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Abstract 

Tea is one of the most important beverage crops consumed for its antioxidant properties in many parts of the world. 
Growing tea in Southwest Nigeria is constrained by the warm climate occasioned by high light intensity of the area. 
Regulation of Light intensity (LI) is necessary for possible cultivation of tea in this area. Information on response of tea 
to LI in Southwest Nigeria is scanty. Therefore, field experiment was carried out in Cocoa Research Institute of Nigeria 
Ibadan to assess the growth of two tea cultivars, 143 and 318 under three light intensities: 100% (1.04x105lux), 65% 
(6.75x104lux) and 45% (4.57x104lux) achieved by using sheds of 0, 1 and 2 palm fronds layers, respectively. The 
experiment was laid out in randomized complete block design arranged in Split plots with four replications. Data on 
Number of leaves (NL), Number of branches (NB), Plant height (PH, cm), Stem diameter (SD, cm), Leaf area (LA, cm2) 
and Dry matter (DM, g) accumulation were obtained following standard procedures, and were analyzed with descriptive 
statistics and ANOVA at α0.05. Cultivar 143 performed significantly better than 318 with 88.94NL, 18.73NB, 62.99PH, 
0.94SD, 2194LA and 56.38DM under 45% light intensity. The highest NL (84.07), NB (15.86), PH (68.63), SD (1.06) and 
LA (2885.75) was produced under 45% light, while the least was produced under 100% LI. Total DM ranged from 30.20 
g/plant under 100% LI to 65.80 g/plant under 45% LI. In conclusion, optimal vegetative growth and dry matter 
accumulation of tea cultivar 143 was achieved under 45% LI using sheds of 2 layers of palm fronds. 
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1. Introduction

Tea plant is an evergreen bush beverage tree crop in the family Theaceae which when cultivated is kept at a low level 
of 30-60cm to facilitate the plucking of the young shoot (flush). It is one of the most important beverage crops in the 
world [1]. Based on processing methods it is classified as black tea (fermented), green tea (non-fermented) or oolong 
tea (semi-fermented) beverage [2]. Consumption of its beverage affords many health benefits owing to its anti-oxidant 
property. Regular consumption of tea has been linked with lower chances of suffering from diseases like cancer and 
cardio-vascular diseases [3]. Besides, it also helps to prevent blood clotting, lower cholesterol levels, neutralize enzymes 
that aid in the growth of tumours, lower chances of suffering from cancer and cardio-vascular diseases and stimulate 
immune system [3, 4]. Tea leaf contains a number of chemicals of which 30% is flavonoids [5]; 20-30% is tannic acid 
known for its anti-inflammatory and germicidal properties, alkaloid (5% caffeine), a stimulant for the nerve centre and 
the process of metabolism [6]. These numerous health benefits have led to its fast and wide spread to all the continents 
of the world. However, supra bright and warm weather of the dry season with accompanying high light intensity in 
Southern Nigeria has constituted major constraint to tea cultivation in the area. 

Light is an absolute requirement for plant growth. It is the most imperative factor among all the ecological factors [7]. 
Growth and development of tea plants have been reported to be influenced in various ways and locations by light 
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intensity. Light affects tea growth and production through its role in photosynthesis and through photoperiodic 
reactions [8, 9]. Adeosun et al. (2023) [10] found out that sub and supra Photosynthetic active radiation undermined 
the photosynthetic capacity of potted tea plants as it reduced their chlorophyll and carotenoids contents. Besides, Wang 
et al. (2013) [11] submitted that high sunlight resulted in low levels of chlorophyll and carotenoids in albino tea plant. 

Tea has been described as a light sensitive plant [12]. Its production potential is fully expressed under reduced light 
intensity. Tea being a C3 plant undergoes photo-inhibition under excessive light intensity. Photo-inhibition is a process 
whereby photosynthetic rate is reduced or completely hampered under excessive light intensity. It is initiated by 
excessive irradiation which causes stomata closure. Light intensity exerts direct and indirect effect on guard cells that 
control the opening and closing of stomata. According to Jannedra et al. (2007) [13], stomata conductance is affected by 
light intensity as its opening is sensitive to several stimuli from external environment like light intensity, water 
availability, leaf temperature and Vapour Pressure Deficit (VPD). Excessive light intensity increases leaf temperature 
and transpiration rate. When transpiration rate exceeds water absorption in the plant, it precipitates low leaf water 
potential, making the guard cells to lose turgor and collapse. The collapse of the guard cells implies stomata closure 
which leads to poor stomata conductance and consequent blocking of CO2 diffusion into the leaf. Jannedra et al. (2007) 
[13] had earlier posited that there was positive relationship between photosynthesis and stomata conductance because 
at higher stomata conductance there is higher CO2 flux for photosynthesis and vice versa.  

Tea cultivars vary in their response to light intensity owing to their genetic constitution differential. While some tea 
cultivars tolerate high light intensity, the growth of some is significantly retarded under same light intensity. It has been 
reported by Wachira et al. (2013) [14] that Camellia sinensis var. sinensis with smaller relatively erect dark green leaves 
which originated from China is hardier than Camellia sinensis var. assamica with more horizontally held, glossy surface, 
light green leaves, which originated from Assam in India. Also, 143 and 318 tea cultivars normally cultivated on 
Mambilla highland in Nigeria differ in their response to reduced light intensity [12]. However, there is dearth of 
information on the optimum light intensity that could enhance establishment and growth of tea on the field in Nigeria. 
Therefore, this field trial was carried out to assess the influence of different levels of light intensity on establishment 
and growth of two cultivars of tea on the field in Ibadan, Southwest Nigeria. 

2. Materials and methods 

2.1. Description of experimental sites 

Ibadan, the site of the experiment, is located in Southwest Nigeria, on latitude 07o 10ꞌN and longitude 03o  52’E on 122 

m elevation above sea level. It experiences a rainy season which is characterized by humid atmosphere and cloudy sky 
from April to October with short dry spell in August, and a dry season which is characterized by little or no rainfall and 
runs from November to March. The annual rainfall ranges from 1100 to 1150 mm, average temperature from 19.8 ℃  to 
27.0 ℃ and relative humidity from 57% to 89% [15].  

2.2. Acquisition of experimental materials 

Tea clonal materials of 143 and 318 cultivars were obtained from CRIN Substation Kusuku, Mambilla Plateau, Taraba 
State. 

2.3. Experimental design and layout 

This field experiment was a factorial of 2 factors: 2 cultivars (143 and 318) and 3 levels of light intensity (45% = 
4.57x104lux ; 65% = 6.75x104lux and 100% = 1.04x105lux ). These resulted in 6 treatment combinations laid out in 
randomized complete block design (RCBD) arranged in Split plots with four replications (blocks). Cultivars and light 
intensities served as main and sub-plots, respectively. The varying light intensities were achieved through the 
construction of sheds of varied palm fronds layers 

2.4. Land preparation of experimental sites  

The land was cleared of all vegetation manually. The plot was laid out into four blocks (replicates) by using ranging pole, 
measuring tape, wooden pegs and measuring line. Each block comprised 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 
land area of the experimental site was 1044 m2.  
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2.5. Construction of sheds and transplanting of tea clones 

The experimental site was laid out into four blocks (replicates). Each block consisted of six subplots. Each block of the 
experiment contained four sheds. Each shed was 8 m long, 3 m wide and 2 m high. The sheds were erected with bamboo 
poles and palm fronds covering the top and sides of the sheds. Light intensities of 45 and 65% were predetermined by 
varying the layers of oil palm fronds at the sides and top of the sheds. The open space with no shed cover represented 
100% light intensity; while 45 and 65% light intensities were achieved with 2 and 1 oil palm frond layers, respectively 
[12]. Transplanting of tea clones that have been raised for 16 months were transplanted into already dug holes of 20 x 
20 x 25 dimension. The transplanting was done at a planting distance of 100 cm x 60 cm. In each sub-plot, six rows of 
four stands of tea plants were planted. For the plants inside the sheds, a space of 1 m was allowed between the shed 
wall and the tea plants. 

2.6. Data collection and analysis 

At 3 MAT (months after transplanting), a sample of twelve tea plants per treatment per replicate was randomly tagged 
for morphological parameters: number of leaves, number of branches, leaf area, plant height and stem diameter. The 
measurement of the morphological parameters was done on monthly basis. At 15 MAT plant samples used for 
morphological data collection were uprooted. A circumference of 15-20 cm radius from the base of the plant was dug to 
a depth of 50 cm round the plant to expose the roots and each of the plant was carefully uprooted. The uprooted plants 
were partitioned into root, stem and leaf. The roots were washed in clean water to remove soil particles. The fresh 

weight of the plant parts was measured. The plant parts were packaged in paper envelopes, oven dried at 70 oC for 48 

hours to constant weights and their dry weight was measured [16]. Both the fresh and dry weights were measured with 
the KERRO Electronic Compact Scale. All the data collected were analysed with Analysis of Variance (ANOVA) using 
STAR (Statistical Tools for Agricultural Research) (2013) [17] software and the significant means were separated with 
Tukey’s Honest Significant Difference (HSD) Test (P=0.05). 

3. Results  

Cultivar 143 and 318 were significantly (P=0.05) different in number of leaves (Table 1). Number of leaves increased 
from 3 MAT through 12 MAT. Number of leaves of C143 was significantly higher than that of C318 especially between 
6 and 12 MAT. Number of leaves of C143 increased from 43.88 at 6 MAT to 88.94 at 12 MT as against 318 that increased 
in number of leaves from 33.37 to 49.47 at the same time interval. Light intensities were significant (P=0.05) in 
enhancing leaf growth of tea (Table 1). At 3 MAT, tea plants under 100% light were significantly superior in flushing 
compared to those under reduced light intensities of 45 and 65%. However, as the growth of tea progressed with time, 
45 and 65% light intensities superseded 100% in enhancing leaf growth especially from 6 MAT, and by 12 MAT, tea 
under 45% light had produced significantly more leaves of 84.07 compared to 100% light intensities which caused 
57.03 leaves. The effect of interaction of light intensities with cultivars on leaf production of tea was significant (P=0.05). 
Cultivar 143 was superior to cultivar 318 under 45, 65 and 100% light intensities especially at 3 MAT and 12 MAT. 

Table 1 Effects of cultivars and light intensities on number of leaves of tea plants on the field at Ibadan 

Treatments  3 MAT 6 MAT 9 MAT 12 MAT 

Cultivars 

C143 32.31a 43.85a 68.33a 88.94a 

C318 28.85a 33.37b 41.64b 49.47b 

Mean 30.58 38.61 54.98 69.20 

Light intensities (%) 

45 29.07b 41.05a 64.00a 84.07a 

65 26.81b 34.05a 61.40a 66.50ab 

100 35.86a 40.73a 39.55a 57.03b 

Mean 

 

 

30.58 38.61 54.98 69.20 
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Light intensities (%) x Cultivars 

45                                               C143 31.98a 79.79a 48.02a 115.33a 

                                                    C318 26.17b 48.21a 34.08b 52.81b 

Mean 29.08 64.00 41.05 84.07 

65                                               C143  28.88a 73.00a 40.50a 82.67a 

                                                    C318 24.79b 49.79a 27.61b 50.33b 

Mean 26.84 61.40 34.06 66.50 

100                                            C143 36.13a 52.19a 43.04a 68.81a 

                                                    C318 35.60b 26.92a 38.41a 45.25b 

Mean 35.87 39.56 40.73 57.03 

Means followed by the same letters in a column under each treatment are not significantly different by HSD (P=0.05) 

Stem branching in tea was significantly influenced by the different cultivars (Table 2). Cultivar 143 was significantly 
(P=0.05) higher in number of branches than 318, but its superiority was significant only at 9 – 12 MAT. Light intensities 
were not significantly different in enhancing the number of branches of tea except at 6 MAT when 45 and 100% lights 
produced significantly higher branches compared to 65% light intensities. However, C143 performed better than 318 
under all the light intensities, especially at 12 MAT, although the difference was not significant (P>0.05).  

Table 2 Effects of cultivars and light intensities on number of branches of tea plants on the field at Ibadan 

Treatments  3 MAT 6 MAT  9 MAT 12 MAT 

Cultivars 

C143 5.66a 9.83a 14.90a 18.73a 

C318 5.42a 9.80a 11.14b 12.93b 

Mean 5.54 9.81 13.02 15.83 

Light intensities (%) 

45 5.62a 10.02a 14.00a 15.86a 

65 5.02a 8.16b 14.08a 16.40a 

100 5.97a 11.26a 10.97a 15.20a 

Mean 5.54 9.81 13.02 15.83 

Light intensities (%) x Cultivars 

 45                                              C143 6.38a 14.85a 10.10a 18.81a 

                                                    C318 4.48b 13.15a 9.93a 12.92a 

Mean 5.43 14.00 10.02 15.87 

65                                               C143  5.10a 15.40a 8.17a 19.04a 

                                                    C318 4.94a 12.77a 8.15a 13.76a 

Mean 5.02 14.09 8.16 16.40 

100                                            C143 5.50a 14.44a 11.21a 18.33a 

                                                    C318 6.44a 7.50b 11.31a 12.10a 

Mean 5.97 10.97 11.26 15.22 

Means followed by the same letters in a column under each treatment are not significantly different by HSD (P=0.05) 
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Figures 1, 2 and 3  show the response of tea height and stem diameter to the different cultivars and light intensities. The 
height of C143 consistently increased throughout the sampling periods, while that of C318 increased from 3 to 6 MAT 
and from 9 to 12 MAT, but declined between 6 and 9 MAT (Figure 1). The height of C318 was taller than that of C143 
between 3 and 6 MAT and the difference was significant at 6 MAT. But as from 6 MAT through to 12 MAT, C143 tea grew 
taller than C318 tea, although the difference was not significant. In the same vein, cultivar 318 had thicker stem than 
cultivar 143 between 3 and 6 MAT and the difference was significant only at 6 MAT. However, C143 was better in stem 
diameter than C318 from 9 – 12 MAT, and the difference was significant at 12 MAT. Similarly, in figure 2, light intensities 
were not significantly different in enhancing tea plant height, especially at 3 – 6 MAT. However, at 9 MAT, tea plants 
under 45 and 65% lights were significantly taller than those under 100% light as 45% light enhanced the tallest height 
at 9 and 12 MAT, while the 100% light caused the least plant height. Similarly, tea plants under the different light 
intensities were not significantly different in stem diameter at 3 – 6 MAT. However, at 9 MAT, tea under 45 and 65% 
lights were better in stem diameter than those under 100% light, while those under 45% light had thicker stem than 
those under 65 and 100% lights. On interaction, figure 3  reveals that C143 grew taller than C318 under 45 and 65% 
lights but had lower height under 100% light especially at 12 MAT. On stem diameter, however, C318 was significantly 
thicker in stem diameter than C143 under all the light intensities (Figure 3). 

Table 3 shows that C143 was significantly (P=0.05) superior to 318 in leaf area throughout the sampling periods. Light 
intensities were significantly different in their effects on the leaf area of tea plants (Table 3). Leaf area of tea under 45% 
light was significantly higher than that of 65 and 100% lights. The leaf areas under 45, 65 and 100% lights were in the 
following order: 2885.75 > 1660.59 > 660.38, respectively. Cultivar 143 was consistently better than 318 under the 
three light intensities throughout the sampling periods except at 3 MAT when 318 had higher leaf area under 65 and 
100% lights. However, by 12 MAT, 143 had produced wider leaves under all the light intensities. 

 

Figure 1 Main effects of cultivars on plant height and stem diameter of tea plants on the field at Ibadan 

C143 = Cultivar 143; C318 = Cultivar 318. MAT = Months after transplanting 

 

 

Figure 2 Main effects of light intensities on plant height and stem diameter of tea plants on the field at Ibadan 

45% = 45% light intensity; 65% = 65% light intensity; 100% = 100% light intensity. MAT = Months after transplanting  
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Figure 3 Effect of interaction of cultivars and light intensities on plant height and stem diameter of tea plants at 12 
MAT on the field at Ibadan 

Means followed by the same letters in each composite bars in each graph are not significantly different by HSD (P=0.05); C143 = Cultivar 143; C318 
= Cultivar 318. MAT = Months after transplanting 

Table 3 Effects of cultivars and light intensities on leaf area (cm2) of tea plants on the field at Ibadan 

Treatments  3 MAT 6 MAT 9 MAT 12 MAT 

Cultivars 

C143 1055.50a 1234.05a 1296.17a 2194.56a 

C318 1086.00a 958.48b 817.55b 1276.59b 

Mean 1070.75 1096.27 1056.86 1735.57 

Light intensities (%) 

45 1207.87a 1387.51a 1595.12a 2885.75a 

65 1017.55a 1087.14b 1200.58b 1660.59b 

100 986.82a 814.16c 374.88c 660.38c 

Mean 1075.75 1096.27 1056.86 1735.57 

Light intensities (%) x Cultivars 

45                                               C143 1250.53a 1924.73a 1574.93a 3853.20a 

                                                    C318 1165.22a 1265.52b 1200.08a 1918.29b 

Mean 1207.88 1595.13 1387.51 2885.75 

65                                               C143  978.36a 1507.70a 1244.44a 1899.18a 

                                                    C318 1056.75a 893.47b 929.83a 1422.01a 

Mean 1017.56 1200.59 1087.14 1660.60 

100                                            C143 937.61a 456.10a 882.79a 831.30a 

                                                    C318 1036.03a 293.63a 745.53a 489.47a 

Mean 986.82 779.58 814.16 660.39 

Means followed by the same letters in a column under each treatment are not significantly different by HSD (P=0.05) 

Table 4 reveals that dry matter yield of tea was influenced by the different tea cultivars and varied light intensities. The 
root, stem and leaf dry weights of C143 (12.83, 28.61 and 14.94, respectively) were significantly higher than those of 
C318 (9.06, 16.55 and 9.72, respectively). Moderate light intensities of 45 and 65% enhanced significant higher dry 
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weight of root, stem and leaf compared to higher light intensity (100%). Moreover, light intensity of 45% was 
significantly (P=0.05) superior to 65 and 100% lights in enhancing dry matter yield of tea. The highest total dry matter 
of tea plants (65.80) was produced under 45% light and was significantly higher than the dry matter of tea under 65% 
light (42.65) and 100% light which produced the least dry matter (30.20). The different cultivars responded differently 
under the various light intensities. The C143 was superior to C318 significantly (P=0.05) under 45% light; while the 
later was superior to the former under 100% light, although, the difference was not significant (P>0.05). The dry matter 
accumulation was lowest under 100% light. 

Table 4 Effects of cultivars and light intensities on dry matter accumulation (g plant-1) of tea plants at 15 MAT on the 
field at Ibadan 

Treatments Root Stem Leaf Total 

Cultivars 

C143 12.83a 28.61a 14.94a 56.38a 

C318 9.06b 16.55b 9.72b 36.05b 

Mean 10.94 22.58 12.33 46.22 

Light intensities (%) 

45 15.15a 33.74a 16.91a 65.80a 

65 9.00b 20.24b 12.32ab 42.65b 

100 8.68b 13.76b 7.75b 30.20b 

Mean 10.94 22.58 12.33 46.22 

Light intensities (%) x Cultivars 

45                                               C143 19.37a 48.68a 22.97a 91.02a 

                                                    C318 10.93b 18.81b 10.85b 40.58b 

Mean 15.15 33.75 16.91 65.8 

65                                               C143  10.17a 25.36a 14.57a 50.10a 

                                                    C318 7.83a 15.12a 10.07a 35.19a 

Mean 9.00 20.24 12.32 42.65 

100                                            C143 8.95a 11.80a 7.27a 28.01a 

                                                    C318 8.42a 15.73a 8.23a 32.39a 

Mean 8.69 13.77 7.75 30.20 

Means followed by the same letters in a column under each treatment are not significantly different by HSD (P=0.05) 

4. Discussion 

The better growth performance of Cultivar 143 under all the light intensities underscores its ability to thrive under the 
harsh weather condition of the lowland [18, 19, 20]. Although 318 has more chlorophyll than 143 [10] under reduced 
light intensities, its inability to tolerate high light intensity might impede chlorophyll synthesis which is an important 
reagent for photosynthesis.  

Reduced light intensities of 45 and 65% under palm frond sheds enhanced vegetative growth of tea plants compared to 
full light intensity. Many factors could be responsible for this. First, it could be due to the moderate light quantum 
incident on the plants occasioned by reduced light intensities. The subdued light must have precipitated optimal 
condition for photosynthesis by regulating leaf and canopy temperature [13]. The unhindered photosynthesis led to 
expanded leaf area which enhanced the growth of other plant parts. This is in consonance with the report by Sadgheti 
et al. (2018) [21] who reported an increased leaf size of Sage (Salvia officinalis L.) under 50% light intensity and Famaye 
(2002) [22] who submitted that 50% light reduction enhanced seedling growth of coffee. Wijeratne et al. (2008) [23] 
and Hajiboland et al. (2011) [24] had reported enhanced growth of tea under intermediate light intensities. Odeleye et 
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al. (2001) [25] also had similarly observed that soya beans plants that were grown under subdued light had more leaf 
area and grew taller as compared to plants grown in full day light. Besides, the shade imposed on the tea plants and 
their expanded canopies (as a result of moderate light intensities) must have had cooling effect on the soil in which the 
plants grew. At lower light intensities, soil water is conserved as a result of reduced evaporation thus making enough 
water, an essential reagent of photosynthesis available for plant use [26].  

Bright and scotching sun light significantly reduced tea growth. The critical period of vegetative growth in tea under 
100% light intensity was at 9 – 10 MAT (March). This is the peak of the dry season in Southwest Nigeria, when ambient 
temperature was at its highest and all the growth indices were at their lowest level as result of excessive rise in leaf 
temperature and evapo-transpiration which makes soil water less available for plant growth and causes build-up of 
vapour pressure gradient between the leaf and the surrounding air [27]. The negative water potential in the leaf leads 
to flaccidity and closure of the guard cells and resultant inhibition of diffusion of CO2 into the leaf, thus limiting the 
photosynthetic capacity of the leaf [28, 29]. 

The temporary better growth performance of C318 plants at 3 MAT is an indication that this period fell within the rainy 
season when the atmosphere was humid and cloudy with low light intensities. At this time, reducing the light intensities 
was more beneficial to C318 than C143. However, as tea growth progressed into cloudless dry season with very bright 
light intensities, C143 performed better than C318 under all the light intensities including 100% light, indicating that 
143 possesses the potential to tolerate light stress more than 318 [30, 19, 20].  

The better dry matter produced by cultivar 143 shows that the more high yielding C143 [31] accumulated more photo-
assimilate than C318 did. The reduced light intensity of 45% in the field trial was outstanding in enhancing the dry 
matter of tea. This might be the consequence of enhanced photosynthetic capacity of tea, since the growing environment 
of the tea was conducive for stomata conductance, CO2 absorption by the leaf, water absorption by the root as well as 
translocation of photo-assimilate to all plant parts [24]. 

5. Conclusion 

Growing tea cultivars 143 and 318 under light intensities of 45, 65 and 100% produced outstanding results. It could be 
inferred from the results that C143 was superior to 318 in all growth indices and dry matter yield. Both cultivars 
performed well under cool rainy season with naturally reduced light intensities as a result of the cloudy sky. However, 
as the dry season set in with its attendant bright light intensity, C318 declined in growth, while C143 performed better 
than C318 in growth and dry matter accumulation. Besides, 45% light was outstanding in enhancing the growth 
parameters of tea especially during critical dry season. The extreme light intensity at 100% undermined the growth of 
tea and reduced its seedling establishment. The critical period for provision of shade for growing of tea at Ibadan was 
the dry season and early rainy season. It then follows that 45% light created by sheds of 2 layers of palm fronds is crucial 
to the sustenance of tea growth especially during dry season. It could then be recommended that prospective tea 
farmers can grow C143 tea cultivar under sheds of 2 layers of palm fronds with 45% light intensity.  
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