporus 

" Endoporus 

CST = Closed spaced type 
MST = Medium spaced type 

PoUen 
shape 

Oblate 

Oblate 

Spheroidal 

Spheroidal 

Elliptical 

Spheroidal 

Spheroidal 

Spheroidal 

Oblate 

Ellipsoidal 

Ellipsoidal 

Pola1' axis EqWltoria1 aDs 
Pore Size ()un) u.m ) 

Length WIdth 
(11m) (Ilm) 

4.0 2.0 (26-) 29.5 (-33) (22-) 27 (-32) 

5.0 2.5 (25-) 28.5 (-32) (24-) 27 (-30) 

5.0 2.0 (31 -) 32.5 (-34) (31-) 32 (-33) 

6.0 2.0 (32-) 39 (-46) (32-) 39 (-46) 

4.0 2.0 (30-) 33 (-36) (28-)3 1 (-34) 

7.0 3.0 (33-) 34.5 (-36) (33-)34.5 (-36) 

7.0 2.0 (37-)38.1 (-42) (37-) 38.1 (-42) 

4.0 1.5 (22-) 25 (-28) (22-) 25 (-28) 

3.0 2.0 (26-) 27.5 (-29) (27-) 27 (-28) 

6.0 2.5 (35-) 39 (-43) (33 -) 37 (-40) 

4.0 2.0 (27-)29 (-31) (26-) 28.5 (-31) 

WST = Widely spaced type 
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PIE Operc_ 
ratio ulum Annulus Exine 

Ornamen-
Diantler Thiclm ... tatlon 

(11m) (11m) 

1.09 + 4.0 1.33 Granulate 

1.05 - 5.0 1.53 Scabrate 

1.01 + 5.0 1.56 Verrucate 

1.00 + 6.0 1.5 Granulate 

1.06 - 4.00 1.99 Scabratee 

1.00 - 7.0 2.66 Scabrate 

1.00 + 7.0 1.28 Granulate 

1.00 + 4.0 1.99 Verrucate 

1.01 + 3.0 1.87 Verrucate 

1.05 + 6.0 2.6 Varrucate 

1.01 + 4.0 1.30 Granulate 

Exine Surface No. of PoUen group 
Thiclmess Pattern pores 

()un) 

2.0 WST Monop- Fine granulate 
orate 

2.5 CST " Scabrate 

! 

2.0 CST " Verrucate ! 

I 
I 

1.5 MST " Fine granulate 

2.0 MST " Coarse granulate 

2.0 CST " Scabrate (Coarse 
granulate) 

2.0 MST .. Fine granulate 

2.0 MST .. Verrucate 

2.0 CST " Verrucate 

2.0 MST " Verrucate 

2.0 CST Fine granulate 

--



S. 
No 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

Taxon Pollen 
type 

Po. infonna Scaborate 

Poa nemoraJis Granulate 

Polypogon Psilate 
monspeliensis 

Saccharum .. 
spontaneum 

Setaria glauco " 

Setaria pumila .. 

Sorghum .. 
halepense 

Stip. splendens .. 

Urochloa " 
panicoides 

Vetiveria " 
zizanoides 

+ = Operculum present 
- = Operculum absent 

Pollen Morphological Data of Taxa Studied by Light & Scanning Electron Microscope 

Aperture Pore type 
type 

Porate Endoporus 

.. Endoporus 

" Endoporus 

.. Ectoporus 

" Ectoporus 

" Endoporus 

.. Ectoporus 

.. Endoporus 

.. Ectoporus 

" Ectoporus 

CST = Closed spaced type 
MST = Medium spaced type 

Pollen 
shape 

Spheroidal 

.. 

Spheroidal 

Oblate 

" 

" 

.. 

Spheroidal 

Spheroidal 

Oblate 

Polar axis Equatorial axis 
Pore Size (11m) <11m) 

Length Width 
(1J.IIl) (um) 

5.0 2.0 (22-) 25 (-28) (22-) 25 (-28) 

4.0· 2.0 (20-) 22.5 (-25) (20-) 22 (-24) 

3.0 2.0 (22-) 25 (-28) (21-) 24.5 (-28) 

6.0 2.0 (27-) 31.5 (-36) (26-) 29.5(-33) 

6.0 2.0 (35-) 38.5 (-42) (35-) 38 (-40) 

6.0 2.5 (40-) 44.5 (-49) (40-) 44.5 (-49) 

6.0 3.0 (39-) 61 (-82) (36-) 56.4 (-80) 

5.0 2.5 (25-) 29.5 (-34) (25-) 29.5 (-34) 

5.0 2.0 (25-) 26.5 (-28) (25-) 26.5 (-28) 

4.0 2.0 (24-) 26 (-28) (24-) 25 (-26) 

WST = Widely spaced type 
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PIE Operc _ 
ratio u1um Annulus Exine 

Onuunen-

Dlamter Thickness tatlon 

(11m) <11m) 
1.00 + 5.0 0.92 Vetrucate 

1.01 - 4.0 1.66 Vetrucate 

1.02 + 3.0 1.35 Scabrate 

1.06 - 6.0 1.33 Granulate 

1.01 + 6.0 2.0 Granulate 

1.00 + 6.0 2.66 Vetrucate 

1.07 - 6.0 2.5 Granulate 

1.00 - 5.0 2.10 Granulate 

1.00 + 5.0 2.00 Granulate 

1.04 + 4.0 1.52 Granulate 

Exine Surface No.of Ponen group 
Thickness Pattern pores 

(11m) 

2.5 CST . Monop- Vetruc.te 
orate 

2.0 CST " Vetrucate 

2.0 MST .. Scabrate 

2.0 CST " Fine granulate 

2.0 MST .. Fine granulate 

2.0 CST " Vetrucate 

2.0 MST " Fine granulate 

2.0 CST " Fine granulate 

2.0 CST " Fine granulate 

2.0 WST " Fine granulate 

----- - -- ..... 



Chapter Five 

(Discussion and conclusion) 



Discussion and conclusion 

The discussion considers data from grass morphology and palynology. 

Gramineae is one of the largest cosmopolitan Angiosperm families having nearly 

10,000 species. However according to Tzveier, 1989, it includes 898 genera and 10,300 

species. The present thesis is the first palynological monograph of the fami ly Gramineae. 

covering 54 species belonging to 37 genera from Islamabad. The previous taxono mic revision 

of the family was limited, therefore, in this study an attempt is made to revise and update the 

systematic position of the family. Moreover palynological study of the grasses of Islamabad 

was not conducted so far, therefore, for thi s purpose, taxonomicall y and palynologicall y 

signifi cant characters were critically analyzed and many new considered and then a synthesis 

based on the correlation of these characters was made. 

For determining the polarity of character takes extensive laboratory as well as field 

work. The field collection was done under the guidance and supervision of Dr. Mir Ajab Khan 

and Dr. Syed Zahoor Hussain, professor of Botany Reading University England and UNDP 

consultant for this project. The grasses are a very important group of Angiosperms and their 

identification is needed by the workers from different fields of Biological Sciences. However, 

the main purpose of thi s study is to distingu ish allergy causing and other grasses ofIslamabad. 

Because Islamabad is considered to be a pollen allergy causing area and the grasses are one o f 

the most all ergy causing groups of plants. The fresh plants with polliniferous material were 

collected from different sectors of Islamabad with special consideration of those sectors or 

areas where pollen all ergy was reported on an almost epidemic scale. Plants were pressed as 

voucher specimens and microscopic slides fo r light and stubs for elect ron microscopic 

examination were prepared respectively. The att empts were made to evaluate and integrate the 

pollen data with those from vegetative and noral morphology. During this research project, the 

identification, classificat ion, description and interpretation of the grass pollens were 

undertaken. The characters were first arranged in hypotheti cal sequences and then the polarity 

of characters were defined on the basis of correlation between the different character states. 

The resulting pattern of the groups based on the taxonomical and palynological data is 
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manifested in the key to the genera and species. The salient points and conclusion of the 

present study are as follows : 

Grasses are characterized by specialized units of infloresence called spikelets, arranged 

in different kinds of compound inflorescence. Inflorescence provides useful characters in many 

genera of family Poaceae. Apart from the general type of inflorescence, these characters 

includes differences in posture of the pedicels during and after anhesis, the angle and degree of 

branching and the manner of opening and development . Inflorescence types have been 

classified by Richett (1944, 1955) and are di scussed by Eames ( 196 1), who also considered 

the phylogeny of the inflorescence. 

Mostly the classification within the family is based upon the characteristi cs of spikelets 

and their arrangements. The spikelets is a specialized condensed inflorescence unit represented 

in its various forms and modifications within the family Gramineae. It is generally composed of 

two to many (rarely single) florets. The various modifications of this basic unit lend to the 

diversity of the spikelet characteristics. The florets number varies from indefinite to a few 10 

two or even one per spikelet. 

With rare exceptions, the spikelets are generally arranged in compound infloresCe)10L 

These may const itute a raceme of spikelels, or a head of sp ikelets. The racemes or spikes or 

heads of spikelets may further be arranged in various forms. Here the family is classified inlo 7 

groups depending on the arrangement and development of spikelets in different kinds of 

compound inflorescence. The classification is based on inflorescence types only and, therefore, 

no doubt it is an aritificial classificat ion or grouping of grasses by only considering different 

kinds ofinflerescences (Shaukat Ali, 199 1). The purpose of this type of grouping is to simpli fy 

the ident ificat ion of grasses superficially to so rt out the allergy causing and non-allergy causing 

grasses of Islamabad. Although palynology of grasses of Islamabad was the nucleus of Illy 

research work but for the purpose of understanding the group I have to do the morphology of 

the taxa studied. Therefore, I have carried out the vegetat ive and floral morphology of the 

taxa. This grouping of grasses on the basis of inflorescence type was helpful in identification of 

grasses generally. The character of inflorescence types have been mainly utilized by Ali, 1991 , 

for the classification of, Grasses of Saudi Arabia. Key to the genera of the family based on 
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vegetat ive and floral morphology characters and key to the genera based on palynological 

characters (David, Roub ik and Jorge Enrique Morenop, 1991) a re'il'"e. Y\ at -the end 

Group one includes the following five species: Phragmiles allstralis, Sorghum 

halepense, Saccharum spolltanell"" VetiJleria zizalloidel' and Imperata cylindrica. These 

species are tall grasses except Imperata cylilldrica which is a short grass. Group one species 

could be separated by their panicle appearance, shape or form. Sorghllm halepellse and 

VeJiveria zizalloides show open, large, dense and non cotton like pan icles. Imperato 

cylindrica is easily indent ified and can be separated from rest of the species by its co tton like, 

open and cylindrical panicle. Where as Phragmiles australis and Saccharum lpolltanellfll 

exhibit open, dense but not large and cyli ndrical panicles. The grasses of group one are mainly 

distributed in humid and wet hab itats. These five species fo llow C) pathway during 

photosynthesis indicating their closeness on ecological basis and their phylogenetically close 

relationship because these are included in the same sub-family Panicoideae and furthermore 

Saccharum sponlaneum, Vetiveria zizanoides, Sorghum halepellse and Imperata cylilldrica 

are in the same tribe Andropogoneae with the exception of Phragmiles australis which belong 

to tribe Arund ineae. 

All the grasses in this group have ectoporus pollens and thei r poll en size are almost 

similar except Sorghum halepellse with average pollen size is 61.0~lm as mentioned in tab le 7. 

They also belong to the panicoid group of grasses (Reeder 1957, 1962). All this data support 

their right position in group one. 

The groups two-seven are smaller grasses, usually without woody cu lms and the 

inflorescence where panicles are not very large. The plants with inflorescence of tenninal and 

or axill ary paired spikes have been assigned to the group two. CymbopogoJl schoel1anlllllS, 

cymbopogoJ1 j1exlIoslIs, Paspalum di/olalullI, PalpalufII distichilllll, Echillochloa COIO/III111 , 

Echinochloa crus-galli, Urochloa panicoides , Pasplidum jlavidum, Brachiaria dislachya and 

Brachiaria eruscijormis have been included in this group. The grasses of group two are 

distributed mainly in wet and some plants in aquatic habitat such as Paspallll1l distichium, 

Echinochlea crus-galli. Al l of them belong to C) pathway of photosynthesis indicating their 

closeness on ecological basis. They are also phylogeneticaJly closely related because all of 
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them are included in the same sub-family Panicoideae and Pa:,palum dila/a/lIm, Paspaltml 

dislicltiul11, Echillochloa colollllm, Echillochloa crus-galli, Urachloa pallicoides, Paspalidul11 

j/avidlll1l, Brachiaria dislachya and Brachiaria eruciformis to the tribe Palliceae but 

Cymbopogol1 schoenanlhus and Cymbopogol1 j/ex/{osus to different tribe Alldropogolleae. 

Al l the grasses in group two have ectoporus or endoporus potlens and their po ll en size 

is almost similar except Echillochloa coloum as mentioned in table 7. They also belong to the 

panicoid group of grasses. All these information support s the right position of all the species 

included in group two. 

Group three include grasses with inflorescence of digit ate or subd igitate spikes, more 

than two on each terminal and/or axillary peduncle. These are Cynodoll dactylon, 

Dactyloctel1illl1l aegyptiul1I, Elm'hle illdica, BOlhriochloa pertllsa, Dicanthillm antllllallll1l and 

Dicallthiul1Ifoveolatum. Digitaria is distinguished from cynodon by its membranous liguJes as 

compared to the ligules as fringe of hairs in cynodOm. Daclyloclenilllll have spikes ending in 

the naked tip. of rhachis where as Eleusine has spikes ending with sp ikelets. Bothriochloa is 

distinguished by its glabrous nodes from Dicanlhiwl1 which has pubescent nodes. Grasses of 

group three are di stributed main ly on humid and moist hab itats. All of them belong to C) 

pathway of photosynthesis (Tieszen L., Senyimba, M. eta!. 1979) indicating their closeness on 

ecological basis. The are phylogenetically not closely related because these are included in two 

different sub-families PGllicoideae and Eragrostoideae. 

Digitaria nodosa, Digitaria hi/ormis, Digitaria sangllillalis belong to the tribe 

Paniceae and BOfhrioch/oa pertusa, Dical1thilll11 af/1wlatllm and Dicall/Jiium foveolatum to 

the tribe Andropogoneae of the sub-fami ly Panicoideae while Dactyloctenlll1l aegyplium and 

Elellsille indica belong to the tribe Chlorideae of the sub-family Eragraostoideae. All the 

grasses in group three have both the ectoporus and endoporus po ll en with medium size [(28-) 

29.5 (-37)1~m. 

Group fou r is characterized by dense, subspherical, ovate or ellipso idal head like 

inflorescence. Arislida adscclJsiollis, Aristida jlllliclllata, Eragrostis minor, Desmostachya 

hipilllJata, have been included in this group. Grasses of group four are distributed mainly in 

less humid and dry open habita.ts. Al l of them belong to C4 pathway of photosynthesis (Tieszen 
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etal 1979) indicating their closeness on ecological basis. They are also phylogenctically 

closely related because all of them belong to the same sub-family Eragrostoideae. All of the 

grasses in group four have endoporus poll ens. 

Group five is characterized by narrow or cylindrical spicate dense panicles. Pha/oris 

minor, Ph/eum himalacclIl1I , Phlellm pratellse, Alopecllrlls myosllroides, Polypogon 

m011.!>peliensis, Setaria glauco, Setaria p llmila, Pellllise/um americanllm, Pellllise/Ilm 

lanatllm, Cenchrus penisfijormis fa ll in this group. Phalaris minor is di stinguished by it s 

awnless spikelets from A/opecuf'lls myosllroides which has awned spikelets. Setaria IS 

distinguished by its bristles persist ing on the axis after the spikelets have fa ll en where as 10 

Penllisetllm both bristl es and spikelets fa ll off together. In Cenchrlls pel1l1ise/iformis involucral 

bristles are flattened and un ited at the base, often forming a cup whereas in Pel1l1ise/11111 

involucral bristles are free from each other. The grasses of group five are distributed mainly in 

humid and wet or somet ime in aquatic habitat s, e .g., Po/ypogon mom]Jetiensis. All of them 

belong to C) pathway of photosynthesis (Tieszen eta!., 1979) indicating their closeness on 

ecological basis. Phalaris minor, Alopecllrlls myoslIroides, Phleum himafacclIm, Ph/ellm 

pratel1se and polyporgoll mOllcmpetiellsis, phylogenetically related because they belong to the 

same sub-family Festucoideae but distinct from Setaria glauco, setaria p"mila, Pel/niseI/lilt 

americanum, Pennisctllm lana/11m and CCllchrlls peniscliformis because they belong to the 

sub-family Panicoideae. 

All the grasses of group five have ectoporus pollens except endoporus pollen of 

Phleum pra/ellse and Polypogoll mOllspeliellsis. 

Group six comprises the plants which have inflorescence of open or compacted 

terminal panicles or leafy false panicles sometimes accompanied by axillary panicles or axillary 

female inflorescence. Cll1YSOpOgoll aucheri, Avena ludovicialla, Avella sativa, Poa amilia, 

Poa infirma and Poa nell/oratis are incl uded in this group. The grasses of group six are 

distributed in less humid and moist habitat. All of these grasses belong to C) pathway of 

photosynthesis indicat ing their closeness on ecological basis. A vella ludovicialla, A vella 

sativa, Poa alllllla, Pea ill firma, and Poa nemoratis are phylogenetically closely related 

because they belong to the same sub-family Festucoideae but not related phylogenetical ly with 
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ChrysopogOll aucheri because the latter belongs to the sub~famaily Panicoideae. A wlla 

ludovicianG, Avena sativa and ClllYSOpOgol1 auchri have ectoporus pollen grains while Poa 

aumla, Poa infirma alld Poa nemoralis have endoporus pollen grains. 

Group 7 taxa includes; Brachypodillm distachyol1, Bromlls catherficlIs, Bromlls 

pec/ina/lIs, Bromlls del1lholliae, Bromlls japoniclIs, Stipa spiel/dens, Parapholis strigosG, and 

Lolium multiflorum. Thcse plants have inflorcscence with single termina l and or axill ary spikes 

or narrow spike~ li ke panicles or narrow or open raceme or spike of spikes/spikelets. The 

grasses of group seven are distributed mainly in humid and wet habitat and all of them belong 

10 C3 pathway of photosynthesis indicat ing their closeness on ecological basis. They are also 

phylogenetically closely related because they are included in the same sub~fami ly 

Fes/llcoideae. AJI the grasses in group 7 have ecloporus and endoporus pollen grains and their 

pollen size almost similar i.e. of medium size [(28-) 32.5 (-37)]~m except Parapholis ~'I"igosa 

[(26-) 29.5 (-3 3)] and Sfipa splelldells [(25-) 29.5 (-34)]~m. 

On the basis of phenology (study of periodicity in plants as related to climatic events, 

e.g. , time of leafing, flowering, fruiting, budd ing, grasses ofIslamabad can be divided into two 

groups 

i) Vernal grasses (spring grasses) 

ii) Aestival grasses (summer grasses) 

The grasses included in these groups are given in fo llowing table. 
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Table 8 

Poaceae 
Vernal ~rasses (sprin~ ~rasses) Summer grasses (Aestival grasses) 
Alopecurus myosuroides Aristida adscensionis 

Avena ludoviciana Aristida funiculata 
Avena sativa Bothriochloa pertusa 
Brachypodium distachyon Brachiaria distachya 
Bromus catherticus Brachiaria erusiformis 
Bromus Japonicus Cymbopon flexuosus 
Bromus denthoniae Cymbopogon schoenanthus 
Broumus pectinatus Dactyloctenum aegyptim 
Cenchrus penisctiformis Dicanthium foveolatum 
Chrysopogon aucheri Digitaria biformis 
Desmostachya bipinnata Digitaria nodosa 
Dicanthium annulatum Digitaria sanguinalis 
Imperata cylindrica Echinochloa colonum 
Lolium multiflorum Echinochloa crus-galli 
Paspalum dilatatum Eleusine indica 
Pennisetum lanatum Eragrostis minor 
Phalaris minor Heteropogon contortus 
Phleum himalaccum Oplismenis burmannii 
Phleum pratense Parapolis strigosa 
Poa annua Paspalidium flavidum 
Poa infirma Paspalum distichium 
Polypogon monspaliensis Pennisetum americanum 

Phragmites australis 
Poa nemoralis 
Saccharum spontaneum 
Setaria glauca 
Setaria pumila 
Sorghum halepense 
Stipa splendens 
Urochloa panicoides 
Vetiveria zizanoides 

Grasses can also be divided into allergy causing and non-allergy causmg grasses 

because pollen grains of most grasses are dispersed by wind and consequently large quantities 

become air borne and readily accessible to the human respiratory tract where they may induce 

an allergic response in atopic individuals. When grass pollens are moistened, they release a 

range of proteins from extracellular wall sites including various antigens (Knox and Heslop-

Harrisen, 1977). From the data of Wlight and Clifford (1965), it is clear that pollens from 
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closely related grasses are more likely to produce similar allergic response then those from 

more distinctly related groups. These groups include the following taxa. 

Table 9 

Allergy causing grasses Non-allergy causing grasses 
Bromus japonicus Allopecurus myosuroides 
Bromus pectinatus Aristida funiculata 
Bromus catherticus Aristida adscensionis 
Cynodon dactylon Bothriochloa pertusa 
Lolium muItiflorum Brachiaria distachya 
Paspalum dilatatum Brachiaria erusciformis 
Paspalum distichium Brachypodum distachyon 
Echinochloa crus-galli Cymbopogon flexuosus 
Phalaris minor Cymbopogon schoenanthus 
Phragmities australis Dactyloctenum aegyptium 
Poa annua Desmostachya bipinnata 
Sorghum halepense Dicanthium annulatum 
Setaria glauca Dicanthium foveolatum 
Imperata cylindrica Digitaria nodosa 
A vena sativa Digitaria biformis 
Cenchrus penistiformis Digitaria sanguinalis 

Echinothloa colonum 
Echinochloa crus-galli 
Heteropogon contourtus 
Oplismenus burmannii 
Parapholis strigosa 
Paspalidium flavidum 
Saccharum spontaneum 
Stipa splendens 
Urochloa panicoides 
Vetiveria zizanoides 
Polypogon monspeliensis 

The families of flowering plants may have different morphological pollen types I.e. 

eurypalynous (various types of pollen grains) or a single pollen type i.e., stenopalynous. 

Gramineae is a stenopalynous family and the general pollen surface patterning show very little 

variations, not only at the specific but also at the generic or even at the tribal level (Erdtmann 

1952). Pollen grain of grasses are mostly very similar in appearance under light microscopy, 

(Faegri and Iverson 1966). Scanning electron microscopy provides better surface sculpturing 

and therefore, it is more helpful to assign grass pollens to major taxonomic series/groups. 
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The pollen morphological data of taxa stud ied by light microscopy shows that all the 

grasses/tribes are stenopalynous and, therefore, it is very difficult to di stinguish the genera on 

the basis of pollen structure. However on the basis of characters revealed by light microscopy 

two types of pollen are identified in Gramineae which can be grouped as (a) Endoporus (b) 

Ectoporus. 

Of the 54 speCies, 18 species showed an endoporus type apertures CAristida 

adscensionis, Bolhriochloa per/lisa, Brachypodilllll distachyon, Bromlls japolliclIS, Brol1llls 

danlllouiae, Cymbopogoll jlexlioslIs, Desmoslachya bipilllla/a, Dicalllhillm joveolalum, 

Digifaria sangllilla/is, Eragrostis milloI', Pa.\palum dislichium, Ph/eum pralellse, Poa amilia, 

Poa injirma, Poa lIemoralij~ Setaria p"Jllila, Sapa splendeJ1s, and Polypogoll monspeliellsis) 

and 36 species with ectoporus type which are AlopeC/frtls myosllroides, Arislida /tll/icu/ata, 

Avena ludovtciana, Avella saliva, Brachiaria dislachya, Brachiaria erllcijormis, Brol1llls 

ca/her/;cIIs, Bromlls pec/ina/lIs, Cenchrus pel1islijormis, Chrysopogon allcheri, CymbopogoJl 

schoellanthlls, CYllodoll dactyloll, Daclyloctenium aegyplium, Dicollihium a1ll1ll1allll11, 

Digifaria bi/ormis, Digitaria " odosa, Ec:hillochloa colollllm, Echillochloa crus-galli, 

Elellsine indica, Heleropogon cOIl/ourlus, lmperala cylilldrica, Loliul1l l1IullijlorwlI, 

Oplismel1l1s burma,,;;, Parapholis s/rigosa, Paspalidium jlavidllm, Paspallll1l dilalatllfll, 

PeJ1nisellim americafillm, Pellllisetum /al1alllfn,Phalaris millor, Ph/eum himalaccllm, 

Phragmifes atls/ralis, Saccharum sponlalleum, Setaria glauca, Sorghum halepellse, Uroch/oa 

panicoides, and Vetiveria zizalloides. These two basic type groups could again be subdivided 

into (a) psi late and (b) granu late subtypes. Endoporus type pollen grains are most ly granulate 

and rarely psil ate (out of 18 endoporus pollen type species only 2 species show psi late surface 

pattern in their pollens (CymhopogoJ1 jlexlIoslIs, and Desmoslachya bipiIlJlG/a) likewise 

ectoporus pollen grains are generally granulate and rarely psilate. Out of 36 ectoporus types 

species 28 species are granulate (Alopectll"lls myoslIsoides, Aristida fill/ielliala, Avella 

ludoviciaJ1a, Avella saliva, Brachiaria dislaeilya, Brachiaria eruciformis, BrolllllS 

catherliclls, BroJ1llls peclina/lIs, Chrysopogoll allche,.i, Cymbopogon schoellam/lIls, 

DactylocleniunI aegyplium, Digilaria J1odosa, Elellsil1e indica, Heteropogon comollrllls, 

Imperata cylindrica, Lolilllll mllllijlorum, Paspa/1I111 diialallll1l, Pel1l1isellim americanllm, 
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Pel1nisellim 10llalu111, Phalaris minor, Ph/cum hamalacllm, Phragmiles auslralis, Saccharum 

spontanellm, Selaria glllaco, Srogillflll halepel1se, Urochloa pallicoldes, Vetiveria zizalloides, 

and Echillochloa cms-galli) and o nly 8 psilate surface pattern (CeJ/chrus pennieli/ormis, 

Cynodon daclylon, Dicanlhillm alllllllallll1l, Digifaria hiformis, Eehillochloa colollllm, 

OplismeJlIIs burma/Iii, Parapholis sfrigosa, and PaspalidilUlI flavidum) 

Comparing po ll en types and sub-types with each other it has been found that all the 

pollen grains of grasses look more o r less similar in shape and st ructure but they differ in size. 

On the basis of size differences taxa studied in the present survey have been divided into three 

groups: (i) Small-sized pollens [(18-) 22.5 (-27)]lJ.m. These are: Alopeellrus myosurvicles, 

Arislida fimiculata, Brachiaria eruciformis, t:;ynodoll daclyloll, Daclyloclenum aegyplilltll, 

Desmoslachya hipiunata, Digitaria bifarmis, Digilaria Jlodosa, Echiuochloa COIOIlIlI11, 

Echlnoch/oa crus-galli, Elellsille indica, Eragrostis minor, Imperala cylindriea, Oplismenlls 

burmannii, Parapholis slrigosa, j)aspa/idiul11 jlavidulIl, Ph/eulII hi/JIa/aeelllll, Ph/CUIJI 

pratense, Poa a1ll1lla, Poa infirma, Poa Jlemoralis, Saccharum spolllaneulIl, Sfipa splendens, 

Urochloa pallicoides, Vetiveria zizanoides, and Polypogon mompeliensis (ii) Medium size 

pollen 

[(28-) 29.5 (-37)]lJ.m. T hese are: Arislida adscensionis, Bothriochloa pertllsa, Brachiaria 

dislachya, Brachypodillm dislachyon, BI"OI1/IIS calhertiells, Brol1llls japoniclIs, BI"OI1I115 

pecliuGllls, Bromlls dan/honiae, Cenchrus pellisc/iformis, CllIysopogoll allcheri, 

Cymhopogon jlexlioslIs, CymhopogOlI schoenanlhus, DieG1llhillm Gllll/lla/Il1n, DicGlllhill111 

foveolalllm, Lolium mu/tijlorul11, Pa~pahlfl1 clilalalum, Paspallll11 distichillm, Pellflisellfl11 

americallum, Pennisetllm lal1allllll, Pha/aris minor, Phragmilies alls/ralis, and Setaria 

g/auca) (iii) Large~sized pollen [(38-) 60.0 (-82)] llm. These are: Avena Ilidovicial1a, Avella 

sativa, fleleropogoll cOlllollrt"ll5, Selaria pI/mila, and Sorghum halepense. 

T his grouping of pollens on the basis of their sizes overl ap more or less with the 

endoporus and ectoporus group ing . All the 3 types i.e., small , medium, and large pollens are 

randomly dist ributed within the endoponJs and ectoporus groups. In certain species e.g. 

Cynodoll dactylon pollen size has proved helpfu l in distinguishing po lyploid taxa from diplo id 

ones (Sachdeva and Bhatia, 1979). Fibras (1937) demonstrated that the pollen of wild g rasses 
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measured 20-30~lm and that of cereal measured over 35.0 ).tm. However, Faegri & Iverson 

( 1975) considered 40.0 ~m as a divid ing line between the two. My findings are generally 

similar to that of Faegri and Iversen but I have al so observed that in all the tribes studied so 

far, there seems to be all so rt s of overlapping as for as the grains size concerned. 

Scanning electron microscope proved a useful too l for palynologists as it reveals a 

detailed examination of sculpturing of pollen exines. The po ll en surface pattern data of taxa 

studied by scanning electron microscope show differences in exine ornamentation and in 

surface pattern. Three main types of pollen are recognized on the basis of exine ornamentation 

and surface pattern: 

(i) Closely spaced type (CST) 

(ii) Medium spaced type (MST) 

(iii) Widely spaced type (WST) 

Each of these three basic types have been further subdivided into operculate and non

operculate sub-types. Present findings are similar as observed by Faegri and Iverson (1964) 

who found that grasses and cereals had predominantly granulate sculpturing. Nevertheless the 

taxonomic sign ificance of grass poll en is very li mited as demonstrated by Page ( 1978). This is 

also evident from table 7, which shows that at the tribe level on the basis of exine 

ornamentation and surface pattern, even if arranged in sequence, the tribes form no definite 

order. All types of surface pattern or exine ornamentations occur within the same tribe. All 

the three types of surface patterns i.e., closely, medium or widely spaced types are present 

within one tribe. However all the three types of surface patterns are helpful within the tribe at 

generic level, i.e., in the tribe Festuceae (3 genera, 8 species), closely spaced type scul pturing 

was observed except in Bromlls danthol/iae and Lolillm 11I11ltijlorillm which have widely 

spaced granule and medium spaced granule pattern respectively. Tribe AveIJeae (S genera, 7 

species) showing medium spaced type sculpturing except A/opercllrIIs myosufoides and 

Ph/eum pratel1se which have closely-spaced lype sculpturing. In tribes Trificeae, Sfipeae and 

Monermeae (one species each) medium spaced type sculpturing was present. In tribe 

Paniceae (10 genera, 17 species) with closely-spaced type sculpturing, except in Digilaria 

sanguinalis and Pmpa/lIm disfichillm which have medium-spaced type sculpturing and in 
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Digifaria bijormis which has widely space~type pattern. In tribe AJldropogolleae (8 genera, 10 

species) BOfhriochloa perfusa, DieGl/fhillm GlulIl/allllll, DieQl/lliilllll foveo /a/um, CluySOpOgOlI 

aucher; and Saccharum Spol1/Gl1eul1l have closely-spaced type sculpturing where as, 

Cymbopogoll schoellanf/Jus, Heferopogoll collfollrfll s, Imperala cylindrica and Sorghum 

halepellse have medium-spaced type sculpturing while Cymbopogoll jlexlloslIs has widely 

spaced type pattern. In tribe Arislideae (I genus, 2 species) Aristida adscensionis Aris/ida 

fimiculafa exhibit both closely spaced type and widely spaced type sculpturing. In tribe 

Eragrosteae (one species) Eragrostis minor and in tribe Anllldilleae (one species) Phragmilies 

allstralis show medium spaced type ornamentation. In t ribe Chlorideae (4 genera, 4 species) 

closely-spaced type sculpturing was present. 

Faegri & Inverson, 1964 divided pollen into shape classes spherical, prolate and oblate. 

In present invest igation it was found that in general, pollen are spheriodal, rarely oblate or 

ell ipsoidal. In Avena Itldoviciano, Avello sativa, Cll1ysopogoll allcheri, DicanlhilllJl 

joveolalllm, Oplismentls bllr",allnii, Parapholis slrigosa, Paspalidum jlavidum, Phlelll1l 

pratellse, Saccharum spollfallellf1l, setaria gklllca and Setaria pllmila, Sorghum halepellse 

and veliveria zizalloides have oblate pollens whi le AlopeclIl"IIs f1Iyosuroides, Bram"s 

catherliclIs, Heleropogoll cOIl/ollr/lfs, Lolium 1II1111iflorum, pell/lise/llm americallllfll, 

Phragmifies allstralis and Poa amllla have ellipsoid poll en gra ins. 

Operculate and non~operculate pollen gra ins were also found in all the tribes. 

However, at the generic level few genera like, Broflllls (4 species) Cymbopogoll (2 species), 

Paspalum (2 species) showed exclusively operculate pollen grains, in Digilaria (3 species) and 

Pel111isetll11l (2 species) exhibit non~operculate grains only. In other genera both operculate 

and non-operculate pollen grai ns were present within the same genus and in some cases are 

characterstics of species. It can be concluded that operculate and non-opercUlate pollen types 

are good characters which are helpfu l in some cases at specific level with in the Poaceac. II 

was observed that annu lus thickness has much variations in the family and an attempt was 

made to separate genera on the basis of this character. In stenopalynous fami ly a key based 

upon pollen morphology is not possible because several important pollen features repeat 

themselves in different genera and species. However the characters like those of aperture, 
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pore, exine ornamentation, shape and size are fixed and are of basic type in Grameneae the key 

formulated by using these characters is given at the end . Fina lly my result s (table 7) confirm 

the observation of Faegri and Iverson ( 1964) who found that wild grasses and cereals had 

predominantly granulate sculpturing and support and extend the observat ions of Qaiser & 

Siddiqui, (pers. communication) who divided the grasses 

proximity of granules 

into groups on the basis of 

(scabrae). 

The very objective of the present reseach work was pollen collection from more than 

60 allergy causing grasses, shrubs and trees, cultivated plants and ornamenta l flowers 

representing different families of Islamabad. I was assigned the poll en coll ection of more than 

50 allergy causing and other grasses of Islamabad. With the endeavour of this work coll ected 

poll ens were used for the preparat ion of permanent slides fo r light microscopic and scanning 

electron microscipic observations. In conclusion. thi s reserach project has helped in collection. 

identification and characterization of pollens causing allergy. With the help of thi s reserach 

project the specific pollen and plants of Poaceae causing allergy in Islamabad were indentified 

and pure pollens of allergy causing grasses to build up the pollen bank at National Institute of 

Health (NIH). This research work has contributed towards the preparation of standarized 

specific extracts in National Institute of Health (NIH) which would be made available to 

general publi c in future. It is hoped that with the help of thi s research work pollen all ergy 

diseases will be checked and ultimately cured in future. 
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Key to the Genera of the family Poaceae 

I a. Spikclets I-many fl owered, breaking up at mat urity above the ± 
persistent glumcs, or if fall ing ent ire then not 2-flowered with the 
upper floret bisexual and the lower male or sterile, spikelets usually 
laterally compressed or terete --------------------------.------------- 2 

2 •. 

2b. 

3 •. 

4 •. 

4b. 

3b. 

Sa. 

6 •. 

Mouth ofleafsheath without auricles, inflorescence a spike 
with the spikelets sunk in cavities in the rhachis-------------------

Mouth of the leaf sheath with auricles, inflorescence no t 
sunk in the cavities---------------------------------------------------

Ovary with a fleshy, hairy apical appendage, the styles 
arising from beneath it-----------------------------------~-~-~-~----

Inflorescence an open or contracted panicl e~--~--------~-~-~-~~-

Inflorescence a spike or raceme, spikelets solitary at the 
nodes of the rhachis, several flowered~~~~--~-~-~-~-~-~-~-~-~~-~-

Ovary somet imes hairy at the tip but without a fleshy hairy 
ap ical appendage, the styles terminal~-~-~~-------------------~-~-

Spikelets containing I-fertile floret , with or without I or 2 male 
or sterile florets below it or I or more above---~-~-~-~~~-~~~~~~ 

Inflorescence of racemes or so litary spikes with a digitate 
or scattered along the axis~-~-~-~-~--~-~--~~---~-~-~-~-~-~-~-~-~-~-

Parapholis 

3 

4 

Bromus 

Brachypodium 

5 

6 

Cynodon 

6b. Inflorescence a panicle, either open or contracted and sp ike- l i ke~-~ 7 

7a. Lemmas bearing a 3~branched awn ~~~~~~~-~-~~~~~~~-~~~-~-~----~ Aristida 

7b. Lemmas with unbranched awn or awnless---~-~---------~-~---- 8 

8a. Lemmas indurated at maturity, ifhyaline 2 stout scabrid brist les-- St ipa 

8b. Lemmas hyaline or membranous at maturity. not bilobed -~----- 9 

9a. Spikelets strictly I-flowered ------------~-------~-~----------------- 10 

lOa. Panicle very dense, cylindrical , spike~like or ovoid------~-------- 11 

l1a. Spikelets fa lling entire, glumes oft en connate below, lemmas 
usually awned, sometimes awnless, the margins often connate 
bel ow, pal ea absent ----------~-- .. -----~- ----------------------------- Alopecu ru s 
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II b. Spikelets breaking up above the persistent glumes, the latter 
free below, lemma awnless, the margins free, palea almost as 
long as the lenlma----------------------------------------------------

lOb. Panicle lax, if dense then lobed or interrupted -------------------

9b. Spikelets with more than I-floret although the 2 lowermost 
may be reduced to small chaffy scales at the base of the ferti le 

lemma ----------------------------------------------------------------

12a. Spikelets 3-fl owered, the 2 lowest florets male or steril e, 
fert il e, lemma indurated, shining, longer than the others, the 
latter reduced to small scales --------------------------------------

12b. Spikes 2-several fl owered, the lowest florets bisexual, the 
succeeding simi lar than the steril e --------------------------------

5b. Spikelets containing 2 or more ferti le florets -------------------

13a. Tal l reed-like grass with large plumose panicles ---------------

13b. Slender grass without large plumose panicles ------------------

14a. Lemmas 1-3 nerved, if5-nerved then plant producing 
cleistogamous spikelets from the lower sheaths ---------------

Phleum 

Polypogon 

12 

Phalaris 

Avena 

13 

Phragmites 

14 

15 

15a. Spikelels in open cont racted or spike-li ke panicles ----------- Eragroslis 

15b. Spikele1s sessi le or very shortly pedicelled loosely to 
densely imbricate in digitate or racemosely arranged spikes 
or spike-li ke racemes, very rarely in solitary spikes ----------- 16 

16a. Axis of the sp ikes terminating with a sharp point, upper glume 
mucronate or awned, spikes digitate --------------------------- Dactyloctenium 

16b. Axis and branches of the infl orescence ending in a spikelet ---

17a. $pikelets falling entire at maturity from the axis of st raight 
sp ikes, the latter numerous and crowded into a long narrow 
dense panicle, glumes I-nerved -----------------------------------

17b. Spikelets breaking lip at maturity, spikes few to several, 
persistent ---------------------------------------------------------

14b. Lemmas 5-many-nerved, if3 -nerved then lemma with a blunt 

17 

I?esmostachya 

Eleusine 

broadly hyaline tip ------------------------------------------------- 18 

18a. Lateral spikelets without a lower lemmas rounded on the back--- Lalium 
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ISb. AJI spikelets bearing both lower and upper glumes. infl orescence 
an open or contracted panicle, lemmas keeled on the back ------ Poa 

lb. Spikelets 2-flowered falling entire at maturity with the upper 
floret bisexual and the lower male or sterile and in the latter case 

.. often much reduced, spiketet s usually dorsally compressed ----- 19 

19a. Spikelets solitary rarely paired with the spikelets all alike, 
glumes usually membranous, the lower mostly smaller or 
sometimes suppressed, upper lemma papery to polished and 
stony usually awnless ----------------------------------------------- 20 

20a. Spikelets not subtended by bristles ------------------------------- 2 1 

2 1 a. Lower glume awned ----------------------------------------------- Opt ismenus 

2 1 b. Lower glume at most with a short awn-pointed --------------- 22 

22a. Upper lemma coriaceous to crustaceous with narrow inroll ed 
margins, clasping only on the edge of the palea --------------- 23 

23a. Lower glume absent ---------------------------------------------- Paspalum 

23b. Lower glume present --------------------------------------------- 24 

24a. Raceme mostly 4-rowed, the spikelets in clusters of2 or more 
spikelets, gibbously plano-convex, cuspidate to awned, upper 
lemma acute, muticous, upper patea acute with reflexed tip ---- Echinochloa 

24b. Racemes mostly l -2-rowed, the spikelets single or paired, 
rarely more---------------------------------------------------------- 25 

25a. Upper palea acute, it s tip reflexed, lower glume turned away 
fonn the rhachi s ----------------------------------------------------- Paspalidium 

25b. Upper palea obtuse, its tip erect not reflexed ------------------ 26 

26a. Upper lemma or most obscurely mucronu late spikelets obtuse 
to acute, lower glume upto half as long as spikelet, turned 
towards the rhachis ------------------------------------------------- Brachiaria 

26b. Upper lemma obtuse, with a mucro relatively larger, 0.3- 1.2 mm 
long, spikeJcts usually much exceeding the upper floret cuspidate 
to acuminate, lower glume turned away from the rhachis ------- Urochloa 

22b. Upper lemma cartil aginous, with thin flat margins covering most of 
the patea or even overlapping above it ---------------------------- Digitaria 

20b. Spikelets or some of them subtended by I-many bristles or 
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spInes ----------------------------------------------------------------- 27 

27a. Bristl es persisting on the axis often the spikelets have fallen --- Setaria 

27b. Bristles or spines falling with the spikelets ----------------------- 28 

28a. Involucral bristles free throughout ± filiform ------------------- Pennisetum 

2gb. Involucral bristles nattened and connate below, commonly 
forming a cup ------------------------------------------------------- Cenchrus 

19b. Spikelcts typically paired with one sessil e and the other pedicelled. 
Those of each pair usually di ssimilar rarely with the sp ikelet, all 
alike, glumes as long as sp ikelets enclosing the florets ± rigid and 
fi rmer than the hyali ne or membranous lemmas, upper lemmas 
oftcn with a geniculate awn ---------------------------------------- 29 

29a. Spikelets of each pair alike, at least one of them pedicell ed ---- 30 

30a. Panicle spike li ke silvery not obviously composed of raceme 
spike axis tough, both spikelets of a pair pedicell ed ------------ lmperata 

30b. Panicle open or cont racted if racemose, the component raceme 
distinct spike axis fragi le spikelets pcdicelled and sessile in 
each pai r ------------------------------------------------------------ S accharu m 

29b. Spikelets of each pair different, somet imes the pedicell ed much 
reduced or rarely suppressed, but then the spikelets all alike ---- 3 1 

31 a. Raceme arranged in a panicle with its common axis lager 
than the lowest raceme, not supported by spathe -------------- 32 

32a. Sessile spike1 ets dorsally compressed --------------------------- Sorghum 

32b. Sessile spikelets laterally compressed, or tcrete ---------------- 33 

33a. Raceme reduced to one sessile and or two addit ional pairs below Chrysopogon 

33b. Raceme composed of many pairs or spikelets ------------------ Vet iveria 

31 b. Raceme soli tary paired or subdigitate often supported by spathe 34 

34a. Awn from the sinus of the two toothed fertile lemma or if lemma 
awnless then raceme reduced to a three hcteromorphs spikelets 
endosed in a spathe. Leaves more or less aromatic upon crushing--- Cymbopogon 

34b. Awn form the tip of the narrow fertile lemma or if lemma awnless 
then raceme with all envolucre composed of two homogamous 
pairs of spike lets. Leaves not aromatic ---------------------------- 35 
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35a. Callus pungent, awn large twisted into a bundle at the tip 
of racenle ------------------------ ------------ -- -- ---------------------- Heteropogon 

35b. Callus obtuse, awn small and not twisted -------------------------- 36 

36a. Joints of the pediceUed with a longitudinal furrows -------------- BOlhriochloa 

36b. Joints of the pedicell without a translucent furrow --------------- Dicanthium 
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Key to genera and species based on palynological characters of the 
family Gramineae 

1 a. Psil ate~cl oudy psilate 

2a. Pore ~ 2 . 0~lm (diameter) 

3a. Annulus 1 . 5 ~lm wide 

4a. Ectoporus, non-operculate, 18-241im . 

4b. Endoporus, operculate, 2 1 -24 ~ll1l ........... ... . 

4c. EClOPO rus, operculate. 26-33~lm ....... .... ... .. 

4d. Ectoporus, non-operculate, 28-32).tm ....... . . 

2b. Pore 2.0 or > 2.0J.l.m 

3b. Annulus > 1 . 5 ~lm 

Sa. EctoponJs, non-operculate, 2 1-26~lm ......... . 

5b. Ectoporus, non-operculate, 22-30J..un ......... . 

Sc. Ectoporus. operculate, 23-291-1111 ...... ... ... ... . 

5d. Ectoporus, non-operculate, 25-32).lm ......... . 

Se. Endoporus, non-operculate, 1 8-24 ~lrn .. ...... . 

Sf. Ectoporus, non-operculate, 34-371-1m 

l .h. Granulate, scabrate or verrucate 

6 • . Pore 1.5-2. 0~tm 

7 • . Annulus O. 5-2 . 0~tm 

8a. Endoporus, non-operculate. 20-25J.lm ........ . 

8b. Ectoporus. operculate, 20-35J.lm .. .......... .. . 

Se. Endoporus, operculate, 2 1 -26~lm ............. . 

8d. Ectoporus, operculate, 22-27pm .............. . 

8e. Ectoporus, operculate, 22-28~lm .............. . 

Sf. Endoporus, operculate, 22-28~11ll ............. . 

8g. Endopol1ls, operculate, 22-28~un ............ . 

8h. Ectoporus, operculate, 24-28~un ....... .. ... . 
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Echinochloa colonum 

Desl1lostachya bipinnata 

Parapholis st rigosa 

Dicanthium annulatum 

Cyanodon dactylon 

Digitaria biformis 

Oplismenus bunnannii 

Paspalidium flavidum 

Cymbopogon flexuosus 

Cenchrus peniscti forl11i s 

Poa nermoralis 

Dactyloctenium aegyptium 

Eragrostis minor 

Eleusine indica 

Phleum himalaccum 

Poainfinna 

Polypogon Illonspeliensis 

Vetiveria zizanoides 



Si. Ectoporus, non-operculate, 22-2S I-1I11 ... .... . 

Sj . Ectoporus, operculate, 25-2S~lm .............. . 

Sk. Endoporus, operculate, 26-29~lm ........... .. 

SI. Ectoporus, non-operculate, 26-3 1J.lm ....... . 

Sm. Endoporus, operculate, 27-3 1 ~lm .......... .. 

Sn. Ectoporus, non-operculate, 27-36J.lm ...... . 

So. Ectoporus, operculate, 27-3 S~tm .... ....... .. 

Sp. Ectoporus, operculate, 2S-37J.lm ........... .. 

Sq. Ectoponls, operculate, 29-36~lm ............ .. 

Sr. Endoporus, non-operculate, 30-36J.lm ...... . 

Ss. Ecto porus, non-operculate, 30-3 6~lm ...... .. 

Sdd. Ectoporus, operculate, 30-37 ~1111 ............ . 

St. Ectoporus, operculate, 25 -32~tm .......... ... .. 

Su. Endoporus, operculate, 3 1-34~lm ........... .. 

Sv. Endoporus, operculate, 32-34~lm .......... . 

Sw. Ectoporus, operculate, 32-36J.l111 ........... . 

Sx. Endoporus, operculate, 32-37J.lm .......... .. 

Sy. Ectoporus, non-operculate, 32-37~tm ... .. .. 

Sz. Endoporus, operculate, 33-39J..lm ........... .. 

Saa. Ectoporus, operculate, 35-42 ~lm ........... . 

Sbb. Ectoporus, operculate, 37-42J.lm ......... .. 

Scc. Ectoporus, non-operculate, 3S-44~lm .... .. 

6b. Pore 2-3~lm 

7b. Annu lu s>2 .0~lm 

9a. Ectoporus, non-operculate, 21-26J.lm ....... . 

9b. Endoporus, non-operculate, 25-34J.l111 ... .. .. 

9c. Endoporus, operculate, 29-34~tm ............ .. 

9d. Ectoporus, operculate, 30-35 ~lm ............. . 

9f. Ectoporus, operculate, 32-36~un ............ .. 
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Arist ida funi culata 

Urochloa panico ides 

Phleum pratense 

Alopecurus myosuroides 

Pc a annua 

Saccharum spontaneum 

Imperata cylind rica 

Lolill m Illuhi flonllll 

Digitaria nodosa 

Digitaria sanguinalis 

Pennisetum americanum 

Cymbopogon schoenanthus 

Paspalum dilatatum 

Bromus japonicus 

Paspall1m distichium 

Bromus pectinatus 

Bromus dan thoniae 

Chrysopogon au cheri 

Aristida adscensionis 

Setaria glauca 

Phalaris minor 

Heteropogon contourtus 

Brachiaria eruci formis 

Slipa splendens 

Brachypodium di stachyon 

Brachiaria di stachya 

Bromlls catherti cus 



9g. Endoporu s, operculate, 32-39~lm ........... . 

9h. Ectoporus. non-operculate, 33-36~lm ..... . 

9i. Ectoporus. operculate, 35-43 ~un ............. . 

9j . Ectop0nlS, operculate, 38-42J.1m ............. . 

9k. Ectoporus, non-operculate, 39-82~lm ..... . 

91. Endoporus, operculate, 40-49~lm ............ . 

901 . Ectoporus, non-operculate, 47-55~lm .... . 
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Dicanthium foveolatum 

Pennisetum lanatum 

Phragmites australis 

Avena ludoviciana 

Sorghum halepense 

Setaria pumiia 

Avena sativa 



Table 8 

List of Specimen Examined for Identification of the Taxa Studie 

Taxon Specimen Locality District Collected by Determined by 
No. 

Alopecurus 824 (88809) Nwansher Hazara Muqarrab Shah Tanveer Akhtar 
myosuroides Chak Shazad Islamabad Mohammad Azam Mir Ajab Khan 

Aristida 1892 (57667) Sahensa Kotli Shazad & Nasir Tanveer Akhtar 
adscensionis 516 (31236) Mach Ba1uchinstan Iqbal Dar & M. Arif Tanveer Akhtar 

(15786) University Islamabad Manzoor M. Javaid Tanveer Akhter 
Campus " Mohammad Azam Mir Ajab Khan 
" 

Aristida 1336 (72310) Balakot Monshera Mir Ajab Khan Tanveer Akhtar 
funiculata 1572 (68845) Joora Muzzaffarabad Shahzad Tanveer Akhtar 

78 Dhoke Habib Rawalpindi Sarfraz Khan & Tanveer Akhtar 
University Islamabad M.Akhtar Mir Ajab Khan 
Campus Mohammad Azam 

Avena 65 (48873) Panjar Rawalpindi Manzoor & Ashraf Tanveer Akhtar 
ludoviciana 200 (88804) Gali Jagir Campballpur Shahzad A Maqsood A Tanveer Akhtar 

445 (53598) Shah sadarudin D.G. Khan Saboor Lodhi & Nasir A. Tanveer Akhtar 
Near Foreign Islamabad Mohammad Azam Mir Ajab Khan 
Office 

A vena sativa 591 (04676) C.D.A Nursary Islamabad Arif and Mehmood Tanveer Akhtar 
846 (47890) Chak No.8 Sargodha Mir Ajab K. & M. Ashraf Tanveer Akhtar 
270 (43087) Kala Shah Ka.lru Lahore Maqarrab Shah & Ayaz " 

Chak Shahzad Islamabad A: Mir Ajab Khan 
Mohammad Azam 

Bothriochloa 8430 Zurich Switzerland K.U. Kramer -
pertusa (122748) University Islamabad Mohammad Azam Mir Ajab Khan 

Campus 
Brachiaria 32 (63193) Margalla Hills Islamabad Nasir & Ayaz Tanveer Akhtar 
distachya 737 (33341) Jagir Kaghan Hazara Shaukat & Nasir Tanveer Akhtar 

(41471) Valley Swat Dilawar & Naeem Shah " 
Aligai Islamabad Mohammad Azam Mir Ajab Khan 
University 
Campus 

Brachiaria 519 (61370) Spcenmam N. Waziristan Hafcezullah & Ayaz Tanveer Akhtar 
eruciformis 116 (61388) Manzai D.I.Khan " ., 

(30894) Quetta Quetta AR. Baig " 
University Islamabad Mohammad Azam Mir Ajab Khan 
Campus 

Brachypodiu11'1 1861 Anavryta State Attika Ph. Ch. L. Leutweinde- -
distachyon (123266) Fellendeg 

Below khuzareb Hunza M.N. Chaudhry & Mir A -
372 (122765) top Islamabad Mohammad Azam Mir Ajab Khan 

Zero Point 

Bromus 79 (31397) Company Bagh . Rawalpindi Shahzad & Ashraf -
catherticus Aabpara Islamabad Mohammad Mir Ajab Khan 
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Bromus 553 (31379) Urral< to Hanna Quetta Baldar & Ashraf Tanveer Akhtar 
danthonioe 974 (53705) Hazarganja Kalat Manzoor & Maqsood " 

360 (53647) Staff College Quetta " " 
Quetta Islamabad Mohammad Azam Mir Ajab Khan 
Aabara G-6 

Bromus 143 (88863) Bakot Hazara Shahzad Iqbal Tanveer Akhtar 
japonicus 824 (48968) Pista Khara Peshawar Muqarrub & Ayaz A. " 

757 (31052) Lawrancepur Campbellpur M.N. Chaudhry " 
University Islamabad Mohammad Azam Mir Ajab Khan 
Campus 

Bromus 291 (107227) Margalla Hills Islamabad Tanveer & Khalid -
pectinatus 126 (104457) Aabpara " " Dilawar 

- Aabpara " Mohammad Azam Mir Aiab Khan 
Cenchrus 77 (76586) Sector F -6/2 Islamabad Manzoor & Dilawar Tanveer Akhtar 
penisctiformiS, 2377 (31200) Muzzaffarabad Muzzaffarabad Jan Mohammad " 

84 (70381) National Park Rawalpindi Arif, Afzal & Khan " 
- University Islamabad Mohammad Azam Mir Ajab Khan 

Campus 
Chrysopogon 27 (33309) Margalla Hills ~'lwalpindi Ashraf & Maqsood -
aucheri 83 (57201) Chaman Kot Poonch (A.K) Shahzad, Nasir & -

78 (73615) Gujar Khan Rawalpindi Zulfiqar -
- University Islamabad Manzoor & Ayaz Mir Ajab Khan 

Campus Mohammad Azam 
Cymbopogon (36640) Islamabad Islamabad M. Ashraf & Sarfaraz Tanveer Akhtar 
flexuosus 56 (40085) Peshawar Road Rawalpindi Ashraf, Manzoor & " 

424 (36611) Muzzaffarabad Muzzaffarabad Maqsood " 
- Staff Colony Islamabad Ch. Jan Mohammad Mir Ajab Khan 

Mohammad Azam 
Cymbopogon (04739) Ayub Park Rawalpindi Nasreen Shaft -
schoenanthus (107244) Zero Point Islamabad Tanveer, Khalid & -

- University " Dilawar Mir Ajab Khan 
Campus Mohammad Azam 

Cyanodon (102047) Saidpur Islamabad Ashraf & Maqsood Tanveer Akhtar 
dactylon 269 (110912) Margalla Hills Poonch (A.K.) Bashir Ahmed & Javaid " 

49 (44297) Hajira Loralai Iqbal Dar & Ashraf " 

- Near Govt Islamabad Mohammad Azam Mir Ajab Khan 
College 
University 
Campus 

Dactylocteni- (04554) Margalla Hills Islamabad Faiqah, Rizwan, Afzal, Tanveer Akhtar 
urn 32 (40064) Pind Dadan Jhelulll etal " 

aegyptium 683 (05058) Khan Swat M.A. Siddiq, M. Akram " 

- Nawe Rali Islamabad Muqarrab, Manzoor, Mir Ajab Khan 
Sector G-8 Javaid 

Mohammad Azam 

Demostachya 108 (45682) Yasman Bahawalpur Mir Ajab Khan & Tanveer Akhtar 
bipinnata 2157 (81365) Burhan Attock Manzoor " 

312 (110949) Zero Point Rawalpindi Shahzad Iqbal & Nisar " 

- Zero Point Islamabad Dilawar, Nisar & Khalid Mir Ajab Khan 
Sector G-8 Mohammad Azam 

Dicanthium 600 (39718) Kahotti Rawalpindi Shahzad, Arif & -
annulatium 1458 Near Aabpara Islamabad Manzoor -

(107234) Chichi an Mirpur (A.K.) Khalid & Javaid -
952 (53601) Near France Islamabad Shahzad & Arif Mir Ajab Khan 

- Embassy Mohammad Azam 
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Dicanthium (5737) Dhokri Murree Islamabad A. Siddiqui & A. -
foveolatum 22 (94357) Road " Chaudhry -

- Sector G-6/4 " Akram & Maqsood Mir Ajab Khan 
Sector G-6/3 Mohammad Azam 

Digitaria 1425 (36530) Kotherian Hazara Shaukat & Nisar Mrs Tanveer 
biformis 53 (65652) Sector H-9 Islamabad Nisar & Ayaz Akhtar 

37 (70341) University " " " 
- Campus " Mohammad Azam " 

University Mir Ajab Khan 
Campus 

Digitaria 11 58 (49009) Kuthwai Sargodha Mir Ajab Khan Mrs Tanveer 
nodQsa 325 (04672) Miesriot Dam Rawalpindi Iqbal Dar & Anjum Akhtar 

1172 (31822) Dodar Hazara Shaukat & Nisar " 
- University Islamabad Mohammad Azam " 

Campus Mir Ajab Khan 
Digitaria 88 (15905) Muzzaffarabad Muzzaffarabad Jan Mohammad Tanveer Akhtar 
sanguinalis - University Islamabad M. Arif & Nisar Ahmed " 

- Campus " Mohammad Azam Mir Ajab Khan 
University 
Campus 

Echinochloa 58 (65648) Sector H-9 Islamabad Nisar & Ayaz Tanveer Akhtar 
colonum (30953) Ayun Chitral A.R. Baig " 

4197 (36616) Muzzatfarabad Muzzatfarabad Jan Mohammad " 
- Sector H-8 Islamabad Mohammad Azam Mir Ajab Khan 

Echinochloa 20 (65693) Rawal Dam Islamabad Arif& Akram Tanveer Akhtar 
crus-galli 1139 (3181 5) Balokaii Hazara Shaukat & Nisar " 

125 (39666) Chonak Skardu Awalkat S. & Ishrit " 

- Near Super Islamabad Mohammad Azam Mir Ajab Khan 
Market 

Eleusine 610 (104571) Stream near Islamabad Nisar, Wali & Dilawar -
indica 46 (73 584) Aabpara " Akram, Dilawar -

292 (536 12) Mallpur Bannu Hafizullah & Dilawar -
- Shahbazabad Islamabad Mohammad Azam Mir Ajab Khan 

Sector F-6/2 
Eragrostis 36 (15769) Near Russian Islamabad Ashraf & Manzoor H. -
minor 32 (65708) Embassy " Manzoor & Nisar -

634 (112077) Margalla Hills Bannu M. Zubair & Saeed -
- Lakki Islamabad Mohammad Azam Mir Ajab Khan 

University 
Campus 

Heteropogon 21 (65788) University Islamabad Manzoor & Maqsood Tanveer Akhtar 
contourtus 334 (15872) Campus Muzzaffarabad N. Chaudhry & A. " 

1265 (70351) Muzzaffarabad Quetta Siddiqui " 
- Kastrilla Station Islamabad Mansoor & Maqsood Mir Ajab Khan 

University Mohammad Azam 
Campus 

Imperata 10 10 (94369) Loon Bagha to Muzzaffarabad Shahzad Iqbal & Nisar -
cylindrica 48 (94491) Chitar Islamabad Dilawar & Arif -

120(31161) Margalla Hills " Manzoor & Maqsood -
- Zero Point " Mohammad Azam Mir Ajab Khan 

Near France 
Embassy 

Lolium (37847) Dungian Muzzaffarabad Jan Mohammad Tanveer Akhtar 
multiflorum 697 (39722) Nursary " Shahzad, Jan M. & " 

- Gharda Hills Islamabad Dilawar Mir Ajab Khan 
Near NIH Mohammad Azam 
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Oplismenus 53 (15826) Murree Rawalpin M. Ashraf & Sarfraz -
burmannii 137 (102326) Sector F -6/2 Islamabad Khan Tanveer Akhtar 

" " Nisar & Dilawar Mir Ajab Khan -
Mohammad Azam 

Parapholis 
strigosa 
Paspalidium 87 (70380) National park Rawalpindi Arif, Afzal & Akram Tanveer Akhtar 
flavidum 2 (63185) Margalla Hills Islamabad Nisar & Ayaz " 

123 (84921) USA Emabassy " Arif & Nisar Abbas " 
- University " Mohammad Azam Mir Ajab Khan 

Campus 
Paspalum (04833) Company Bagh Rawalpindi Mohammad Arif Tanveer Akhtar 
dilatatum 7 (94379) Sector F-6/3 Islamabad M. Ayaz Abbassi -

- SBC " Mohammad Azam Mir Ajab Khan 
Paspalum (04574) Sector F -7 /2 Islamabad Arif & Manzoor Tanveer Akhtar 
distichium 32 (39725) Mughal Gardan Rawalpindi Ashraf, Manzoor & " 

302 (2337) National park " Maqsood " 

- Sector G-7/2 Islamabad Arif and Akram Mir Ajab Khan 
Mohammad Azam 

Pennisetum 65 (65665) Dhoke Habib Rawalpindi Sarfaraz & M. Akram Tanveer Akhtar 
americanum (15655) Sector G-6/2 Islamabad Rizwana & Fiqah " 

1302 (72322) ChaHar Rawalpindi Manzoor & Maqsood " 
- SBC Islamabad Mohammad Azam Mir Ajab Khan 

Pennisetum 459 (05018) Uthror NWFP Muqarrab Shah & Tanveer Akhtar 
lanatum (97062) Changmachan Skardu Manzoor " 

- Zero Point Islamabad Mir Ajab & Nisar Mir Ajab Khan 
Mohammad Azam 

Phalaris 797 (04875) Rawal Dam Islarr,abad Manzoor & 1. Akhtar Tanveer Akhtar 
minor 142 (13216) University " Manzoor & Maqsood " 

981 (48922) Campus Mirpur (A.K.) Shahzad & Arif " 
- latIan Islamabad Mohammad Azam Mir Ajab Khan 

Zero Point 
Phleum 1064 Dawanian Muzzaffarabad Shahzad, Iqbal & Ayaz Tanveer Akhtar 
himalaccum (100353) Dadar Hazara Muqarrab & Ayaz " 

(49012) Sector G-7/2 Islamabad Mohammad Azam Mir Ajab Khan 

-
Phleum 972 (57690) Rambur Chitral Muqarrab & Dilawar Tanveer Akhtar 
pratense 33 (31046) Monshera Hazara Shaukat & Nisar " 

· Near Aabpara Islamabad Mohammad Azam Mir Ajab Khan 

Phragmites (15653) University Islamabad Nisar & Javaid -
australis 41 (75350) Campus " Manzoor & Afzal -

Air Port " Mohammad Azam Mir Ajab Khan · 
University 
Campus 

Poa annua 273 (104528) Rawal Dam Islamabad Nisar, lavaid & Saeed -
288 (15676) Ayub park Rawalpindi M. Arif & Nisar -
- Near Aabpara Islamabad Mohammad Azam Mir Ajab Khan 

Poa infirma 240 (110960) American Islamabad Nisar, Khalid & Dilawar -
5 (89320) Embassy Rawalpindi Ayaz & Wali -
- National Park Islamabad Mohammad Azam Mir Ajab Khan 

University 
Campus 

Poa · University Islamabad Mohammad Azam Mir Ajab Khan 

nemoralis Campus 
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Polypogon 28 (309990) National Park Rawalpindi Iqbal & Ashraf, Maqsood Tanveer Akhtar 
monspeliensig 1398 Margalla Hills Islamabad Wali & Nisar " 

(107252) Katas Raj lhelum M.N. Chaudhri " 
253 (04732) University Islamabad Mohammad Azam Mir Ajab Khan 

- Campus 
Saccharum 10 (65704) University Islamabad Maqsood & Manzoor -
spontaneum 374 (102356) Campus " Nisar & Dilawar -

368 (74301) Bara Kahu N. Waziristan Hafizullah & Ayaz -
- Shawider Islamabad Mohammad Azam Mir Ajab Khan 

University 
Campus 

Setaria 23 (63240) University Islamabad Manzoor & Arif Tanveer Akhtar 
glauca 8 (701388) Campus Rawalpindi Maqsood & Dilawar " 

- Mughal Gardan Islamabad Mohammad Azam Mir Ajab Khan 
University 
Campus 

Setaria (97103) Peshawer More Islamabad Maqsood & Dilawar -
pumila 792 (94430) Zero Point " " -

1528 (94456) Kharaian Hazara Chaudhry, Rizwana, -
- University Islamabad Tanveer Mir Ajab Khan 

Campus Mohammad Azam 
Sorghum - University Islamabad Mohammad Azam Mir Ajab Khan 
halepense Campus 
Stipa - University Islamabad Mohammad Azam Mir Ajab Khan 
splendens Campus 
Urochloa - " " " " 
panicoides 
Vetiveria - " " " " 
zizanoides 
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