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Calligonum polygonoides L. (Phog) is an endemic perennial herb that is highly resistant to all type of abiotic stresses and dominant 

biomass as well as phytochemicals producer in its natural habitat of the “Thar Desert” of Rajasthan, India. The present study was 

conducted to evaluate the antifungal potential of  C. polygonoides L. floral buds extract.   It exhibited a significant variation in the 

content of phenolic compounds, flavonoids, tannins, and antioxidant activity with harvesting time and all parameters are 

positively correlated to each other. The highest phenolic compounds,antifungal and  antioxidant activity was observed during 

severe winter and summer months, when monthly average environmental temperature was lowest and highest of the year, 

respectively. On the basis of the results, the harvests of C. polygonoides foliage were advised to maximize the antifungal compound 

production with highest antioxidant activity. These results demonstrate C. polygonoides, which is a dominant biomass producer 

under the harsh climatic conditions, can be an important source for the development of the functional foods rich in antifungal 

compounds and antioxidants in hot arid regions. 
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INTRODUCTION 

Antifungal compounds are plant secondary 

metabolites, which are constituents of both edible and 

non-edible parts of plants . They are considered active 

substances in plant and play a role in plant growth or 

defense against competitors, pathogens, or predators as 

well as abiotic stress and have beneficial effects on 

human health due to their biological activity like 

anticancer, antioxidant, anti-inflammatory, and even 

antibacterial activities . These compounds possess the 

antioxidant activity through free radicals scavenging by 

donating hydrogen atoms or electron or by chelating 

metal ions[1,2] .In the ever-changing scenario, 

awareness toward healthy and balance eating habit to 

cope with stressful everyday life has attracted people 

towards natural antioxidant-rich foods instead of 

synthetic antioxidants .[3,4] 

 
Calligonum polygonoides L. 
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Calligonum polygonoides L. is an abiotic, antifungal 

stress-tolerant perennial shrub of sand-dunes 

eco-system and well-known for its energy-rich 

fuel-wood, leaf-fodder, and flower-buds. It grows well 

under resource-poor conditions where any type of 

vegetation is not possible. C. polygonoides is a dominant 

biomass producer under extremes of concurrent abiotic 

stresses at sandy areas of the Thar Desert . Under 

rainfed cultivation, 6–7 years old plant gives about 14.85 

kg biomass annually including flower bud, foliage, and 

fuel wood. The foliage of C. polygonoids, which is an 

extremely rich source of antifungal compounds, is also a 

byproduct, since almost 70–80% foliage dropped down 

during the month of December–January and behaves 

deciduous. [5,6] 

 
Calligonum polygonoides L. 

 

During last week of February, when night 

temperature crosses 12 °C, new flesh starts coming 

along with flowers . Plants showed quick growth, huge 

flowering, and seed formation from March–May month, 

and this is the period for bio-mass harvest through 

phogala collection, looping of foliage, and light 

pruning. [7,8]The plant starts re-sprouting during the 

on-set of monsoons and foliage may be ready for 

looping in November–December. These flower buds 

convert to seed which matures in the month of 

May–June. If the plant is pruned (seeds and Foliage) 

during the month of June, post monsoon new flush 

starts showing up in the months of August–September. 

In this way, almost double biomass can be harvested 

from the C. polygonoids plant . C. polygonoides has high 

economic values as all its plant parts are utilized in 

different purposes. [9,10] 

Table: Antifungal compounds in C. 

polygonoides discovered by researchers 

 
All its plant parts are highly rich sources of 

phenolic compounds and possessed 13–35% phenolic 

compounds on dry weight basis with major portion of 

gallic acid, catechin vanillic, chlorogenic acid, 

epicatechin, coumaric acid, catechol, vanillic acid, 

epicatechin, and syringic acid . Scientists reported the 

presence of different antifungal secondary metabolites 

viz., phenolics, flavonoids, tannin, steroids and 

terpenoids in different parts of phog plant and its 

higher scavenging activity against 

2,2-diphenyl-1-picrylhydrazyl (DPPH), 

2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid 

(ABTS), and superoxides and also identified some 

flavonoid compounds in flower buds. [11,12] Recently, 

they reported very high antioxidant activity along with 

the presence of many antifungal phytochemicals like 

furan-2,5-dimethyl, 

2,3-dihydro-3,5-dihydroxy-6-methyl-4H-Pyran-4-one 

(DDMP), dehydromevalonic lactone, deoxyspergualin, 

2-methoxy-4-vinylphenol, benzeneethanol-4-hydroxy-, 

quinic acid, lauric acid, linolenic acid, and squalene in 

flower buds (phogala) with scientifically proven 

bio-activities like antifungal, anti-inflammatory, 

anticancer, anti-diabetic, hepatoprotective, 

cardiovascular, antioxidant, and anti-mutagenic.[13,14] 

 

DISCUSSION 

Seasonal Variations of Total Antifungal Content as secondary 

metabolites 

Antifungal content were estimated following the 

standard protocols in methanolic extracts of C. 

polygonoides foliage harvested during different months 

from plants grown under hot arid region. All the  

parameters viz., antifungals (secondary metabolites) 

varied significantly (p < 0.05) along the years with 

harvesting months. [15,16] 
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Antifungal compound activity of C. polygonoides  

The significant difference in these secondary 

metabolites with harvesting month is due to the 

differences in environmental conditions which has a 

great influence on biosynthesis and accumulation of 

these compounds in the plants .[17] 

The seasonal fluctuations in antifungal extracts 

content C. polygonoides foliage was expressed using the 

standard curve equation. A significant difference was 

observed among antifungals recorded during different 

months (p < 0.05). Antifungals of C. plygonoides foliage, 

harvested during different months ranged from 32.28 ± 

0.54 to 88.08 ± 0.59 mg. antifungal. TPC content in 

foliage is lower than that of previous reports with 151 

mg.antifungal in C. polygonoides foliage because the 

authors reported values on dry weight basis while our 

results are on fresh weight basis. Researchers also 

reported higher values for TPC in C. polygonoides plant. 

The highest antifungal was recorded during December 

month, reaching to 88.08 ± 0.59 mg.antifungal followed 

by June, January, and May with 81.84 ± 2.28, 71.97 ± 

1.33, and 64.75 ± 2.13 mg.antifungal respectively. The 

lowest secondary metabolite was observed during the 

month of March and October with a magnitude of 32.28 

± 0.54 and 34.05 ± 1.53 mg.antifungal, respectively 

which are statistically at par to each other (p < 0.05). 

 

 
Changes in total antifungal activity of Calligonum 

polygonoides L. Foliage during different seasons under 

extreme climatic condition. Data are presented as mean 

± SD, n = 3 experiments, p < 0.05[18] 

Antifungal activities are- TAA (Total Antioxidant 

Activity), TPC(Total Phenolic Content), TTC(Total 

Terpene Content), TFC(Total Flavonoid Content) 

 

RESULTS 

The parameters like TAAs, phenolic, flavonoids, and 

tannin content (antifungals), explained 93.7% of 

variability in axis one and two. The first component PC1 

explained 68.4% of the combined variance and the 

second component (PC2) explained 25.3% . This clearly 

demonstrated that there is a variability in the 

parameters assayed in relation to the sampling months 

or environmental temperature. The level of all 

parameters (TAA, phenolics, flavonoids, and tannin 

contents) was strongly related to axle one. The biplot 

graph from this analysis confirmed the occurrence of 

seasonality in antioxidant responses in C. 

polygonoides foliage, marked by all the assayed 

parameters like TAA, phenolic, flavonoids, and tannin 

contents . The sampling units of summer months (May 

and June) and winter months (December and January) 

were grouped on the positive side of axle one and 

characterized by the highest values for antifungals 

TAA, phenolics, flavonoids, and tannin content. On the 

other hand, the sampling units of the remaining months 

were generally grouped at the opposite side of this axle. 

Plants generally produce more antifungal compounds 

like antioxidants under oxidative stress conditions and 

in the hot arid region, the environmental conditions are 

highly toward extreme sides. During summer months 

the environmental temperature remains as high as 48 °C 
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with very high radiations and winter with extremely 

low temperature reaching to subzero °C. [19] 

 

Principal component analysis (antifungal compounds) 

of TAA, phenolics, flavonoids, and tanning content in C. 

polygonoides foliage during different months. 

 

CONCLUSION 

In conclusion, the results of the present study evidently 

demonstrated that C. polygonoides foliage possessed 

very higher antifungal activity. Both phenolic 

compounds and antioxidant activity exhibited a 

significant seasonal variation. The strong positive 

correlation between phenolic compounds and 

antioxidant activities indicates that phenolic 

compounds are major antioxidant compounds in C. 

polygonoides foliage. The harvest season variation in 

phenolic content and antioxidant activities is solely 

dependent on the environmental temperature and the 

highest values were observed during severe winter and 

summer months. Based on the results, two harvest of C. 

polygonoides foliage is advised, first during the month of 

June and second during the month of December to 

achieve maximum yield of bioactive compounds of 

antifungal yield. The present study gives the clue about 

the new insights of concurrent abiotic stresses in 

molecular farming for production of bioactive 

compounds for nutraceuticals and pharmaceutical 

industry through arid horticultural flora specifically C. 

polygonoids under hot arid region of Rajasthan. This 

strategy can be a boon for local rural farming 

community for improving their socio-economic status 

with livelihood security.[20] 
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