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Abstract 

 
The present study aimed to reveal the effect of some spatial and temporal variations in 

some characters correlated with growth and metabolic activities of three common 

plant species representing two different life forms wildly grown in three diverse 

habitats in Makkah region. Explicitly, the objective was to provide some evidences on 

the responsibility of variation in some morphological characters, photosynthetic 

pigments and synthesis as well as storage of carbohydrates and proteins in achieving 

the desert plants to cope with aridity. 

Two life forms; perennial shrubs and annuals were selected for the current study. The 

first life form was symbolized by only one species; Rhazya stricta Decne. while the 

second was represented by Tribulus longipetalus Viv. and Tribulus terrestris L.. 

Habitat diversity (Plain, Wadi & Mountain) was associated with moisture availability, 

salinity levels and different soil characters. Plain attained the highest moisture 

availability and lowest salt stress, Wadi received runoff from bordering ridges which 

go deep due to sandy soil, Mountains as expected lose some of the rain water by 

runoff, but holds in its notches an amount adequate enough for growth of some 

species. 

The Measurements of some morphological characters was significantly reduced in R. 

stricta grown in Mountains compared to that of wadis and plains. Furthermore, 

abundance measurements mainly represented by plant density, frequency and cover 

attained their maximum and minimum measurements in wadi and mountain 

respectively. Concerning the second life form (annuals) T. longipetalus attained their 

maximum growth in plain while the minimum was achieved in wadi during the two 

phenological stages of growth. 

On the other hand, T. terrestris grow better in mountain than wadi and completely 

disappeared in plain.  

The water content in most plant organs of the perennial shrub R. stricta attained their 

highest values in plain habitat and lowest values in the others habitat.  

Contrarily, the two annual species attained their highest water content in wadi.   

Regarding plant biomass, the perennial shrub; R. stricta exhibited its maximum for 

most plant organs in plain and minimum in mountains.  On the other hand, the annual 

species; T. longipetalus and T. terrestris attained their minimum biomass in wadi 



while the maximum was achieved in plain and mountain (the most suitable habitats 

for growth) for the first and second species respectively.  

The content of the photosynthetic pigments (chl a, chl b and caro.) in leaves of the 

studied plant species was significantly affected by habitat conditions. 

Commonly, the annual average concentration of carbohydrates varied with habitat and 

life form. In the perennial shrub the concentration were higher in plain and wadi in all 

different phenophases. In annual species the content of carbohydrates were higher in 

mountains and wadi. The annual species attained higher concentrations of total 

available carbohydrate (TAC) than in perennial one, the opposite trend in case of total 

soluble sugars (TSS) except in roots. 

The protein content in perennial shrub was higher than that in annual species. 

The content of total and soluble proteins in the studied life forms varied from one 

habitat to another. 

The present study showed that there is a significant difference between two annual 

species in the formation of protein through the two different phenophases.  

The studied life forms showed great difference in carbohydrate to protein ratio (C/P).  

While annuals exhibited the highest ratio, perennial shrub exhibited the lowest one. 

(C/P) differed from one habitat to another especially in the perennial shrub R. stricta 

and also differed with different phenophases especially in the annual species. High 

ratios were attained in roots and branches while the low ones were attained in leaves. 
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Summary 

 
The present study aimed to reveal some spatial and temporal variations in some 

characters correlated with growth and metabolic activities of three common plant 

species representing two different life forms wildly grown in three diverse habitats in 

Makkah region. Explicitly, the objective was to provide some evidences on the 

responsibility of variation in some morphological characters, photosynthetic pigments 

and synthesis as well as storage of carbohydrates and proteins in achieving the desert 

plants to cope with aridity. 

Two life forms; perennial shrubs and annuals were selected for the current study. The 

first life form was symbolized by only one species; Rhazya stricta Decne while the 

second was represented by Tribulus longipetalus Viv. and Tribulus terrestris L.. 



Habitat diversity (Plain, Wadi & Mountain) was associated with moisture availability, 

salinity levels and different soil characters. Plain achieved the highest moisture 

availability and lowest salt stress, Wadi received runoff from bordering ridges which 

go deep due to sandy soil, Mountains as expected lose some of the rain water by 

runoff, but holds in its notches an amount adequate enough for growth of some 

species. 

The Measurements of some morphological characters such as leaf length, width and 

area, plant height and diameter of the crown was significantly reduced in R. stricta 

grown in Mountains (xeric habitat) compared to that of wadis and plains.  This may 

be explained on the concept of water availability to the plant as well as soil salinity 

and texture. Such characters may cause growth reduction either by restricting wall 

loosening or by reducing solute import into the embryo. Similarly, seed weight of R. 

stricta was highly affected by habitat variation. The maximum seed weight was 

achieved in plain, while the minimum was attained in mountains. Such variations may 

affect on seedling growth, survival and final plant size. Notably, the size of the 

examined species was much further in plain relative to the mountain. Furthermore, 

abundance measurements mainly represented by plant density, frequency and cover 

achieved their maximum and minimum measurements in wadi and mountain 

respectively.  This may be ascribed to resource availability within its habitats which in 

turn may affect on growth and reproduction and consequently their final distribution 

within the habitat.  

Concerning the second life form (annuals) T. longipetalus achieved their maximum 

growth in plain while the minimum was attained in wadi during the two phenological 

stages of growth. Osmotic stress in wadi (salinity stress) may lead to inhibition of 

expansion and growth of plant root cells affecting the growth of whole plant. On the 



other hand, T. terrestris grow better in mountain than wadi and completely 

disappeared in plain.  

The water content in most plant organs of the perennial shrub R. stricta achieved their 

highest values in plain habitat (more water available for plant) and lowest values in 

the others habitat (more water stress) which may be attributable to the absence of 

components that bind water followed by a reduction in turgid weight to dry weight. 

Contrarily, the two annual species achieved their highest water content in wadi.   

Regarding plant biomass, the perennial shrub; R. stricta exhibited its maximum for 

most plant organs in plain and minimum in mountains.  On the other hand, the annual 

species; T. longipetalus and T. terrestris attained their minimum biomass in wadi  

while the maximum was achieved in plain and mountain (the most suitable habitats 

for growth) for the first and second species respectively.  

The content of the photosynthetic pigments (chl a, chl b and caro.) in leaves of the 

studied plant species was significantly affected by habitat conditions. The changes in 

the perennial species become visible in the fruiting stage while the maximum content 

was achieved in plain and the minimum in wadi and mountain. To go through with 

this the annual species (T. longipetalus and T. terrestris) attained the lower values of 

the photosynthetic pigments especially chlorophyll a&b in mountain habitat. Such 

reduction may be due to water and salt stress that leads to inhibition of 

protochlorophyll formation and also due to the decrease in (Mg
++

) ion availability in 

mountains (ion very important in the chlorophyll molecule synthesis).  

Carotenoids achieved their maximum value in the perennial shrub in wadi while in the 

annual species; T. terrestris the maximum values were achieved in the second stage of 

development (end season). Carotenoids may be considered one of the adaptive 



responses which can delay senescence and maintain survival under stress through 

protection against oxidative stress. 

Commonly, the annual average concentration of carbohydrates varied with habitat and 

life form. In the perennial shrub the concentration were higher in plain and wadi in all 

different phenophases. In annual species the content of carbohydrates were higher in 

mountains and wadi. The increase in carbohydrate leads to osmotic adjustment and 

tolerance to drought stress by lowering the osmotic potential of the cells and hence 

maintaining turgid. It is obvious that the content of total available carbohydrates 

(TAC) in the selected species were higher than those recorded in the other many 

studies, this is probably may be correlated to the greater aridity in (Makkah region) 

with very high temperature which leads to accumulation of metabolic compounds 

such as carbohydrates more than their utilization for the formation of new cells and 

tissues. Insignificant differences respecting the accumulation and storage of 

carbohydrates was obvious in the different organs of the perennial shrub excluding 

there are places which are considered as the points of origin of new growths. The 

annual species achieved higher concentrations of (TAC) than in perennial one, the 

opposite trend in case of total soluble sugars (TSS) except in roots. This may be due 

to hydrolysis of polysaccharides for osmotic adjustment in perennial shrub. 

The protein content in perennial shrub was higher than that in annual species. So the 

shrubby species would be of higher productivity than the annuals. The content of total 

and soluble proteins in the studied life forms varied from one habitat to another. For 

example, in perennial shrub, R. stricta the content of total protein increased with 

increase in soil salinity and with the decrease in soil moisture [high content in plain 

and low content in mountain]. The trend in case of soluble proteins was opposite, it 

decreased in plants which grows in the habitats characterized by high salinity and low 



moisture (wadi and mountain). This may be due to the decrease in the rate of protein 

synthesis and the increase in the rate of protein degradation from one side and 

formation of complex phenolic compounds with proteins and formation of lignin and 

cellulose from the other side. 

The annuals species; T. longipetalus achieved the maximum content of total protein 

in plain and the minimum in wadi and mountain. The other annual species; T. 

terrestris achieved the maximum content of total and soluble proteins in the 

mountains (annuals in this habitat endowed with a higher efficiency of metabolic 

activity to produce  propagules).  

The present study showed that there is a significant difference between two annual 

species in the formation of protein through the two different phenophases. We can 

conclude that, T. terrestris may be biannual which have higher concentration of 

protein in second stage of development that enables to give new growths thus help the 

plant to remain and maintain survival in the next year. 

In relation to the annual species we noticed that protein concentration in T. 

longipetalus was higher than in T. terrestris which may explain how T. longipetalus 

more adapted and dispersed in more habitats than T. terrestris. 

The studied life forms showed great difference in carbohydrate to protein ratio (C/P). 

While annuals exhibited the highest ratio, perennial shrub exhibited the lowest one. 

Annual species manufacture more carbohydrate than proteins for coping with more 

stress condition and have osmotic adjustment for protection the plant against stress 

and allow growth to continue in different habitats. (C/P) differed from one habitat to 

another especially in the perennial shrub R. stricta and also differed with different 

phenophases especially in the annual species. High ratios were achieved in roots and 



branches while the low ones were attained in leaves. This may be attributed to the 

active transport of carbohydrates to the storage organs in the studied life forms.   
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