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ABSTRACT

Climate change, heavy metal toxicity, and the widespread distribution of phthalates in
the environment, all create serious threats to plant ecosystems and their vital
pigments. The combined effects of these stresses are more severe than each of their
own. When plants are exposed to heavy metals, phthalates, and physical pollution
(UV light), their photosynthetic capacity declines and increase oxidative stress in
plants.In light of these considerations, this study presents an in-depth examination of
the cumulative impact of heavy metals (specifically nickel and cadmium), phthalates
(dimethyl phthalate and di-n-octyl phthalate), and physical stressors (UV light ) on
the pigments, specifically chlorophyll A, chlorophyll B, and carotenoids and
phytochemicals such as flavonoids and phenolics of Pisum sativum . The results of
this study suggest that plants treated with a combination of these stressors have
considerable alterations in their pigment profiles, as well as its defense system and

demonstrating the complicated impact of environmental factors on plant.
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INTRODUCTION

Climate change is currently recognized as the most severe threat to humanity and all
other life forms on our planet. It has been linked to significant alterations in
temperature ranges, weather occurrences, seasonal cycles, and related phenomena on
a global scale. (Ullah et al., 2021). Experts from diverse scientific fields have issued
warnings that the adverse consequences of climate change are expected to exacerbate

in the future, especially if environmentally harmful human activities persist without

restraint. (Chaudhry & Sidhu 2022)

Plants are greatly affected physically and chemically by stress, metal accumulation,
and poor soil conditions. Additionally, climate change has direct effects on plant
productivity (Khan ef al., 2022). Agriculture soil is polluted by human activities like
mining, the use of herbicides, and the use of sewage waste water or industrial waste

water, which are greater sources of organic and inorganic pollutants. (Akram et al.,

2018)
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Climate change directly affects the accumulation and behavior of heavy metals in
plants. Due to excessive rainfall, heavy metals transport to different sites and can
reach agricultural land. (Wu et al., 2017) At high temperatures, the production of
ROS increases, which affects photosynthesis, respiration rate, and damage to plant
cells, ultimately leading to plant death. (Tiwari et al., 2019) Lower rainfall rates and
high temperatures increase the evaporation in plants, which results in an increase in
the accumulation and toxicity of heavy metals in plants and reduces root and shoot
growth. (Malizia et al,, 2012) High temperatures and metal stress hinder the seed
germination process. (Deng et al., 2016) The agricultural sector faces significant
challenges due to the growing frequency of droughts, excessive rainfall, temperature

fluctuations, and increased salinity. (Ullah ef al., 2021)

Organic pollutants enter plants either from the soil or the air. The main sources of
these chemicals entering plants are pesticide sprays, plastic mulch, biosolids, etc.
Polychlorinated  dibenzo-p-dioxins,  organochlorine  pesticides,  phthalates,
polychlorinated biphenyls, antibiotics, herbicides, and bisphenol A are the most
common organic pollutants found in plants. (Zhang et al., 2017) These organic
pollutants translocate in plants and damage their chemical and biological features.
(Obinna et al., 2019) Phthalate has effects on the growth and development of plants,
the germination of seeds, the metabolism pathway of plants, and the activities of

antioxidant enzymes in plants. (Kumari et al., 2020). The current investigation aims

BLUMEA P



ISSN:0006-5196 Vol. 70 (n. 2, 2025) . .
— Printed in

NETHEELANDS

to assess the levels of photosynthetic pigments and total flavonoid content and total

phenolics content in pea plant when exposed to multiple stressors simultaneously.

MATERIALS AND METHODS

CHEMICALS

Nickel (Ni), Cadmium Chloride (CdCl;) Dimethyl phthalate (DMP), Di octyl
phthalate (DOP), Methanol and Calcium carbonate (CaCOs3), Methanol, Auminum

Chloride (AICIls3), Folin-Ciocalten reagent, Sodium Acetate.

EXPERIMENTAL SETUP

Pot experiments were conducted using a completely randomized design. In October
2023 seeds were purchased from local market, washed and sterilized them so all
impurities run out then seeds of pea plants were sown. When Plants grown out those
were subjected to various abiotic stresses, including organic, inorganic, and physical
stressors, having 100ppm concentration. After 15 days of stress exposure plants were
uprooted and thoroughly washed with water to ensure the removal of impurities.
Different parts of plants, leaves, stem, roots were separate out and a detailed analysis

was carried out.
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SOLVENT EXTRACTION

0.3gm of plants material (root, stem, leaves) was taken and crushed it in mortar and
pestle and add 10 ml of chilled methanol. Centrifuge at 6000rpm for 10mins and

saved for further analysis.
PIGMENT ANALYSIS

Chlorophyll extraction was performed by homogenizing fresh leaves (0.3g) of Pea.
The leaves were crushed using 10 ml of chilled methanol and add calcium carbonate
in trace amount. The extract was centrifuged at 6000 rpm for 10 minutes, and the
supernatant was analyzed for atomic absorbance at 665nm, 649 nm, and 470nm.
Chlorophyll A, Chlorophyll B, and carotenoids wemeasured using the following

equations: (Ma et al., 2022).

Chlorophyll a content = 13.5(A665) — 6.88(A649)

Chlorophyll b content = 24.96(A649) - 7.32(A665)

Carotenoid content = 1000[A470) — 2.05(chla) — 11.48(chlb)]/245
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TOTAL FLAVONOID CONTENT

Aluminum chloride colorimetric method was used to determine total flavonoid
method.400 pL methanol,100 pL 10%o0f AICl; was added in 100 pL plant extract then
add 100 pL sodim acetate and kept in dark for 30mins. At510nm absorbance was

noted using spectrophotometer. (Nguyen et al.,2020)

TOTAL PHENOLIC CONTENT

Total phenolic content was analyzed by Folin—Ciocalteu method using Marichali et
al., 2014 method with some modifications.100uL of plant exatct as taken and dilute
with 400 pL distill water. Add 150 pL Folin—Ciocalteu reagent and leave at room
temperature for 5-10min. Add 500 pL 20'% sodium carbonate and remain for 1 hour.

Absorbance was taken at 650nm using spectrophotometer.(Sharma et al 2020)

RESULTS AND DISCUSSION

CHLOROPHYLL CONTENT

Result of this study shows In fig.1. that content of chlorophyll a, chlorophyll b and
carotenoids significantly decreases in stressed plants. In present study fig.1.
untreated plant chlorophyll a, chlorophyll b and carotenoids content was observed

10.3,3.7 and 4.3 respectively. When plants were subjected to UV light for 24 hours
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value was recorded 2.1,1.6 and 0.7 respectively. Plant treated with mixture of all

stressors shows maximum reduction 1.3,0.9 and 1.09.

Photosynthetic pigments serve as the primary parameter for assessing a plant's
photosynthetic capacity and revealing the harm inflicted by external stressors on
plants. (Luo ef al., 2021) In a study with increase in dose and time of phthalate
noticeable decline in plant pigment was seen. (Zhang et al., 2015) Variations in
pigment levels are closely associated with observable signs of plant distress and can
provide insights into the plant's photosynthetic performance. (Chandra & Kang,
2016). Any decrease in carotenoid levels can have significant implications for the
stability and protection of chlorophyll pigments, potentially leading to their
vulnerability to photooxidative destruction. (Ramel et al., 2012). Carotenoids are
known to serve as antioxidants and photoprotective agents in plants. (Yao et al.,2022)
In salt stress plants Ni shows more decline in chlorophyll a, chlorophyll b and
carotenoids than Cd. Yasar, ef al.,2012 reported that increase in NaCl concentration
decrease in chlorophyll content. In phthalates stressed plants, plant pigments decrease
in  DBP more than DOP. A study observed that the contents of chlorophyll A and
chlorophyll B were inhibited to some extent when exposed to DBP for various
periods of time. (Yao ef al,, 2022) A study shows under the influence of cadmium
stress, observed a reduction in both total chlorophyll content and chlorophyll a
content. (Liu et al., 2023) (Ren et al,.2021) Physical stressors have also direct impact

on plant pigments. (Khaleghi, et al, 2012) Under drought stress conditions, plants
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experience a significant reduction in the functionality of their photosynthetic reaction

centers. (Efeoglu et al., 2009)
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Figure 1. The impact of multifactorial stress on plant pigments of Pisum sativum

TOTAL FLAVONOIDS

In fig.2 total flavonoid content in roots, stem and leaves of stressed plants were
examined separately. with reference to fig 2 total flavonoid content in normal plant
was 0.019, 0.009 and 0.301 in roots, stems and leaves, maximum increase 0.411 ,0.09
and 0.39 respectively was observed in plants having combined stress.Santos, et al.,

2014 studied that pea plant shoot have considerable amount of flavonoid.

Flavonoid play important role against stress caused by Uv light that damage plants by
increase in oxidative stress. (Agati, et al.,2009) Significant increase of total flavonoid

content in Arial part of plant was observed while in roots and shoot flavonoid content
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increase in trace. Ikram et al.,, 2020 reported that increase in flavonoid content was
observe in roots and leaves of Atriplex canescens under chromium and zinc stress.
Increase in TFC was reported in stem and roots of cucumber plants after Cd stress.
(Sun,et al., 2022) Growth rate decreases and content of flavonoid increases in

coriander under stress conditions. (Fattahi et al., 2021)
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Figure 2. The impact of multifactorial stress on Total Flavonoid Content of Pisum

sativum

TOTAL PHENOLIC CONTENT

In current study phenolic content in untreated plant 0.015,0.010 ,0.045 in roots, stem
and leaves were recorded respectively which increase with in stress containing
plants.UV light have more adverse effect on polyphenols than chemical stress.

Maximum stress in plants interact with UV stress was seen 0.024,0.039 and 0.0591
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respectively as compare to control. Polyphenols in plants are antioxidant in nature
and become more active in plants having stress conditions.with increase in DAP
concentration level of polyphenols increase in plants.(Sharma et al 2020). When
combines stress was given it decrease the polyphenols 0.0008,0.004 and 0.0073
respectivety as a study shows that combine effect of cd and Se decreases the
polyphenols in plants.(Sun, et al., 20220) A study on C. sativum plant shows that
Increase in Polyphenolics results decrease in oxidative stress caused by

stress .(Marichali, et al., 1993)
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Figure 3. The impact of multifactorial stress on Total Phenolic Content of Pisum

sativum
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CONCLUSION

Findings from the study consistently demonstrate that exposure to heavy metals,
phthalates, physical stressors, and combinations of chemical and physical stressors
can exert a substantial influence on the levels of pigments, flavonoids and phenolics
within plants. The notable variations underscore the profound impact of multifactorial
stresses on the photosynthetic mechanisms, phytochemicals and the overall health of

plants.
ACKNOWLEDGMENT

We express our gratitude for the technical assistance provided by Lahore College for
Women University, Lahore, Pakistan, which facilitated the successful completion of

this research project.

DISCLOSURE STATEMENT

The authors declare no potential conflicts of interest.
REFERENCES

1. Agati, G., Stefano, G., Biricolti, S., & Tattini, M. (2009). Mesophyll distribution
of ‘antioxidant’flavonoid glycosides

in Ligustrum vulgare leaves under contrasting sunlight irradiance. Annals of

Botany, 104(5), 853-861.

BLUMEA 12



ISSN:0006-5196 Vol. 70 (n. 2, 2025) . .
— Printed in

NETHEELANDS

2. Akram, R., Turan, V., Hammad, H. M., Ahmad, S., Hussain, S., Hasnain, A., ... &
Nasim, W. (2018). Fate of organic and inorganic pollutants in paddy soils. In

Environmental pollution of paddy soils (pp. 197-214). Springer, Cham.

3. Chandra, R., & Kang, H. (2016). Mixed heavy metal stress on photosynthesis,
transpiration rate, and chlorophyll content in poplar hybrids. Forest Science and

Technology, 12(2), 55-61.

4. Chaudhry, S., & Sidhu, G. P. S. (2022). Climate change regulated abiotic stress

mechanisms in plants: A comprehensive review. Plant Cell Reports, 41(1), 1-31.

5. Deng, B., Yang, K., Zhang, Y., & Li, Z. (2016). Can heavy metal pollution
defend seed germination against heat stress? Effect of heavy metals (Cu2+, Cd2+
and Hg2+) on maize seed germination under high temperature. Environmental

Pollution, 216, 46-52.

6. Efeoglu, B., Ekmeke¢i, Y., & Cicek, N. U. R. A. N. (2009). Physiological
responses of three maize cultivars to drought stress and recovery. South African

Jjournal of botany, 75(1), 34-42.

7. Fattahi, B., Arzani, K., Souri, M. K., & Barzegar, M. (2021).
Morphophysiological and phytochemical responses to cadmium and lead stress
in coriander (Coriandrum sativum L.). Industrial Crops and Products, 171,

113979

BLUMEA 13



ISSN:0006-5196

Vol. 70 (n. 2, 2025)
E—

10.

11.

12.

13.

Ikram, K., Abdelhakim, R. Y. H., Topcuoglu, B., Badiaa, O., & Houria, T.
(2020). Accumulation of polyphenols and flavonoids in Atriplex canescens
(Pursh) Nutt stressed by heavy metals (zinc, lead and cadmium). Malays. J.
Fundam. Appl. Sci, 16, 334-337.

Khaleghi, E., Arzani, K., Moallemi, N., & Barzegar, M. (2012). Evaluation of
chlorophyll content and chlorophyll fluorescence parameters and relationships
between chlorophyll a, b and chlorophyll content index under water stress in
Olea europaea cv. Dezful. International Journal of Agricultural and Biosystems
Engineering, 6(8), 636-639.

Khan, Z., Xianting, F., Khan, M. N., Khan, M. A., Zhang, K., Fu, Y., & Shen, H.
(2022). The toxicity of heavy metals and plant signaling facilitated by biochar
application: Implications for stress mitigation and crop production. Chemosphere,
136466.

Kumari, A., & Kaur, R. (2020). A review on morpho-physiological traits of
plants under phthalates stress and insights into their uptake and translocation.
Plant Growth Regulation, 91, 327-347.

Liu, Z., Wu, X., Hou, L., Ji, S., Zhang, Y., Fan, W., ... & Yang, L. (2023).
Effects of cadmium on transcription, physiology, and ultrastructure of two
tobacco cultivars. Science of The Total Environment, 869, 161751.

Luo, Q., Li, Y., Wu, Z., Wang, X., Wang, C., Shan, Y., & Sun, L. (2021).

Phytotoxicity of tris-(1-chloro-2-propyl) phosphate in soil and its uptake and

BLUMEA 14

Printed in
NETHERLANDS



ISSN:0006-5196 Vol. 70 (n. 2, 2025) . .
— Printed in

NETHEELANDS

accumulation by pakchoi (Brassica chinensis L. cv. SuZhou). Chemosphere, 277,
130347.

14. Ma, J., Saleem, M. H., Ali, B., Rasheed, R., Ashraf, M. A., Aziz, H., ... & Marc,
R. A. (2022). Impact of foliar application of syringic acid on tomato (Solanum
lycopersicum L.) under heavy metal stress-insights into nutrient uptake, redox
homeostasis, oxidative stress, and antioxidant defense. Frontiers in Plant Science,
13,950120.

15. Malizia, D., Giuliano, A., Ortaggi, G., & Masotti, A. (2012). Common plants as
alternative analytical tools to monitor heavy metals in soil. Chemistry Central
Journal, 6(2), 1-10.

16. Marichali, A., Dallali, S., Ouerghemmi, S., Sebei, H., & Hosni, K. (2014).
Germination, morpho-physiological and biochemical responses of coriander
(Coriandrum sativum L.) to zinc excess. Industrial Crops and Products, 55, 248-
257.Middleton, E. M., & Teramura, A. H. (1993). The role of flavonol
glycosides and carotenoids in protecting soybean from ultraviolet-B damage.
Plant physiology, 103(3), 741-752.

17. Nguyen, M. T., Nguyen, V. T., Minh, L. V., Trieu, L. H., Cang, M. H., Bui, L.
B., ... & Danh, V. T. (2020). Determination of the phytochemical screening, total
polyphenols, flavonoids content, and antioxidant activity of soursop leaves
(Annona muricata Linn.). In IOP Conference Series: Materials Science and

Engineering (Vol. 736, No. 6, p. 062011). IOP Publishing.

BLUMEA 15



ISSN:0006-5196 Vol. 70 (n. 2, 2025) . .
— Printed in

NETHEELANDS

18. Obinna, 1. B., & Ebere, E. C. (2019). A review: Water pollution by heavy metal
and organic pollutants: Brief review of sources, effects and progress on
remediation with aquatic plants. Analytical Methods in Environmental Chemistry
Journal, 2(03), 5-38.

19. Ramel, F., Birtic, S., Ginies, C., Soubigou-Taconnat, L., Triantaphylides, C., &
Havaux, M. (2012). Carotenoid oxidation products are stress signals that mediate
gene responses to singlet oxygen in plants. Proceedings of the National Academy
of Sciences, 109(14), 5535-5540.

20. Ren, T., Chen, N., Mahari, W. A. W., Xu, C., Feng, H., Ji, X., ... & Lam, S. S.
(2021). Biochar for cadmium pollution mitigation and stress resistance in
tobacco growth. Environmental research, 192, 110273.

21. Santos, J., Herrero, M., Mendiola, J. A., Oliva-Teles, M. T., Ibaiiez, E., Delerue-
Matos, C., & Oliveira, M. B. P. P. (2014). Assessment of nutritional and
metabolic profiles of pea shoots: The new ready-to-eat baby-leaf vegetable. Food

Research International, 58, 105-111.

22. Sharma, R., Kaur, R. (2020). Diallyl phthalate triggered oxidative stress in
Spirodela polyrhiza L. Schleiden: physiological efects and role of antioxidant
defence. International Journal of Environmental Science and Technology, 17,

2245-2258.

BLUMEA 16



ISSN:0006-5196 Vol. 70 (n. 2, 2025) . .
— Printed in

NETHEELANDS

23. Sun, H., Lei, C., Yaun, Y., Xu, J., Han, M. (2022). Nanoplastic impacts on the
foliar uptake, metabolism and phytotoxicity of phthalate esters in corn (Zea mays

L.) plants. Chemosphere, 304, 135309.

24. Sun, H., Wang, X., Yang, N., Zhou, H., Gao, Y., Yu, J., & Wang, X. (2022).
Effect of exogenous selenium on mineral nutrition and antioxidative capacity in
cucumber (Cucumis sativus L.) seedlings under cadmium stress. Plant, Soil &
Environment, 68(12).

25. Tiwari, Y. K., & Yadav, S. K. (2019). High temperature stress tolerance in maize
(Zea mays L.): Physiological and molecular mechanisms. Journal of Plant
Biology, 62(2), 93-102.

26. Ullah, A., Bano, A., & Khan, N. (2021). Climate change and salinity effects on
crops and chemical communication between plants and plant growth-promoting
microorganisms under stress. Frontiers in Sustainable Food Systems, 5, 618092.

27. Wu, Q., Qi, J., & Xia, X. (2017). Long-term variations in sediment heavy metals
of a reservoir with changing trophic states: Implications for the impact of climate
change. Science of the Total Environment, 609, 242-250.

28. Yao, X., Zhang, J., Wang, C., Wang, Q., Li, X., Zhang, D, ... & Wang, J. (2022).
Toxicity of dibutyl phthalate to pakchoi (Brassica campestris L.): evaluation
through different levels of biological organization. Science of The Total

Environment, 849, 157943.

BLUMEA 17



ISSN:0006-5196 Vol. 70 (n. 2, 2025) . .
— Printed in

NETHEELANDS

29. Yasar, F., Ellialtioglu, S., & Yildiz, K. (2008). Effect of salt stress on antioxidant
defense systems, lipid peroxidation, and chlorophyll content in green bean.
Russian journal of plant physiology, 55, 782-786.

30. Zhang, C., Yao, F. E.N. G,, LIU, Y. W., CHANG, H. Q., LI, Z. J., & XUE, J. M.
(2017). Uptake and translocation of organic pollutants in plants: A review.

Journal of integrative agriculture, 16(8), 1659-1668.

BLUMEA 18



