Nutrients Uptake and Photosynthetic Pigments Contents of Tea (Camellia sinensis (L.) Kuntze) as Influenced by Light Intensities in Southwest Nigeria
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ABSTRACT 
 
	Light influences many physiological processes in tea as in all green plants. Tea production in lowland area of Southern Nigeria is affected by Light Intensity (LI). Information on the response of tea to light intensity in the lowland is scanty. Therefore, effect of LI on nutrients uptake and photosynthetic pigments contents of tea was investigated in Ibadan and Owena, southwest Nigeria. A field trial was conducted in the Research plots of Cocoa Research Institute of Nigeria Stations in Ibadan and Owena, Southwest Nigeria between 2016 and 2017 to evaluate the response of two tea cultivars, C143 and C318 to three LI which were achieved with sheds of different palm fronds layers (PFL): L1=[(2PFL-45% LI (4.57x104lux)]; L2=[(1PFL-65% LI (6.75x104lux)] and L3=100% LI (1.04x105lux) (control) under randomized complete block design with four replications. Data on Leaf nitrogen and magnesium uptake (mg/g) was obtained in the rainy season, chlorophylls and carotenoids were obtained under rainy and dry seasons following standard procedures. Data were analysed with ANOVA and descriptive statistics at α0.05. L1 increased N and Mg by149.78% and 155.10%, respectively compared to L3 at Ibadan, and by 96.64% and 84.84%, respectively at Owena.  At Ibadan, 45% light increased chlorophyll by 69.62% and 147.78% compared to 65 and 100% lights, respectively in the dry season, and by 22.49% and 81.56%, respectively in the rainy season; whereas at Owena, L1 increased chlorophyll by 15.57% and 90.37% compared to L2 and L3, respectively in the dry season, and by 3.47% and 44.85%, respectively in the rainy season. At Ibadan, L1 enhanced the highest and lowest carotenoids in the rainy and dry seasons, respectively. The L2 caused the highest carotenoids, while L3 produced the least in the dry season at Owena. Therefore, for enhanced N, Mg, chlorophylls and carotenoids contents, reduced light intensities of 45 – 65% is recommended for growing tea in the dry and rainy seasons in Ibadan and Owena.were
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1. INTRODUCTION Unnecessary comma after "Nigeria."

Tea is in high demand in Nigeria, due to the numerous health and nutritional benefits derivable from the consumption of its beverage. Research has revealed that beverage derived from tea plant (Camellia sinensis (L) Kuntze) contains powerful antioxidants called flavonoids which help to neutralize the free radicals that cause damage to health cells in the body, helping to prevent heart diseases and cancer (Balentine, 2001; Aroyeun et al., 2013). Awareness of this fact and the need to meet the increasing demand for tea has led to the expansion of its production frontier from the Mambilla highland to the lowland areas, especially the Southern part of Nigeria where tea production is majorly affected by high light intensity.This awareness and increasing demand have expanded tea production

Light is an absolute requirement for plant growth serving as a source of energy for plant life (Sysoever et al., 2010). Light influences many physiological processes in tea as in all green plants (Graham, 1998). Photosynthesis, respiration, transpiration, and translocation of photoassimilate, as well as development are some of the important physiological processes in Camellia sinensis affected by light intensity (Jannedra et al., 2007; Too et al., 2015). Various effects of light intensity on physiological processes in tea plants have been documented. Li et al. (2016) postulated that reduced light intensity increased the flavonoids in the leaf of Lithoscarpus litseifolius (Hance) Chun. Besides, Zhang et al. (2023) opined that strong light caused the degradation of chlorophylls and a decrease in peroxide, superoxide dismutase, catalase, ascorbate peroxidase and polyphenol oxidase activities in tea plants. This is not directly supported by citations. A reference should be provided for this claim
delete
peroxidase

Extreme sunlight intensity increases soil temperature which leads to excessive water loss and consequent higher Diffusion Pressure Deficit in the plant root. Excessive soil water loss increases solute concentration which makes it difficult for plant root to absorb nutrient solution, since essential plant nutrient must be in relative dilute solution for easy absorption by plant roots (Fatubarin, 2003). Effects of light intensity on nutrients uptake of horticultural crops have been reported. Santox et al. (2022) reported a decline in phosphorus uptake as a result of decreased light intensity in Longjing43 cultivar of tea. Similarly, low light intensity of 100 - 200µmol m-2 resulted in poor N, P and K in lettuce (Zhou et al., 2019). Poor nutrient uptake, as a consequence of sub or supra light intensity, has the potential to hamper the synthesis of photosynthetic pigments, especially magnesium, one of the constituent elements of chlorophylls.Likely a typo; should be "Santosh et al. (2022)" (as seen in References).

 Low light intensity of 100 - 200µmol m^-2^" should specify whether this refers to PAR (Photosynthetically Active Radiation) or another measure. The unit should also be written as "µmol m⁻² s⁻¹" for accuracy
Suboptimal or excessive light intensity" would be more precise


Photosynthesis is a series of processes whereby carbon (IV) oxide is reduced and fixed into organic material in the chlorophyll of plant cells in the presence of light energy (Fatubarin, 2003). It is the direct source of food nutrients for all autotrophs and indirect source of the organic food for all animals and heterotrophic plants. The leaf of higher plants with its photosynthetic pigments: chlorophylls (a and b) and carotenoids (carotene and xanthophyll) stacked together in the chloroplast, is the major site of photosynthesis. These photosynthetic pigments play the key role of absorbing light energy that is required for photosynthetic reactions. Their contents in plant leaves determine, to a great extent, the efficiency of photosynthetic processes (Fatubarin, 2003). However, research has shown that light intensity affects synthesis of photosynthetic pigments especially chlorophylls and carotenoids in tea and some other plants. Wang et al. (2013) submitted that high sunlight resulted in low levels of chlorophyll and carotenoids in albino tea plant. Oliveira et al. (2014) observed that chlorophyll synthesis was enhanced under low light intensity in cyanobacteria. Similarly, Zhang et al. (2014) and Oliveira et al. (2014) observed that chlorophyll synthesis was enhanced under low light intensity in field grown tea. However, there is scanty information on the level of light intensity that would enhance nutrient uptake and optimal contents of photosynthetic pigments in tea plants. limited
Carbon (IV) oxide" is unconventional; "carbon dioxide (CO₂)" is standard.

 
Besides light intensity, varietal difference can also influence the rate of nutrient uptake and accumulation of photosynthetic pigments in plants. Among the commercial tea clones in Cocoa Research Institute of Nigeria (CRIN), cultivars C143 and C318 have been successfully adapted to lowland ecologies of Nigeria. The highly branching C143 has light green, shorter and broader leaves, while C318 is less branching, with highly pigmented, dark green, narrower leaves (Adeosun et al., 2023). Therefore, this study investigated the influence of different light intensities on the nutrient uptake and accumulation of chlorophylls and carotenoids in tea cultivars C143 and C318.Rainy season" and "Dry season" are sometimes capitalized and sometimes not (e.g., "dry and rainy seasons" vs. "Dry and rainy seasons").
"Light intensity" is sometimes capitalized as "Light Intensity" without consistency.


 

2. material and methods
 
2.1 Description of experimental sites
This field trial was carried out between 2016 and 2017 in Cocoa Research Institute of Nigeria (CRIN) Stations: Ibadan, Oyo State and Owena, Ondo State, Nigeria. Ibadan is located on Latitude 07º 10ꞌN and Longitude 03o 52ꞌE in the tropical rain forest zone of Nigeria. It experiences two distinct seasons: rainy and dry seasons. The rainy season which is characterized by humid atmosphere and cloudy sky runs from April to October with short dry spell in August. Ibadan has bimodal rainfall distribution pattern with peak in June and September. The annual rainfall is 1100-1150 mm. The average maximum and minimum temperature are 27.0 °C and 19.8 oC, respectively. Relative humidity varies from 89% during rainy season to 57% during dry season. The dry season is characterized by little or no rainfall, warm and scotching sun. It runs from early November to late March (CRIN Weather Reports, 2016).  Owena is located in Idanre LGA of Ondo State on Latitude 07o N and longitude 05o 7ꞌE in the humid tropical rain forest zone of Nigeria with rainfall pattern similar to that of Ibadan, but higher annual rainfall of 1340-1804 mm. The dry season which is characterized by scanty rainfall, dry atmosphere and intense sun heat, runs from late November to early March. Relative humidity varies from 89% during raining season to 76% during dry season. The average maximum and minimum temperature are 29.9 ℃ and 20.7 ℃, respectively (OSAR, 2016).(preferably °C) should be used
Subsection 2.1 is titled, but 2.2 is missing (the next subsection jumps to 2.3). This creates confusion in the document structure

2.3 Experimental design and layout
The experiment was a 2 x 3 factorial arrangement consisting of two tea cultivars (C143 and C318) and 3 levels of light intensities [45% (4.57x104lux), 65% (6.75x104lux) and 100% (1.04x105lux)]. These resulted in 6 treatment combinations laid out in Randomised Complete Block Design (RCBD) arranged in Split Plots with four replications (blocks). Cultivars and light intensities served as main plots and sub-plots, respectively. The different light intensities were achieved by the construction of light sheds with bamboo poles and different layers of palm fronds (2 palm frond layers = 45% light intensity, 1 palm frond layer = 65% light intensity), while 100% light intensity had no shed cover. The light intensity was measured using Lux meter model LX1010BS. Thus, each block of the experimental plot contained 4 sheds with each shed measuring 8 m long, 3 m wide and 2 m high. Randomized
Light intensity units: The document uses "lux" (a unit for human vision) instead of µmol m⁻² s⁻¹ (PAR, Photosynthetically Active Radiation), which is standard for plant studies

 
2.4 Planting and allotment of treatments
The land was cleared of vegetation manually and the plot laid-out into four blocks, each comprising 2 main plots and 6 sub-plots. Each subplot was 8 m long and 3 m wide. A gap of 2 m was allowed between the blocks and between the subplots in each block. The total area of the experimental site was 1044 m2. Healthy potted tea clones (C143 and C318 cultivars) obtained from CRIN Station, Kusuku-Mambilla Taraba State, Nigeria, were transplanted at planting distance of  60x 100 cm. Six rows of four tea stands were planted in each subplot. A 2 m gap was maintained between blocks and subplots
The land was manually cleared of vegetation, and the plot was laid out into four blocks


The use of "palm frond layers" to reduce light intensity is described, but no data is provided on how light uniformity was ensured across replicates.
No mention of daily or seasonal variations in light intensity (e.g., whether measurements were taken at consistent times).




2.5 Data collection 
2.5.1 Determination of nutrients uptake The method for nutrient content determination is referenced as "standard procedures", but no citation or protocol is provided (e.g., Kjeldahl for N, atomic absorption for Mg).



At 15 MAT plant samples were uprooted. The uprooted plants were partitioned into root, stem and leaves. They were oven dried at 70 oC for 48 hours to constant weights and their dry weight was measured (Ipinmoroti, 2006) with KERRO Electronic Compact Scale. The dried leaf samples were assayed for determination of plant nutrient content in the Laboratory of the Department of Agronomy, University of Ibadan following standard procedures. Nutrients uptake in the leaf samples were determined using the equation below:
Nutrient uptake = % Nutrient content x Sample dry weight is oversimplified; it should account for tissue mass and possibly root uptake efficiency.

 
2.5.2 Determination of chlorophylls and carotenoids contents
At 8 and 14 MAT, fresh leaves were randomly plucked from the tea plants in each treatment and replicate. The leaves were assayed for chlorophyll and carotenoids content at the Soil and Plant Nutrition Laboratory of CRIN Ibadan. Tea leaf sample (0.1g) was weighed into 15 mL ethanol (96%) filled centrifuge tubes. The content of the centrifuge tube was heated in water bath at 78.4 oC for 3 hours in order to extract the chlorophyll and carotenoids pigments in the leaf. The solution was allowed to cool and was read on Spectrophotometer, SPECTRUM LAB 752s: carotenoids at 440 nm wavelength; chlorophyll a and b at 665 nm and 649 nm wavelengths, respectively. TheEthanol concentration should be absolute (100%) or 95% (common for pigment extraction)—96% is unusual and may affect results

 total chlorophyll and carotenoids in mg/g leaf fresh weight were determined using the Wintermans and Mots (1965) equations below:Heated in water bath at 78.4 °C for 3 hours.→ This is an unusually long extraction time; most protocols use 60–70 °C for 30–60 minutes to avoid pigment degradation.

"Wintermans and De Mots" (as per standard citation).


Chlorophylls (a+b) = (6.10 x A665 + 20.04 x A649) x 15/1000/FW (mg/g fw)
Where: 
6.10, 20.04 = Constants; A665 = Absorbance coefficient 665 nm for reading chlorophyll a; A649 = Absorbance coefficient 649 nm for reading chlorophyll b; 15/1000 = Volume of supernatant; FW = Fresh weight of the leaf
 
Carotenoids = 4.69 x A440 – 1.96 x A665 – 4.74 x A649 x 10 x 15/1000/ FW (mg/g fw)
Where:
4.49, 1.96, 4.74 = constants; A649= Absorbance coefficient 440 nm for reading carotenoids; 10 = dilution factor; 15/1000 = Volume of supernatant; FW = Fresh weight of the leafNo mention of soil nutrient baseline measurements, making it unclear if differences in uptake are due to light or pre-existing soil variability.
Light measurements (lux) were taken, but no data on diurnal/seasonal fluctuations is provided




2.6 Data analysis
The data collected were analysed with analysis of variance (ANOVA) and Descriptive statistics using STAR (Statistical Tools for Agricultural Research) (2013) software. The significant means were separated with Tukey’s Honest Significant Difference (HSD) Test (P = .05).

Results and Discussion

3. results and discussion
 
The effects of cultivars and light intensities on the uptake of nitrogen, phosphorus, potassium, calcium, magnesium and iron are shown in Tables 1 and 2. The different cultivars, C143 and C318 were significantly different (P = .05) in the uptake of these nutrient elements in tea plants in Ibadan and Owena. There was more uptake of N, P, K, Ca, Mg and Fe at Owena than at Ibadan. In both locations, C143 was superior to C318 in the absorption of all the plant nutrients. At Ibadan, the N, P, K, Ca, Mg and Fe uptake (95.85, 1.04, 8.36, 23.76, 8.66 and 1.60 mg/g, respectively) in C143 was significantly (P=0.05) higher than that of C318 (55.66, 0.48, 4.10, 11.62, 4.31 and 0.81 mg/g, respectively). Similarly, at Owena, the N, P, K, Ca, Mg and Fe uptake (135.49, 1.93, 9.57, 41.80, 11.16 and 3.22 mg/g, respectively) in C143 was significantly (P = .05) higher than that of C318 (60.69, 0.78, 4.42, 14.15, 4.80 and 1.66 mg/g, respectively). 
 
In both locations, 45 and 65% lights were better than 100% light in enhancing nutrient uptake. The highest N, P, K, Ca, Mg and Fe were caused by 45% light while the least were found in tea plants under 100% light.  The P and K uptake at Ibadan as well as P and Fe uptake at Owena enhanced by 45% light was significantly (P = .05) higher than that of 65 and 100% lights. The 45 and 65% lights were not significantly (P > .05) different in enhancing N, Ca, Mg and Fe at Ibadan, and N, K, Ca and Mg at Owena; but both were significantly (P = .05) better than 100% light in the uptake of these nutrients.
At Ibadan, nutrient uptake was significantly higher under reduced light than under full light intensity. The highest N, P, K, Ca, Mg and Fe uptake was enhanced by 45% light probably because reduced light precipitated conducive edaphic environment for easy absorption of these nutrient elements. This corroborates the work of Ogawa et al. (2010) who submitted that reduced light intensity enhanced the accumulation of amino acids in tea leaves. Nutrient uptake was the lowest under 100% light. The increased soil water loss and possible volatilization of some highly mobile nutrients especially N could have reduced availability of such nutrients in the soil. Excessive evaporation could make some of the nutrients less available for absorption by plant root because excessive loss of soil water increases the concentration of soil nutrient solution, making it difficult for root absorption (Fatubarin, 2003).Results are compared to Ogawa et al. (2010) and Zhang et al. (2014), but no discussion explains why findings differ (e.g., different tea varieties, climates).

Tables 1–2 lack clear headers for interaction terms (e.g., "Light intensities × Cultivars").


 
Table 1: Effects of cultivars and light intensities on nutrient uptake (mg/g) in the leaves of tea plants at 15 MAT at Ibadan 
	Treatments 
Cultivars
	       
         N
	
           P
	
       K
	
      Ca
	
      Mg
	
   Fe

	C143
	95.85a
	1.04a
	8.36a
	23.76a
	8.66a
	1.60a

	C318
	55.66b
	0.48b
	4.10b
	11.62b
	4.31b
	0.81b

	Mean
	75.76
	0.76
	6.23
	17.69
	6.49
	1.21

	Light intensities (%)
	
	
	
	
	
	

	45
	108.73a
	1.14a
	9.82a
	24.46a
	9.26a
	1.77a

	65
	75.01ab
	0.64b
	5.72b
	18.75ab
	6.57ab
	1.21ab

	100
	43.53b
	0.50b
	3.15b
	9.87b
	3.63b
	0.64b

	Mean
	75.76
	0.76
	6.23
	17.69
	6.49
	1.21

	Light intensities x Cultivars
 (%)  
	
	

	 45                            C143
	157.9a
	1.78a
	14.72a
	37.48a
	13.58a
	2.66a

	                                 C318
	60.23b
	0.50b
	4.92b
	11.44b
	4.94b
	0.88b

	Mean
	109.07
	1.14
	9.82
	24.46
	9.26
	1.77

	65                             C143        
	93.30a
	0.90a
	7.30a
	24.91a
	8.78a
	1.60a

	                                 C318
	56.72a
	0.38a
	4.14a
	12.59a
	4.36b
	0.62a

	Mean
	75.01
	0.64
	5.72
	18.75
	6.57
	1.11

	100                           C143
	37.06a
	0.45a
	3.07a
	8.89a
	3.63a
	0.53a

	                                 C318
	50.01a
	0.56a
	3.23a
	10.85a
	3.63a
	0.75a

	Mean
	43.54
	0.51
	3.15
	9.87
	3.63
	0.64


Means followed by the same letters along a column under each light treatment are not significantly different by HSD (P = .05)                                                    
C143 = Cultivar 143; C318 = Cultivar 318; MAT = Months after transplanting
 
Table 2: Effects of cultivars and light intensities on nutrient uptake (mg/g) in the leaves of tea plants at 15 MAT at OwenaTables 1–2 lack clear headers for interaction terms (e.g., "Light intensities × Cultivars").


	Treatments
Cultivars
	       
    N
	
   P
	
  K
	
   Ca
	
  Mg
	
  Fe

	C143
	135.49a
	1.93a
	9.57a
	41.80a
	11.16a
	3.22a

	C318
	60.69b
	0.78b
	4.42b
	14.15b
	4.80b
	1.66b

	Mean
	98.09
	1.35
	7.00
	27.98
	7.98
	2.44

	Light intensities (%)
	
	
	
	
	
	

	45
	130.90a
	1.91a
	9.23a
	38.70a
	10.00a
	3.50a

	65
	96.46ab
	1.37b
	7.19ab
	27.50ab
	8.53a
	2.28b

	100
	66.91b
	0.77c
	4.57b
	17.73b
	5.41b
	1.53b

	Mean
	98.09
	1.35
	7.00
	27.98
	7.98
	2.44

	Light intensities x Cultivars
 (%)  
	
	

	 45                            C143
	189.06a
	2.80a
	13.35a
	58.64a
	14.17a
	4.69a

	                                 C318
	72.73b
	1.02b
	5.11b
	18.75b
	5.84b
	2.30b

	Mean
	230.90
	1.91
	9.23
	38.70
	11.01
	3.50

	65                             C143        
	117.75a
	1.87a
	8.91a
	38.30a
	11.09a
	2.55a

	                                 C318
	75.06a
	0.88b
	5.46b
	16.71b
	5.97b
	2.01a

	Mean
	96.41
	1.38
	6.44
	27.51
	8.53
	2.28

	100                           C143
	99.55a
	1.11a
	6.44a
	28.47a
	8.22a
	2.41a

	                                 C318
	34.28b
	0.43a
	2.71b
	6.99b
	2.60b
	0.66b

	Mean
	66.92
	0.77
	4.58
	17.73
	5.41
	1.54


Means followed by the same letters along a column under each light treatment are not significantly different by HSD (P = .05)                                                    
[bookmark: _GoBack]C143 = Cultivar 143; C318 = Cultivar 318; MAT = Months after transplanting
 Higher carotenoids in Owena may reflect greater oxidative stress under its higher rainfall (1340–1804 mm vs. 1100–1150 mm in Ibadan

Figures 1 – 4 showed that cultivars and light intensities significantly (P = .05) influenced the accumulation of chlorophylls and carotenoids in tea plants. Generally, there was more chlorophylls accumulation in tea at Ibadan, while tea plants accumulated carotenoids more at Owena than in Ibadan, possibly as a result of the weather variation between the two locations. Cultivars C143 and C318 differed in their chlorophyll and carotenoids contents at Ibadan and Owena (Figure 1). The C318 plants were consistently superior to C143 plants in chlorophyll and carotenoids contents throughout the sampling periods both at Ibadan and Owena, and were significantly different in Ibadan at 8 MAT (chlorophylls) and 14 MAT (carotenoids) and in Owena at 8 MAT (chlorophylls and carotenoids). However, while at Ibadan, chlorophyll of C143 and C318 declined from 2.58 and 3.28 mg/gfw, respectively at 8 MAT (peak of dry season) to 1.86 and 2.18, mg/gfw respectively at 14 MAT (peak of raining season); at Owena, both cultivars maintained high chlorophyll between 8 MAT and 14 MAT with C318 declining to 2.16 mg/gfw and C143 increasing to 2.06 mg/gfw. Moreover, while C143 and C318 increased in carotenoids from 0.27 and 0.28, respectively at 8 MAT to 0.55 and 0.78 mg/gfw, respectively at 14 MAT in Ibadan, they decreased from 1.55 and 1.90 mg/gfw, respectively at 8 MAT to 0.45 and 0.49 mg/gfw, respectively at 14 MAT at Owena. The superiority of C318 in chlorophyll and carotenoids could be as result of the varietal difference between it and C143. The C318 had been reported to be more pigmented than C143 (Adeosun et al., 2023).No genetic or biochemical evidence (e.g., gene expression data) is provided to support this claim

 	
The different light intensities differed in their influence on chlorophyll and carotenoids composition of tea plants (Figure 2). The 45% light was superior to 65 and 100% lights in enhancing chlorophyll in tea. It was significantly superior to 65 and 100% lights at 8 and 14 MAT at Ibadan; whereas at Owena, both 45 and 65% lights were not significantly different but were significantly better than 100% light in enhancing tea chlorophyll. At Ibadan, 45% light increased chlorophyll by 69.62% and 147.78% compared to 65 and 100% lights, respectively at 8 MAT, and by 22.49% and 81.56%, respectively at 14 MAT; whereas at Owena, 45% light increased chlorophyll by 15.57% and 90.37% compared to 65 and 100% lights, respectively at 8 MAT, and by 3.47% and 44.85%, respectively at 14 MAT. At Ibadan, while 100% light enhanced the highest carotenoids at 8 MAT, it caused the least at 14 MAT; and as tea plants under 45% light accumulated significant more carotenoids at 14 MAT in Ibadan, 65% light enhanced higher carotenoids content at 8 and 14 MAT in OwenaAt Ibadan, chlorophyll and carotenoids accumulation alternated between 8 and 14 MAT, with reduced light intensity favoring chlorophyll synthesis during the dry season

.Chlorophyll declined sharply from 8 to 14 MAT, while carotenoids rose, suggesting that 45% light enhanced chlorophyll synthesis more effectively in the dry season than in the rainy season. The opposite trend occurred for carotenoids

 
The alternate pattern of chlorophyll and carotenoids accumulation trend between 8 and 14 MAT at Ibadan (Figure 2) shows that reducing light intensity under the bright cloudless weather at the peak of dry season (8 MAT) favoured chlorophyll synthesis; while reducing light intensity under overcast atmosphere at the peak of raining season enhanced carotenoids synthesis. The sharp decline and rise of chlorophylls and carotenoids, respectively between 8 MAT and 14 MAT implies that 45% light was more effective at enhancing higher chlorophyll synthesis under bright cloudless atmosphere of the dry season than in cloudy atmosphere of the raining season and vice versa for carotenoids. The situation was quite different at Owena (Figure 2) as 65 and 100% lights increased chlorophyll of tea, while carotenoids declined between 8 and 14 MAT under all the light intensities with 65% light sustaining higher carotenoids all through the sampling period. The implication of this is that the cloudy weather at 14 MAT reduced the effectiveness of 45% light but increased that of 65% and 100% lights at enhancing chlorophyll content of tea. Conversely, the higher carotenoids production at 8 MAT and a sharp decline at 14 MAT imply that the cloudy weather at 14 MAT (peak of raining season) drastically undermined the effectiveness of the low light intensity in enhancing carotenoids synthesis in tea.
 
 
 
 
 
 
 
 

 
 
 
 
    [image: C:\Users\asaad\AppData\Local\Temp\ksohtml7892\wps2.jpg]   [image: C:\Users\asaad\AppData\Local\Temp\ksohtml7892\wps3.jpg]
   [image: C:\Users\asaad\AppData\Local\Temp\ksohtml7892\wps4.jpg]        [image: C:\Users\asaad\AppData\Local\Temp\ksohtml7892\wps5.jpg]
Figure 1: Main effect of cultivars on chlorophylls and carotenoids composition of tea plants at Ibadan and Owena 
Means followed by the same letters in each composite bars in each graph are not significantly different by HSD (P = .05); 
C143 = Cultivar 143; C318 = Cultivar 318. MAT; Months after transplanting
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Figure 2: Main effect of light intensities on chlorophylls and carotenoids composition of tea plants at Ibadan and Owena 
Means followed by the same letters in each composite bars in each graph are not significantly different by HSD (P = .05)
45% = 45% light intensity; 65% = 65% light intensity; 100% = 100% light intensity; MAT = Months after transplanting

Interaction of cultivars and light intensities produced significant (P = .05) effect on chlorophyll and carotenoids contents of tea in Ibadan and Owena (Figures 3 and 4). Cultivar C318 maintained its superiority over C143 under the light intensities in enhancing chlorophyll and carotenoids content of tea at Ibadan (Figure 3) and Owena (Figure 4). Its superiority was significant (P = 0.05) in Ibadan at 14 MAT under 45% light (chlorophyll and carotenoids), and in Owena, at 8 MAT under 65% light (chlorophyll and carotenoids) and at 14 MAT under 100% light (carotenoids). However, C143 was slightly better than C318 in chlorophyll under 65% light (14 MAT) at Ibadan, and in carotenoids under 100% light (8 MAT) at Owena, although the differences were not significant (P ≥ .05).
 
These results imply that the lower the light intensity, the higher the chlorophyll and carotenoids synthesis in tea plants and that growing tea under reduced light intensity is necessary for the synthesis and accumulation of chlorophylls and carotenoids and other associated phytochemicals like flavonoids. The fact that gene regulating carotenoids are up-regulated by moderate shading (intermediate light intensity) (Yue et al., 2021) explains the enhanced carotenoids under moderate light intensity. This is in consonance with the reports of Oliveira et al. (2014), Cheng et al. (2021) and Elango et al. (2023) that reduced light intensity enhanced the accumulation of chlorophylls and carotenoids in tea plants. Similarly, Zhang et al. (2014) and Oliveira et al. (2014) postulated that chlorophyll synthesis was enhanced under low light intensity in field grown tea. Besides, strong (100%) light significantly undermined the accumulation of tea. This might have been caused by inhibition of chloroplast formation by high light intensity (Fu et al., 2012). This is consistent with the findings of Wang et al. (2013) and Zhang et al. (2023) who submitted that high light sunlight resulted in degradation and low levels of chlorophyll and carotenoids in tea plants.This cites Fu et al. (2012) but conflates lettuce (from the reference) with tea (current study) without justification
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Figure 3: Effect of interaction of cultivars and light intensities on chlorophylls and carotenoids composition of tea plants at Ibadan
Means followed by the same letters in each composite bars in each graph are not significantly different by HSD (P = .05)  
C143 = Cultivar 143; C318 = Cultivar 318. MAT; Months after transplanting
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Figure 4: Effect of interaction of cultivars and light intensities on chlorophylls and carotenoids composition of tea plants at Owena 
Means followed by the same letters in each composite bars in each graph are not significantly different by HSD (P = .05)
C143 = Cultivar 143; C318 = Cultivar 318.  MAT = Months after transplanting

Table 3 revealed positive correlation among nutrient uptake in tea leaves and their chlorophyll and carotenoids composition at Ibadan and Owena. In both locations, there was no significant (P > .05) correlation among leaf carotenoids and N, P, K, Ca, Mg and Fe except in Owena where K significantly (P < .05) correlated with carotenoids, although the correlation coefficient (0.17**) was low. Conversely, the uptake of the plant nutrients positively correlated with leaf chlorophyll, except in Ibadan, where the correlation between P and chlorophylls was not significant (P > .05). At Ibadan, the correlations among N, K, Ca, Mg and Fe and chlorophyll were weak (between 0.20** and 0.21**). However, at Owena, there were stronger correlations between nutrient uptake in tea leaves and leaf chlorophyll compared to Ibadan, with highly significant (P < .01) and stronger correlation coefficients among chlorophyll and N, K, Ca, Mg and Fe compared to P. Moreover, chlorophyll and carotenoids positively correlated at Ibadan and Owena, and the correlations were highly significant (P < .01). However, the correlation coefficient of chlorophyll and carotenoids was higher in Ibadan (0.60***) than in Owena (0.34***).
 
Leaf chlorophyll positively correlated with all the nutrient elements in tea leaves. Higher N, P, K, Ca, Mg and Fe in tea leaves also increased the leaf chlorophyll. The strongest correlation between N and leaf chlorophyll explains essential role of nitrogen in chlorophyll synthesis. Besides, Mg which exhibited one of the strongest correlations with leaf chlorophyll indicates its essential role in chlorophyll synthesis as an elemental constituent of chlorophyll compound (Fatubarin, 2003). Carotenoids accumulation in tea leaves increases or decreases with a rise or decline in chlorophyll accumulation. The fact that chlorophyll and carotenoids are both photosynthetic pigments in the grana of leaf chloroplasts explains the strong and highly significant positive correlation between them.
 
 
Table 3: Pearson correlation among the nutrient elements in the nutrient uptake and photosynthetic pigments of tea leaves at Ibadan and Owena
	Ibadan

	
	Chlorophylls
(mg/g)
	Carotenoids
(mg/g)
	N
(mg/kg)
	P
(mg/kg)
	K
(mg/kg)
	Ca
(mg/kg)
	Mg
(mg/kg)
	Fe
(mg/kg)

	Chlorophylls
(mg/g)
	1.00
	0.60***
	0.21**
	0.13ns
	0.20**
	0.21**
	0.21**
	0.21**

	Carotenoids
(mg/g)
	
	1.00
	0.11ns
	0.08ns
	0.12ns
	0.13ns
	0.16ns
	0.09ns

	
	                                                         Owena

	Chlorophylls
(mg/g)
	1.00
	0.34***
	0.24***
	0.20**
	0.27***
	0.27***
	0.24***
	0.24***

	Carotenoids
(mg/g)
	
	1.00
	0.15ns
	0.09ns
	0.17**
	0.16ns
	0.16ns
	0.14ns


*** = Correlation was significant at P < .01
** = Correlation was significant at P < .05	
Ns = Correlation was not significant at P ≤ .05
MAT = Months after transplanting
 
 
4. CONCLUSION
The potentials of light intensities of 45, 65 and 100% in enhancing the nutrients uptake and photosynthetic pigments of two tea cultivars (C143 and C318) were investigated at Ibadan and Owena. It is apparent from the results of the trial that 45 - 65% light enhanced N, P, K, Ca,  Mg and Fe uptake in tea cultivars C143 and C318, and that C318 produced more chlorophyll under all the light intensities in the dry and rainy seasons, with highest chlorophyll produced under 45% light in the dry season; while 100% light reduced chlorophylls both in the dry and rainy seasons. On carotenoids, while neither C143 nor C318 was better under all the light intensities in the dry season, 45% light increased C318 to the highest peak in the rainy season. This implies that by reducing light intensities to 45%, more chlorophylls and carotenoids were produced in tea plants in the dry and rainy seasons at Ibadan; while at Owena, by reducing light intensity to 65%, highest carotenoids are produced in C318 in the dry season, but in the rainy season, reduced light intensities were not better than 100% light in enhancing carotenoids contents in tea. It then follows that the effect of reduced light on chlorophyll was more pronounced in the dry season than in rainy season in Ibadan and Owena; while carotenoids accumulation in tea was more pronounced in the dry season (8 MAT) at Owena, and in the rainy and dry seasons at Ibadan. Therefore, for enhanced leaf N, P, K, Ca, Mg, Fe, chlorophylls and carotenoids contents, reduced light intensities of 45 – 65% is recommended for growing tea in dry and rainy season in Ibadan, and only in the dry season in Owena.
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 Nutrients Uptake and Photosynthetic Pigments Contents of Tea (Camellia sinensis (L.) Kuntze) as Influenced by Light Intensities in Southwest Nigeria
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ABSTRACT 
 
	Light influences many physiological processes in tea as in all green plants. Tea production in lowland area of Southern Nigeria is affected by Light Intensity (LI). Information on the response of tea to light intensity in the lowland is scanty. Therefore, effect of LI on nutrients uptake and photosynthetic pigments contents of tea was investigated in Ibadan and Owena, southwest Nigeria. A field trial was conducted in the Research plots of Cocoa Research Institute of Nigeria Stations in Ibadan and Owena, Southwest Nigeria between 2016 and 2017 to evaluate the response of two tea cultivars, C143 and C318 to three LI which were achieved with sheds of different palm fronds layers (PFL): L1=[(2PFL-45% LI (4.57x104lux)]; L2=[(1PFL-65% LI (6.75x104lux)] and L3=100% LI (1.04x105lux) (control) under randomized complete block design with four replications. Data on Leaf nitrogen and magnesium uptake (mg/g) was obtained in the rainy season, chlorophylls and carotenoids were obtained under rainy and dry seasons following standard procedures. Data were analysed with ANOVA and descriptive statistics at α0.05. L1 increased N and Mg by149.78% and 155.10%, respectively compared to L3 at Ibadan, and by 96.64% and 84.84%, respectively at Owena.  At Ibadan, 45% light increased chlorophyll by 69.62% and 147.78% compared to 65 and 100% lights, respectively in the dry season, and by 22.49% and 81.56%, respectively in the rainy season; whereas at Owena, L1 increased chlorophyll by 15.57% and 90.37% compared to L2 and L3, respectively in the dry season, and by 3.47% and 44.85%, respectively in the rainy season. At Ibadan, L1 enhanced the highest and lowest carotenoids in the rainy and dry seasons, respectively. The L2 caused the highest carotenoids, while L3 produced the least in the dry season at Owena. Therefore, for enhanced N, Mg, chlorophylls and carotenoids contents, reduced light intensities of 45 – 65% is recommended for growing tea in the dry and rainy seasons in Ibadan and Owena.
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1. INTRODUCTION 
Tea is in high demand in Nigeria, due to the numerous health and nutritional benefits derivable from the consumption of its beverage. Research has revealed that beverage derived from tea plant (Camellia sinensis (L) Kuntze) contains powerful antioxidants called flavonoids which help to neutralize the free radicals that cause damage to health cells in the body, helping to prevent heart diseases and cancer (Balentine, 2001; Aroyeun et al., 2013). Awareness of this fact and the need to meet the increasing demand for tea has led to the expansion of its production frontier from the Mambilla highland to the lowland areas, especially the Southern part of Nigeria where tea production is majorly affected by high light intensity.
Light is an absolute requirement for plant growth serving as a source of energy for plant life (Sysoever et al., 2010). Light influences many physiological processes in tea as in all green plants (Graham, 1998). Photosynthesis, respiration, transpiration, and translocation of photoassimilate, as well as development are some of the important physiological processes in Camellia sinensis affected by light intensity (Jannedra et al., 2007; Too et al., 2015). Various effects of light intensity on physiological processes in tea plants have been documented. Li et al. (2016) postulated that reduced light intensity increased the flavonoids in the leaf of Lithoscarpus litseifolius (Hance) Chun. Besides, Zhang et al. (2023) opined that strong light caused the degradation of chlorophylls and a decrease in peroxide, superoxide dismutase, catalase, ascorbate peroxidase and polyphenol oxidase activities in tea plants. 
Extreme sunlight intensity increases soil temperature which leads to excessive water loss and consequent higher Diffusion Pressure Deficit in the plant root. Excessive soil water loss increases solute concentration which makes it difficult for plant root to absorb nutrient solution, since essential plant nutrient must be in relative dilute solution for easy absorption by plant roots (Fatubarin, 2003). Effects of light intensity on nutrients uptake of horticultural crops have been reported. Santox et al. (2022) reported a decline in phosphorus uptake as a result of decreased light intensity in Longjing43 cultivar of tea. Similarly, low light intensity of 100 - 200µmol m-2 resulted in poor N, P and K in lettuce (Zhou et al., 2019). Poor nutrient uptake, as a consequence of sub or supra light intensity, has the potential to hamper the synthesis of photosynthetic pigments, especially magnesium, one of the constituent elements of chlorophylls.
 
Photosynthesis is a series of processes whereby carbon (IV) oxide is reduced and fixed into organic material in the chlorophyll of plant cells in the presence of light energy (Fatubarin, 2003). It is the direct source of food nutrients for all autotrophs and indirect source of the organic food for all animals and heterotrophic plants. The leaf of higher plants with its photosynthetic pigments: chlorophylls (a and b) and carotenoids (carotene and xanthophyll) stacked together in the chloroplast, is the major site of photosynthesis. These photosynthetic pigments play the key role of absorbing light energy that is required for photosynthetic reactions. Their contents in plant leaves determine, to a great extent, the efficiency of photosynthetic processes (Fatubarin, 2003). However, research has shown that light intensity affects synthesis of photosynthetic pigments especially chlorophylls and carotenoids in tea and some other plants. Wang et al. (2013) submitted that high sunlight resulted in low levels of chlorophyll and carotenoids in albino tea plant. Oliveira et al. (2014) observed that chlorophyll synthesis was enhanced under low light intensity in cyanobacteria. Similarly, Zhang et al. (2014) and Oliveira et al. (2014) observed that chlorophyll synthesis was enhanced under low light intensity in field grown tea. However, there is scanty information on the level of light intensity that would enhance nutrient uptake and optimal contents of photosynthetic pigments in tea plants. 
 
Besides light intensity, varietal difference can also influence the rate of nutrient uptake and accumulation of photosynthetic pigments in plants. Among the commercial tea clones in Cocoa Research Institute of Nigeria (CRIN), cultivars C143 and C318 have been successfully adapted to lowland ecologies of Nigeria. The highly branching C143 has light green, shorter and broader leaves, while C318 is less branching, with highly pigmented, dark green, narrower leaves (Adeosun et al., 2023). Therefore, this study investigated the influence of different light intensities on the nutrient uptake and accumulation of chlorophylls and carotenoids in tea cultivars C143 and C318.
 
2. material and methods
 
2.1 Description of experimental sites
This field trial was carried out between 2016 and 2017 in Cocoa Research Institute of Nigeria (CRIN) Stations: Ibadan, Oyo State and Owena, Ondo State, Nigeria. Ibadan is located on Latitude 07º 10ꞌN and Longitude 03o 52ꞌE in the tropical rain forest zone of Nigeria. It experiences two distinct seasons: rainy and dry seasons. The rainy season which is characterized by humid atmosphere and cloudy sky runs from April to October with short dry spell in August. Ibadan has bimodal rainfall distribution pattern with peak in June and September. The annual rainfall is 1100-1150 mm. The average maximum and minimum temperature are 27.0 °C and 19.8 oC, respectively. Relative humidity varies from 89% during rainy season to 57% during dry season. The dry season is characterized by little or no rainfall, warm and scotching sun. It runs from early November to late March (CRIN Weather Reports, 2016).  Owena is located in Idanre LGA of Ondo State on Latitude 07o N and longitude 05o 7ꞌE in the humid tropical rain forest zone of Nigeria with rainfall pattern similar to that of Ibadan, but higher annual rainfall of 1340-1804 mm. The dry season which is characterized by scanty rainfall, dry atmosphere and intense sun heat, runs from late November to early March. Relative humidity varies from 89% during raining season to 76% during dry season. The average maximum and minimum temperature are 29.9 ℃ and 20.7 ℃, respectively (OSAR, 2016).
2.3 Experimental design and layout
The experiment was a 2 x 3 factorial arrangement consisting of two tea cultivars (C143 and C318) and 3 levels of light intensities [45% (4.57x104lux), 65% (6.75x104lux) and 100% (1.04x105lux)]. These resulted in 6 treatment combinations laid out in Randomised Complete Block Design (RCBD) arranged in Split Plots with four replications (blocks). Cultivars and light intensities served as main plots and sub-plots, respectively. The different light intensities were achieved by the construction of light sheds with bamboo poles and different layers of palm fronds (2 palm frond layers = 45% light intensity, 1 palm frond layer = 65% light intensity), while 100% light intensity had no shed cover. The light intensity was measured using Lux meter model LX1010BS. Thus, each block of the experimental plot contained 4 sheds with each shed measuring 8 m long, 3 m wide and 2 m high. 
 
2.4 Planting and allotment of treatments
The land was cleared of vegetation manually and the plot laid-out into four blocks, each comprising 2 main plots and 6 sub-plots. Each subplot was 8 m long and 3 m wide. A gap of 2 m was allowed between the blocks and between the subplots in each block. The total area of the experimental site was 1044 m2. Healthy potted tea clones (C143 and C318 cultivars) obtained from CRIN Station, Kusuku-Mambilla Taraba State, Nigeria, were transplanted at planting distance of  60x 100 cm. Six rows of four tea stands were planted in each subplot. 
 
2.5 Data collection 
2.5.1 Determination of nutrients uptake 
At 15 MAT plant samples were uprooted. The uprooted plants were partitioned into root, stem and leaves. They were oven dried at 70 oC for 48 hours to constant weights and their dry weight was measured (Ipinmoroti, 2006) with KERRO Electronic Compact Scale. The dried leaf samples were assayed for determination of plant nutrient content in the Laboratory of the Department of Agronomy, University of Ibadan following standard procedures. Nutrients uptake in the leaf samples were determined using the equation below:
Nutrient uptake = % Nutrient content x Sample dry weight
 
2.5.2 Determination of chlorophylls and carotenoids contents
At 8 and 14 MAT, fresh leaves were randomly plucked from the tea plants in each treatment and replicate. The leaves were assayed for chlorophyll and carotenoids content at the Soil and Plant Nutrition Laboratory of CRIN Ibadan. Tea leaf sample (0.1g) was weighed into 15 mL ethanol (96%) filled centrifuge tubes. The content of the centrifuge tube was heated in water bath at 78.4 oC for 3 hours in order to extract the chlorophyll and carotenoids pigments in the leaf. The solution was allowed to cool and was read on Spectrophotometer, SPECTRUM LAB 752s: carotenoids at 440 nm wavelength; chlorophyll a and b at 665 nm and 649 nm wavelengths, respectively. The total chlorophyll and carotenoids in mg/g leaf fresh weight were determined using the Wintermans and Mots (1965) equations below:
Chlorophylls (a+b) = (6.10 x A665 + 20.04 x A649) x 15/1000/FW (mg/g fw)
Where: 
6.10, 20.04 = Constants; A665 = Absorbance coefficient 665 nm for reading chlorophyll a; A649 = Absorbance coefficient 649 nm for reading chlorophyll b; 15/1000 = Volume of supernatant; FW = Fresh weight of the leaf
 
Carotenoids = 4.69 x A440 – 1.96 x A665 – 4.74 x A649 x 10 x 15/1000/ FW (mg/g fw)
Where:
4.49, 1.96, 4.74 = constants; A649= Absorbance coefficient 440 nm for reading carotenoids; 10 = dilution factor; 15/1000 = Volume of supernatant; FW = Fresh weight of the leaf
 
2.6 Data analysis
The data collected were analysed with analysis of variance (ANOVA) and Descriptive statistics using STAR (Statistical Tools for Agricultural Research) (2013) software. The significant means were separated with Tukey’s Honest Significant Difference (HSD) Test (P = .05).
 
3. results and discussion
 
The effects of cultivars and light intensities on the uptake of nitrogen, phosphorus, potassium, calcium, magnesium and iron are shown in Tables 1 and 2. The different cultivars, C143 and C318 were significantly different (P = .05) in the uptake of these nutrient elements in tea plants in Ibadan and Owena. There was more uptake of N, P, K, Ca, Mg and Fe at Owena than at Ibadan. In both locations, C143 was superior to C318 in the absorption of all the plant nutrients. At Ibadan, the N, P, K, Ca, Mg and Fe uptake (95.85, 1.04, 8.36, 23.76, 8.66 and 1.60 mg/g, respectively) in C143 was significantly (P=0.05) higher than that of C318 (55.66, 0.48, 4.10, 11.62, 4.31 and 0.81 mg/g, respectively). Similarly, at Owena, the N, P, K, Ca, Mg and Fe uptake (135.49, 1.93, 9.57, 41.80, 11.16 and 3.22 mg/g, respectively) in C143 was significantly (P = .05) higher than that of C318 (60.69, 0.78, 4.42, 14.15, 4.80 and 1.66 mg/g, respectively). 
 
In both locations, 45 and 65% lights were better than 100% light in enhancing nutrient uptake. The highest N, P, K, Ca, Mg and Fe were caused by 45% light while the least were found in tea plants under 100% light.  The P and K uptake at Ibadan as well as P and Fe uptake at Owena enhanced by 45% light was significantly (P = .05) higher than that of 65 and 100% lights. The 45 and 65% lights were not significantly (P > .05) different in enhancing N, Ca, Mg and Fe at Ibadan, and N, K, Ca and Mg at Owena; but both were significantly (P = .05) better than 100% light in the uptake of these nutrients.
At Ibadan, nutrient uptake was significantly higher under reduced light than under full light intensity. The highest N, P, K, Ca, Mg and Fe uptake was enhanced by 45% light probably because reduced light precipitated conducive edaphic environment for easy absorption of these nutrient elements. This corroborates the work of Ogawa et al. (2010) who submitted that reduced light intensity enhanced the accumulation of amino acids in tea leaves. Nutrient uptake was the lowest under 100% light. The increased soil water loss and possible volatilization of some highly mobile nutrients especially N could have reduced availability of such nutrients in the soil. Excessive evaporation could make some of the nutrients less available for absorption by plant root because excessive loss of soil water increases the concentration of soil nutrient solution, making it difficult for root absorption (Fatubarin, 2003).
 
Table 1: Effects of cultivars and light intensities on nutrient uptake (mg/g) in the leaves of tea plants at 15 MAT at Ibadan 
	Treatments 
Cultivars
	       
         N
	
           P
	
       K
	
      Ca
	
      Mg
	
   Fe

	C143
	95.85a
	1.04a
	8.36a
	23.76a
	8.66a
	1.60a

	C318
	55.66b
	0.48b
	4.10b
	11.62b
	4.31b
	0.81b

	Mean
	75.76
	0.76
	6.23
	17.69
	6.49
	1.21

	Light intensities (%)
	
	
	
	
	
	

	45
	108.73a
	1.14a
	9.82a
	24.46a
	9.26a
	1.77a

	65
	75.01ab
	0.64b
	5.72b
	18.75ab
	6.57ab
	1.21ab

	100
	43.53b
	0.50b
	3.15b
	9.87b
	3.63b
	0.64b

	Mean
	75.76
	0.76
	6.23
	17.69
	6.49
	1.21

	Light intensities x Cultivars
 (%)  
	
	

	 45                            C143
	157.9a
	1.78a
	14.72a
	37.48a
	13.58a
	2.66a

	                                 C318
	60.23b
	0.50b
	4.92b
	11.44b
	4.94b
	0.88b

	Mean
	109.07
	1.14
	9.82
	24.46
	9.26
	1.77

	65                             C143        
	93.30a
	0.90a
	7.30a
	24.91a
	8.78a
	1.60a

	                                 C318
	56.72a
	0.38a
	4.14a
	12.59a
	4.36b
	0.62a

	Mean
	75.01
	0.64
	5.72
	18.75
	6.57
	1.11

	100                           C143
	37.06a
	0.45a
	3.07a
	8.89a
	3.63a
	0.53a

	                                 C318
	50.01a
	0.56a
	3.23a
	10.85a
	3.63a
	0.75a

	Mean
	43.54
	0.51
	3.15
	9.87
	3.63
	0.64


Means followed by the same letters along a column under each light treatment are not significantly different by HSD (P = .05)                                                    
C143 = Cultivar 143; C318 = Cultivar 318; MAT = Months after transplanting
 
Table 2: Effects of cultivars and light intensities on nutrient uptake (mg/g) in the leaves of tea plants at 15 MAT at Owena
	Treatments
Cultivars
	       
    N
	
   P
	
  K
	
   Ca
	
  Mg
	
  Fe

	C143
	135.49a
	1.93a
	9.57a
	41.80a
	11.16a
	3.22a

	C318
	60.69b
	0.78b
	4.42b
	14.15b
	4.80b
	1.66b

	Mean
	98.09
	1.35
	7.00
	27.98
	7.98
	2.44

	Light intensities (%)
	
	
	
	
	
	

	45
	130.90a
	1.91a
	9.23a
	38.70a
	10.00a
	3.50a

	65
	96.46ab
	1.37b
	7.19ab
	27.50ab
	8.53a
	2.28b

	100
	66.91b
	0.77c
	4.57b
	17.73b
	5.41b
	1.53b

	Mean
	98.09
	1.35
	7.00
	27.98
	7.98
	2.44

	Light intensities x Cultivars
 (%)  
	
	

	 45                            C143
	189.06a
	2.80a
	13.35a
	58.64a
	14.17a
	4.69a

	                                 C318
	72.73b
	1.02b
	5.11b
	18.75b
	5.84b
	2.30b

	Mean
	230.90
	1.91
	9.23
	38.70
	11.01
	3.50

	65                             C143        
	117.75a
	1.87a
	8.91a
	38.30a
	11.09a
	2.55a

	                                 C318
	75.06a
	0.88b
	5.46b
	16.71b
	5.97b
	2.01a

	Mean
	96.41
	1.38
	6.44
	27.51
	8.53
	2.28

	100                           C143
	99.55a
	1.11a
	6.44a
	28.47a
	8.22a
	2.41a

	                                 C318
	34.28b
	0.43a
	2.71b
	6.99b
	2.60b
	0.66b

	Mean
	66.92
	0.77
	4.58
	17.73
	5.41
	1.54


Means followed by the same letters along a column under each light treatment are not significantly different by HSD (P = .05)                                                    
C143 = Cultivar 143; C318 = Cultivar 318; MAT = Months after transplanting
 
Figures 1 – 4 showed that cultivars and light intensities significantly (P = .05) influenced the accumulation of chlorophylls and carotenoids in tea plants. Generally, there was more chlorophylls accumulation in tea at Ibadan, while tea plants accumulated carotenoids more at Owena than in Ibadan, possibly as a result of the weather variation between the two locations. Cultivars C143 and C318 differed in their chlorophyll and carotenoids contents at Ibadan and Owena (Figure 1). The C318 plants were consistently superior to C143 plants in chlorophyll and carotenoids contents throughout the sampling periods both at Ibadan and Owena, and were significantly different in Ibadan at 8 MAT (chlorophylls) and 14 MAT (carotenoids) and in Owena at 8 MAT (chlorophylls and carotenoids). However, while at Ibadan, chlorophyll of C143 and C318 declined from 2.58 and 3.28 mg/gfw, respectively at 8 MAT (peak of dry season) to 1.86 and 2.18, mg/gfw respectively at 14 MAT (peak of raining season); at Owena, both cultivars maintained high chlorophyll between 8 MAT and 14 MAT with C318 declining to 2.16 mg/gfw and C143 increasing to 2.06 mg/gfw. Moreover, while C143 and C318 increased in carotenoids from 0.27 and 0.28, respectively at 8 MAT to 0.55 and 0.78 mg/gfw, respectively at 14 MAT in Ibadan, they decreased from 1.55 and 1.90 mg/gfw, respectively at 8 MAT to 0.45 and 0.49 mg/gfw, respectively at 14 MAT at Owena. The superiority of C318 in chlorophyll and carotenoids could be as result of the varietal difference between it and C143. The C318 had been reported to be more pigmented than C143 (Adeosun et al., 2023).
 	
The different light intensities differed in their influence on chlorophyll and carotenoids composition of tea plants (Figure 2). The 45% light was superior to 65 and 100% lights in enhancing chlorophyll in tea. It was significantly superior to 65 and 100% lights at 8 and 14 MAT at Ibadan; whereas at Owena, both 45 and 65% lights were not significantly different but were significantly better than 100% light in enhancing tea chlorophyll. At Ibadan, 45% light increased chlorophyll by 69.62% and 147.78% compared to 65 and 100% lights, respectively at 8 MAT, and by 22.49% and 81.56%, respectively at 14 MAT; whereas at Owena, 45% light increased chlorophyll by 15.57% and 90.37% compared to 65 and 100% lights, respectively at 8 MAT, and by 3.47% and 44.85%, respectively at 14 MAT. At Ibadan, while 100% light enhanced the highest carotenoids at 8 MAT, it caused the least at 14 MAT; and as tea plants under 45% light accumulated significant more carotenoids at 14 MAT in Ibadan, 65% light enhanced higher carotenoids content at 8 and 14 MAT in Owena.
 
The alternate pattern of chlorophyll and carotenoids accumulation trend between 8 and 14 MAT at Ibadan (Figure 2) shows that reducing light intensity under the bright cloudless weather at the peak of dry season (8 MAT) favoured chlorophyll synthesis; while reducing light intensity under overcast atmosphere at the peak of raining season enhanced carotenoids synthesis. The sharp decline and rise of chlorophylls and carotenoids, respectively between 8 MAT and 14 MAT implies that 45% light was more effective at enhancing higher chlorophyll synthesis under bright cloudless atmosphere of the dry season than in cloudy atmosphere of the raining season and vice versa for carotenoids. The situation was quite different at Owena (Figure 2) as 65 and 100% lights increased chlorophyll of tea, while carotenoids declined between 8 and 14 MAT under all the light intensities with 65% light sustaining higher carotenoids all through the sampling period. The implication of this is that the cloudy weather at 14 MAT reduced the effectiveness of 45% light but increased that of 65% and 100% lights at enhancing chlorophyll content of tea. Conversely, the higher carotenoids production at 8 MAT and a sharp decline at 14 MAT imply that the cloudy weather at 14 MAT (peak of raining season) drastically undermined the effectiveness of the low light intensity in enhancing carotenoids synthesis in tea.
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Figure 1: Main effect of cultivars on chlorophylls and carotenoids composition of tea plants at Ibadan and Owena 
Means followed by the same letters in each composite bars in each graph are not significantly different by HSD (P = .05); 
C143 = Cultivar 143; C318 = Cultivar 318. MAT; Months after transplanting
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Figure 2: Main effect of light intensities on chlorophylls and carotenoids composition of tea plants at Ibadan and Owena 
Means followed by the same letters in each composite bars in each graph are not significantly different by HSD (P = .05)
45% = 45% light intensity; 65% = 65% light intensity; 100% = 100% light intensity; MAT = Months after transplanting

Interaction of cultivars and light intensities produced significant (P = .05) effect on chlorophyll and carotenoids contents of tea in Ibadan and Owena (Figures 3 and 4). Cultivar C318 maintained its superiority over C143 under the light intensities in enhancing chlorophyll and carotenoids content of tea at Ibadan (Figure 3) and Owena (Figure 4). Its superiority was significant (P = 0.05) in Ibadan at 14 MAT under 45% light (chlorophyll and carotenoids), and in Owena, at 8 MAT under 65% light (chlorophyll and carotenoids) and at 14 MAT under 100% light (carotenoids). However, C143 was slightly better than C318 in chlorophyll under 65% light (14 MAT) at Ibadan, and in carotenoids under 100% light (8 MAT) at Owena, although the differences were not significant (P ≥ .05).
 
These results imply that the lower the light intensity, the higher the chlorophyll and carotenoids synthesis in tea plants and that growing tea under reduced light intensity is necessary for the synthesis and accumulation of chlorophylls and carotenoids and other associated phytochemicals like flavonoids. The fact that gene regulating carotenoids are up-regulated by moderate shading (intermediate light intensity) (Yue et al., 2021) explains the enhanced carotenoids under moderate light intensity. This is in consonance with the reports of Oliveira et al. (2014), Cheng et al. (2021) and Elango et al. (2023) that reduced light intensity enhanced the accumulation of chlorophylls and carotenoids in tea plants. Similarly, Zhang et al. (2014) and Oliveira et al. (2014) postulated that chlorophyll synthesis was enhanced under low light intensity in field grown tea. Besides, strong (100%) light significantly undermined the accumulation of tea. This might have been caused by inhibition of chloroplast formation by high light intensity (Fu et al., 2012). This is consistent with the findings of Wang et al. (2013) and Zhang et al. (2023) who submitted that high light sunlight resulted in degradation and low levels of chlorophyll and carotenoids in tea plants.
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Figure 3: Effect of interaction of cultivars and light intensities on chlorophylls and carotenoids composition of tea plants at Ibadan
Means followed by the same letters in each composite bars in each graph are not significantly different by HSD (P = .05)  
C143 = Cultivar 143; C318 = Cultivar 318. MAT; Months after transplanting
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Figure 4: Effect of interaction of cultivars and light intensities on chlorophylls and carotenoids composition of tea plants at Owena 
Means followed by the same letters in each composite bars in each graph are not significantly different by HSD (P = .05)
C143 = Cultivar 143; C318 = Cultivar 318.  MAT = Months after transplanting

Table 3 revealed positive correlation among nutrient uptake in tea leaves and their chlorophyll and carotenoids composition at Ibadan and Owena. In both locations, there was no significant (P > .05) correlation among leaf carotenoids and N, P, K, Ca, Mg and Fe except in Owena where K significantly (P < .05) correlated with carotenoids, although the correlation coefficient (0.17**) was low. Conversely, the uptake of the plant nutrients positively correlated with leaf chlorophyll, except in Ibadan, where the correlation between P and chlorophylls was not significant (P > .05). At Ibadan, the correlations among N, K, Ca, Mg and Fe and chlorophyll were weak (between 0.20** and 0.21**). However, at Owena, there were stronger correlations between nutrient uptake in tea leaves and leaf chlorophyll compared to Ibadan, with highly significant (P < .01) and stronger correlation coefficients among chlorophyll and N, K, Ca, Mg and Fe compared to P. Moreover, chlorophyll and carotenoids positively correlated at Ibadan and Owena, and the correlations were highly significant (P < .01). However, the correlation coefficient of chlorophyll and carotenoids was higher in Ibadan (0.60***) than in Owena (0.34***).
 
Leaf chlorophyll positively correlated with all the nutrient elements in tea leaves. Higher N, P, K, Ca, Mg and Fe in tea leaves also increased the leaf chlorophyll. The strongest correlation between N and leaf chlorophyll explains essential role of nitrogen in chlorophyll synthesis. Besides, Mg which exhibited one of the strongest correlations with leaf chlorophyll indicates its essential role in chlorophyll synthesis as an elemental constituent of chlorophyll compound (Fatubarin, 2003). Carotenoids accumulation in tea leaves increases or decreases with a rise or decline in chlorophyll accumulation. The fact that chlorophyll and carotenoids are both photosynthetic pigments in the grana of leaf chloroplasts explains the strong and highly significant positive correlation between them.
 
 
Table 3: Pearson correlation among the nutrient elements in the nutrient uptake and photosynthetic pigments of tea leaves at Ibadan and Owena
	Ibadan

	
	Chlorophylls
(mg/g)
	Carotenoids
(mg/g)
	N
(mg/kg)
	P
(mg/kg)
	K
(mg/kg)
	Ca
(mg/kg)
	Mg
(mg/kg)
	Fe
(mg/kg)

	Chlorophylls
(mg/g)
	1.00
	0.60***
	0.21**
	0.13ns
	0.20**
	0.21**
	0.21**
	0.21**

	Carotenoids
(mg/g)
	
	1.00
	0.11ns
	0.08ns
	0.12ns
	0.13ns
	0.16ns
	0.09ns

	
	                                                         Owena

	Chlorophylls
(mg/g)
	1.00
	0.34***
	0.24***
	0.20**
	0.27***
	0.27***
	0.24***
	0.24***

	Carotenoids
(mg/g)
	
	1.00
	0.15ns
	0.09ns
	0.17**
	0.16ns
	0.16ns
	0.14ns


*** = Correlation was significant at P < .01
** = Correlation was significant at P < .05	
Ns = Correlation was not significant at P ≤ .05
MAT = Months after transplanting
 
 
4. CONCLUSION
The potentials of light intensities of 45, 65 and 100% in enhancing the nutrients uptake and photosynthetic pigments of two tea cultivars (C143 and C318) were investigated at Ibadan and Owena. It is apparent from the results of the trial that 45 - 65% light enhanced N, P, K, Ca,  Mg and Fe uptake in tea cultivars C143 and C318, and that C318 produced more chlorophyll under all the light intensities in the dry and rainy seasons, with highest chlorophyll produced under 45% light in the dry season; while 100% light reduced chlorophylls both in the dry and rainy seasons. On carotenoids, while neither C143 nor C318 was better under all the light intensities in the dry season, 45% light increased C318 to the highest peak in the rainy season. This implies that by reducing light intensities to 45%, more chlorophylls and carotenoids were produced in tea plants in the dry and rainy seasons at Ibadan; while at Owena, by reducing light intensity to 65%, highest carotenoids are produced in C318 in the dry season, but in the rainy season, reduced light intensities were not better than 100% light in enhancing carotenoids contents in tea. It then follows that the effect of reduced light on chlorophyll was more pronounced in the dry season than in rainy season in Ibadan and Owena; while carotenoids accumulation in tea was more pronounced in the dry season (8 MAT) at Owena, and in the rainy and dry seasons at Ibadan. Therefore, for enhanced leaf N, P, K, Ca, Mg, Fe, chlorophylls and carotenoids contents, reduced light intensities of 45 – 65% is recommended for growing tea in dry and rainy season in Ibadan, and only in the dry season in Owena.
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