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Abstract: 

When a plant is subjected to any biotic and abiotic stress factors, the first observed response is a 

decrease in its normal metabolic activities, with a consequent reduction of growth. In this alarm phase, 

protein synthesis is one of the most negatively affected anabolic processes (Bohnert and Jensen, 1996), 

together with photosynthesis, transport of metabolites and uptake & translocation of ions (Hsiao, 1973; 

Larcher, 1995; Lichtenthaler, 1996). Plants are usually immobile, and they cannot run away from the 

unfavourable environmental conditions, therefore, in order to overcome this problem, they have evolved 

a number of strategies to survive under stressful conditions.  They have to face them and make necessary 

adjustments in their morphology, physiology and behaviour to ensure their survival to the extent 

possible. Therefore, eco-physiological study is a useful step in the study of adaptability, variability and 

evaluation of a plant species. The present study is aimed to obtain a better understanding of adaptive 

mechanism in Prosopis cineraria, Salvadora persica and Tecomella undulata under harsh desertic 

environments and how far the environmental factors influence the metabolic processes and their 

products during different months. Monthly fluctuations in leaf pigments, chlorophyll stability index, 

protein, sugar and proline contents are main points of interest in the present studies. 

 

1. Introduction 

In an arid environment, the main factors which influence plant metabolism are scarcity of water, 

extremes of temperature, intense solar radiation, high wind velocity and above all low & erratic rainfall. 

Water is the most dominant factor in determining the vegetation pattern of a region and temperature 

exerts a pronounced effect on all physiological activities. Stress conditions in a plant are often marked 

by the appearance of certain chemical compounds, either synthesized de novo or may result from the 

disintegration of the existing ones. Under stress conditions, the adaptive responses of the plants are 

selected mainly through changes in the endogenous level of phytohormones and metabolic changes 

especially involving proline (Yadav et al., 2003). The chlorophylls are the only organic components 

available for plants to utilize the solar energy and convert it to chemical energy. The chlorophyll level 

differs greatly from species to species & in any species in different periods of the year and has been used 

as an index of productivity of natural communities, also directly correlated with dry matter production 

(Bray, 1960; Lieth, 1965; Mall and Das, 1974).    

Chlorophyll b is more sensitive to waterlogging conditions than chlorophyll a (Zaidi and Singh, 2001). 

A given species will have relatively greater chlorophyll a/b ratio, if grown under high light intensity 
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(Rabinowitch and Govindjee, 1969; Reger and Krauss, 1970). Chlorophyll a/b ratio was positively 

correlated with net assimilation rate, nitrogen content per plant and productivity of growing plants, 

whereas negatively correlated with nitrogen content of leaf and total chlorophylls (Kumar and Singh, 

1996). Carotenoids protect photosynthetic apparatus against physiological damage due to excessive light 

Vadez, 2023). Kramer and Kozlowski (1960) observed that carotenoids are more resistant to destruction 

under unfavorable conditions.  

Chlorophyll stability index is an important tool to measure the ability of photosynthetic apparatus in a 

plant species to cope with adverse environmental conditions.  Higher the index, the lower is the 

resistance and lowers the index the greater was the stability of chlorophyll.  

Temperature and plant nutrition can modulate storage protein accumulation during development (Joshi 

et al., 1993).  Several investigators have reported that considerable hydrolysis of proteins occurs in 

water-stressed plants and is accompanied by an increase in amino acids (Chen et al., 1964; Barnett and 

Naylor, 1966). Moisture stress at a particular physiological stage has a definite relation to nitrogen 

content of the plant. Moisture stress leads to accumulation of soluble nitrogen compounds with a 

concomitant decrease in protein content (Stocker, 1960; Mohammed and Sen, 1994). 

Water stress causes significant changes in the kind and amount of carbohydrate in plants.  Total soluble 

sugar accumulated significantly in the leaves of stressed plants at all the growth stages as compared to 

well-watered controls (Yadav et al., 2005).  

Free proline accumulation in plants has been considered as one of the most widespread stress induced 

response. The accumulation of free proline will depend on the type and intensity of stress (Tamayo and 

Bonjoch, 2001; Hyun et al., 2003). The initiation of proline accumulation in plant tissues in response to 

a decrease in tissue water potential could conceivably be due to changes in one of several components of 

the total potential (Chen et al. 2022).  A stressful environment results in an overproduction of proline in 

plants which in turn imparts stress tolerance by maintaining cell turgor or osmotic balance; stabilizing 

membranes thereby preventing electrolyte leakage. Under drought stressed conditions, plants are forced 

to decrease their internal water potential in order to avoid desiccation (Madouh, 2022). In addition to act 

as an osmoprotectant, several possible physiological roles also have been attributed by proline such as 

stabilization of proteins, prevention of heat denaturation of enzymes and as a hydroxyl radical scavenger 

(Hsu et al., 2003).  

 

2. Materials and Methods 

The leaf samples of Balanites aegyptiaca Prosopis cineraria, Salvadora persica and Tecomella 

undulata were collected from three different sites at Churu (Rajasthan) during August 2021 to July 

2023. For analyses, equal quantity of fully mature leaves exposed to direct sunlight were collected each 

month randomly from all  the study sites. These were analysed for leaf pigments, chlorophyll stability 

index (SI), proline content, crude protein and sugars.  Fresh leaves were analysed for estimation of 

leaf pigments, SI and proline. The crude protein and sugars were estimated from dry leaf samples. The 

mean values of two years are presented for each analysis in the graphical manners. 

Leaf pigments were estimated according to the method suggested by Arnon (1949), Nitrogen was 

estimated by Microkjeldahl method as described by Peach and Tracey (1955), The difference between 

the colorimetric readings of the chlorophyll extracts from heated and unheated leaf samples were 

calculated as chlorophyll stability index and Proline (µg g-1 f. wt.) was estimated in the fresh leaves 
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according to Bates et al. (1973).  The soluble and insoluble sugars were estimated by the Anthrone 

reagent as suggested by Plummer (1971). 

 

3. Observations 

 Leaf pigments 

The data on leaf pigments in all selected plants are presented in Figs. 1 to 5.10. In B. aegyptiaca, the 

values of chl. a and b ranged from 0.395 to 0.737 and 0.423 to 0.733 mg g-1 f.wt., respectively (Fig. 1). 

Total chlorophylls and chl. a/b ratio ranged between 0.835 to 1.409 mg g-1 and 0.726 to 1.187, 

respectively at all sites (Fig. 2). The maximum values of total chlorophylls and chl. a/b ratio were 

observed in December. The minimum values of total chlorophylls was in May, while chl. a/b ratio in 

July. Carotenoids ranged from 0.011 to 0.026 mg g-1 f. wt. (Fig. 3). Maximum values of pigments were 

observed during March, whereas minimum in May.  

In P. cineraria, the values for chl. a and b ranged from 0.382 to 1.223 and 0.586 and 0.926 mg g-1 f. wt., 

respectively.  Chl. a ranged from 0.506 to 1.110, 0.467 to 1.223 and 0.382 to 1.078 mg g-1 and chl. b  

from 0.589 to 0.926, 0.609 to 0.896 and 0.586 to 0.911 mg g-1 at sites-I, II and III, respectively. The 

maximum values of chl. a was recorded in March and minimum in July, whereas chl. b was maximum 

in January and minimum in June. The maximum values of total chlorophylls were recorded in March 

(Fig. 4), which ranged from 0.969 to 2.054 mg g-1 at all the sites. The carotenoids ranged from 0.011 to 

0.019 mg g-1 f.wt., being maximum in November (Fig. 5). The maximum values for chl. a/b ratio were 

observed in March and minimum in July (Fig. 4). It ranged from 0.673 to 1.309, 0.721 to 1.472 and 

0.773 to 1.205 at sites-I, II and III, respectively. 

The values of chl. a and b ranged from 0.368 to 1.114, 0.478 to 1.051 & 0.549 to 1.114 and 0.481 to 

0.818, 0.548 to 0.722 & 0.556 to 0.849 mg g-1 at sites-I, II and III, respectively in S. persica. The 

minimum values of leaf pigments were observed in July, while maximum in January (Fig. 6). The values 

for total chlorophylls and chl a/b ratio were highest in January (Fig. 7) and ranged from 0.849 to 1.963 

and 0.755 to 1.521 at all sites. Carotenoids were recorded maximum in November and minimum in 

February (Fig. 8). It ranged from 0.012 to 0.028 mg g-1.  

The values of leaf pigments, viz. chl. a, b, total chlorophylls, chl. a/b ratio and carotenoids in T. 

undulata are presented in Figs. 5.8 to 5.10. The values of chl. a and b ranged between 0.413 to 1.061, 

0.387 to 0.840 & 0.384 to 0.817 and 0.484 to 0.684, 0.464 to 0.641 & 0.429 to 0.577 mg g-1 at sites-I, II 

and III, respectively. Fig. 9 reveals that the values of chl. a and b were maximum in September and 

August, respectively and both were minimum in December. Total chlorophylls and chl. a/b ratio ranged 

from 0.898 to 1.727 mg g-1 and 0.605 to 1.607, respectively (Fig. 10). Carotenoids were maximum in 

May and minimum in March and ranged from 0.011 and 0.028 mg g-1 at all sites.  
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Fig.1. Mean monthly variations in chlorophyll a and b (mg g-1 f. wt.) in the leaves of B. aegyptiaca 

 
 

Fig.2. Mean monthly variations in total chlorophylls (mg g-1 f. wt.) and chl. a/b ratio in the leaves 

of B. aegyptiaca  

 
 

Fig.3 Mean monthly variations in chlorophyll a and b (mg g-1 f. wt.) in the leaves of P. cineraria  

 
 

Fig.4  Mean monthly variations in total chlorophylls (mg g-1 f. wt.) and chl. a/b ratio in the leaves 

of P. cineraria  
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Fig.5 Mean monthly variations in carotenoids (mg g-1 f. wt.) in the leaves of             

B. aegyptiaca and P. cineraria  

 
 

Fig.6 Mean monthly variations in chlorophyll a and b (mg g-1 f. wt.) in the leaves of  S. persica 

 
 

Fig.7 Mean monthly variations in total chlorophylls (mg g-1 f. wt.) and chl. a/b ratio in the leaves of 

S. persica 

 
 

Fig. 8 Mean monthly variations in carotenoids (mg g-1 f. wt.) in the leaves of 

S. persica and T. undulata 
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Fig.9 Mean monthly variations in chlorophyll a and b (mg g-1 f. wt.) in the leaves of                        

T. undulata 

 
 

Fig.10 Mean monthly variations in total chlorophylls (mg g-1 f. wt.) and chl. a/b ratio in the leaves 

of T. undulata 

 
 

Stability index 

The values on chlorophyll stability index (SI) in B. aegyptiaca, P. cineraria, S. persica and T. undulata 

are presented in the Figs. 11 & 12 

In B. aegyptiaca, values of SI ranged from -15.314 to -0.253 at all the sites. In P. cineraria SI ranged 

from -18.318 and -0.125 at all the sites. The highest values were observed at sites-I & III in March and 

at site-II in April. The lowest values were recorded in November at sites-II & III and in January at site-I. 

It increased from February at all sites.        

Leaves of S. persica showed maximum SI values in April at all the sites and minimum in December at 

sites-I & III and at site-II in January . It ranged from -24.73 to -0.591 at all sites. The values of SI remain 

almost at the same level in September & October, but decreased in December. An increasing trend was 

observed during January at site-I and in February at sites-II & III. 

In T. undulata, a gradual decrease in SI was observed from April and it reached its minimum in 

December at sites-I & III, and in November at   site-II . It ranged from -15.361 to -0.851, -12.330 to -

0.121 and -13.513 to -0.682 at sites-I, II and III, respectively.  
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Fig. 11. Mean monthly variations in chlorophyll stability index (-) in the leaves of B. aegyptiaca 

and P. cineraria 

 
 

Fig. 12. Mean monthly variations in chlorophyll stability index (-) in the leaves of S. persica and T. 

undulata 

 
 

Crude protein 

The results of crude protein in B. aegyptiaca and P. cineraria are presented in  

Fig. 13. In B. aegyptiaca, it ranged from 2.36 to 10.49, 4.44 to 9.11 and 3.32 to 12.66% d. wt. at sites-I, 

II and III, respectively. The maximum values were observed in July at site-II and in August at sites-I & 

III, while minimum in December at site-I and in January at sites-II & III. It increased from March to 

August except in April. A decreasing trend was reported from September onwards. 

In P. cineraria, it ranged between 7.5 to 17.3, 6.1 to 16.3 and 6.9 to 13.2% at sites-I, II and III, 

respectively. The highest values were observed in January at site-I and at sites-II & III in February, 

whereas lowest values were reported in July at all sites. 

The data on crude protein content in S. persica and T. undulata are illustrated in Fig.14. It ranged from 

8.4 to 17.3 and 8.2 to 18.3 % in   S. persica and T. undulata, respectively at all the sites. In S. persica, it 

was maximum in August and minimum in January (sites-I & II) and February (site-III). It increased 

from March onwards and remained almost at the same level during April to June. T. undulata showed 

the highest values in October and in April it was lowest at all sites. It started increasing from May 

onwards and reached almost the same level during December to March.  
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Fig.13. Mean monthly variations in crude protein (% d.wt.) in the leaves of                                       

B. aegyptiaca and P. cineraria 

 
 

Fig.14. Mean monthly variations in crude protein (% d.wt.) in the leaves of                                        

S. persica and T. undulata 

 
 

Proline 

The values of proline in B. aegyptiaca and  P. cineraria leaves are presented in Fig. 15. In B. aegyptiaca 

the values ranged from 2.42 to 18.29, 4.09 to 22.41 and 3.07 to 19.35 µg g-1  f. wt., at sites-I, II and III, 

respectively. The highest values were observed in January and lowest in July at all sites. It started to 

increase from August and decreased from February onwards. 

The values in  P. cineraria ranged from 2.61 to 13.12, 1.16 to 9.01 and 1.13 to 11.75 µg g-1 at sites-I, II 

and III, respectively. It was maximum in November at site-I, in December at site-II and at site-III in 

January. The minimum values were observed in July at sites-I & II and in June at site-III. 

The amount of proline accumulation in the leaves of S. persica  ranged from 1.36 to 11.88, 2.83 to 12.63 

and 1.76 to 13.66 µg g-1 f. wt., at sites-I, II and III, respectively (Fig.16). The highest values were 

observed in April at sites-I & II and in March at site-III, whereas the lowest during June at site-I and in 

July at sites-II & III. It exhibited maximum accumulation from November onwards and decreased from 

May and again rose in August. A slight downfall was observed in September. 

The values of proline in the leaves of T. undulata ranged from 1.16 to 19.37 µg g-1 at all sites (Fig. 16). 

At site-I, it ranged from 1.16 to 14.50, from 2.47 to 13.06 at site-II and 1.36 to 19.37 µg g-1 at site-III. 

The maximum values were observed during December at site-III, in January at sites-I, while in February 

at site-II. Minimum values were observed in May (sites-I & II) and June (site-III). The plant showed an 

increasing trend from September onwards and reached at the highest level in December.  

 

 

0

5

10

15

20

Aug. Oct. Dec. Feb. Apr. Jun.
Months

C
ru

d
e
 p

ro
te

in

Site-I Site-II Site-III

Site-I Site-II Site-III

B. aegyptiaca

P. cineraria

0

5

10

15

20

Aug. Oct. Dec. Feb. Apr. Jun.
Months

C
ru

d
e
 p

ro
te

in

Site-I Site-II Site-III

Site-I Site-II Site-III

S. persica

T. undulata

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 

 
E-ISSN: 2582-2160   ●   Website: www.ijfmr.com   ●   Email: editor@ijfmr.com 

 

IJFMR260380870 Volume 8, Issue 3, May-June 2026 9 

 

Fig.15. Mean monthly variations in proline (µg g-1 f.wt.) in the leaves of 

B. aegyptiaca and P. cineraria 

 
 

Fig.16. Mean monthly variations in proline (µg g-1 f.wt.) in the leaves of 

S. persica and T. undulata 

 
   

Total sugars 

The results of soluble, insoluble and total sugars in the leaves of     B. aegyptiaca are given in Fig.17. 

Soluble, insoluble and total sugars ranged from 13.112 to 62.699, 6.446 to 26.321 and 19.558 to 86.879 

mg g-1d. wt., respectively at all the sites. Soluble sugar ranged from 13.112 to 59.632, 21.412 to 62.699 

and 19.424 to 51.662 and insoluble from 6.446 to 22.567, 7.902 to 24.211 and 9.206 to 26.321 mg g-1 d. 

wt. at sites-I, II and III, respectively. Both were maximum in January at sites-I & II and in December at 

site-III, while minimum in July at site-I and in June at sites-II & III. The values for total sugars 

increased in January and then decreased in a fluctuating manner upto June. 

The amounts of soluble, insoluble and total sugars ranged from 5.104 to 52.566, 2.755 to 24.55 and 

8.223 to 77.118 mg g-1, respectively at all the sites in P. cineraria (Fig.18). The highest values of soluble 

sugar at sites-I & III were observed in January, while at site-II in December The maximum values of 

total sugars at all sites were observed in January, except at site-II, and minimum in July at all sites.  

In the leaves of S. persica the values of soluble, insoluble and total sugars ranged from 9.712 to 53.889, 

13.297 to 37.336 and 6.359 to 40.786; from 1.189 to 34.958, 2.314 to 23.616 and 1.624 to 30.782; and 

from 12.601 to 88.851, 11.193 to 60.944 and 7.983 to 70.531 mg g-1 at sites-I, II and III, respectively. 

The maximum values for soluble sugar were observed in December and minimum in June at all sites 

(Fig 19). The highest amount of total sugar was observed in December and after that it gradually 

decreased and reached at minimum in June. 

The values of soluble, insoluble and total sugars ranged from 11.654 to 114.823, 5.112 to 37.101 and 

23.52 to 162.085 mg g-1, respectively at all sites in T. undulata         (Fig. 20). The highest values for 
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soluble sugar were recorded in October at site-I and in November at sites-II & III, while insoluble sugar 

during November at sites-I & II and in October at site-III. The maximum total sugars were observed in 

October (sites-I & III) and November (site-II). These were minimum in May at all sites. 

 

Fig.17. Mean monthly variations in soluble, insoluble and total sugars (mg g-1d.wt.) in the leaves of 

B. aegyptiaca 

 
Fig.18. Mean monthly variations in soluble, insoluble and total sugars (mg g-1d.wt.) in the leaves of 

P. cineraria 

 
 

Fig.19. Mean monthly variations in soluble, insoluble and total sugars   (mg g-1d.wt.) in the leaves 

of S. persica 
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Fig.20. Mean monthly variations in soluble, insoluble and total sugars (mg g-1d.wt.) in the leaves of 

T. undulata 

 
 

Correlation 

Correlation between proline contents in plants under investigation and soil moisture (surface & depth) 

during study periods, are presented in Table 1. The result shows a positive relationship between both 

parameters in all the plants except in S. persica, which shows negative correlation among them. 

However, at site-I it shows positive relationship. P. cineraria also show slight negative relationship 

between soil moisture at depth and proline at site-III.  Similarly, total sugars and soil moisture also show 

positive correlation in all the studied plants at all sites (Table 2). 

Crude protein and available soil moisture showed a positive correlation in the studied plants (Table 3). 

B. aegyptiaca and P. cineraria at site-II show negative correlation between crude protein and soil 

moisture at depth and surface, respectively. 

Proline and crude protein contents show negative relationship in B. aegyptiaca, S. persica and T. 

undulata (Fig. 19), but positive in   P. cineraria (Fig. 20).  

 

Table 1. Correlation coefficient between soil moisture and proline content in plants 

Plant  species 
Soil 

moisture 
Site-I Site-II Site-III 

B. aegyptiaca 
Surface 0.18371 0.08391 0.15868 

Depth 0.2782 0.2363 0.0658 

P. cineraria 
Surface 0.2216 0.3614 0.0872 

Depth 0.2027 0.3785 -0.0047 

S. persica 
Surface 0.0472 -0.1396 -0.3673 

Depth -0.0202 -0.1945 -0.2355 

T. undulata 
Surface 0.3519 0.3172 0.2515 

Depth 0.2614 0.3017 0.1129 

 

Table 2. Correlation coefficient between soil moisture and total sugars in plants 

Plant species 
Soil 

moisture Site-I Site-II 

Site-

III 

B. aegyptiaca 
Surface 0.3057 0.6642 0.4469 

Depth 0.2544 0.6496 0.3775 
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P. cineraria 
Surface 0.3252 0.5423 0.1139 

Depth 0.3906 0.5691 0.0996 

S. persica 
Surface 0.3242 0.6449 0.5946 

Depth 0.2404 0.7076 0.4132 

T. undulata 
Surface 0.7564 0.6741 0.2718 

Depth 0.6194 0.8444 0.5616 

 

Table 3. Correlation coefficient between soil moisture and crude protein in plants 

Plant species 

Soil 

moisture Site-I Site-II Site-III 

B. aegyptiaca 

Surface 0.29736 0.37042 0.21528 

Depth 0.0769 -0.12504 0.25971 

P. cineraria 

Surface 0.1009 -15318 0.55777 

Depth 0.4797 0.2081 0.35747 

S. persica 

Surface 0.13212 0.58079 0.41599 

Depth 0.8571 0.1496 0.57522 

T. undulata 

Surface 0.4219 0.5666 0.00417 

Depth 0.50212 0.60506 0.53071 

 

Fig.19 Correlation between proline and crude protein in B. aegyptiaca, S. persica and T. undulata. 

 
 

Fig.20 Correlation between proline and crude protein in P. cineraria. 

 
 

3.  Discussion 

To cope with extreme or unfavorable conditions, at different stages of life cycle plants adapt to assume 

various features in the form of morphological, anatomical, physiological or behavioral mechanisms. The 

physiological adaptations influence the ability of a plant to regulate and coordinate variety of metabolic 
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processes, regulation of enzymes’ action and transport of materials; which determines their growth in a 

synchronized way with a high degree of organization (Kumari et al., 2004).  

A number of environmental factors influence the structural organizations and rate of photosynthesis. The 

chlorophyll content vary in different plants as a result of genetic makeup, developmental phases, 

exposure to and intensity of biotic or/and abiotic stress(s), availability and quality of light and nutrients 

(Troughton, 1975). Among the climatic factors, light and temperature have more pronounced effect on 

chlorophyll contents during the growth period (Jun and Shooichi, 1990; Vial and Guibert, 1991). Among 

eco-physiological conditions, drought or water stress causes significant decline in total chlorophyll 

contents at both vegetative and flowering stages in Cyamopsis tetragonoloba (Garg et al. 2005), which 

may be due to decreased synthesis and increased degradation of chlorophylls (Shubhra et al. 2003).  

Often a decrease in both chlorophylls a and b is noticed at the early phase of exposure to salinity, but 

later on recovery or even an increase is followed by a (Strogonov, 1974).  

At seedling stage, maximum accumulation of chlorophyll content was reported in during rainy season in 

Leucaena leucocephala (Mishra and Bhatt, 2004), while in summers in case of Peganum harmala along 

with maximum chlorophyll chl. a/b ratio (Kedia, 2006).  

Shukla (2001) reported minimum total leaf pigments and maximum chl. a/b ratio during summer season 

in Leptadenia reticulata. Fagonia cretica and Trianthema portulacastrum exhibited increasing 

chlorophyll contents from summers to winters (Sen and Mohammed, 1987; Mohammed and Sen, 1988). 

Farghali (1998) reported that the perennials have a much higher chlorophyll content than that of annuals 

and chl. a/b ratio attains high values in most annuals and succulents with increasing chlorophyll stability 

index.  

In the present investigations, the leaves of B. aegyptiaca showed maximum values of leaf pigments and 

of chl. a/b ratio during winters to post-winter (March), whereas minimum in summer. The lower values 

of pigments in summer may be due to water stress conditions. In P. cineraria, the maximum values of 

pigments and chl. a/b ratio were observed in post- winter and minimum in the rainy season. The 

carotenoid contents were maximum in November and a decreasing trend was noted from February 

onwards. During June, the lowest total chlorophylls may be due to adverse environmental factors like 

scorching sunlight, high temperature and low rainfall as well as formation of new leaves. A similar 

pattern was also observed in September-October, which may be due to formation of new leaves and 

simultaneously leaf fall.  

Paul (1989) observed maximum amount of leaf pigments during rainy and minimum in winter 

seasons in S. persica. Pareek (1999) observed highest chlorophyll contents during rainy followed by 

summer and lowest in winter season in S. persica. However in the present studies, S. persica shows the 

minimum values of leaf pigments and Chl. a/b ratio in the rainy season and in winter these were 

maximum. The values for carotenoids were also maximum in winter and minimum in post-winter. In the 

present investigations, T. undulata exhibited the maximum values of chlorophyll in September and 

minimum in December whereas carotenoids were maximum in April and minimum in March.   

Chlorophyll stability index depends on the resistance of the chloroplast membranes to heat and 

consequently, it is helpful in indicating adaptations in plants. Ibrahim (1997) advocated Ziziphus spina-

christi as drought tolerant, whereas Z. nummularia as salinity tolerant plants on the basis of chlorophyll 

stability index, that depends on heat-resistance of chloroplast membranes Increases in chlorophyll 

stability index and chlorophyll accumulation are indicative of high efficiency of photosynthetic 

apparatus under extreme desert conditions. In the present observations, the adaptive nature of plants in 
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their natural habitats to scorching sunlight and high temperatures appear to be due to decreased 

chlorophyll a/b ratios, which were balanced by increased chlorophyll stability to heat stress. In B. 

aegyptiaca and P. cineraria values of SI were highest during post-winter and lowest in late summer in 

B. aegyptiaca, but during winter in P. cineraria. It started decreasing from late winter. S. persica 

showed maximum SI values during early summer at all the sites and minimum during winter. The value 

of SI remains almost at same level at post-rainy season. In T. undulata, a gradual decrease in SI was 

observed from summer, which reached at its minimum in mid-winter.  

Protein is most important structural and functional cellular component. Protein content of plant tissue is 

quite variable and usually increases in rapidly growing plant parts (Hall, 1966). In most species 

maximum protein content is stored as a nitrogen reserve in seeds.  The leaves contain about 2% protein 

on dry weight basis, the most located in the chloroplast.  During ontogeny of leaf, the protein content 

attains its maximum value in a fully developed and mature leaf.   

Being the precursors of proteins and nucleic acids, the soluble nitrogenous compounds play an essential 

role in plant metabolism (Below, 2002). Adequate nitrogen helps the plant to maintain normal 

metabolism under water and heat stress, which is a major concern for plants of arid areas. Nitrogen 

supply to plants is found positively correlated to the protein content.  It is influenced by soil types, 

availability of water, growth of plants and management practices.  Das and Gupta (1964) reported an 

increase in crude protein by application of nitrogen in certain grasses. Mehar (2001) documented higher 

protein content in undercanopy plants as compared to those in open areas in case of taramira and sesame 

crops.  

The crude protein content were reported maximum in different seasons for different plant species, viz., 

during winters for Prosopis spicigera (Bhimaya et al. 1964), P. cineraria (Gupta and Mathur, 1974; 

Mehta, 1992; Mehta and Sen, 1995; Goyal, 1999; and Shukla et al., 2001), P. juliflora (Mehta, 1992), L. 

leucocephala seedlings (Mishra and Bhatt, 2004) T. undulata (Goswami and Rao, 2004),  Convolvulus 

microphyllus and Solanum surattense (Swami, 2006), and   during rainy season Acacia tortilis (Mehta, 

1992), Salvadora persica (Paul,1989), Prosopis juliflora (Sen and Mehta 1998), Phyllanthus fraternus 

and Peganum harmala (Kedia, 2006)  and  Withania somnifera (Swami, 2006). The minimum values of 

crude protein observed in winters for Salvadora persica (Paul, 1989), in rainy season for Phyllanthus 

fraternus and Peganum harmala, (Kedia, 2006), and in summers for Acacia tortilis, P. cineraria and P. 

juliflora (Mehta, 1992).  The similar observations were also reported by Gupta and Mathur (1974) in 

leaves of P. cineraria. Garg et al. (1998) reported that the level of soluble protein decreased due to 

water stress in clusterbean.  

The present investigations on B. aegyptiaca, and S. persica observe the highest amounts of crude protein 

during rainy season while the lowest in winter season. The decrease in protein content during winter 

season may be due to cold stress. In P. cineraria, and T. undulata the maximum values were recorded in 

winters and minimum during rainy and summer (April-May) seasons, respectively. Under water stress 

periods, this decrease may be attributed to increased proteolysis or decreased protein synthesis or both. 

In the summer, high temperature reduces rate of photosynthesis and leaf nitrogen concentration 

(Wollenweber et al., 2003). 

The nutrient concentration in the plant tissues affects the pattern of their distribution and therefore, is of 

great ecological significance. For plants are subjected to water stress, among several metabolic changes, 

the accumulation of proline amino acid is observed within a few minutes of stress possibly to cope up 

with toxic ammonium production in  stress- induced proteolysis which are (Nath et al., 2005).  
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The nutrient concentration in the plant tissues affects the pattern of their distribution and therefore, is of 

great ecological significance. For plants are subjected to water stress, among several metabolic changes, 

the accumulation of proline amino acid is observed within a few minutes of stress possibly to cope up 

with toxic ammonium production in  stress- induced proteolysis which are (Nath et al., 2005). In higher 

plants, there is a strong correlation between increased cellular proline level and the capacity to survive 

under water deficit conditions (Patil et al., 2005). The proline accumulation may help plants to tolerate 

dehydration by maintaining cell turgidity as reported by Ahire et al. (2005).  

The amount of proline accumulation were reported maximum in different seasons for different plant 

species, viz., during winter season for P. cineraria (Shukla et al., 2001), Zygophyllum simplex (Sen et 

al., 2002),  and P. harmala (Kedia, 2006); while during summer season for P. julflora (Mehta,1992),  C. 

microphyllus, S. surattense and W. somnifera (Swami, 2006), E. alba and P. fraternus (Kedia, 

2006).Zygophyllum simplex (Sen et al., 2002) exhibited minimum proline during in rainy season.  

In the present studies, B. aegyptiaca, proline accumulation attains its peak values in winter and lowest 

during rainy season at all the sites. Similarly in P. cineraria, maximum accumulation of proline was 

recorded during winter season and minimum during late summer and it slightly increased in the rainy 

season. The highest amounts of proline accumulation in the leaves of S. persica were observed in post-

winter (March), whereas the lowest during summer. S. persica exhibited maximum accumulation from 

November onwards and it decreased from May and again rose in August. T. undulata showed an 

increase of proline content in September which reached the highest level during winter. In all these 

plants studied, proline accumulation level in winters swings around peak. 

The living organisms contain carbohydrates and lipids, frequently in greater abundance than proteins.  

Most of the photosynthetically fixed carbon is exported to the cytoplasm in the form of sugar phosphate 

to be either utilized in metabolism or converted into a transportable form.  Sucrose occupies a central 

position in plant metabolism (Pontis, 1977).  

 

Carbohydrates, the energy reserves are also used as a physiological measure of stress tolerance in plants 

(Hull, 1992) and its level get influenced by various environmental factors and growth activity of plants 

(Sharples and Burkhart, 1954). Under water stress, the leaves often show a decrease in starch (Singh and 

Singh 1971) followed by an increase in sugars (Levitt, 1980; Timpa et al., 1986).  For water-stressed 

plants, relatively higher values of sugars have been reported in cotton (Timpa et al. 1986), in L. 

reticulate (Shukla, 2001), and Citrus leaves (Sanz et al. 1987); but a general decreasing trend was 

observed for reducing sugars in tomato (Singh and Singh, 1971), in Citrullus colocynthis (Bhandari, 

1972), and in Agrostis stolonifera (Xu and Huang, 2003). In taramira and sesame crops higher sugar 

content was observed when grown under tree - canopy (Mehar, 2001). 

 The higher sugar level was observed in halophytes (Mohammed and Sen, 1994) and in mature leaves of 

P. cineraria during summers, when plant-water stress was higher than in winter or rainy seasons; while 

during winters in young leaves of P. cineraria (Mehta and Sen, 1995; Goyal, 1999). The sugar content 

in leaves was found to increase with the age and growth of plants as reported by Vandana (1995) in 

Sesbania spp. Higher sugars were recorded in early stages of plant growth in Leucaena leucocephala by 

Mishra and Bhatt (2004). Maximum total sugars were reported by Swami (2006) and Kedia (2006) 

during rainy season in   C. microphyllus and E. alba. The present study observed higher values for total 

sugars in B. aegyptiaca, P. cineraria and S. persica leaves during winter that further tend to decrease by 
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June. In T. undulata, total sugars were observed maximum in pre-winter (October) and minimum in 

summer.   

The present investigation found a strong positive relatedness of variables, viz., crude protein, proline 

accumulation, total sugars among all plants studied with the available soil moisture at most of the sites. 

A strong negative correlation was observed between proline and crude protein except in P. cineraria. 

These results were re-verified by covariance. In all studied plants, the value of covariance for crude 

protein and proline was found strongly negative (-10.565), but for P. cineraria was positive (7.698). 
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