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Abstract: Several studies have investigated the biology of native plants (halophytes and xerophytes), biological soil crusts 

(BSC), as well as the associated and adjacent microorganisms. These studies concentrated on their eco-physiological aspects as 

well as the possible roles they might play in various life activities and industries. This article presents the mechanisms adopted 

by these living organisms to cope with the harsh environment, and the possible roles microorganisms might play to support 

native plants, some important examples from the flora of Qatar are presented to show these mechanisms. Special attention has 

been paid to the senescence and death of leaves or whole plants, since this strategy has been considered as an important option 

for escaping extreme environmental conditions. Discussion about solute accumulation (organic and inorganic) in all native 

living organisms in general and in microorganisms in particular, could result to further investigation to clarify their roles in 

such an ecosystem. Some case studies have been reported to discuss the ecological aspects at two main types of habitats in 

Qatar; Rawdahs and Sabkhas were chosen to show how native living organisms adapt in these habitats. This study discussed 

the general identification of BSC and microorganisms, as well as their possible roles in the soil biota. The possible methods 

and mechanisms exhibited by extremophiles to support native plants in coping with saline and arid lands have also been 

reported in this article. This study also discussed the recent outlook about the origin of metabolic activities in these living 

organisms to support the growth of native plants under stress conditions. 

Keywords: Biological Soil Crust, Extremophiles, Halophytes, Adaptation, Microorganisms Role,  

Horizontal Transfer Gene (HTG) 

 

1. Introduction 

The State of Qatar is a small country located at the middle of 

the western part of the Arabian Gulf, it is an extension from the 

Arabia desert. It covers an area of 11,437 km
2
, measuring 180 

km long and 85 km wide, and is situated between 24° 27' and 

26° 10' north and at 50° 45' and 51° 40' east. Qatar is surrounded 

on three sides by the Arabian Gulf, and only the south of Qatar 

has an extension with the land of Saudi Arabia (Figure 1). The 

land of Qatar is characterized as flat to wavy, sandy soil is 

common in the northeastern coastline area while rocky hills and 

sand dunes are common in the southern parts with a saline 

coastline and patches of Sabkhas and Rawdahs at many other 

locations across the country. 

This country has no rivers and lakes, hence ground water 

is the primary source of fresh water. As such, the soil is 

vulnerable to more desertification and salinization, receives 

very little rainfall as the annual rainfall may be below 80 

mm, ECe may reach above 200 dSm
-1

 for various reasons, 

and temperatures may exceed 50°C during summer. Thus, the 

climate of this region is considered as warm and humid 

throughout the year and the land is arid or semi-arid with 

highly saline soils [1]. The physiography of the State of 

Qatar is based on a number of studies which started in the 

mid-seventies of the last century [2, 3] and recognized at 

least seven regions and soil types: (1) Rocky desert, (2) 

Rawdahs, (3) Sabkhas, (4) Sand formations, (5) Intertidal 

areas, (6) Islands, and (7) Cultivated lands. 
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Figure 1. Map of Qatar showing the main locations of case studies. 

This article concentrated mainly on two extremes of these 

regions: 

First: Rawdahs represent the area with good quality of 

water and soil, and are found normally in the northern half of 

the country. There are about 850 surface depressions 

(Rawdahs) in Qatar, which are produced as a result of the 

collapse in the earth surface below and / or as a result of 

evaporation from the soil surface [4]. The area of each 

Rawdah ranged from a few square hundred meters to three 

square kilometers, and circular in shape and lie up to 20 m 

below the surrounding landscape. Soils in Rawdahs are 

enriched with calcareous loams, clay loams, silt and often 

interspersed with sand and minerals that are washed down 

from the surrounding higher areas during rainy seasons, and 

therefore, are considered as good rangelands and can be 

transformed into farmlands as well as lands for the grazing of 

camels and cattle.  

Second: Sabkhas are salt flats (or salt pans) and are the 

most prominent feature of the Arabian Gulf region; it might 

be vegetated or barren. They are characterized by high soil 

salinity, and encompass most halophytes and extremophiles 

which have different mechanisms to deal with such highly 

saline and arid lands. Most halophytic plants are well adapted 

and inhabit in such an ecosystem; however, other halophytic 

taxa might not be able to cope with Sabkhas, thereby leaving 

Sabkhas barren (Figure 2). Most studies were conducted in 

sabkhas in the eastern coast from Doha city northwards to 

Al-Khor, Ras-Al-Matbakh, Al-Dhakhira and some Rowdahs 

in the mid-land of northern Qatar (Figures 1, 3), which 

concentrate on the eco-physiological aspects of halophytic 

plants and Halo-thermophilic microorganisms. More 

discussions and elucidations can be obtained from research 

books [5], and several published articles [6-12]. 

 

Figure 2. Soils at Sabkhas could become barren. Very few plants can survive 

arid lands and high saline soils. 

It has been reported that numerous Sabkhas in Qatar cover 

about 7% of the land surface [13], and occupy a total area of 

701 square kilometers [3, 14]. The largest one occurs in the 
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vicinity of Dukhan (near the richest oil wells in Qatar) with 

few species which are highly stressed by both salinity and 

aridity. 

In addition to these two regions (Sabkhas and Rawdahs), 

rocky desert and sand formations are the most common over 

the vast areas in Qatar, and sand dunes are estimated to cover 

1500 square kilometers representing 12.92% of the total area 

of Qatar [4]. This article presents these locations along with 

the roles of the native plants, biological soil crusts and 

extremophiles in this ecosystem. 

 

Figure 3. A Sabkha as seen from one of the study locations at-high tide. 

2. Wild Plants Versus Microorganisms: 

Adaptation to Arid Environments 

The main features of most wild plants in this region can be 

grouped under three main aspects: (1) water, (2) solutes, and 

(3) structures. The main mechanisms of wild plants for 

resisting severe environmental conditions (e.g. salinity, 

drought and high temperatures) at the Arabian Gulf region 

have recently been discussed [1, 10]. There are three main 

mechanisms which enable plants to cope with those factors: 

(a) Avoidance mechanisms: Plants avoid salt stress by 

many secondary mechanisms, for example, the extrusion 

mechanism is an efficient method of removing the extra toxic 

ions from the active sites of plant tissues to the outside 

surface of the plant body. Many halophytes from Qatari 

habitats such as Limonium axillare, Avicennia marina, 

Aeluropus lagopoides, Tamarix spp. and Atriplex spp. have 

been reported to have salt glands (Figure 4) and salt bladders. 

There are two types of salt glands and they differ in the 

number of constitutive cells: (1) salt glands of 2 cells, and (2) 

salt glands of 4-10 cells. The first type is found in some 

native plants like A. lagopoides [15], and Atriplex spp., and 

possibly other native plants including monocot plants, while 

the second type of salt glands is found in Tamarix, Limonium, 

and Frankenia. Several authors have described and discussed 

the structure and function of these salt glands [1, 7]. 

 
Figure 4. SEM image of the adaxial leaf surface (the upper side) of L. 

axillare showing salt glands with some salt crystals and stomata. 

Magnification ×400. 

Some of these halophytes have salt glands capable of 

excreting a substantial amount of Na
+
 outside the plant 

body as compared to K
+
, with the best-known Cl

-
-ATPase 

pump to channel Cl
- 
outside the plant body. This situation 

protects plants from toxic ions in the growth medium [16]. 

An ion exclusion mechanism is found in Date Palm 

(Phoenix dactylefera) trees and mangroves (Avicennia 

marina) by keeping low levels of toxic ions like Na
+
 and Cl

-
 

at the top of plants, while most of these ions were retained 

in the root system or might be excluded to the soil 

environment [17, 18]. 
Other mechanisms are also operating in glycophytes and 

some halophytes that do not have salt glands or salt bladders. 

Ions are compartmentalized in non-active cell organelles with 

little metabolic activities such as cell walls and vacuoles. 

Halophytes like Suaeda maritima could have such a 

mechanism to avoid toxic ions as the activity of enzymes in 

the active cell organelles like chloroplasts are inhibited by 

salts in a similar manner to that in glycophytes. Despite the 

apparent compartmentalization process found in this plant, 

this mechanism might be considered as a tolerant 

mechanism, since plant tissues still contain substantial 

amounts of salts with the appropriate management of extra 

ions. When the barriers at the root system failed to exclude 

toxic ions like Na
+ 

and Cl
-
, some other plants of the flora of 

Qatar like Ricinus communis adopted other mechanisms, 

these ions might be re-translocated back from the top of the 

plant to the root tissues or even to the root environment. 

Much studies are still required about other halophytes in the 

Qatari habitats and other parts of the Arabian Gulf region. 

The third avoidance mechanism in these plants include salt 

dilution as found in halophytes like Salsola soda (Figure 5). 

Extra accumulated salts in the tissues of these plants can be 

diluted to keep the cytoplasmic salinity below the toxic 

levels, and these plants are considered as salt includers. 

In native plants, drought avoidance mechanisms can be 

seen through conservation of water in their leaves; 

Tetraena qatarense is a good example [1], or by 
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acceleration of water absorption, as observed in 

Helianthemum lipii (Figure 6). More details can be found 

in some recent articles [1, 10] with good examples from 

the flora of Qatar. 

 

Figure 5. Salsola soda. Salt includer. 

 

Figure 6. Helianthemum lipii. This plant extends deep roots into the soil to 

facilitate water absorption. 

(b) Tolerance mechanism: Plants tolerate severe 

environmental conditions mainly by the accumulation of 

organic and inorganic solutes. Compatible osmolytes such as 

proline, gylycinebetaine, soluble sugars such as trehalose and 

some organic acids are accumulated in plant tissues to cope 

with the harsh environments of salinity, drought and high 

temperatures [1, 12]. Ascorbic acid (vitamin C) as an organic 

acid, accumulates under extreme saline conditions, and it is 

worth discussing its role here; as an enzyme cofactor might 

play many functions especially those related to 

photosynthesis and growth [19]. In fact, saline habitats 

encourage the production of reactive oxygen species (ROS) 

in plants [20, 21], and the last step of the pathway (Figure 7) 

is to show how native plants produce this organic acid as an 

antioxidant agent to ease the oxidative stress, thereby 

providing help in terms of coping with the harsh 

environments of osmotic stress.  

 

Figure 7. Ascorbic acid biosynthesis in plants under stress. 

Halophytes are capable of finding cheap methods of 

coping with salt stress, the sequestration of inorganic ions 

mainly Na
+
 and Cl

-
 in the vacuoles might save plants a lot of 

energy and metabolites. Osmoregulation methods involve the 

internal distribution of toxic ions and organic compatible 

osmolytes around the cell; this is unlike the exclusion 

mechanism mentioned above. Conversely, xerophytes are 

able to accumulate various organic and inorganic solutes to 

achieve osmotic adjustment, osmoregulation, and experience 

changes in the physical properties of the cell wall. Certainly, 

such activities could lower the osmotic and water potentials 

so as maintain the water balance between plants and their 

environment, and to resist the internal water shortage. 

Tetraena qatarense and Ochradenus baccatus are good 

examples of xerophytes which accumulate organic solutes 

such as proline and soluble sugars to withstand water stress 

[6, 9]. Some desert plants open their stomata even under 

severe soil water shortage to maintain photosynthesis with 

low transpiration rate [1, 17]. In the last four decades, several 

articles and monographs have discussed these dehydration 

avoidance mechanisms [9, 10, 16, 22, 23]. Moreover, 

dehydration tolerance methods such as: uncoupling of 

photosynthesis from transpiration, low respiration rate, 

changes in protein synthesis and hydrolysis, etc., are 

additional mechanisms which allow wild plants to succeed in 

such harsh habitats of the Arabian Gulf region [17]. 

Haloxylon salicornicum, Arthrocnemum macrostachyum and 

Seidlitzia rosmarinus are good examples from the Qatari 

habitats, these plants are well adapted to arid and semi-arid 

environments. These plants are typically tolerant to both dry 
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lands and saline soils. Figure 8 shows that these plants 

survive very dry sandy soils and perhaps thrive in such 

habitats.  

 

Figure 8. Haloxylon salicornicum thrives on dry sandy soil. This plant is 

tolerant to drought and salinity. 

(c) Escaping mechanism: Living organisms escape harsh 

environmental conditions by different methods, activities and 

behaviours. For example, quickly completing their life cycle 

when the environmental conditions are in favour of growth, 

and then imposing a quiescent period (dormant stage) to pass 

the harsh episode of environmental stresses, or, committing 

death partially or totally when those environmental 

conditions worsen. Some desert herbs (ephemerals) complete 

their life cycle in a very short period of time when water is 

available after heavy rains. Their dormant seeds, germinate, 

grow, flower and reproduce before the dry season, and 

produce more dormant seeds for the next rainy season. Two 

examples (Senecio desfontainei and Polycarpaea spicata) 

can be found in the flora of Qatar (Figure 9, and [1]. Thus, 

under the arid conditions of the Arabian Gulf region, there is 

early maturation of herb plants and when the produced seeds 

are left dormant for a period of time before the next rainy 

season, this could be a good strategy for escaping severe 

environmental conditions. The traits in these plants might be 

experimental materials for modern molecular biology and 

biotechnology for the development of crop plants that can 

complete their life cycle within a short period of time, in 

order to escape periods of severe water shortage [24]. 

 

Figure 9. Polycarpaea spicata. Drought-escaping herbs. (Courtesy of 

Abdel-Bari, E. M. M, 26 May 2011). 

The death of leaves or whole plants has been considered as 

a strategy of escaping adverse environmental conditions. One 

interesting example is the Halocnemum strobilaceum 

community at some Sabkhas in Qatar; plants die at the center 

(Figure 10, A, B) showing bare patches of dead branches and 

green growth at the periphery. These gradually spread 

towards the edges of the mat (Figure 10, C). Another 

example is Halopeplis perfoliate which accelerates leaf death 

to reduce the number of active green leaves, so as to maintain 

the plant’s life (Figure 11). In some sabkhas, at very high salt 

stress the land could be left as barren. This kind of death is 

considered as the last desperate method by some native plant 

species to escape the severe osmotic stress of salinity and 

drought. As discussed above, many reports have concluded 

that while roots serve as the real barrier against the excessive 

uptake of salts, plants have many other options to redistribute 

toxic ions around the plant body like excluding these ions to 

less functioning organs (leaf sheaths and petioles), or re-

translocating toxic ions to roots and finally to the root 

environment. For example, the sodium ion (Na
+
) may be 

transported from leaves to roots and then to the rhizosphere 

[25]. 

 

 

 
Figure 10. The death of leaves and plants of Halocnemum strobilaceum 

could be a strategy for escaping stress conditions. 

Many halophytic plants can extrude or include extra salts by 

their salt glands or dilution mechanisms respectively. Also, 

some plants have the ability to exclude toxic ions to less active 

organelles like the apoplastic systems (cell walls) or vacuoles. 

Such a situation keeps the active machinery of the cell 

(cytoplasm) safe and away from the harmful ions, and when 
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salts accumulate inside the cells, cells might be killed unless 

the salts are compartmentalized in vacuoles and other non-

active organelles [26]. Such strategies could minimize or delay 

the toxic effects of ions like Cl
-
 and Na

+
. However, if plants 

fail to achieve all these processes, the plant's last option to 

ensure survival is the partial death of some parts (changing 

colour of leaves and / or death of leaves) (Figure 12), 

otherwise the whole plant will die as a result of failure to cope 

with the harsh environmental conditions [27]. 

Leaf senescence and death are important events in 

determining the total leaf area of plants, thereby affecting 

their productivity. Plants normally tend to keep the number of 

living leaves relatively constant [28], and environmental 

conditions may have a great impact on the rate and timing of 

leaf death. Salt stress, for example, might cause the 

accumulation of toxic ions like Na
+
 and Cl

-
 in leaves which 

induce shedding them [29-31]. Earlier studies on Mexican 

wheats [32] showed that leaves die as the concentration of 

NaCl increased in the growth medium, and chloride was 

found in large amounts in the dead leaves under salt stress. 

 

Figure 11. The death of Halopeplis perfoliate leaves could be a strategy for 

reducing the number of active leaves, so as to save the life of the whole 

plant. 

 

Figure 12. Desert plants getting different colours due to the severe 

environmental conditions, dying partially or totally, while some others are 

staying green and thrive under such dry lands. 

In fact, the timing and the rate of leaf death could be 

regarded as a reliable criterion in the varietal differences 

between crops, as their ability differ in the accumulation of 

chloride in the mature leaves, a process which could lead to 

the premature senescence of mature leaves and perhaps, 

result to the death of these leaves thereby determining the 

number of active leaves and reduce the plant surface 

responsible for photosynthesis, growth and productivity [33, 

34]. Previous studies on the physiology and biochemistry of 

these activities showed that the chlorophyll and protein 

contents were reduced in intact leaves of crops (such as 

Phaseolus vulgaris) as NaCl increased in the growth medium 

and resulted to a rapid senescence [35]. The hormone 

imbalance under NaCl stress could have an adverse role in 

the process of leaf senescence and death [36, 37]. Then, more 

investigations were carried out to confirm the impact of 

environmental conditions (temperature, drought, salinity, 

nutrient deficiency, insufficient light) on growth regulators, 

productive growth, and the consequent events which 

culminated to senescence and death. Molecular investigations 

have come to the conclusion that signals from these factors 

could cause changes in gene expression and up-regulation of 

many senescence-associated genes that cause various types 

of physiological and biochemical changes: decline in 

photosynthesis, degradation of macromolecules, mobilization 

of nutrients and ultimately cell death [38, 39]. The question 

that must be raised is whether leaf death is considered as a 

process of escaping the severe environmental conditions. The 

inability of plants to cope with such conditions, might get rid 

of leaves partially or totally by accumulating toxic ions in the 

mature leaves, a process which facilitates their shedding by 

accelerating the death of these leaves to reduce the active 

plant surface and maintain the potentiality of plants. Studies 

have confirmed that the accumulation of excess salts in older 

leaves may cause shedding and these leaves were replaced by 

new leaves with low salt content [40, 41]. In fact, this 

strategy of replacing older leaves by new leaves during the 

life span of the plant, is a strategy found in almost all 

perennial and annual plants [25]. Some authors [42] have 

confirmed that such accumulation could be regarded as a 

mechanism in controlling ion homeostasis and thereby salt 

resistance in plants such as halophytes. Moreover, some 

theories have suggested suspending the ageing of younger 

leaves as a strategy of resistance against harsh environmental 

conditions [32, 43, 44]. Recently, some authors [45] stated 

that the leaves of some plants do well in maintaining 

greenness and their photosynthetic function than others, in 

the presence of high levels of Na
+
 in tissues under salt stress, 

which clearly proved the earlier theories. Further studies are 

required to investigate the above theories about the 

mechanism of senescence under stress conditions. Finally, 

the general conclusion is that plant death is the final stage of 

escape from the worst fate facing plants under severe 

conditions. 

Mechanisms operating in microorganisms: The methods 

and processes adopted by microorganisms to deal with the 

harsh environments can be grouped under the umbrella of 
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regulation of inorganic ions and the accumulation of 

organic solute. These organisms cope with severe 

environments as individual cells rather than complex multi-

cellular organisms through two main mechanisms; 1) the 

salt-in strategy and 2) organic-osmolyte mechanism [46]. 

The salt-in-strategy means that the dominant ion in the 

cytoplasm is K
+
, an inorganic ion that has long been 

considered as the main compatible inorganic ion found in 

the cytoplasm. K
+
 plays very important roles in maintaining 

water balance and ionic strength inside the cell and also 

serves as an enzyme activator for many metabolic 

processes. In fact, the regulation of all types of solutes 

depends on the characteristics of the plasma membranes, 

types of protein transporters and the enzyme systems of the 

cell wall and the cytoplasm. Published articles and reports 

on this subject showed that microorganisms differ in their 

regulation of inorganic solutes. For example, halophilic 

archaea keep the cytoplasm with very little accumulated 

sodium, while potassium along its counterion chloride 

accumulates substantially to conduct various types of 

functions and activities. Other halophilic anaerobic bacteria 

use different tactics, Haloanaerobium praevalens showed 

that both K
+
 and Na

+
 are the dominating cations at the 

stationary phase as well as in the exponentially growing 

cells. Such a situation imposes some kind of preferential 

accumulation of organic residues that balance the ionic 

strength inside the cytoplasm [47]. The second mechanism 

is the organic-osmolyte mechanism, and it involves the 

accumulation of various organic solutes mainly compatible 

solutes to balance the osmotic stress of the growth medium. 

Extremophilic microorganisms like those in the Sabkhas of 

Qatari habitats have adopted this mechanism to survive the 

harsh environment of high temperature and salinity under 

arid land. They accumulate organic low molecular weight 

compounds like ectoines and others such as a range of 

extremolytes with heterogenous chemical structures [48], 

and other compatible solutes such as quaternary ammonium 

compounds (glycinebetaine), amino acids (proline), 

carbohydrates or their derivatives, sugars and polyols. One 

peculiarity of organic solutes is that their accumulation can 

be achieved by either de novo synthesis or by uptake from 

the surrounding environment, and the ability to influx and / 

or efflux inorganic toxic ions regulate the mechanisms of 

resistance against harsh environmental conditions. These 

organic solutes offer many functions to these 

microorganisms, including physiological and biochemical 

functions, and act as protectors against heat, desiccation, 

freezing and salinity. The main functions of these organic 

solutes include: (1) maintaining osmotic equilibrium across 

plasma membranes, and (2) stabilizing proteins and the 

whole cell. Moreover, they have various biotechnological 

applications [49]. These include: (1) protein and/or enzyme 

stabilizers, (2) cosmetic uses, (3) therapeutic agents, (4) 

bioremediation, and (5) improving the salinity tolerance of 

crop plants by HGT [12]. 

As a general conclusion, microorganisms and plants have 

common cellular basics of physiological and biochemical 

activities in dealing with extreme environmental conditions. 

However, water conservation and structural modifications 

against drought and salinity differ in both major groups. 

Microorganisms are able to conserve and maintain their 

activities and life through the formation of spores, while 

plants are capable of undergoing more structural 

modifications and activities to avoid and tolerate harsh 

environments. 

3. Studies of Biological Soil Crusts (BSC) 

Since it is an arid environment, a limited number of 

higher plants are found in Qatar. Also, the land does not 

support the growth of organisms which require moist 

conditions for most of their life cycle. Therefore, it is not 

surprising that a limited number of species of fresh water 

algae, fungi and mosses were recorded in the State of Qatar. 

Moreover, the information available is very sparse in spite 

of the significant research activities conducted during the 

last two decades to study the biodiversity in the Arabian 

Gulf States especially in the State of Qatar, and more details 

can be found in websites [50, 51]. However, significant 

works have been conducted in some countries in the Middle 

East and substantial successes were achieved in the 

investigation of BSC [52]. In fact, BSC is comprised of 

various communities of bacteria, fungi, algae, lichens, 

cyanobacteria, and mosses, which play significant roles in 

improving the nutritional status of soil by carbon and 

nitrogen fixation and inhibiting more deterioration of the 

physical features of the soil, by stabilizing the surface and 

preventing erosion [53]. Microorganisms play significant 

roles in the wild life and soil biota which affect many 

activities and energy equilibrium of the ecosystem. Studies 

on the microbial communities in Qatar commenced during 

the eighties of the last century. Pioneer studies on soil fungi 

were conducted in 1980-1982 to determine the types of 

fungi in Qatari soils [54]. This project recorded the 

presence of 53 genera, 142 species and 8 varieties 

representing different locations in Qatar. The most common 

genera found in Qatari soil are: Aspergillus, Penicillium, 

Fusarium, Cladosporium, Stachybotrys, Acremonium, 

Botryotrichum, Alternaria, Microascus, and others listed by 

[4]. Further survey on macro-fungi including truffles in 

Qatar were further investigated by [55]. Among these fungi, 

many genera belonging to 11 families and 7 orders have 

been identified. Truffle genera like Terfezia and Tirmania in 

the family Terfeziaceae, order Pezizales were interesting, as 

they prefer high pH calcareous soils, typical of desert soils. 

These species form mycorrhizas on roots mainly of 

members of the genus Helianthemum; an example of which 

is H. lipii. The environmental and climatic reasons behind 

the thriving of these fungi have been discussed. Two 

common truffles, Terfezia claveryi (Ikhlasi) and Tirmania 

nivea (Zubaidi), have been giving great attention in the 

Qatari society. 

Lichens are formed by a symbiotic relationship between a 

fungus and green algae or cyanobacteria, which has been 
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paid a great deal of attention and given substantial efforts 

since such combination serves the ecosystem by offering 

many important functions, especially in the State of Qatar. It 

seemed BSC at the Arabian Gulf region developed as a result 

of the interaction between microorganisms like cyanobacteria 

and the physiochemical characteristics of soil [56], as desert 

crusts harbor a substantial diversity of microorganisms like 

fungi [57] which play critical roles in the ecosystem by 

improving the soil structure and fertility, water status, soil 

stabilization, water retention, as well as carbon and nitrogen 

fixation [58]. In Qatar, the contribution of microorganisms in 

the soil crust has been poorly studied and investigated. In 

fact, in 1997 four lichens species were reported for the first 

time as addition to the flora of Qatar [59, 60], these were 

Ramalina farinosa Ach (fruticose lichens), Acarospora sp., 

Buellia spp., and Caloplaca spp. (crustose lichens). 

Thereafter, other authors [61] reported twelve species of 

lichens; composed of ascomycetes as the main fungal part 

while cyanobacteria served as the autotrophic part [53]. In 

fact, three main groups of lichens have been recognized and 

reported in Qatar: (1) crustose lichens, (2) fruticose lichens, 

and (3) foliose lichens [4]. There are many methods of 

identification, however, the morphology and ultrastructure 

have been widely utilized around the globe [62]. 

Non-vascular plants including mosses are confined to a 

very limited number of species, and no taxonomic studies 

have been conducted to identify this group. Authors like [63] 

reported one moss genus (Funaria); collected from the soil 

surface of potted plants and from various moisty soils after 

heavy rains (Figure 13). One fern species (Ophioglossum 

polyphyllum) which occurs in many parts of the country, has 

been recorded in Qatar [60, 63]. 

Case study of lichens at Rawdahs-Northern Qatar: In 

this location, the mean annual temperature during summer 

time is about 42°C and the absolute temperature may rise 

up to 50°C, while during winter period the mean annual 

temperature is about 23°C, with high humidity during 

most months of the year. The expected rainy season 

extends from October to March with a well-defined dry 

period in July. The soil is almost shallow, sandy and 

rocky, and show different levels of alkalinity and salinity 

depending on the influence of geological substrates at 

each site.  

 

 

Figure 13. Little species of mosses found in Qatari habitats. This image was 

taken in a private garden with ample moisture in its soil. 

Samples were collected from a private farm in Northern-

Qatar, and these samples of BSC were collected from areas 

of 50 m
2
 each during the dry season, June 2016 (Figure 14 

A). To preserve their integrity, samples of BSC were taken 

from the central part of the area and placed in plastic boxes 

with care, and kept until they were transported to the 

laboratory for analysis. Samples were collected again after 

heavy rains in April 2017 (Figure 14 B) adjacent to the 

plants which thrived in that period. Table 1 shows some 

physical and chemical properties of the soil samples 

collected from this Rawdha as compared to those from 

different locations of Sabkhas, which clearly indicated the 

presence of much clay, high field capacity, and acceptable 

pH values (between 6 and 8), and low salinity which ranged 

between 6 -8 dSm
-1

.  

Table 1. Some physical and chemical properties of soil samples collected from different locations of Sabkhas and inland Rawdahs.  

Location Soil texture Field capacity (%) 
Soil water content 

(of FC%) 
Absolute water content (%) 

pH (soil 

extract) 
ECe (dSm-1) 

Doha Sandy-Sandy loam 26* 7 - 61 2 – 18 7 – 10 31 - 177 

Al-Khor Sandy loam- Loamy sand 37 6 - 10 2 – 3 8 – 9 > 200 

Ras-Al-Matbakh Sandy-Silty loam 38 11 - 51 2 – 28 6 - 8 12 - 49 

Al-Dhakhira Sandy loam 30 43 - 71 12 – 26 8 - 9 > 200 

Inland Rawdahs Loamy sand-Sandy clay loam 40 9 - 12 3 – 4 6 - 8 4-6 

*All data are mean or a range of 10 readings. ECe was measured according the method described by [64]. 



 Frontiers in Environmental Microbiology 2018; 4(2): 55-70 63 

 

 

 
Figure 14. The sampling site before (A), and after rainy (B) seasons. 

The vegetation of the area at that period consisted mainly 

of xerophytic shrubs and Ephemerals which is dominated by 

Suaeda aegyptiaca, Stipa capensis, Anastatica hierochuntica, 

Fagonia indica, Lycium shawii, Pulicaria gnaphalodes, 

Plantago ovata as well as other grasses and herbs (Figures 9 

and 15).  

 

Figure 15. Ephemerals found in the study location, which are supported by 

BSC including lichens. These herbs germinate, grow and reproduce before 

the dry season. 

During the dry season, soil surface of the study location 

shows cracks and a substantial number of lichens colonies of 

different types (Figure 16). These colonies play a significant 

role in the biological activities of the soil and contributed 

actively to the thriving the biodiversity [57, 58]. Such 

colonies might be found on rocks of different types and 

shapes which serve as growth substrate and provide minerals 

to them, lichens on rocks play a significant role in rock 

weathering and breakdown in arid and semi-arid 

environments [4], and to support the growth of many desert 

plants. Soils of the study site contain some thermo-halophilic 

bacteria which belong to the genus Bacillus and other 

microorganisms like the cyanobacteria Microcoleus, with 

significant presence of many species of Nostoc and 

Anabaena, and possibly other genera that play crucial roles to 

support the soil with various types of biological activities 

[11]. Green algae are found on the rocks, and, in particular 

some unicellular green algae are found especially after heavy 

rains.  

 

Figure 16. Various types of lichens colonies found on different patches of the 

study site appeared on the soil crust. 

The many possible important roles played by BSC in the 

desert environments include: (a) increasing the nutrient 

content of soils: nitrogen fixation is one example especially 

in Qatar, as the soil suffers from low nitrogen availability [7, 

65], (b) stabilizing soil surfaces and preventing soil erosion 

by their contribution to soil formation and structure. For 

example, lichens can help in providing organic matter, water 

retention and in the collection of soil components like dust 

and silt which enrich the soil with some nutrients [4, 53], (c) 

monitor atmospheric pollution [66, 67] as a result of 

expansion in the industrial activities of the oil and gas sectors 

in Qatar [61], (d) some other benefits and advantages can be 

obtained for any future plans to use lichens in the human life; 

these include food preparation and diets, textile industry, 

chemistry, medicine, pharmacology as well as cleaning the 

environment from various types of pollution … etc [68-72]. 

Studies on bacterial communities in Qatar: 

Studies on bacterial communities did not commence until 

the beginning of the current century, our records showed that 

these studies did not exceed reporting the presence of some 

genera and species at various habitats. For example, studies 

like [73, 74] have shown that the decomposition rates in the 

shoot system (leaves) of Avicennia marina L. were highest in 

the summer season, and the bacterial groups that 

predominated during these processes were those that do not 

form spores (non-spore forming bacteria) and were in the 

order: Amylolytic > proteolytic > cellulolytic, and the least 

ones were the spore forming bacteria. The follow up 

investigation of the heterotrophic aerobic marine bacteria of 

the above groups revealed the bacterial counts during the 

period April 1998 to February 1999 which showed some 

differences depending on the atmospheric temperatures, such 

conditions might have had a significant role in releasing 

substances from the leaves of that plant, thereby affecting the 

bacterial counts. These studies did not go further to identify 

these groups, genera and species. This is the first time that 

the ecology and biodiversity of Streptomyces is being studied 

in the soil of Qatar, in many sites around the country. The 
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morphology of the isolates of this genus have a common 

form of colony, they are spherical, smooth, elevated with 

diameter mainly ranging between 1-5 mm [75]. The bacterial 

inhabitants in the soil (Figure 17) adjacent to many 

halophytes and in the rhizosphere of these plants at the 

coastal zone and at the inland zones were investigated [76]. 

The results of this study showed that the total bacterial counts 

were higher in the rhizosphere of plants at the coastal line as 

compared to those of the non-rhizosphere soil and at the 

inland areas as well. Gram positive cocci predominated in 

isolates from the rhizosphere and non-rhizosphere soil, while 

Gram-positive bacilli were predominant in aqueous washings 

of phyllospheres of the green and senescing parts of these 

plants. One important result that should be reported here is 

the presence of low bacterial colonization on the 

phyllosphere of the halophytes which have a salt extrusion 

mechanism than those which adopt dilution mechanism to 

avoid salinity. 

Escherichia coli was investigated in some ponds around 

Doha city [77]. The study revealed that this bacterium is 

prominently present in untreated ponds (Abu-Hamour pond) 

compared to treated ones (Abu-Nakhla pond). Other bacteria 

species were also found, and these included: Aeromonas 

hydrophilia, Pseudomonas aeruginosa, Klebsiella 

pneumoniae and Chromobacterium violaceum. 

 

Figure 17. Diversity of bacterial species isolated from Sabkhas in Qatar. 

The other bacterial species which were also found in the 

wet soil around these ponds included: Streptomyces sp., 

Bacillus sp. and Macrococcus sp. The isolation of some 

native bacterial strains like Bacillus sp., Pseudomonas 

geniculata and Achromobacter xylosoxidans from different 

locations around Qatar has also been confirmed. The above 

mentioned strains have the ability to degrade contaminants 

such as phenol derivatives and polycyclic aromatic 

hydrocarbons [78, 79]. Several bacterial strains have been 

identified during the phytoremediation processes of soil 

contaminated with petroleum hydrocarbons [80, 81] and to 

improve the quality of industrial waste water produced 

during oil and gas operations. These efforts were introduced 

as one of the objectives to save the ecosystems in Qatar from 

the real risks and consequences of the expansion in the 

industrial activities [1]. Bacterial communities have been 

studied through modern methods including direct counts, and 

also by some advanced techniques to gain more 

understanding of microbial abundance, diversity, and 

potential metabolic capabilities in various locations in Qatar 

[82]. Extremophiles like some bacilli species (Bacillus 

thuringenses and Bacillus cereus) isolated from Qatari soils 

(Figure 18) adjacent to native plants or associated with them 

(Figure 19) might play significant roles in supporting or 

promoting the growth of these plants. 

 

 

Figure 18. Bacteria of Sabkhas: colonies represent Bacillus sp.; the most 

common bacteria isolated from Sabkhas in Qatar (A), spore forming Bacillus 

bacteria as seen under the light microscope (B). (magnification: x1000). 

Recently, a new approach has emerged which supports the 

growth and development of plants under severe 

environmental conditions by microorganisms which 

inhabitant the soil. One of the main issues that should be 

addressed is the possible roles of the presence of 

extremophiles in salt glands and on the plant body in 

providing some important resistance traits to the native plants 

as well as other biological needs [12, 83]. Microorganisms 
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could be a solution to increase the plant’s resistance to 

various harsh abiotic stresses [84], and the following are the 

methods and mechanisms adopted by microbes which have 

recently been discussed [11, 12]: (a) biofilm formation, (b) 

polymers production, (c) chemotaxis, (d) phytohormone 

production, (e) nitrogen fixation, (f) phosphate solubilization, 

(g) production phytohormone-degrading enzymes and (h) 

osmolytes biosynthesis. All these methods could provide 

some kind of protection for plants against various types of 

environmental stresses (Figure 20).  

In fact, halotolerant and halo-thermophilic bacteria found 

in Qatari soils could offer many applications in 

biotechnology. These include: the production of compatible 

solutes [12], salt antagonists, or stress-protective agents, and 

other useful molecules like bio-surfactants, 

exopolysaccharides and enzymes which have important 

applications in food biotechnology, bioremediation … etc 

[85]. Moreover, the advances in the modern biological 

techniques could offer great opportunity to study the ecology 

and function of microbial communities in hot desert 

ecosystems [86]. In fact, many studies have demonstrated 

that microbes might provide support for non-host plants 

through the adoption of a resistance mechanism that 

improves their ability to conduct various functions and 

activities in their natural habitats [87, 88]. 

 

Figure 19. The SEM image shows a huge number of bacterial cells cover the 

leaf surface of native plants in Qatari desert. 

 
HTG: Horizontal Gene Transfer  

Figure 20. The different methods and mechanisms by which microorganisms protect plants against abiotic stresses. This figure was modified from Figure (1) 

of [12].  
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In the meantime, more promising achievements have been 

made during the last twenty years around the world. This is 

because a great deal of attention has been placed on the 

production of antibiotics, since natural soils are rich with a 

large number of microbes capable of producing various types 

of antibiotics. Significant studies, especially in the third 

world (developing countries), have shown that a large 

number of bacterial isolates and fungi have antimicrobial 

activity. Based on several experimental works, researchers 

[89] have collected dozens of soil bacteria genera, including 

eubacteria and actinomycetes, which have different and 

powerful abilities to produce antibiotics. In India [90], 

screening was performed for potent antimicrobial compounds 

and at least one strain with antagonistic abilities against 

many test microorganisms was isolated. A study in Nigeria 

[91] is of interest, because genetic techniques were used to 

show that microorganisms can synthesize useful organic 

compounds such as antibiotics during their activity with soil 

contaminants, although only a limited number of the 

investigated Bacilli species exhibited antibacterial activity. 

More achievements have been reported from Ethiopia, as one 

successful breakthrough isolated actinomycetes that produce 

antibiotics active in fighting against antibiotic-resistant 

pathogens [92]. 

Again, the issue of the origin of activities in both native 

plants and their associated microorganisms is still 

outstanding, and the mystery of life has been strongly 

addressed by scientists and research centers. Also, the 

relationships between living organisms and their activities 

are still the core of their thought and interest. For example, 

[93] concluded that the HGT (Horizontal Gene Transfer) of 

antibiotic resistance traits played a crucial role in the 

evolution of bacteria and their diversity. In fact, since the 

review of [94] in evaluating the possibility of HGT from 

plants to microorganisms, only a few cases of HGT from 

eukaryotes to bacteria have been reported. There is still a 

possibility of introducing genes into the environment and 

subsequently transferring them to other organisms. More 

reports are available about the possibilities of HGT between 

living organisms and it is worth mentioning here. In their 

review, [95] discussed the role of HGT in eukaryotic 

evolution, as this approach has been more successful than 

traditional genetic modification methods. In fact, this 

approach has expanded rapidly in the last decade since many 

eukaryotic genes have been found to have microbial origins 

[96]. In a review on the early evolution of photosynthesis, 

[97] stated that the evidence clearly showed that 

photosynthesis in eukaryotic organisms originated from the 

endosymbiosis of cyanobacteria-like organisms, which were 

later converted to chloroplasts. This conclusion means that 

the origin of photosynthesis began in prokaryotic organisms. 

HGT appears to have played a crucial role in the evolution of 

life on Earth, and is supported by numerous events which 

have been observed in the genomes of the three domains of 

life [98]. However, although the traditional thought is that 

most genes in eukaryotes were derived from mitochondria 

and plastids, these organelles cannot explain the presence of 

bacterial genes in eukaryotes. Historically, HGT from 

Agrobacterium to plants has been considered the first event 

in the transfer of genes between living organisms, as this 

event has been considered a novel research finding of the 

transfer and integration of genetic materials from bacteria 

into eukaryotic organisms [99]. This event opened the door to 

expand our knowledge of modern genetic manipulations to 

improve the resistance of crops to environmental stresses 

[100]. 

 
HGT: Horizontal Gene Transfer 

Figure 21. The possible hypotheses of horizontal gene transfer (HGT) between living organisms. 
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In recent review [12], some objectives were outlined for 

any future plans: (1) ecophysiology of native plants, the 

associated microorganisms and the type of relationships, (2) 

study the salt glands and the plants surface with their 

associated microbes, (3) study the compatible solutes in 

plants and microbes, and (4) molecular studies to elucidate 

the origin of activities in plants and microorganisms. Three 

possibilities have been suggested about the origin of 

metabolic activities (Figure 21), these are: (a) plant specific 

genes, with possibilities of HGT to other living organisms, 

(b) microbe specific genes, with possibilities of HGT to other 

living organisms, and (c) independent origin that are found in 

either plants or microorganisms with no possibilities of HGT 

to other living organisms. Certain examples have been 

reported in some websites [101, 102]. More discussions and 

explanations can be found in several other reports and 

articles [12, 103-105].  

4. Conclusion 

The different physiological and biochemical 

characteristics of the huge number of living organisms 

(BSC, plants or others), and the mechanisms they adopt in 

coping with harsh environments can be considered as 

experimental materials for more advanced and deep 

research. In fact, the tremendous evolution in molecular 

biology and biotechnology could be utilized to solve many 

of the problems facing humanity in the agricultural and 

health sectors as well as the understanding of many secrets 

and mysteries about the creation of life. The gene bank of 

these living organisms, especially those living under 

extreme environmental conditions, requires substantial 

efforts for modern manipulation to develop living 

organisms capable of improving, increasing and sustaining 

production in the agricultural and pharmaceutical sectors. 

Also, looking at the system: Soil-BSC-Plants, all living 

organisms seem to be living in an organized harmony of 

cooperation and support of each other. Each group, or even 

individual organism, has its roles to support the life and 

activities of mankind. In recent years, many facts have been 

revealed about the reality of these roles in human life as 

well as the methods and approaches adopted by these living 

organisms to bring about a sustainable support of each 

other. The evidence presented so far support the idea of the 

unity of life, and the reasons and objectives behind their 

creation, and such task still requires more studies for proper 

understanding.  
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