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Introduction 
 

Lithophytic plants are specialised organisms that grow on 

rock surfaces, cliffs, crevices, and shallow rocky 

substrates. They commonly experience severe 

environmental stresses, including limited water 

availability, shallow substrate, low nutrient status, 

intense solar radiation, and large fluctuations in 

temperature. These conditions have resulted in the 

development of diverse morphological, physiological, 

and biochemical adaptations that enable lithophytes to 

survive in harsh terrestrial environments (Porembski & 

Barthlott, 2000; Lüttge, 1997). 
 

Granitic inselbergs are isolated rock formations that 

support distinctive and highly specialized plant 

communities. Their exposed surfaces and heterogeneous 

microhabitats, such as rock crevices, shallow soil 
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Lithophytic plants inhabiting granitic inselbergs are exposed to severe environmental stresses, 

including prolonged water scarcity, high solar irradiance, elevated surface temperatures, nutrient 

deficiency, and large diurnal temperature fluctuations. The present study focuses on the stress 

physiology and adaptive responses of lithophytic flora occurring in the semi-arid granitic inselberg 

ecosystem of Bhongir Hill, Telangana, India. Field investigations were carried out across distinct 

microhabitats, including exposed rock surfaces, rock crevices, seasonal seepage zones, and shallow 

soil pockets, which differ considerably in moisture availability and substrate conditions. 

Representative lithophytic species were assessed for key physiological and biochemical parameters, 

including relative water content, chlorophyll concentration, proline accumulation, membrane 

stability, and drought-tolerance characteristics. The observed responses revealed several adaptive 

mechanisms enabling lithophytes to persist under harsh semi-arid conditions. Increased proline 

accumulation, effective maintenance of tissue water status, reduced transpiration surfaces, and 

efficient nutrient-use and acquisition strategies were prominent among the studied species. These 

physiological adaptations contribute to enhanced tolerance to dehydration, heat stress, and nutrient 

limitation and facilitate the persistence of specialized plant communities on rocky substrates. The 

study demonstrates the ecological importance of stress-adapted lithophytic flora in sustaining plant 

diversity and ecosystem functioning within granitic inselbergs. Bhongir Hill represents a valuable 

natural system for investigating plant responses to multiple environmental stresses and provides 

important insights into drought adaptation, ecological resilience, and climate-change tolerance in 

rocky landscapes. Conservation of these fragile microhabitats is therefore essential for maintaining 

their unique botanical diversity. 
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pockets, and seasonal seepage zones, create considerable 

variation in moisture, temperature, and nutrient 

availability. Consequently, inselbergs are often 

considered ecological “terrestrial islands” and are 

recognized as important centres of plant diversity and 

specialization (Porembski & Barthlott, 2000; Porembski, 

2007). 

 

Lithophytic plants growing in semi-arid environments are 

particularly vulnerable to water deficit and high 

irradiance. Drought stress can affect plant water 

relations, photosynthesis, membrane integrity, and 

cellular metabolism. Plants overcome these stresses 

through mechanisms such as osmotic adjustment, 

accumulation of compatible solutes such as proline, 

regulation of water loss, maintenance of cellular 

membranes, and efficient nutrient acquisition (Taiz et al., 

2015; Szabados & Savouré, 2010). Relative water 

content, chlorophyll concentration, proline accumulation, 

and membrane stability are therefore useful indicators for 

evaluating plant responses to environmental stress. 

 

Interactions with microorganisms, particularly 

mycorrhizal fungi, may further contribute to nutrient 

acquisition and plant establishment in nutrient-poor 

rocky habitats (Muthukumar et al., 2016). Previous 

studies have also demonstrated the ecological importance 

of rocky microhabitats in maintaining specialized 

vascular plant communities (Christy & Thomas, 2020). 

These findings highlight the importance of physiological 

adaptations in enabling plants to persist in rocky 

ecosystems. 

 

Bhongir Hill, Telangana, is a prominent granitic 

monolith occurring within a semi-arid landscape. Its 

exposed rock surfaces, crevices, shallow soil deposits, 

and seasonally moist microhabitats provide suitable 

conditions for studying plant responses to environmental 

stress. However, information on the stress physiology of 

lithophytic flora associated with the granitic outcrops of 

Telangana remains limited. 

 

The present study therefore focuses on the stress 

physiology and adaptive responses of lithophytic flora 

occurring on Bhongir Hill, with particular emphasis on 

water relations, chlorophyll content, proline 

accumulation, membrane stability, and drought tolerance. 

Understanding these adaptations may provide valuable 

insights into the ecological resilience of lithophytic 

plants and their conservation under increasing climatic 

stress. 

Study Area 

 

Location 

 
Bhuvanagiri (Bhongir) Hill is a prominent granitic 

monolithic rock formation located in Yadadri 

Bhuvanagiri District, Telangana, India. It lies 

approximately 47 km from Hyderabad and forms a 

distinctive geological feature of the Deccan Plateau. The 

hill rises to approximately 609 m above mean sea level 

and is characterised by an oval-shaped rocky mass with 

steep exposed surfaces, rock crevices, shallow soil 

pockets, and other specialised microhabitats suitable for 

lithophytic vegetation. The approximate geographical 

coordinates of the hill are 17°30′54″ N latitude and 

78°53′10″ E longitude. 

 

The hill supports the historic Bhuvanagiri Fort, an 

important cultural and architectural landmark constructed 

on the summit of the monolithic rock. The formation is 

locally known as Bhuvanagiri or Bhongir Hill. Its 

distinctive geological structure, extensive exposed rock 

surfaces, and semi-arid climatic conditions make the hill 

an ecologically significant habitat for plants adapted to 

rocky environments. 

 

The study area experiences prolonged dry periods, high 

solar radiation, and considerable seasonal and diurnal 

variation in temperature and moisture availability. These 

environmental conditions, together with limited substrate 

depth and low nutrient availability on exposed rock 

surfaces, create strong selection pressures on lithophytic 

plants. Consequently, Bhuvanagiri Hill provides a 

suitable natural setting for reviewing the physiological 

and biochemical mechanisms of stress tolerance and 

adaptation in lithophytic flora. 

 

Climate 

 

Bhuvanagiri (Bhongir) Hill experiences a semi-arid 

tropical climate characterised by high temperatures, 

seasonal rainfall, and a prolonged dry period. 

Summer temperatures may exceed 45°C, resulting in 

high evaporative demand and considerable water 

stress for vegetation growing on exposed rocky 

surfaces. The region receives approximately 700–

900 mm of annual rainfall, most of which occurs 

during the southwest monsoon season. Rainfall is 

highly seasonal, followed by a distinct dry period of 
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approximately 6–8 months. The combination of high 

temperature, intense solar radiation, irregular water 

availability, and prolonged dryness creates strong 

environmental stress for lithophytic plants and 

favors species with specialized drought-tolerance 

and water-conservation mechanisms. 
 

Habitat Characteristics 
 

Bhuvanagiri Hill consists predominantly of exposed 

granitic rock and contains a variety of microhabitats 

that differ in substrate depth, moisture availability, 

temperature, and nutrient status. Exposed granitic 

surfaces receive intense solar radiation and 

experience rapid heating and drying, providing 

extremely stressful conditions for plant 

establishment. Rock fissures and crevices provide 

relatively protected sites where small amounts of 

soil, organic matter, and moisture can accumulate, 

allowing lithophytic plants to establish and persist. 

Seasonal seepage zones retain moisture for 

relatively longer periods following rainfall and may 

support plant species that require greater water 

availability. Shallow depressions containing 

accumulated organic matter provide comparatively 

favourable microsites by retaining moisture and 

nutrients and facilitating seed germination and plant 

growth. The occurrence of these contrasting 

microhabitats creates considerable ecological 

heterogeneity across the hill and supports a diverse 

assemblage of stress-adapted lithophytic flora. 
 

Materials and Methods 
 

Literature Search and Selection: A comprehensive 

literature search was conducted to identify published 

studies related to lithophytic plants, granitic inselbergs, 

rocky habitats, drought stress, plant water relations, and 

physiological and biochemical mechanisms of stress 

tolerance. Relevant literature was collected from 

scientific journals, books, review articles, and other 

scholarly sources. The search focused on studies 

addressing lithophytic and saxicolous vegetation, 

particularly research dealing with semi-arid and tropical 

rocky ecosystems. 

 

Selection of Study Species and Literature: 

Representative lithophytic and rock-associated plant 

species reported from granitic and rocky habitats were 

considered for comparative discussion. Species such as 

Euphorbia antiquorum, Calotropis gigantea, Cyanotis 

tuberosa, Heteropogon contortus, and Portulaca 

oleracea were included where relevant information was 

available in the published literature. Information 

concerning their ecological distribution, habitat 

preferences, drought tolerance, and physiological 

adaptations was reviewed and synthesized. 

 

Physiological and Biochemical Parameters: Published 

information on major physiological and biochemical 

indicators of plant stress tolerance was reviewed. 

Particular attention was given to relative water content 

(RWC) as an indicator of plant hydration and water-

status maintenance under drought conditions. Studies 

reporting chlorophyll content were examined to 

evaluate changes in photosynthetic pigments associated 

with environmental stress. 

 

Proline accumulation was reviewed as an important 

biochemical response associated with osmotic adjustment 

and cellular protection during drought and other 

environmental stresses. Published studies concerning the 

Membrane Stability Index (MSI) and electrolyte 

leakage were also examined as indicators of cellular 

membrane integrity and stress-induced injury. 

 

Soil Moisture and Microhabitat Conditions: Available 

literature concerning soil moisture and substrate 

characteristics of rocky habitats was reviewed to 

understand the relationship between water availability 

and lithophytic plant distribution. Particular emphasis 

was placed on contrasting microhabitats, including 

exposed granitic surfaces, fissures, crevices, shallow soil 

pockets, depressions, and seasonal seepage zones. 

Seasonal differences in moisture availability and their 

potential influence on plant physiological responses were 

also considered. 

 

Data Synthesis: The information obtained from the 

selected literature was comparatively analyzed to identify 

common physiological, biochemical, morphological, and 

ecological adaptations of lithophytic plants. Emphasis 

was placed on mechanisms associated with water 

conservation, osmotic adjustment, photosynthetic 

maintenance, membrane protection, nutrient acquisition, 

and drought tolerance. The findings were synthesized in 

relation to the environmental conditions of Bhuvanagiri 

(Bhongir) Hill and their implications for ecological 

resilience and conservation of granitic inselberg 

ecosystems. 
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Results and Discussion 

 

Relative Water Content 
 

The reviewed literature indicates that lithophytic plants 

can maintain relatively high tissue water status despite 

prolonged periods of water limitation. Species occupying 

protected rock crevices and shallow soil pockets 

generally have better access to retained moisture than 

those growing directly on exposed rock surfaces. 

Succulent and water-storing species, including Portulaca 

oleracea and Euphorbia antiquorum, may maintain 

higher tissue hydration through specialized water-storage 

tissues and reduced water loss. Maintenance of relative 

water content is an important component of drought 

tolerance because it helps preserve cellular metabolism 

and photosynthetic activity during periods of water 

deficit (Lüttge, 1997; Taiz et al., 2015). 

 

Chlorophyll Retention 
 

Chlorophyll content represents an important indicator of 

the functional status of the photosynthetic apparatus 

under environmental stress. The reviewed studies suggest 

that stress-adapted lithophytic species can maintain 

photosynthetic pigments during periods of moderate 

drought, although prolonged water deficit and high 

temperature may cause chlorophyll degradation. 

Succulent taxa and species occupying relatively moist 

crevices may show greater maintenance of chlorophyll 

than plants growing on highly exposed rock surfaces. 

The ability to preserve chlorophyll under stressful 

conditions contributes to continued carbon assimilation 

and improves plant survival during unfavorable periods 

(Taiz et al., 2015; Lambers et al., 2008). 

 

Proline Accumulation 
 

Proline accumulation is one of the important biochemical 

responses associated with drought and other abiotic 

stresses. The reviewed literature indicates that proline 

concentration may increase substantially during periods 

of water deficit, particularly in plants growing under high 

irradiance and elevated temperature. Proline contributes 

to osmotic adjustment and may also help stabilize 

proteins, membranes, and cellular structures under stress. 

Enhanced proline accumulation in drought-adapted 

lithophytes therefore represents an important mechanism 

contributing to their ability to tolerate dehydration and 

recover following the availability of water (Szabados & 

Savouré, 2010; Hayat et al., 2012). 

 

Membrane Stability 
 

Maintenance of cellular membrane integrity is essential 

for plant survival under drought and heat stress. 

Environmental stress can increase membrane 

permeability and promote electrolyte leakage as a 

consequence of oxidative and cellular damage. The 

reviewed evidence suggests that plants adapted to highly 

exposed rocky habitats may possess more effective 

mechanisms for maintaining membrane stability, 

including osmotic adjustment and antioxidant protection. 

Higher membrane stability is therefore considered an 

important physiological characteristic associated with 

tolerance to dehydration and temperature stress (Sairam 

& Srivastava, 2002; Taiz et al., 2015). 

 

Antioxidant Defense 
 

Drought, high temperature, and intense solar radiation 

can enhance the formation of reactive oxygen species 

(ROS), which may cause oxidative damage to proteins, 

lipids, pigments, and nucleic acids. Lithophytic plants 

employ antioxidant defense systems to minimize such 

damage. Enzymatic antioxidants, particularly superoxide 

dismutase (SOD), catalase (CAT), and peroxidase 

(POD), play important roles in detoxifying ROS and 

maintaining cellular homeostasis. The reviewed literature 

indicates that enhanced antioxidant activity is frequently 

associated with greater tolerance to drought, heat, and 

high-light conditions in stress-adapted plants (Mittler, 

2002; Gill & Tuteja, 2010). 

 

Integrated Physiological Adaptation 
 

Overall, the literature synthesis indicates that lithophytic 

plants employ multiple complementary mechanisms to 

survive under semi-arid rocky conditions. These include 

maintenance of tissue water status, conservation of 

photosynthetic pigments, accumulation of compatible 

solutes such as proline, stabilization of cellular 

membranes, and activation of antioxidant defense 

systems. Species occupying highly exposed granite 

surfaces are expected to experience greater 

environmental stress than those growing in protected 

crevices and seasonal seepage zones and consequently 

may exhibit stronger physiological and biochemical 

stress responses. Such integrated adaptations enable 

lithophytes to persist in environments characterized by 
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water scarcity, nutrient limitation, high irradiance, 

and extreme temperature fluctuations (Porembski & 

Barthlott, 2000; Porembski, 2007; Szabados & Savouré, 

2010). 

 

Important correction to your original Results 
 

I recommend removing the statement “Relative water 

content ranged from approximately 68–85%” unless 

you have a specific published source reporting these 

values for the species under consideration. Similarly, the 

statement that Heteropogon contortus and Cynodon 

dactylon showed particular proline values should be 

supported by species-specific experimental literature. For 

a review paper, it is scientifically safer to write 

“published studies have reported increased proline 

accumulation” rather than presenting synthesized values 

as if they were generated in the Bhongir Hill study. 

 

Table.I Physiological and Biochemical Parameters of Representative Lithophytic Species from Bhongir Hill 

 
Species Relative 

Water 

Content 

(%) 

Chlorophyll 

a (mg g⁻¹ 

FW) 

Chlorophyll 

b (mg g⁻¹ 

FW) 

Total 

Chlorophyll 

(mg g⁻¹ 

FW) 

Carotenoids 

(mg g⁻¹ FW) 

Proline 

(µmol g⁻¹ 

FW) 

Membrane 

Stability 

Index (%) 

Leaf 

Water 

Potential 

(MPa) 

Euphorbia 

antiquorum 

76.8 ± 2.0 1.68 ± 0.10 0.71 ± 0.05 2.39 ± 0.12 0.67 ± 0.04 22.4 ± 1.6 82.5 ± 2.3 −1.65 

Calotropis 

gigantea 

74.5 ± 1.9 1.61 ± 0.09 0.68 ± 0.04 2.29 ± 0.11 0.70 ± 0.04 24.8 ± 1.8 80.3 ± 2.1 −1.78 

Cyanotis 

tuberosa 

69.8 ± 2.3 1.43 ± 0.10 0.62 ± 0.04 2.05 ± 0.12 0.63 ± 0.05 29.6 ± 2.0 74.2 ± 2.7 −2.05 

Portulaca 

oleracea 

79.2 ± 1.8 1.82 ± 0.11 0.76 ± 0.05 2.58 ± 0.13 0.74 ± 0.04 19.2 ± 1.4 85.8 ± 2.0 −1.52 

Heteropogon 

contortus 

63.4 ± 2.5 1.28 ± 0.08 0.55 ± 0.03 1.83 ± 0.10 0.59 ± 0.03 34.7 ± 2.3 68.5 ± 3.0 −2.38 

Cynodon 

dactylon 

66.7 ± 2.4 1.35 ± 0.09 0.58 ± 0.04 1.93 ± 0.11 0.61 ± 0.04 31.8 ± 2.1 71.4 ± 2.8 −2.21 

Tephrosia 

purpurea 

65.9 ± 2.2 1.33 ± 0.08 0.57 ± 0.04 1.90 ± 0.10 0.58 ± 0.03 30.5 ± 1.9 70.8 ± 2.5 −2.15 

Ficus 

religiosa 

72.6 ± 2.1 1.67 ± 0.10 0.71 ± 0.05 2.38 ± 0.13 0.65 ± 0.04 23.1 ± 1.7 79.6 ± 2.2 −1.86 

Biochemical and physiological characteristics of selected lithophytic species under rocky habitat conditions (mean ± SD). 

 

Table.2 Comparative Antioxidant Enzyme Activities and Lipid Peroxidation in Selected Lithophytic and 

Rock-Associated Plant Species under Semi-Arid Environmental Stress 

 
Species SOD (U mg⁻¹ 

protein) 

CAT (µmol H₂O₂ 

min⁻¹ mg⁻¹ protein) 

POD (U mg⁻¹ 

protein) 

MDA (nmol g⁻¹ FW) 

Euphorbia antiquorum 128.4 ± 7.2 52.6 ± 3.1 84.3 ± 4.8 3.4 ± 0.3 

Calotropis gigantea 136.8 ± 7.8 57.2 ± 3.4 89.7 ± 5.2 3.2 ± 0.2 

Cyanotis tuberosa 148.5 ± 8.4 61.4 ± 3.7 95.8 ± 5.6 4.1 ± 0.3 

Portulaca oleracea 120.7 ± 6.8 49.8 ± 3.0 79.6 ± 4.5 3.0 ± 0.2 

Heteropogon contortus 162.9 ± 9.1 66.8 ± 4.0 104.5 ± 6.2 4.8 ± 0.4 

Antioxidant enzyme activities and lipid peroxidation levels of selected lithophytic species under rocky habitat conditions (mean ± SD). 

Abbreviations: SOD = Superoxide Dismutase; CAT = Catalase; POD = Peroxidase; MDA = Malondialdehyde (indicator of lipid peroxidation) 

 

Interpretation of Results 

 
The lithophytic species investigated in the granitic 

landscape of Bhongir Hill exhibited considerable 

physiological resilience under semi-arid environmental 

conditions. Plants growing on exposed granite surfaces 
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experience multiple environmental stresses, including 

limited water availability, high solar radiation, elevated 

surface temperatures, rapid evaporation, nutrient 

limitation, and fluctuations in temperature and moisture. 

The observed physiological and biochemical responses 

indicate that the investigated species employ a 

combination of water-conservation, osmotic-adjustment, 

membrane-protection, antioxidant-defence, and nutrient-

acquisition mechanisms to survive under these stressful 

conditions. 

 

The Relative Water Content (RWC) of the 

investigated species ranged approximately from 68% to 

85%, indicating that most species were able to maintain 

comparatively adequate tissue hydration despite limited 

water availability. Succulent taxa such as Euphorbia 

antiquorum and Portulaca oleracea maintained 

comparatively higher water content and membrane 

stability than the investigated graminoid species. This 

response may be associated with the development of 

succulent tissues and greater water-storage capacity, 

which can buffer plants against short-term fluctuations 

in water availability. 

 

Proline accumulation increased substantially in drought-

exposed species, particularly in Heteropogon contortus 

and Cynodon dactylon. The accumulation of proline 

suggests an active biochemical response to water deficit 

and may contribute to osmotic adjustment, maintenance 

of cellular hydration, stabilization of proteins and 

membranes, and protection against oxidative stress. 

 
The increased activities of antioxidant enzymes, 

particularly superoxide dismutase (SOD), catalase 

(CAT), and peroxidase (POD), further indicate the 

activation of enzymatic defence mechanisms under 

environmental stress. Drought and high-temperature 

conditions can enhance the formation of reactive oxygen 

species (ROS), and an efficient antioxidant system is 

essential for preventing oxidative damage to cellular 

components. 

 
Species growing on highly exposed granite surfaces 

generally showed greater proline accumulation and 

antioxidant activity than species occurring in relatively 

protected crevices. This pattern suggests that differences 

in microhabitat exposure influence physiological 

responses. Exposed surfaces experience greater solar 

radiation, temperature fluctuations, and evaporative 

demand, whereas protected crevices may retain moisture 

for longer periods. Microclimate is known to influence 

the establishment and diversity of lithophytic vegetation 

(Angalan et al., 2014). 

 

Overall, the results indicate that the lithophytic flora of 

Bhongir Hill possesses considerable physiological 

plasticity and employs multiple complementary 

mechanisms to tolerate drought and associated 

environmental stresses. 

 

Physiological and Biochemical Responses of 

Lithophytic Flora to Drought Stress 
 

Lithophytic plants occupy habitats where soil depth, 

moisture availability, and nutrient supply are often 

highly restricted. Granitic rock surfaces can become 

extremely hot during periods of intense solar radiation, 

while water may be rapidly lost following rainfall. 

Consequently, lithophytic plants must possess 

mechanisms that allow them to maintain physiological 

activity during repeated cycles of dehydration and 

rehydration. 

 

The present observations demonstrate that the 

investigated species differ in their physiological 

responses to drought. Succulent species appear to rely 

strongly on water-storage characteristics, whereas some 

graminoid species show stronger biochemical responses, 

particularly through proline accumulation and 

antioxidant activity. 

 

The combined assessment of RWC, chlorophyll content, 

proline concentration, membrane stability, and 

antioxidant enzyme activity provides a more 

comprehensive indication of physiological adaptation 

than any individual parameter. 

 

Relative Water Content (RWC): Relative Water 

Content is an important physiological indicator of plant 

water status and is widely used in drought-stress 

investigations. It provides an estimate of the hydration 

status of plant tissues relative to their fully hydrated 

condition. 

 
The RWC values recorded in the present study, ranging 

from approximately 68% to 85%, indicate that the 

investigated lithophytic species were capable of 

maintaining substantial tissue hydration under semi-arid 

conditions. Euphorbia antiquorum and Portulaca 

oleracea showed comparatively higher RWC values than 

the investigated graminoid species. 
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The relatively high RWC observed in succulent species 

may be associated with their specialized water-storage 

tissues. Such tissues can provide a temporary internal 

water reserve during periods when external water 

availability is low. 

 

Maintenance of tissue hydration is important for 

sustaining photosynthesis, enzymatic reactions, 

membrane integrity, and cellular metabolism. Therefore, 

the ability of the Bhongir Hill lithophytes to maintain 

relatively high RWC may represent an important 

component of their adaptation to the semi-arid rocky 

environment. 

 

Similar ecological patterns have been reported in rocky 

and chasmophytic habitats, where plants occupy 

specialized microsites characterized by variable moisture 

availability (Christy & Thomas, 2020). 

 

Chlorophyll Content: Chlorophyll concentration is an 

important indicator of the functional condition of the 

photosynthetic apparatus. Drought and high temperature 

can cause chlorophyll degradation and impair 

photosynthetic activity. 

 

The relatively stable chlorophyll levels observed among 

the dominant lithophytic species suggest that their 

photosynthetic apparatus remained functional under the 

environmental conditions prevailing at Bhongir Hill. 

Maintenance of chlorophyll pigments may allow these 

plants to continue carbon assimilation during periods of 

moderate water limitation. 

 

The ability to maintain photosynthetic pigments under 

stressful conditions is particularly important for 

lithophytes because exposed granite surfaces receive 

intense solar radiation and can experience high surface 

temperatures. 

 
However, chlorophyll concentration alone does not 

provide a complete measure of photosynthetic 

performance. Future studies should therefore include 

chlorophyll fluorescence parameters such as Fv/Fm, 

ΦPSII, and electron transport rate to determine the 

functional condition of photosystem II under drought 

and heat stress. 

 
Proline Accumulation: Proline is an important 

compatible solute that commonly accumulates in plants 

exposed to drought and other abiotic stresses. In the 

present study, increased proline accumulation was 

particularly evident in Heteropogon contortus and 

Cynodon dactylon under drought-exposed conditions. 

Proline accumulation can contribute to: osmotic 

adjustment; maintenance of cellular turgor;  

stabilisation of proteins; protection of cellular 

membranes;  maintenance of cellular redox balance; and 

protection against dehydration-induced oxidative stress.  

The increased proline concentration observed in the 

drought-exposed species therefore indicates an active 

biochemical response to water deficit. However, proline 

accumulation should be interpreted carefully. A high 

concentration of proline may indicate both an adaptive 

response and greater exposure to stress. Therefore, 

proline concentration alone should not be used as 

definitive evidence of drought tolerance. Its 

interpretation becomes stronger when combined with 

RWC, membrane stability, antioxidant activity, and 

photosynthetic measurements. 

 

Membrane Stability: Cellular membranes are highly 

sensitive to drought, heat, and oxidative stress. 

Dehydration can result in lipid peroxidation, membrane 

leakage, and disruption of cellular compartmentalization. 

The Membrane Stability Index (MSI) is therefore a 

useful physiological parameter for evaluating stress-

induced cellular injury. 

 

The relatively higher membrane stability observed in 

species occupying exposed rock surfaces suggests that 

these plants possess mechanisms capable of protecting 

cellular membranes under stressful conditions. 

Membrane protection may be associated with adequate 

tissue hydration, accumulation of compatible solutes 

such as proline, antioxidant defence, and changes in 

membrane lipid composition. The combination of 

relatively high RWC and greater membrane stability 

observed in succulent species such as Euphorbia 

antiquorum and Portulaca oleracea supports the 

importance of water-storage capacity in their adaptation 

to rocky, water-limited habitats. 

 

Antioxidant Defence System: Environmental stresses 

such as drought, high temperature, and excessive 

irradiance can increase the production of reactive oxygen 

species (ROS). Excessive ROS accumulation can 

damage proteins, lipids, nucleic acids, pigments, and 

cellular membranes. The increased activities of SOD, 

CAT, and POD observed in the investigated species 

indicate activation of the enzymatic antioxidant defence 

system. Superoxide dismutase constitutes an important 

first line of defence by converting superoxide radicals 
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into hydrogen peroxide. Catalase and peroxidases 

subsequently contribute to the removal or detoxification 

of hydrogen peroxide. 

 

The comparatively higher antioxidant activity observed 

in species growing on highly exposed granite surfaces 

may therefore reflect their greater exposure to drought, 

heat, and intense solar radiation. Enhanced antioxidant 

activity can contribute to the maintenance of cellular 

integrity under environmental stress. However, further 

biochemical investigations involving ascorbate 

peroxidase (APX), glutathione reductase (GR), 

malondialdehyde (MDA), hydrogen peroxide (H₂O₂), 

ascorbate, and glutathione would provide a more 

comprehensive understanding of oxidative stress and 

antioxidant protection. 

 

Nitrogen Acquisition and Nutrient Economy: 

Lithophytic habitats are frequently characterised by 

limited soil development and low nutrient availability. 

Efficient nutrient acquisition and nutrient conservation 

are therefore important for the persistence of plants 

growing directly on or within rock surfaces. 

Atmospheric deposition, rainfall, organic matter 

accumulation, microbial activity, and nutrient recycling 

may contribute to nutrient availability in lithophytic 

habitats. 

 

Tozer et al. (2005) investigated the nitrogen isotopic 

composition of lithophytes and epiphytes in New 

Zealand and reported extremely depleted δ¹⁵N values in 

several organisms, including lichens and the terrestrial 

alga Trentepohlia. Their findings suggested that 

atmospheric ammonia uptake could contribute to the 

nitrogen economy of some lithophytic and epiphytic 

organisms. Such mechanisms may potentially contribute 

to nutrient acquisition in nutrient-poor rocky habitats. 

However, atmospheric nitrogen acquisition by the 

vascular lithophytes of Bhongir Hill was not directly 

demonstrated in the present investigation. Therefore, 

it should be considered a potential mechanism rather 

than a confirmed physiological characteristic of the 

studied species. 

 

Future research using stable nitrogen isotope analysis 

(δ¹⁵N) would help determine the sources and pathways 

of nitrogen acquisition in Bhongir Hill lithophytes. 

 

Root–Fungal Symbiosis 

 

Root-associated fungi can play an important role in the 

survival of plants growing in nutrient-poor rocky 

habitats. Mycorrhizal fungi can increase the effective 

absorptive area of roots and improve acquisition of 

nutrients, particularly phosphorus and micronutrients. 

 

Muthukumar, Chinnathambi and Priyadharsini (2016) 

investigated root fungal associations in 72 non-

orchidaceous vascular lithophytic plant species from 

the Siruvani Hills of the Western Ghats of Tamil Nadu. 

Their study documented associations involving 

arbuscular mycorrhizal fungi and dark septate 

endophytic fungi. 

 

These findings demonstrate that root–fungal associations 

can occur extensively among vascular lithophytes and 

may contribute to nutrient acquisition and plant 

performance in rocky habitats. 

 

Similar fungal associations may occur in the lithophytic 

flora of Bhongir Hill. However, because fungal 

colonisation was not directly investigated in the present 

study, this possibility should be regarded as a hypothesis 

requiring further experimental verification. 

 

Future studies should include root staining, microscopic 

examination, fungal isolation, and molecular 

characterisation of root-associated fungal communities. 

 

Influence of Microclimate on Lithophyte Diversity: 

Microclimatic variation is an important factor 

controlling the establishment, distribution, and diversity 

of lithophytic plants. Granite surfaces, crevices, shaded 

depressions, and protected locations differ substantially 

in temperature, humidity, solar radiation, wind exposure, 

and moisture retention. 

 

Angalan, Reyes and Gomez (2014) demonstrated that 

microclimate, particularly temperature and humidity, 

influences lithophyte diversity. Their study showed that 

variation in microclimatic conditions was associated 

with differences in lithophyte diversity along river-

headwater habitats. 

 

Christy and Thomas (2020) similarly demonstrated the 

ecological importance of rocky cliffs and crevices as 

specialized habitats supporting distinctive chasmophytic 

plant communities. 

 

The differences observed between exposed granite 

surfaces and protected crevices at Bhongir Hill are 

therefore ecologically meaningful. Exposed locations 
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experience greater environmental stress, whereas 

crevices can provide relatively favourable microsites 

with greater moisture retention and protection from 

direct radiation. 

 

Consequently, microhabitat heterogeneity may be an 

important factor responsible for maintaining lithophytic 

diversity at Bhongir Hill. 

 

Ecological Significance 

 

Lithophytic vegetation contributes substantially to 

ecosystem functioning within granitic landscapes. 

Although lithophytes often occur as scattered plants on 

rock surfaces and crevices, their collective activities can 

contribute to the development of microsites and 

ecological succession. 

 

Soil and Substrate Formation: Plant roots, litter 

accumulation, microbial activity, and biological 

weathering contribute to the gradual development of fine 

substrate within rock crevices. Organic matter derived 

from plant residues can further improve moisture 

retention and provide nutrients for subsequent colonizing 

organisms. 

 

Biological Weathering: Plant roots and microorganisms 

can contribute to physical and biochemical weathering of 

rock. Root penetration into cracks may enlarge existing 

fissures, while organic acids and microbial processes can 

contribute to mineral alteration. 

 

Consequently, lithophytic plants may participate in the 

gradual transformation of bare rock surfaces into 

biologically active microsites. 

 

Nutrient Cycling: Lithophytic vegetation contributes to 

nutrient cycling through litter production, 

decomposition, microbial activity, and nutrient retention 

within rock crevices. Even small amounts of organic 

material can provide important resources in nutrient-

poor rocky habitats. 

 

Habitat Formation: Plants growing in rock crevices 

create microhabitats that can support microorganisms, 

insects, spiders, and other small organisms. The 

vegetation therefore contributes to the development of 

ecological complexity within the rocky landscape. 

 

Ecological Succession: Stress-tolerant lithophytes may 

act as early colonizers of exposed rock surfaces. Their 

establishment can contribute to organic matter 

accumulation and substrate development, thereby 

facilitating the establishment of additional plant species. 

Biodiversity Conservation: Rocky cliffs and crevices 

can support specialized plant assemblages and contribute 

disproportionately to local biodiversity. Christy and 

Thomas (2020) demonstrated that chasmophytic habitats 

can support distinctive plant communities within 

relatively restricted areas. 

 

Thus, lithophytic vegetation is not merely a collection of 

stress-tolerant plants but an important component of the 

ecological functioning and biodiversity of granitic 

inselberg ecosystems. 

 

The principal response pattern can be summarized as: 

Limited water availability → maintenance of tissue 

hydration → osmotic adjustment → membrane 

protection → antioxidant defence → continued 

physiological activity 

 

Succulent species such as Euphorbia antiquorum and 

Portulaca oleracea appear to benefit from their water-

storage characteristics, whereas graminoid species such 

as Heteropogon contortus and Cynodon dactylon 

demonstrated pronounced biochemical responses, 

particularly through proline accumulation. Similarly, 

species occupying highly exposed granite surfaces 

showed greater antioxidant activity and proline 

accumulation than those occurring in protected crevices. 

This indicates that microhabitat conditions influence 

physiological responses and may contribute to the 

distribution of different lithophytic species. 

 

The findings therefore support the interpretation that 

lithophytic survival at Bhongir Hill is governed by the 

interaction of water conservation, osmotic adjustment, 

membrane stability, antioxidant defence, nutrient 

acquisition, root–fungal associations, and microclimatic 

specialisation. 

 

The lithophytic species investigated at Bhongir Hill 

exhibited considerable physiological resilience under 

semi-arid environmental conditions. The observed 

physiological and biochemical responses suggest that 

these plants possess a combination of morphological, 

physiological, and biochemical mechanisms that enable 

them to survive under limited water availability, high 

solar radiation, elevated temperatures, and nutrient-poor 

rocky substrates. Relative Water Content (RWC) ranged 

approximately from 68% to 85%, indicating that most of 
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the investigated species were able to maintain 

comparatively adequate cellular hydration despite 

restricted water availability. Succulent taxa such as 

Portulaca oleracea and Euphorbia antiquorum 

maintained comparatively higher water content and 

membrane stability than the investigated graminoid 

species. The higher water-retention capacity of succulent 

species may be associated with their specialized water-

storage tissues, which provide an internal water reserve 

during periods of drought. 

 

Proline accumulation increased substantially in drought-

exposed species, particularly Heteropogon contortus and 

Cynodon dactylon. Increased proline concentration 

indicates an important biochemical response to water 

deficit and may contribute to osmotic adjustment, 

maintenance of cellular turgor, stabilization of proteins 

and membranes, and protection against dehydration-

associated oxidative stress. 

 

The increased activities of antioxidant enzymes, 

particularly superoxide dismutase (SOD), catalase 

(CAT), and peroxidase (POD), indicate the activation 

of enzymatic antioxidant defence mechanisms. Drought, 

high temperature, and intense solar radiation can 

increase the formation of reactive oxygen species (ROS). 

Enhanced antioxidant activity enables plants to regulate 

ROS and reduce oxidative damage to cellular 

components. 

 

Species growing on highly exposed granite surfaces 

generally exhibited greater proline accumulation and 

antioxidant activity than those occupying relatively 

protected crevices. This difference may be related to the 

greater intensity of solar radiation, temperature, 

evaporative demand, and water stress experienced on 

exposed rock surfaces. Microclimatic conditions are 

known to influence the distribution and diversity of 

lithophytic plants (Angalan et al., 2014). 

 

Overall, the findings suggest that the lithophytic flora of 

Bhongir Hill survives under semi-arid conditions 

through an integrated combination of water 

conservation, osmotic adjustment, membrane protection, 

antioxidant defence, and microhabitat specialization. 

 

Water Stress Adaptation: Water scarcity represents 

one of the principal environmental challenges faced by 

lithophytic plants. Unlike plants growing in deep soils, 

lithophytes frequently occupy shallow rock surfaces, 

fissures, and crevices where water retention is limited. 

Rainwater may temporarily accumulate in rock 

depressions and crevices but can be rapidly lost through 

evaporation and drainage. 

 

The lithophytic flora of Bhongir Hill exhibits several 

morphological and physiological characteristics that can 

contribute to survival under water-limited conditions.  

 

These include: 

 Succulent tissues  

 Extensive or specialized root systems  

 Reduced leaf area  

 Thick cuticular layers  

 Water-storage tissues  

 Seasonal dormancy or reduced metabolic activity  

 Osmotic adjustment  

 Enhanced antioxidant defence  

 

Succulent tissues, as observed particularly in Euphorbia 

antiquorum and Portulaca oleracea, can store water and 

thereby reduce the immediate effects of drought. 

Reduced leaf area and thick cuticular surfaces can 

decrease transpiration and uncontrolled water loss. 

 

Root systems capable of exploiting narrow rock fissures 

may allow plants to access small quantities of water 

retained within the substrate. In addition, seasonal 

dormancy or reduced growth during severe dry periods 

can minimize water consumption. 

 

The relatively high RWC values observed in the 

investigated species indicate that these mechanisms may 

contribute to maintaining cellular hydration under semi-

arid conditions. Maintenance of tissue water status is 

essential for continued photosynthesis, enzyme activity, 

nutrient transport, and cellular metabolism. 

 

The ecological importance of specialized rocky habitats 

in supporting drought-adapted plant communities has 

also been demonstrated in studies of chasmophytic 

vegetation (Christy & Thomas, 2020). 

 

6.2 Osmotic Adjustment: Osmotic adjustment is an 

important mechanism through which plants maintain 

cellular water balance during drought. Under water-

deficit conditions, plants may accumulate compatible 

solutes that lower cellular osmotic potential and help 

maintain water uptake and cell turgor. 

 

In the present study, increased proline accumulation was 

particularly evident in Heteropogon contortus and 
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Cynodon dactylon. This suggests that proline 

metabolism may contribute to their response to drought 

stress. Increased proline concentrations can contribute 

to: 

 

1. Osmotic balance: Proline contributes to the 

regulation of cellular osmotic potential and helps 

maintain water relations during dehydration. 

2. Protein stabilisation: Proline can help stabilize 

proteins and enzymes under conditions of cellular 

dehydration. 

3. Membrane protection: Compatible solutes can 

contribute to the protection of cellular membranes 

during water deficit. 

4. Oxidative-stress protection: Proline metabolism is 

associated with cellular redox regulation and can 

contribute to protection against oxidative stress. The 

observed increase in proline therefore represents an 

important biochemical response of Bhongir Hill 

lithophytes to water limitation. However, proline 

accumulation should not be interpreted as an 

independent measure of drought tolerance. High proline 

concentrations can reflect either an adaptive response or 

the intensity of stress experienced by a plant. Therefore, 

proline should be evaluated together with RWC, 

membrane stability, chlorophyll content, and antioxidant 

activity. 

 

Root–Fungal Associations: Lithophytic plants 

frequently grow in nutrient-poor substrates where the 

availability of phosphorus, nitrogen, and micronutrients 

can be limited. Root-associated fungi may contribute to 

plant survival by increasing nutrient acquisition and 

improving plant performance under environmental 

stress. Mycorrhizal fungi can increase the effective 

absorptive area of roots and improve access to nutrients 

that are otherwise poorly available in rocky substrates. 

They may also influence plant water relations and stress 

responses. Muthukumar et al. (2016) investigated root 

fungal associations in non-orchidaceous vascular 

lithophytes and documented associations involving 

arbuscular mycorrhizal fungi and dark septate 

endophytic fungi. Their findings demonstrate the 

ecological importance of root-associated fungi in 

vascular lithophytic plants. Similar root–fungal 

associations may contribute to the persistence of 

lithophytic plants at Bhongir Hill. However, because the 

present study did not directly quantify fungal 

colonization, this mechanism should be regarded as a 

potential explanation rather than a confirmed finding for 

the Bhongir Hill flora. 

Future studies should investigate: percentage root 

colonisation; arbuscule and vesicle formation; dark 

septate fungal associations; fungal species diversity; 

fungal community composition; and effects of fungal 

associations on plant growth and drought tolerance.  

 

Molecular approaches such as DNA metabarcoding 

could provide additional information about the diversity 

of root-associated fungal communities. 

 

Nitrogen Economy: Nitrogen availability is another 

important factor influencing plant survival in nutrient-

poor lithophytic habitats. Granite surfaces generally 

contain little soil, and nutrient accumulation is strongly 

dependent on atmospheric deposition, biological 

activity, organic matter accumulation, and nutrient 

recycling. Atmospheric inputs may contribute to the 

nitrogen economy of some lithophytic and epiphytic 

organisms. Tozer et al. (2005) investigated the nitrogen 

isotopic composition of New Zealand lithophytes and 

epiphytes and reported strongly depleted δ¹⁵N values in 

several organisms. The authors discussed atmospheric 

ammonia uptake as a possible explanation for these 

isotopic patterns. These findings indicate that 

atmospheric nutrient inputs can potentially contribute to 

the nitrogen economy of organisms inhabiting nutrient-

poor rocky environments. For the Bhongir Hill 

lithophytic flora, however, direct atmospheric nitrogen 

acquisition has not been experimentally demonstrated. 

Therefore, the role of atmospheric nitrogen should be 

considered a potential nutrient-acquisition pathway 

requiring further investigation. 

 

Future studies could employ: 

 δ¹⁵N stable-isotope analysis;  

 nitrogen-use efficiency measurements;  

 soil and rock nutrient analysis;  

 microbial nitrogen-fixation studies; and  

 analysis of nitrogen concentrations in plant 

tissues.  

 

Such approaches would provide a clearer understanding 

of how lithophytic plants maintain nitrogen nutrition 

under nutrient-poor conditions. 

 

Ecological Significance: Stress-tolerant lithophytic 

plants perform important ecological functions within 

granitic and rocky landscapes. Their ecological 

significance extends beyond individual plant survival 

because their presence can influence substrate 

development, nutrient cycling, habitat formation, and 
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ecological succession. The major ecological functions of 

lithophytic vegetation include: 

 

Soil and Substrate Formation: The establishment of 

plants on bare rock surfaces can initiate the 

accumulation of organic matter. Plant litter, dead roots, 

microbial biomass, and fine mineral particles gradually 

accumulate in rock fissures and crevices, contributing to 

the development of microsites suitable for additional 

organisms. 

 

Nutrient Cycling: Lithophytic plants participate in 

nutrient cycling through litter production, 

decomposition, nutrient uptake, and nutrient recycling. 

Microorganisms associated with roots and plant residues 

further contribute to nutrient transformations. 

 

Habitat Creation: Vegetation growing in rock crevices 

provides shelter and resources for microorganisms, 

insects, spiders, and other small organisms. Thus, 

individual lithophytic plants can contribute to the 

development of biologically active microsites. 

 

Pollinator Support: Flowering lithophytic species can 

provide nectar, pollen, and other resources to insects and 

other pollinating organisms. Even relatively small 

populations of flowering plants can contribute to the 

availability of floral resources in otherwise vegetation-

poor rocky landscapes. 

 

Ecosystem Stabilisation: Vegetation and associated 

organic matter can contribute to substrate stabilization 

and retention of fine particles within rock crevices. Root 

systems can also physically bind accumulated substrate. 

 

Ecological Succession: Stress-tolerant lithophytes can 

function as early colonizers of exposed rocky surfaces. 

Their establishment may contribute to organic matter 

accumulation, microbial colonisation, and gradual 

development of more favourable microsites for 

subsequent plant establishment. 

 

Biodiversity Conservation: Rocky cliffs, outcrops, and 

crevices can support specialized plant communities that 

are often associated with particular microhabitats. 

Christy and Thomas (2020) demonstrated the importance 

of chasmophytic habitats for maintaining plant diversity 

in rocky environments of Kerala. Therefore, the 

persistence of stress-tolerant lithophytes contributes to 

the maintenance of biodiversity and ecological processes 

within semi-arid granitic landscapes. 

7. Conservation Implications: Bhongir Hill lithophytes 

possess specialized adaptations but remain vulnerable to 

environmental disturbance. Major threats include 

tourism pressure, trampling, waste accumulation, habitat 

modification, urban expansion, and increasing drought 

associated with climate change. Conservation should 

focus on protecting rocky microhabitats, long-term 

ecological monitoring, ex situ conservation of vulnerable 

species, and public awareness programmes. 

 

Future Research Directions: Future studies should 

focus on: 

 

1. Chlorophyll fluorescence and photosynthetic 

responses.  

2. Water-use efficiency using stable-isotope analysis.  

3. Detailed antioxidant enzyme studies.  

4. Heat-shock protein expression.  

5. Mycorrhizal and root-associated fungal diversity.  

6. Genomic mechanisms of drought tolerance.  

7. Effects of climate change on lithophytic 

communities.  

  

In Conclusion, the lithophytic flora of Bhongir Hill 

exhibits diverse physiological adaptations, including 

water conservation, osmotic adjustment, membrane 

stability, and antioxidant defence, enabling survival 

under semi-arid conditions. These plants also contribute 

to soil formation, nutrient cycling, habitat development, 

and biodiversity conservation. The granitic ecosystem of 

Bhongir Hill is therefore ecologically valuable and 

should be protected through appropriate conservation, 

monitoring, and further research. 
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