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ABSTRACT

Aim: To evaluate the significance of Kala (seasonal and temporal factors) in the collection of medicinal
plants as described in Ayurvedic literature, and to assess its correlation with modern scientific findings on
phytochemical variation.

Background: In Ayurveda, the therapeutic efficacy, safety, and quality of medicinal plants are influenced by
several key factors—Desha (geographical habitat), Kala (time of collection), and Guna (inherent properties).
Among these, Kala, which includes the season, lunar cycle, and time of day, is particularly emphasized in
classical texts. Ayurvedic compendia such as Charaka Samhita, Sushruta Samhita, Sharangadhara Samhita,
and Raja Nighantu provide detailed seasonal guidelines for harvesting different plant parts (roots, bark,
leaves, flowers, fruits) to ensure maximum potency.

Results:

A systematic review of classical Ayurvedic references alongside peer-reviewed scientific studies reveals that
seasonal variation in phytochemical composition has been examined in 31 medicinal plants. While most
modern studies focus on non-Ayurvedic or commercially globalized species, the findings consistently
support the Ayurvedic view that the timing of harvest significantly affects the pharmacological properties of
crude drugs.

Conclusion:

The Ayurvedic concept of Kala is strongly validated by scientific evidence. Seasonal and temporal factors
directly impact the phytochemical profile and therapeutic efficacy of medicinal plants, underscoring the need
to follow time-specific harvesting protocols.

Clinical Significance:
Integrating the concept of Kala into modern pharmacognostic standards and cultivation practices can
optimize the quality, safety, and therapeutic value of herbal medicines. This approach also promotes
evidence-based validation of traditional Ayurvedic knowledge in contemporary clinical and pharmaceutical
contexts
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INTRODUCTION Plants have been used for these traditional medicines are still popular

medicinal purposes since time immemorial and worldwide due to lower cost and side effects
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compared to conventional medicine!. WHO
estimated that 60% of the world population and
80% of the population of developing countries
rely on traditional medicine, mostly plant drugs,
for their primary health care needs’. In the
present, the demand for herbal products is
substantially growing nationally and throughout
the globe since last two decades. As a
consequence, the safety and quality of herbal
have become

medicines increasingly major

concerns both in the health as well as
pharmaceutical sector.

The medicinal value of a plant might be
dismissed if it lacks activity, yet this judgment
often  overlooks factors influencing the
production of phytochemicals. There is a marked
variation in phytoconstituents of medicinal plants
due to a number of environmental variables such
as temperature, altitude, soil type and change of
season/rainfall.

Herbal market needs standardized plant material

with ubiquitous active phytochemicals, which

ultimately  translate to  less  variation

in pharmacological  activity’. Therefore, to

maintain quality, continuous observation of the
composition and pharmacological activity in
response to environmental conditions affecting

the production of phytochemicals is crucial for

production of marketable traditional plant
material.

Crude drug quality, quoted by Acharya Charaka
depends upon major factors like Desha (habitat),
Kala (Time), Guna (properties) and Bhajana

sampat (cultivation area). Kala (time) is one of

the major factors that influence the potency of
medicinal plants. As regards to time, it can be
seasonal variation, lunar influence (fortnight
variation) and diurnal variation. Further, the time
of collection and harvesting also plays an
important role in deciding the quality of drugs.

Right time of collection of plant, storage
technique knowledge of crude drug plays a
crucial role in quality and safety of finished
medicinal plant product. A sincere practice of

GACP (Good Agriculture
Practices) designed by WHO (World Health

and Collection

Organisation) can help to improve the quality
check.

Ayurveda has focussed this necessity and has
mentioned a protocol namely ‘Dravya samgraha
kala> wherein the collection of crude plant drug
has been classified according to parts used and
ritu (season). (Table 1) In the recent past, many
research works have been undertaken to explore
the role of time factor on  the
phytopharmacological properties of medicinal
plants. This review is a collection of the studies
of several groups of researchers on the effect of
seasonal variations on secondary metabolites
content of medicinally important plants. The
results of these studies may help to the researcher
those are involved in exploring the plants for the
isolation of valuable chemicals from the plants.
In this review we aimed to compile the results of
researchers those have worked in this field and
reported the components of several popular

plants.
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AIMS AND OBJECTIVES
The aim of this review is to explore and
synthesize existing research data on how seasonal

variations influence the content, composition, and

bioactivity of phytochemicals in plants, with a
focus on identifying trends, mechanisms, and
implications for their therapeutic, nutritional, and

commercial applications.

Table 1 Time of collection of parts used of medicinal plants according to different Acharyas

S.No. Part used Charaka samhita Sushruta Raja nighantu
samhita

1. Moola (root) Grishma and Shishira Pravrita Shirisha

2. Pallava (tender leaves) Varsha and Vasanta Grishma

3. Shakha (twigs/branches) Varsha and Vasanta

4. Pushpa (flower) Respecting flowering Vasanta

season

5 Twak (bark) Sharada Sharada

6. Kshira (latex) Sharada Hemanta

7. Sara (heartwood) Hemanta Vasanta

8 Phala (fruit) Respecting fruiting season Grishma Vasanta

9. Kanda (tuber) Sharada Hemanta

10. Patra (leaves) Varsha Shishira

11. Panchanga (whole plant) Sharada

MATERIALS AND METHODS

A comprehensive literature search was conducted
using scientific databases including PubMed,
Scopus, Web of Science, ScienceDirect, and
Google Scholar. The search included articles
published using combinations of keywords such
variation,”

as “phytochemicals,” ‘“seasonal

“secondary  metabolites,” “plant  bioactive

2 13

compounds,” “seasonal influence,” and “plant
biochemistry.” Boolean operators (AND, OR)
were used to refine the search results and

improve relevance.

RESULTS AND DISCUSSION

Withania somnifera L.

In this study, Ashwagandha (Withania somnifera)
roots were collected during Purnima (full moon)
and Amavasya (new moon) phases in both Shishir

(late winter) and Grishma (summer) seasons. The

analysis revealed that total phenolic, flavonoid,
and carbohydrate contents were higher in the
Purnima samples compared to the Amavasya
counterparts. Among the samples, the Grisma
Asadha Paurnima (GAP) sample exhibited the
greatest differentiation from the others in
parameters such as total carbohydrate alcohols
(TCA), total cell wall content (TCW), total fresh
weight (TFW), methanolic extract (MEx), water
extract (WEX), and pH. Additionally, Grisma
Jyestha Paurnima (GIP) and Asadha Paurnima
(GAP) samples were found to be superior to the
Amavasya samples in terms of functional group
diversity and withanolide content, as determined
by HPTLC analysis®.

Asparagus racemosus

The seasonal variations in the extractive values,

bioactive secondary metabolites and Shatavarin-

IV of root tubers of Shatavari are assessed. A
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large quantity of extractive values, bioactive
secondary metabolites, and Shatavarin-IV is
observed in Varsha Ritu sample and tubers of 4.
racemosus”.

Senna singueana, Melia azedarach, Moringa
oleifera, Lannea discolor

The seasonal variations in total alkaloids content
(TAC), total flavonoids content (TFC), total
phenolic content (TPC), antioxidant activity
(AA) and predominant individual phenolic
compounds in methanol extracts of 4 plants was
assessed during different seasons. Barks of L.
discolour exhibited high levels of TPC, TFC,
TAC and AA during hot-dry season (summer) as
compared to S. singueana, M. oleifera and M.
azedarach leaves which showed significantly (p<
0.05) higher levels in hot-wet season (rainy).
Levels of TPC, TFC and TAC were signi[lcantly
(p< 0.05) in[Juenced by seasonal variations and
correlated with levels of AA. Profiles of all
phenolic compounds analyzed were not similar in
terms of chemical composition and concentration
during different seasons. Sinapic acid and 2,4-
hydroxybenzoic acid were predominant in S.
singueana while sinapic acid and ferulic acid
were predominant in M. oleifera. Vanillic acid
and 2,4-hydroxybenzoic acid were predominant
in L. discolor an M. azedarach respectively®.
Breonadia salicina

This investigation  of

study involves the

phytochemical composition, antimalarial and
antitrypanosomal activities of various plant parts
of Breonadia salicina (Vahl) Hepper and J.R.I.

Wood across multiple consecutive seasons. The

dichloromethane leaf extracts in each season had
the highest antimalarial activity compared to the
methanol leaf, stem bark and root extracts. In
addition, the methanol and dichloromethane leaf
extracts in autumn, winter, spring and summer
displayed the highest antitrypanosomal activity,
except for the methanol leaf extracts in winter’.
Tulbaghia violacea, Hypoxis hemerocallidea,
Drimia robusta and Merwilla plumbea

This comparing the

study was aimed at

phytochemical composition and biological
(antibacterial and anticandidal) activities of bulb
and leaf extracts of Tulbaghia violacea, Hypoxis
hemerocallidea, Drimia robusta and Merwilla
plumbea between spring, summer, autumn and
winter seasons. Leaf and bulb extracts exhibited
comparable anticandidal activity (MIC < 1
mg/ml) in all the plant species in all seasons.
Only extracts of H.

ethanol and water

hemerocallidea corms (autumn and winter)
showed correspondingly good fungicidal activity
amongst the bulbs tested. Antibacterial activity
was fairly comparable between bulbs and leaves
with at least one extract of each plant species
showing some good MIC values in most of the
seasons. The best antimicrobial activities were
recorded in winter and autumn seasons, with
MIC values as low as 0.2 mg/ml in the DCM
bulb extracts of 7. violacea (winter) against K.
pneumoniae and S. aureus. The amounts of total
phenolic compounds in all plant samples were
generally higher in spring compared to the other
Condensed tannin, gallotannin and

s€asons.

flavonoid levels, depending on the sample, were
September 10" 2025 Volume 23, Issue 2 Page 11
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either higher in spring or winter except for H.
hemerocallidea (corm) which had higher
gallotannin levels in autumn. Total saponin levels
were higher in winter in all plant samples.
Although variation was observed in the
phytochemical concentrations between the bulbs
and leaves of each plant species, their
antimicrobial activities were fairly comparable®.
Senna italica

The study was aimed at the determination of
seasonal variations in the phytochemical content
and antioxidant activities of leaves of Senna
italica. Total phenolic content was recorded in
higher amounts during autumn; total tannin
content was in higher amounts during autumn
and summer; total flavonoids were higher during
autumn and summer and total saponins were
higher in summer. High antioxidant activity
strength demonstrated through relatively lower
IC50 was shown in summer and autumn which,

was consistent with the relative phytochemical

contents’.
Barleria  dinteri, Grewia flava, Jatropha
lagarinthoides

The study was aimed at investigating the effect of

seasonal changes on the quantity of
phytochemicals in leaves of three medicinal
plants. Alkaloids and tannins were in high
amounts during colder seasons (autumn and
winter) in all plants, whereas flavonoids were in
high amounts during warmer seasons (spring and
summer). In addition, saponins were in high
amounts during warmer seasons in G. flava and

J. lagarinthoides, while no significant seasonal

dinteri.

difference was recorded in B.

Furthermore, simple phenols were in high
amounts during autumn in G. flava, while in high
amounts during summer in J. lagarinthoides with
no significant difference amongst seasons in B.
dinteri'®.

Alstonia scholaris
The effect of seasonal variation on the
antidiabetic activity of bark of Alstonia scholaris
L. was assessed. It was observed that, in different
seasons there is a change in HPTLC pattern of

the antidiabetic constituents i.e. in summer

season erythradiol content is more!!.

Azadirachta indica, Eucalyptus globulus

The seasonal variations were studied in the
phytoconstituents of leaves and bark of Neem
and Eucalyptus. The samples were collected
during the four quarters of the year. Results from
this study showed a wvariation in secondary
metabolite compositions in response to seasons.
In both plants' organs, saponin content peaked
and crashed during the second and fourth quarters
of the year respectively, while alkaloid had the
highest content during the fourth quarter of the
year. Highest level of tannin was recorded in the
leaf and bark of the plants during the third quarter
of the year. Antioxidant activity of both plant
extracts showed a regular patterned decrease with
increasing concentration, with lowest antioxidant
activity for both plants' organs recorded during
the third quarter'?.

Carissa macrocarpa

The study aimed to investigate the phytochemical

composition and biological activity of the leaf
September 10" 2025 Volume 23, Issue 2 Page 12
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extracts of C. macrocarpa in the summer and
winter seasons. The phytochemical screening of
C. macrocarpa leaves showed positive results for
a variety of phytochemicals, such as alkaloids,
tannins, phenols, naphthoquinones, flavonoids,
saponins, steroids, proteins, carbohydrates,
mucilage, gum and resin. The results from this
study suggest that C. macrocarpa extracts possess
antibacterial and antioxidant activity. The winter
leaf extracts have potentially higher antibacterial
activity and more potent antioxidant activity than
the summer leaf extracts, thus inferring that
winter is the best season to harvest C. macrocarpa
leaves for medicinal use'.

Rosmarinus officinalis

Estimation of important active compounds was
carried out in leaves of Rosemary during summer
and winter. The highest amounts of total
flavonoids occurred in autumn; while carnosic
acid, phenolics, ascorbic acids and soluble sugars
were greatest in winter, probably due to regional
high precipitation and subtle winters'*,

Aconitum violaceum
The seasonal variation in the aconitine in
different parts of the Aconitum violaceum was
assessed in this study. The biosynthesis of
aconitine in tubers was found to be highest in the
month of October (0.99% on dry wt. basis). The
maximum aconitine content reported in the
leaves was highest in the month of August, which
is the pre-flowering season of the plant, however,
aconitine content decreases significantly during
month of October!?.

Boerhaavia diffusa

This study included the impact of seasonal
variation of boeravinone B content in different
parts of Boerhavia diffusa. Three-month-old field
grown plants of BD were collected for two
consecutive years. maximum yield was observed
in July and maximum yield was observed in July.
Amongst the plant parts, maximum concentration
of boeravinone B was obtained in root parts
(6.63%) then in leaves (4.28%) and minimal
content was ob-tained in shoot parts (3.08%)'S.
Saraca ashoka

The seasonal variation of epicatechin and gallic
acid in the bark of Saraca ashoka collected in
different seasons was monitored using RP-HPLC.
In investigation Shishira and Hemanta Ritu were
responsible for yielding higher content of
epicatechin and gallic acid, respectively. Phenolic
compounds are maximum during the summer
season!’.

Moringa oleifera

The monthly and seasonal variations of the
composition

elemental and phytochemical

analysis of Moringa oleifera leaves was
investigated. The highest concentrations of Mo,
Cr, Fe, Ti, and Si were found during winter,
whereas the highest concentrations of Br, Cl, and
Cu were found during the summer seasons. The
phytochemical analysis revealed that Moringa
oleifera leaves collected during the spring season
resulted in the highest chlorophyll content,
phenol content, and the greatest scavenging
activity'®,

Phillyrea angustifolia
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The study was aimed at determining the seasonal

metabolic changes in leaves of Phillyrea
angustifolia and the effects of them on its
biological activity.  Oleuropein and the
dialdehydic form of decarboxymethyloleuropein
(DHPEA-EDA) were the main metabolites
present in the extracts. All the extracts have been
tested for their phytotoxicity against Triticum
ovatum. T. ovatum plants treated with plants
collected during summer were very similar to the
control, while the extracts obtained from leaves
containing the highest

collected in winter,

amount of oleuropein, were the most active
against the test species'”.
Jatropha curcas
The seasonal variation was analysed in
phytochemical of different parts of Jatropha
curcas L. Leaves collected during summer
(May-June) have greater accumulation of total
phenols, tannins and free amino acids however,
phytic acid was more during rainy season?’.
Camellia sinensis

The seasonal variations in total phenolics,
antioxidant activity, and minerals during four
harvest seasons (summer, premonsoon, monsoon
and winter) in two consecutive years was
assessed in South Indian black tea. Summer was
the season with the highest total phenolic content
and antioxidant activity across all cultivars,
followed by premonsoon, winter, and monsoon?'.
Holoptelea integrifolia

The experimental results revealed that the
chloroform extracts of leaves and bark of

Holoptelea integrifolia during winter season were

most effective against S. flexneri with highest
zone of inhibition (ZOI) of 19.5+0.12mm and
22.6 £0.32mm at 4 mg/40 pul, respectively.
However, MIC of leaf and bark extracts in case
of S. flexneri were 0.3125 mg/100 ul and 0.0781
mg/100 pl, respectively. Phytochemical analysis
of H. integrifolia confirmed significant seasonal
flavonoids  and

variation, with  phenols,

terpenoids highest in the winter season, while
alkaloids dominated in autumn season??.

Taxus wallichiana

The quantitative analysis of UPLC showed that
the highest content of taxoids (1.77 £+ 0.38
mg-g ') was found in January. On the contrary,
the maximum content of total flavonoids
obtained in the spectrophotometry (15.82 + 1.45
mg-g') was observed in August. The
polysaccharide accumulation reached a value of
28.52+0.57 mg-g ! in September?>.

Tinospora cordifolia

The study revealed that total phenolics and total
sugar concentration obtained highest values in
summer season while starch and tannin content
were found maximum in winter season in both

the genders. However, biomarkers, tinosporaside

and berberine, reached to their highest
concentration in monsoon season. Further,
antioxidant potential revealed the highest

inhibition percentage in winter season as well as
in late summer season?,

Cinnamomum cassia

This study was carried out to evaluate the
chemical profiles, as well as the antioxidant and

antibacterial activities, of C. cassia leaf oil across
September 10" 2025 Volume 23, Issue 2 Page 14
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the four seasons. Spring and autumn leaf oils
contained the highest essential oil (2.20% and
1.95%, respectively) and trans-cinnamaldehyde
(92.59% and 91.10%, respectively). C.

cassia leaf oil demonstrated the strongest
antibacterial activity, with a minimum inhibitory
concentration (MIC) of 0.25 mg/mL against S.
aureus and L. monocytogenes for the spring oil.
Winter leaf oil exhibited high antioxidant
activity, primarily due to the presence of cis-
cinnamaldehyde, caryophyllene, = humulene,
alloaromadendrene, y-muurolene, cis-bisabolene,

o-methoxycinnamaldehyde, and phenolics®.

CONCLUSION

Since ancient times, the impact of the Kala (time
factor) on the properties and therapeutic actions
of medicinal plants has been well emphasized in
Ayurvedic literature. Modern scientific studies
these classical

have increasingly validated

insights, using contemporary research
methodologies to affirm the influence of time on
phytochemical potency and efficacy. Therefore, it
is imperative to consider the appropriate time of
collection to preserve the integrity and
effectiveness of crude drugs.

The Ayurvedic concept of Kala is not merely
philosophical but is grounded in scientific

reasoning, significantly affecting the
pharmacological profile and safety of medicinal
plants. Each part of a plant—root, bark, leaf,
flower, or fruit—exhibits its peak therapeutic

potential when harvested in the right season and

growth stage, as outlined in classical treatises.
Recognizing this, the integration of Kala into the
framework of Good Collection Practices (GCP)
in Ayurveda is essential. It not only upholds
traditional knowledge but also contributes to
standardization, sustainability, and quality
assurance in the production of herbal medicines.
Further in-depth research on this concept can
bridge the gap between traditional wisdom and
modern pharmacognosy, thereby enhancing the

global acceptance of Ayurvedic medicine.
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