
Introduction

Grasses belong to the family Poaceae or Graminae 
which is economically the most important family 
of flowering plants consisting of about 700 genera,  
55 tribes and 11000 species [1]. Grasses are widespread 
in their distribution and occupy a wide range of habitats 

as compared to other plants, such as tropical, sub-
tropical, temperate, humid and warm climates [2]. They 
are economically the most important group of flowering 
plants on the earth’s surface by providing more than 
half of protein and three quarters of energy for the 
human consumption [3]. They are also major source of 
food for domesticated animals and wildlife [4].

Grasses have a great potential to survive in varying 
environmental conditions because of their adaptive 
features according to the habitat [5]. Grasses are vital 
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Abstract

Grasses are of great importance for sustainable food production in different ecosystems. Leaf 
anatomical studies of grasses are the indicator for adaptation of grasses in different areas of the world. 
The present research study was conducted to evaluate the diversity of leaf anatomical adaptations in 
different grass species from Faisalabad region in Pakistan. Thicker epidermis in Paspaledium flavidium, 
Setaria pumila and Eleusine indica is the adaptation to survive under water stressed environments 
such as drought and salinity. Larger cortical cell area in Setaria verticillate, Digitaria sanguinalis and 
Eleusine indica is a sign of their wide distribution in a variety of environmental conditions. Eragrostis 
tenella and Desmostachya bipinnata with significantly larger vascular bundle is the better adaption to 
a variety of environments. Different species of grasses showed variable responses in their anatomical 
characters. These variations help to evaluate the adaptation of grasses in varying climatic conditions 
and their ability to tolerate abiotic stress (i.e., drought and salinity) which are common in this region in 
natural habitats of grasses.
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component of biodiversity because they provide habitat 
for many insect and bird species, maintain complicated 
food chains and food webs by acting as primary 
producers of ecosystem, increase land durability and 
fertility and control soil erosion [6].

Poaceae family shows great diversity in anatomical 
characteristics than any other family and gives valuable 
information about those anatomical characters that 
are important taxonomically [7]. Leaf anatomical 
characteristics such as leaf thickness, sclerification in 
leaves, trichomes, bulliform cells, presence of bundle 
sheath, number of vascular bundles ,size of vascular 
tissue and stomatal size and density are quite responsive 
to different climatic conditions. Hence these characters 
can be considered as potential indicators of different 
environmental stress like drought and salinity [8, 9].

Pakistan has diverse climatic conditions ranging 
from semi humid and humid in north to dry and 
semi dry in west with wide range of variations in 
temperature and rainfall pattern. As population of 
Pakistan is increasing tremendously and its food 
resources are decreasing continuously at alarming 
stage [6]. Therefore, maintenance of natural ecosystem 
is becoming difficult by the day, and ensuring a 
sustainable ecosystem is in great jeopardy as climate 
directly effects on all plant characters [10]. Therefore, 
exploring natural grasses for their potential anatomical 
features are necessary to utilize vast natural diversity 
of family Poaceae for their suitability to support natural 
flora and fauna. Faisalabad is a highly industrialized 
city of Pakistan, with low rainfall and warm climatic 
conditions. Faisalabad is situated outside the tropics 
with altitude 184.4 m, latitude 31º26 and longitude 
71º06 [11]. The saline soil conditions of Faisalabad 
put increasing pressure on grass habitats. Therefore, 
present study was designed to explore the adaptability 
potential of family Poaceae in subtropical conditions of 
Faisalabad region.

Material and Methods 

A comprehensive field survey was carried out in 
Faisalabad and its adjoining districts where frequent 
field visits were planned to collect leaf samples of 
different grass species for comparative leaf anatomical 
character evaluation. 1 cm leaf sample was taken from 
center along with the midrib and these samples were 
immediately preserved in formalin acetic acid alcohol 
(formalin 10%, acetic acid 5%, distilled water 35% and 
ethyl alcohol 50%) for 48 hours. Samples were then 
shifted to acetic alcohol solution (ethanol 75 % and 
acetic acid 25 %) for permanent preservation.

For the preparation of permanent slides, thin sections 
of preserved plant material were obtained by free hand 
sectioning. Double stained technique (safranin and fast 
green) was used to study various leaf cells and tissues 
[12]. Anatomical photographs were taken with camera-
equipped microscope (Nikon 104, Japan) and data was 

recorded for various parameters like leaf thickness, 
size of dermal tissue, vascular tissue, parenchymatous 
and mechanical tissue. The data recorded for various 
parameters were analyzed statistically by using ANOVA 
[13].

The following formula was used for the area 
calculation of different cells and tissues: 

Area = maximum length × maximum width 
× 22/28                             (1)

Results

Various leaf anatomical features were studied 
during the investigation. The analysis of variance 
regarding midrib thickness showed that significant 
differences exist among different species of grasses. 
Maximum midrib thickness was observed in Setaria 
verticillate, Setaria viridis, Paspaledium flavidium 
and Setaria pumila. Comparatively less midrib 
thickness was noticed in Leptochloa fascicularis and 
Leptochloa panicea. Desmostachya bipinnata showed 
maximum lamina thickness followed by Eragrostis 
tenella and Paspaledium flavidium. Minimum value 
of lamina thickness was found in Leptochloa panicea 
while other species showed no significant difference. 
Maximum adaxial epidermis thickness was observed 
in Echinocloa clona closely followed by Paspaledium 
flavidium, Eleucine indica and Paspalum longifolium. 
A significant increase in abaxial epidermis thickness 
was observed in Paspaledium flavidium while remaining 
species showed variation in this character (Fig. 1). 

Statistical analysis revealed that significant variations 
exist in cortex thickness of different grasses. Setaria 
viridis showed comparatively higher cortex thickness 
while cortex thickness was minimum in Leptochloa 
panicea, Eragrostis minor and Eragrostis tenella. The 
highest value of cortical cell area was noticed in Setaria 
verticillate, Digitaria sanguinalis and Eleusine indica. 
Smallest value of cortical cell area was observed in 
Leptochloa panicea, Eragrostis tenella (Fig. 2).

Sclerenchyma thickness also showed significant 
variation in different species of grasses. The maximum 
value of sclerenchyma thickness was revealed in 
Desmostachya bipinnata while minimum value of 
sclerenchyma thickness was observed in Dactyloctenium 
aegyptium and Digitaria sanguinalis. Data regarding 
bundle sheath area showed highest value in Eragrostis 
tenella followed by Eleusine indica. In the remaining 
species significant difference was not observed.(Fig. 2). 

Epidermal cell area on both adaxial and abaxial 
surface was observed maximum in Paspaledium 
flavidium and Setaria pumila and minimum in Imperata 
cylindrica, Panicum antidotale and Desmostachya 
bipinnata. Vascular bundle area showed a significant 
increase in Eragrostis tenella and Desmostachya 
bipinnata and significant decrease was recorded in 
Digitaria adscendens, Eragrostis minor, Leptochloa 
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panicea and Leptochloa fascicularis. The significantly 
higher metaxylem area was recorded in Eragrostis 
tenella. Minimum value of this character was observed 
in Leptochloa panicea, Digitaria adscendens and 
Imperata cylindrica (Fig. 3). Maximum phloem area 
was noted in Desmostachya bipinnata while minimum 
value of this character was found in Eragrostis 
minor, Paspalum flavidium, Setaria viridis, Digitaria 
adscendens and Digitaria sanguinalis (Fig. 4). 

Higher bulliform cell area was noticed in Eragrostis 
tenella while minimum bulliform cell area was observed 
in Panicum antidotale, Cenchrus pennisetiformis, 
Imperata cylindrica and Cenchrus setigerus. In the 
remaining species there is no significant difference in 
the bulliform cell area (Fig. 4). 

Discussion

The study of anatomical traits is of great significance 
for taxonomists and ecologists as it provides all  

the necessary information to resolve the problem of 
closely related species and their adaptive characters in 
different regions of world. Plant anatomical features 
mainly varied according to environmental conditions 
[14]. The results of the present study highlight 
anatomical variations in different grass species which 
enable them to survive in varying environmental 
conditions.

Thick epidermis is a valuable trait in checking water 
loss during limited moisture availability [15]. Thick 
epidermis was observed in Paspaledium flavidium, 
Setaria pumila and Eleusine indica indicating that these 
species have better adaptability potential to survive 
under drought and salinity by playing a significant role 
in evapo-transpirational loss through leaf surface [16]. 
The results of the present investigation are according 
to many earlier studies [15, 17]. Thick epidermis act as 
a barrier for preventing water loss thus help in water 
conservation [18, 19] hence grasses can survive under 
stress condition as well. An increase in epidermal 
thickness has been reported due to increased salinity in 

Sr. No Species Vernacular Name Place of collection

1 Cenchrus setigerus Birdwood grass PFRI, Gatwala

2 Cenchrus pennisetiformis Buffel grass PFRI, Gatwala

3 Digitaria sanguinalis Hairy finger-grass UA, Faisalabad

4 Digitaria adscendens Tropical crabgrass PFRI, Gatwala

5 Setaria verticillata Hooked bristle grass UA, Faisalabad

6 Setaria viridis Green bristle grass UA, Faisalabad

7 Setaria pumila Cattail grass UA, Faisalabad

8 Paspalum paspaloides Knotgrass PFRI, Gatwala

9 Paspalidium flavidum Yellow water crown grass PFRI, Gatwala

10 Imperata cylindrica Cogon grass UA, Faisalabad

11 Sorghum halepense Johnson grass UA, Faisalabad

12 Leptochloa panicea Thread sprangletop Satiana

13 Echinochloa colona Jungle rice Satiana

14 Eleusine indica Goose grass Samundri

15 Dactyloctenium aegyptium Crowfoot grass Tandlianwala

16 Panicum antidotale Blue panic grass Tandlianwala

17 Dichanthium annulatum Kleberg bluestem PFRI, Gatwala

18 Eragrostis tenella Bug’s egg grass UA, Faisalabad

19 Paspalum longifolium Paspalum UA, Faisalabad

20 Desmostachya bipinnata Halfa grass UA, Faisalabad

21 Eragrostis minor Cane grass Dijkot

22 Leptochloa fascicularis Bearded sprangletop Dijkot

Punjab Foresty Research Institute (PFRI), Gatwala, University of Agriculture (UA), Faisalabad

Table 1. List of some species of grasses used for leaf anatomical studies from the Faisalabad region.



Rafique T., et al.5704

Fig. 1. Leaf anatomical characteristics of some species of family Poaceae from Faisalabad region.

Fig. 2. Leaf anatomical characteristics of some species of family Poaceae from Faisalabad region.
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Ziziphus cultivars [20]. Leaf thickness is also helpful in 
storing water due to the succulent structure of leaf [21]. 
In the present study this feature was more prominent 
in Setaria verticillata, Paspaledium flavidium and 
Setaria viridis. This significant feature plays vital role 
in the survival of grass species residing in different 
environmental conditions [22].

Leaves have direct exposure to external 
environments therefore they are more responsive to 
different abiotic stresses than any other plant organ. 
[23]. Maximum midrib thickness was observed in 

Setaria verticillate, Setaria viridis, that is due to 
increased proportion of cortical tissue. Cortical tissue 
in leaf performs the function of water storage under 
unfavorable environmental conditions [24] thus larger 
cortical cell area helps the plant to survive during 
harsh climatic conditions by storing water [25]. 
Maximum cortical cell area was noted in Setaria 
verticillate, Digitaria sanguinalis and Eleusine indica 
that indicates their better adaptability in a varying 
environmental condition especially in drought [26]. 
Increased sclerenchyma thickness in leaves provides 

Fig.3. Leaf anatomical characteristics of some species of family Poaceae from Faisalabad region

Fig. 4. Leaf anatomical characteristics of some species of family Poaceae from Faisalabad region.
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resistance to water loss by playing a key role in water 
conservation [27] and gives strength and protection to 
plant tissues [28]. Maximum sclerenchyma thickness 
in Desmostachya bipinnata and Imperata cylindrica 
are expected to be adapted to adverse environmental 
conditions and prevents soft tissue from collapsing [29]. 
It has been reported that increased sclerification is an 
important feature of most salt tolerant species including 
Aeluropus lagopoides [30, 31].

The bundle sheath cells play a key role in CO2 
conductance because larger bundle sheath cells assist 

in increasing photosynthesis and hence improve salt 
tolerance. In the present study maximum bundle 
sheath area was recorded in Eragrostis tenella and 
Eleusine indica. Such adaptations were considered 
of significant importance and already observed in 
Spartina alterniflora [32]. Similar results were reported 
in Cynodon dactylon collected from Salt Range in 
Pothwar region of Pakistan where more bundle sheath 
thickness was observed in higher salinity level [33]. 
Vascular bundles are the crucial component of plant 
anatomy as they directly related to efficient transport 

Fig. 5. Transverse section of leaf anatomical characteristics of some grasses from the Faisalabad region.
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of water and nutrients from the soil and considered of 
great importance under low moisture availability [34]. 
Any fluctuation in their number or area could minimize 
the conduction of photosynthates and solutes [35]. 
Large sized vascular bundle was observed in some 
saline tolerant genotypes of Ziziphus species [20]. Lager 
vascular bundle particularly with large metaxylem 
vessels in Eragrostis tenella and Desmostachya 
bipinnata is the crucial adaption to water stressed 
conditions and responsible for better conduction of 
water and nutrients [36].

Well-developed bulliform cells in the upper 
epidermis play a significant role in water conservation 

as these cells are involved in leaf rolling under drought 
conditions [37, 38]. Bulliform cells reduce the rate of 
light absorption and transpiration by minimizing direct 
stomatal exposure to external environments and these 
are found in many plant families such as Poaceae, 
Juncaceae and Cyperaceae [39]. The present study 
showed variation in the bulliform cells and maximum 
bulliform cell area was noticed in Eragrostis tenella 
and Desmostachya bipinnata. Such type of adaptations 
is assumed to reduce transpirational water loss  
through leaf surface [40, 41]. Leaf rolling in Imperata 
cylindrica was studied by at higher drought and salinity 
conditions [8]. 

Fig. 6. Transverse section of leaf anatomical characteristics of some grasses from the Faisalabad region.
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Conclusion

This study has determined that wide leaf 
anatomical variations exist among different grass 
species under subtropical conditions of Faisalabad 
region. Different adaptive anatomical characters 
such as increased epidermis thickness, increased 
sclerenchyma thicknesses, leaf succulence, sclerification 
in the vascular bundles and presence of well-developed 
bulliform cells are considered important for their better 
survival under stress conditions i.e., drought, heat, 
salinity etc. Natural biodiversity found among grass 
species are highly valuable as they provide distinct 
character which help adopt them in different regions. 
Overall, all the grass species showed variation in 
leaf anatomy and such studies provide remarkable 
information about the characteristics of grasses and 
their diverse ecological range in different regions. 
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