Photosynthetic Pigments Responses of Selected Cultivated Plants to Palm Oil Mill Effluent Contamination
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ABSTRACT
Contaminations affect plants photosynthetic pigments synthesis. This study determines the effects of palm oil mill effluent (POME) contamination on chlorophyll contents and carotenoids of plants cultivated on non-contaminated and POME-contaminated soils. The study was carried out in Aba Oka, Isinbode, Ekiti State, Nigeria. The study is a field experiment that span through three planting seasons (early rainy, late rainy, and early dry). The study focuses on three selected plants, Nicotiana tabacum, Amaranthus hybridus, and Corchorus olitorius. The photosynthetic pigments was extracted with 5 mL of 80% acetone using mortar and pestle, the homogenate was filtered, and the filtrate was made up to 5 mL with 80% acetone. The pigments in the filtrate were estimated using UV-visible spectrophotometer. Data obtained were subjected to analysis of variance and mean different were separated via Tukey’s multiple range tests. Results show that across all the growing seasons and selected cultivated plants on POME-contaminated soil, the highest (46.99 ± 5.17 mg g⁻¹ FW) photosynthetic pigment was recorded in Nicotiana tabacum during the early dry season and lowest (5.57 ± 0.89 mg g⁻¹ FW) in Corchorus olitorius during the late rainy season compared to the non-contaminated grown plants. The photosynthetic pigments synthesis was significantly (p < 0.05) hampered by POME-contamination in the first two phases of cultivation. However, an improved significant (p < 0.05) production of photosynthetic pigments was recorded in the third phase. The study concluded that, palm oil mill effluent contamination hampered synthesis of photosynthetic pigments across growing seasons.
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INTRODUCTION
Photosynthetic pigments are important factors that determine the rate and extent of plant growth and productivity, as these factors are responsible for light capture and conversion into energy through photosynthesis [1]. Chlorophyll a is the major pigment responsible for photochemical reactions, while chlorophyll b and carotenoids are accessory pigments that improve photosynthetic efficiency and also protect it against oxidative stress [2, 3, 4]. The synergistic action of these pigments plays a crucial role in helping plants adapt to different environmental changes; hence they are important for the survival of plants under different environmental stressors [5, 6].
Changes in the concentration of chlorophyll and carotenoids are important factors that determine changes in photosynthetic capacity, nutrient availability, and stress responses such as drought and soil contamination [7]. The environment plays a crucial role in determining the rate and extent of photosynthetic pigment synthesis and degradation, and hence these factors determine the rate and extent of plant growth and development [8]. The analyses of photosynthetic pigments are important factors that determine the performance and responses of plants to different environmental changes.
Soil contamination, especially due to agro-industrial wastes, is considered one of the major environmental problems in various tropical regions worldwide [9]. Palm oil mill effluent (POME), a waste product of palm oil processing, contains high levels of organic matter, suspended solids, and residual oil content [9, 10]. If not disposed of properly, affect soil physicochemical properties, nutrient balance, and stress levels in plants [11]. POME has been reported to have a fertilizing effect on soil at low concentrations due to its nutrient content, thus promoting soil fertility [12]. However, high concentrations of POME can cause phytotoxicity, reduce photosynthesis, and inhibit plant growth. These findings have generated interest in estimating plant responses to soil contamination, especially at the physiological level.
Plant species have different levels of tolerance to contaminated soil, and some species have developed adaptive mechanisms to survive on it and as well clean it up [13, 14]. Some species, such as Nicotiana tabacum, Amaranthus hybridus, and Corchorus olitorius, have been cultivated worldwide and have been reported to show high growth rates and different levels of resistance to environmental stress, thus providing an opportunity to study the plants responses to soil contamination. However, information regarding the comparative impact of palm oil mill effluent on photosynthetic pigments of this different plant species at different planting seasons is still limited.
Seasonal dynamics play a vital role in influencing plant physiological processes in tropical agro-ecosystems [15, 16]. The early rainy, late rainy, and early dry seasons significantly influence plant physiological processes, especially in terms of the synthesis of photosynthetic pigments in plants. Thus, it is important to understand how seasonal changes influence and interact with soil contamination, especially in areas affected by POME contamination. Therefore, this study aim to estimate the concentration of photosynthetic pigments, such as chlorophyll a, chlorophyll b, and carotenoids, in Nicotiana tabacum, Amaranthus hybridus, and Corchorus olitorius grown on non-contaminated and POME-contaminated soils during the early rainy, late rainy, and early dry seasons.
MATERIALS AND METHODS
Study Area  
The  study was carried out in Aba Oka-Isinbode, Ekiti State, Nigeria, on  palm oil processing mill effluent contaminated and non-contaminated soils during rain fed growing seasons (early rainy, late rainy, and early dry). The study area lies within the range of latitudes N7° 41′ 3.813″ to N7° 41′ 4.896″, while the range of longitude lies within E5° 35′ 48.138″ to E5° 35′ 49.075″, located in Ekiti East Local Government Area.
Selected plants for the study
One indegenous plant (Nicotiana tabacum) and the two most cultivated vegetables (Amaranthus hybridus, and Cochorus olitorius) in the study were selected due to their fast growth rate, high biomass yield, and ability to tolerate contaminants.
 Experimental design layout and plant management
A complete randomized block design (CRBD) was employed in which the control and POME-contaminated soils experimental units were replicated four times for each of the selected study plant in each season of cultivation. The study soils plot were 15 m x 8.5 m in total which was subdivided into subplots of 2.5 m x 1.5 m with a 1 m passage way between and 0.5 m spacing within the subplots to ensure ease of management of the plants. Seeds of all the selected plants were sown directly to the prepared ridges via drilling and the plants were maintained weed free while growing under natural environment.
Plant tissue harvest
For each planting season, the experiment was terminated 7 week after sowing (WAS). After the plants representative samples being properly collected and washed with water to get rid of any soil debris, they were taken to the laboratory for the estimation of the photosynthetic pigments in the plant leaves using standard method.
Estimation of leaf photosynthetic pigments 
The Photosynthetic pigments (chlorophyll a, b, and carotenoid) were estimated using the procedure outlined by [19], with a minor adjustment as suggested by [20]. The 0.05 g of fresh leaf tissue was homogenized using a mortar and pestle with 5 mL of 80% acetone for five minutes to extract the pigment. The homogenate was filtered using Whatman No. 1 filter paper, and 80% acetone was added to the filtrate until its final volume was made up to 5 mL.
Using a UV-visible spectrophotometer, the concentrations of chlorophyll pigments were measured at three different wavelengths: carotenoids (carotene + xanthophyll) at 470 nm, chlorophyll-a at 663.2 nm, and chlorophyll-b at 646.8 nm. The amounts of carotenoids (car) and chlorophyll (chl) in the leaves were calculated using the following formulas from [21]:
= (1000 × A470 – 1.82 ×  – 85.02 × Chl b) / 198
= 12.25 × A663.2 – 2.79 × A646.8
= 21.50 × A646.8 – 5.10 × A663.2
The absorbance pigment concentration was expressed as milligrams per gram of fresh tissue weight (mg g⁻¹ FW).
Statistical analysis
For computing mean values and standard error of the mean, the data gathered from the estimation of the photosynthetic pigments was entered into Microsoft Excel (version 2010). ANOVA in GraphPad Prism 5.0 was employed for the statistical analysis, and significance was established at p < 0.05. For mean comparison, Tukey's multiple range tests were used.
RESULTS
Photosynthetic Pigments of Plants Cultivated on Non-contaminated and POME-contaminated Soils during Early Rainy Season 
The photosynthetic pigments of selected plants cultivated on non-contaminated and POME-contaminated soils during the early rainy planting period are presented in Table 1. The results show that the highest chlorophyll a (14.47 ± 0.96 mg g⁻¹ FW) and b (58.21 ± 11.66 mg g⁻¹ FW) for the selected plants cultivated on non-contaminated soil was recorded in AMA with the least (4.32 ± 1.53 mg g⁻¹ FW) documented in COR   while the highest (9.02 ± 0.14 mg g⁻¹ FW) carotenoid was recorded for COR and the lowest (4.32 ± 1.53 mg g⁻¹ FW) in AMA.
However, the highest chlorophyll a (14.85 ± 0.76) and b (6.74 ± 0.14 mg g⁻¹ FW) for the selected plants cultivated on POME-contaminated soil was recorded in NIC and COR respectively while the highest (11.49 ± 0.35 mg g⁻¹ FW) carotenoid was recorded in NIC with the least in AMA. The highest (18.74 ± 1.55 mg g⁻¹ FW) total chlorophyll was documented in NIC cultivated on POME-contaminated soil while the least (4.92 ± 1.14 mg g⁻¹ FW) was recorded in AMA. Generally, the results indicated that during the early rainy season the POME-contamination significantly (p < 0.05) altered the production of photosynthetic pigments adversely.





Table 1: Photosynthetic Pigments of Plants Cultivated on Non-contaminated and POME-contaminated Soils during Early Rainy Planting Period
	Plants
	Chl a
	Chl b
	Total Chl (a+b)
	Carotenoids

	(mg g⁻¹ FW)

	Non-contaminated

	NIC
	3.92 ± 0.37b
	8.44 ± 0.39b
	12.36 ± 0.75b
	8.05 ± 0.00b

	AMA
	14.47 ± 0.96a
	43.74 ± 10.70a
	58.21 ± 11.66a
	4.32 ± 1.53c

	COR
	0.84 ± 0.03c
	1.32 ± 0.07c
	2.16 ± 0.10c
	9.02 ± 0.14a

	POME-contaminated

	NIC
	14.85 ± 0.76a
	3.89 ± 0.79b
	18.74 ± 1.55a
	11.49 ± 0.35a

	AMA
	3.46 ± 1.09b
	1.46 ± 0.05c
	4.92 ± 1.14c
	8.98 ± 0.19b

	COR
	4.02 ± 0.31b
	6.74 ± 0.14a
	10.76 ± 0.45b
	10.69 ± 0.27a


Note: Mean ± SEM, Number of replicates (n) = 4, Different alphabets along a column indicate significant difference; Tukey's multiple range tests at p < 0.05 show that means with the same alphabet in each column are not significantly different; mg g⁻¹ FW = Milligrams per gram of fresh tissue weight; NIC = Nicotiana tabacum, AMA = Amaranthus hybridus, and COR= Corchorus olitorius; Chl a = Chlorophyll a, Chl b = Chlorophyll b.
Photosynthetic Pigments of Plants Cultivated on Non-contaminated and POME-contaminated Soils during Late Rainy Season
The photosynthetic pigments of selected plants cultivated on non-contaminated and POME-contaminated soils during the late rainy planting period are presented in Table 2. The results show that the highest chlorophyll a (5.25 ± 0.97 mg g⁻¹ FW) and b (5.45 ± 1.44 mg g⁻¹ FW) for the selected plants cultivated on non-contaminated soil was recorded in AMA with the least chlorophyll a (1.19 ± 0.18 mg g⁻¹ FW) and b (1.40 ± 0.11 mg g⁻¹ FW) documented in COR   while the highest (1.52 ± 0.64 mg g⁻¹ FW) carotenoid was recorded in NIC and the lowest (1.08 ± 0.50 mg g⁻¹ FW) in AMA. 
However, the highest chlorophyll a (3.03 ± 0.11 mg g⁻¹ FW) and b (4.39 ± 0.72 mg g⁻¹ FW) for the selected plants cultivated on POME-contaminated soil was recorded in AMA and NIC respectively while the highest (1.89 ± 0.22 mg g⁻¹ FW) carotenoid was recorded in COR with the least in AMA. The highest (5.99 ± 1.13 mg g⁻¹ FW) total chlorophyll was documented in NIC cultivated on POME-contaminated soil while the least (3.68 ± 0.67 mg g⁻¹ FW) was recorded in COR. Generally, the results showed that during the late rainy season the POME-contamination significantly (p < 0.05) affect the synthesis of photosynthetic pigments negatively.







Table 2: Photosynthetic Pigments of Plants Cultivated on Non-contaminated and POME-contaminated Soils during Late Rainy Season
	Plants
	Chl a
	Chl b
	Total Chl (a+b)
	Carotenoids

	(mg g⁻¹ FW)

	Non-contaminated

	NIC
	2.68 ± 0.38b
	3.29 ± 1.12b
	5.97 ± 1.50b
	1.52 ± 0.64a

	AMA
	5.25 ± 0.97a
	5.45 ± 1.44a
	10.70 ± 2.41a
	1.08 ± 0.50b

	COR
	1.19 ± 0.18c
	1.40 ± 0.11c
	2.59 ± 0.29c
	1.51 ± 0.13a

	
	POME-contaminated

	NIC
	1.60 ± 0.41c
	4.39 ± 0.72a
	5.99 ± 1.13a
	1.48 ± 0.46b

	AMA
	3.03 ± 0.11a
	2.37 ± 0.34b
	5.40 ± 0.45a
	0.81 ± 0.35c

	COR
	2.02 ± 0.29b
	1.66 ± 0.38c
	3.68 ± 0.67b
	1.89 ± 0.22a


Note: Mean ± SEM, Number of replicates (n) = 4, Different alphabets along a column indicate significant difference; Tukey's multiple range tests at p < 0.05 show that means with the same alphabet in each column are not significantly different; mg g⁻¹ FW = Milligrams per gram of fresh tissue weight; NIC = Nicotiana tabacum, AMA = Amaranthus hybridus, and COR= Corchorus olitorius; Chl a = Chlorophyll a, Chl b = Chlorophyll b.
Photosynthetic Pigments of Selected Plants Cultivated on Non-contaminated and POME-contaminated Soils during Early dry Season 
The photosynthetic pigments of selected plants cultivated on non-contaminated and POME-contaminated soils during the early dry season planting period are presented in Table 3. The results indicated that the highest chlorophyll a (9.43 ± 1.34 mg g⁻¹ FW) and b (12.17 ± 1.45 mg g⁻¹ FW) for the selected plants cultivated on non-contaminated soil was recorded in NIC with the least chlorophyll a (6.25 ± 1.30 mg g⁻¹ FW) and b (9.88 ± 2.91 mg g⁻¹ FW) documented in AMA while the highest (8.30 ± 0.66 mg g⁻¹ FW) carotenoid was recorded in NIC and the lowest (8.04 ± 0.78 mg g⁻¹ FW) in AMA. 
However, the highest chlorophyll a (12.62 ± 2.35 mg g⁻¹ FW) and b (29.81 ± 1.12 mg g⁻¹ FW) for the selected plants cultivated on POME-contaminated soil was recorded in AMA and NIC respectively while the highest (10.23 ± 0.33 mg g⁻¹ FW) carotenoid was recorded in COR with the least in COR. The highest (41.93 ± 3.76 mg g⁻¹ FW) total chlorophyll was documented in NIC cultivated on POME-contaminated soil while the least (20.51 ± 2.71 mg g⁻¹ FW) was recorded in AMA. Generally, the results showed that during the early dry season planting period the POME-contamination significantly (p < 0.05) enhanced the synthesis of photosynthetic pigments positively after two previously successful cultivation of the POME-contaminated soil with the selected plants the third time. 






Table 3: Photosynthetic Pigments of Plants Cultivated on Non-contaminated and POME-contaminated Soils during Early Dry Season
	Plants
	Chl a
	Chl b
	Total Chl (a+b)
	Carotenoid

	(mg g⁻¹ FW)

	Non-contaminated

	NIC
	9.43 ± 1.34a
	12.17 ± 1.45a
	21.60 ± 2.79a
	8.30 ± 0.66a

	AMA
	6.25 ± 1.30c
	9.88 ± 2.91c
	16.13 ± 4.21c
	8.26 ± 0.93a

	COR
	8.22 ± 2.22b
	11.56 ± 2.59b
	19.78 ± 4.81b
	8.04 ± 0.78b

	
	POME-contaminated

	NIC
	12.12 ± 2.64b
	29.81 ± 1.12a
	41.93 ± 3.76a
	5.06 ± 1.41b

	AMA
	12.62 ± 2.35a
	7.89 ± 0.36c
	20.51 ± 2.71c
	10.23 ± 0.33a

	COR
	6.38 ± 1.25c
	20.32 ± 3.26b
	26.7 ± 4.51b
	0.97 ± 0.29c


Note: Mean ± SEM, Number of replicates (n) = 4, Different alphabets along a column indicate significant difference; Tukey's multiple range tests at p < 0.05 show that means with the same alphabet in each column are not significantly different; mg g⁻¹ FW = Milligrams per gram of fresh tissue weight; NIC = Nicotiana tabacum, AMA = Amaranthus hybridus, and COR= Corchorus olitorius; Chl a = Chlorophyll a, Chl b = Chlorophyll b.
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Figure 1: The selected cultivated plants during the late rainy season in non-contaminated (a) and POME-contaminated soil (b).


DISCUSSION
The variations in photosynthetic pigments observed across seasons and soil type (non-contaminated and palm oil mill effluent (POME) contaminated soils) show the complex interaction between POME inputs, plant species, and seasonal changes.
The general decline in chlorophyll and carotenoid levels during the early and late rainy seasons under POME contamination indicates that freshly affected soils may put physiological stress on plants. This reduction in photosynthetic pigments in POME-contaminated soil grown plants aligns with the reports that POME contained higher organic load, decreased oxygen, and the presence of harmful compounds that causes oxidative stress and photosystem activity inhibition in plants [22, 23, 11]. In contrast, the increase in pigment synthesis seen during the early dry season points to a temporary improvement in soil conditions after repeated cultivation. This trend may relate to the gradual breakdown of organic materials in POME, which increases the availability of vital nutrients such as nitrogen, magnesium, and iron; these are essential for chlorophyll production [24, 25]. 
Furthermore, the different responses among species suggest variability in tolerance and ability to adapt to POME-related stress. Species that show improved pigment accumulation in treated conditions may have more effective detoxification mechanisms or better nutrient uptake strategies. The study trends indicated that synthesis of pigments in plants cultivated on contaminated soil depend on both type of plant and seasons of their cultivation, which was in line with the findings of [26, 27] which reported that seasonal changes caused variation in plant pigment formation. Generally, these findings indicate that while POME initially has harmful effects on photosynthesis, its impact may become positive with time and proper management. 
CONCLUSIONS
This study concluded that the palm oil mill effluent hampered the synthesis of photosynthetic pigments significantly in Nicotiana tabacum, Amaranthus hybridus, and Corchorus olitorius. It also established that early dry season planting in POME-contamination soil significantly enhanced the synthesis of photosynthetic pigments positively after two successful cultivation of the POME-contaminated soil consecutively. 
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