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ABSTRACT

Tea (Camellia sinensis (L.) O. Kuntze) is one of the most popular beverages, which is being consumed by over two thirds of the world’s population due to its refreshing, nutritional and medicinal properties. Owing to the geography of Assam, shade is an integral part of tea plantation of this region. Though tea cultivation is considered as a mono cropping system, it is the only plantation crop integrated with other crops of economic importance to maximize productivity in tea plantations. Rubber (HeveabrasilensisMuell Arg.) is an economically important crop. It may be used as an alternative to commercial shade trees. In this experiment the impact of rubber tree shade on some physical processes of tea was studied in the Experimental Garden for Plantation Crops, Department of Tea Husbandry and Technology, Assam Agricultural University, Jorhat. The experiment was conducted under two cropping situations i.e.; one involves tea grown as monocrop (conventional shade) and other involves tea – rubber-based cropping system (rubber as shade). The effect on photosynthetic related parameters along with the physical condition of the microclimate such as light transmission, Photosynthetically Active Radiation was observed. The effect of rubber leaf canopy on the tea bushes was compared with that of traditional shade tree. From the study, it may be concluded that there is a significant variation in the physical parameters in tea bushes under rubber shade over conventional shade. The study generated a considerable amount of important information on the effect of Albizzia chinensis shade and rubber shade on physical parameters. Better performance was noticed under conventional shade which is due to the availability of necessary photosynthetically active radiation and light intensity that maintains the leaf temperature of the plants.
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1. INTRODUCTION
Tea (Camellia sinensis (L.) O. Kuntze) is one of the most popular beverages being consumed by over two thirds of the world’s population.
Air temperatures above 30°C and below 13°C are harmful for growth of tea plant. However, in the plains of N.E. India including Assam, the air temperature remains above 30℃ for a greater part of the harvesting period. Hence shade trees are inter-planted in tea gardens to keep the temperature below a level where it cannot affect the photosynthesis adversely. Wind velocity is useful in reducing high leaf temperature. However, the velocity of wind in Assam is low due to the shelter effect of the hills on either side of the valley. So, shade is needed in a tea plantation to keep the leaf temperature down. Owing to the geographical location of Assam, shade is an essential component for this region.According to Barua and Gogoi (1979), the absence of shade caused a 50% decline in tea production when compared to shaded tea plants in North East India. 
At an ambient temperature of 30-32°C, the temperature of a horizontal and erect leaf in direct sunlight may reach 40-45°C. However, in leaves that receive shade, they can survive at a temperature that is just 1-2°C higher than the surrounding air (Hadfield, 1968). According to Barua (1969), plants that were cultivated in surroundings with a light intensity of 35% produced more tea than those that were grown in full sun. 
Though tea cultivation is considered as a mono cropping system, it is the only plantation crop integrated with other crops of economic importance such as pepper, coffee, arecanut, etc. to maximize productivity in tea plantations. 
Rubber is an economically important crop which may be used as an alternative to commercial shade trees. In this experiment we will examine the impact of rubber tree shade on some physical processes of tea. The effect on photosynthetic related parameters along with the physical condition of the microclimate such as light transmission, photosynthetically active radiation (PAR) was observed. Moreover, rubber tree in addition to providing shade would also act as a cash crop and thus might act as a source of additional income. The effect of rubber leaf canopy on the tea bushes was compared with that of traditional shade tree.
Masters (1863) voiced his feeling more than a hundred years ago by stating that “the Assam plant does not appear to thrive in the inferior soils when exposed to the full influence of the sun”. He recommended partial shade for tea. Heavy shade was considered bad for quality as it induced long and stalky growth.

2. material and methods / experimental details / methodology 

The experiment was laid out and studied in the Experimental Garden for Plantation Crops, Department of Tea Husbandry and Technology, Assam Agricultural University, Jorhat, Assam. Both tea and rubber were planted in 2013. The planting material used for tea was TV 23 and for rubber was RRIM 600 (HeveabrasilensisMuell Arg.)
The experiment was conducted under two cropping situations i.e.; one involves tea grown as monocrop (conventional shade) and other involves tea – rubber-based cropping system (rubber as shade). The experiment was done from March, 2022 to November, 2022 with the help of Randomized Block Design. A total of 4 treatments were done under 4 replications. Each treatment was carried out in an area of 66 m2where 105 tea plants per plot were considered. In the control plot 6 number of shade trees were observed whereas in the other treatment plots 4 rubber plants were observed.
Treatment details
Tea bushes were planted at a spacing of 105cm x 60cm.Albizzia chinensis(Spacing 5.5m x 5.5m) trees were planted as permanent shade tree in the control plot (T1),while rubber trees were planted at 3 different spacings: (8.5m x5.5m), (9.5m x 5.5m) and (12m x 5.5m) which are considered as T2, T3 and T4 treatments respectively.
The period of experiment divided into four flushes as follows:
· First flush: March, 2022- April, 2022
· Second flush: May, 2022- June, 2022
· Rain flush: July, 2022- September, 2022
· Autumn flush: October, 2022- November, 2022
2.1.Measurement ofPhotosynthetically Active radiation (PAR)
Line Quantum Sensor can be effectively used to measure the visible wavelength band within the range of 0.4 to 0.7 micron. The components of PAR taken into consideration are- Incident IPAR (IPAR), Reflected PAR (RPAR) and Transmitted PAR (TPAR) and following the method described by Sivakumar and Virmani (1984), the above three components of PAR were measured on individual plot of tea crop at weekly intervals with the aid of a line quantum sensor (Model No. MQ 301) at around11 am.
In this study, the percentage of intercepted PAR (iPAR) in the crop canopy was determined by using the formula below in accordance with Kumar et al. (2008) and Dhaliwal et al. (2019).
 x 100
2.2.Measurement of SPAD value and Chlorophyll content through non-destructive method 
Estimation of chlorophyll content by nondestructive methods using handheld chlorophyll meter may be considered to improve efficiency (Cahyo et al., 2020). The AtLEAF CHL PLUS Chlorophyll meter provide simple, quick and inexpensive measurement of chlorophyll content (Coste et al., 2010). In this present study, SPAD values were measured at 11AM (except the dormant period). 
2.3.Measurement of Light intensity
The light incidence on tea plants under each cropping system was measured using a lux meter (Model No.: LX101A). Three tea bush samples from each replication were randomly selected for lux meter readings. At 11 a.m., the reading of the lux meter was taken above and below the canopy for each sample of bush. The reading was taken at weekly interval. The percentage of light incidence was determined by applying the following formula, which was reported by Das and Yaduraju (2008), to the average of all the data observed for the three sample plants in each plot.

Where, T and B are the values of light incident at the top of the crop canopy and at the ground level, respectively.
2.4.DeterminingChlorophyll content of tea leaves
Leaf chlorophyll was extracted by using Dimethyl sulphoxide (DMSO) (Hiscox and Israrelstam, 1979), and the spectrophotometer (Model: GS571055, EC India Ltd.) read the absorbance at 663nm and 645nm. The absorption coefficient was used to determine the quantity of chlorophyll present. Fresh leaf material (0.1 g) was placed in a test tube with 5 ml of DMSO and maintained at 65°C for 4 hours. In a test tube, chlorophyll was extracted, and DMSO was used to make the volume 10 ml. The formula proposed by Arnon (1949) is used to calculate the chlorophyll content, which was represented as mg/g of leaf fresh weight.
Chlorophyll a = [12.7(A663) – 2.69 (A645)] x 
Chlorophyll b = [22.9 (A645) – 4.68 (A663)] x 
Total Chlorophyll = [20.2 (A645) + 8.02 (A663)] x 
Where,A=Absorbance at specific wavelength
V= Final volume of the chlorophyll extract
W= Fresh weight (g) of the leaf tissue used for extraction

3. RESULTS
3.1.Photosynthetically Active radiation (PAR) using Line Quantum Sensor
The data presented in Table1.shows the Incident Photosynthetically Active Radiation (IPAR) in all the treatments and in all the four flushes. It represents the IPAR that falls on the canopy of Albizzia chinensis and rubber tree.
Table1.Mean Incident Photosynthetically Active Radiation (µmol m-2 s-1) on the tea bushes through conventional shade and rubber tree shade
	IPAR
	1st FLUSH
	2nd FLUSH
	RAIN FLUSH
	AUTUMN FLUSH

	T1
	238.81
	740.45
	432.61
	463.02

	T2
	62.08
	173.6
	69.39
	50.12

	T3
	52.20
	227.06
	84.51
	55.48

	T4
	135.04
	400
	360.37
	169.23







Table1.shows that the IPAR varied between (238.81-52.2 µmol m-2 s-1)in the first flush and between (740.45- 173.6 µmol m-2 s-1) in the second flush. Similarly, IPAR varied between (432.61 - 69.39 µmol m-2 s-1) in the rain flush and between (463.02-50.12 µmol m-2 s-1) in the autumn flush. The IPAR values were found to be significant over control for the first, second and rain flush but in autumn flush there was no significant differences amongst the treatments. In the first flush, IPAR was found to be highest in T1 (238.81 µmol m-2 s-1) followed by T4 (135.04 µmol m-2 s-1) and lowest was found in T3 (52.2 µmol m-2 s-1). In the second flush, IPAR was found to be highest in T1 (740.45 µmol m-2 s-1) and lowest in T2 (173.6µmol m-2 s-1). In the rain flush, the highest IPAR was found in T1 (432.61 µmol m-2 s-1) and lowest in T2 (69.39 µmol m-2 s-1). Similarly in autumn flush the highest was found in T1 (463.02 µmol m-2 s-1) and lowest in T2 (50.12 µmol m-2 s-1). 
Table2.Mean Intercepted Photosynthetically Active Radiation (%) by the tea bushes
	ipar%
	1st FLUSH
	2nd FLUSH
	RAIN FLUSH
	AUTUMN FLUSH

	T1
	90.03
	91.14
	82.19
	91.73

	T2
	78.99
	84.27
	80.84
	81.76

	T3
	77.39
	83.01
	81.65
	81.87

	T4
	83.64
	85.88
	81.77
	88.45


The data presented in Table 2. shows the Intercepted Photosynthetically Active Radiation (ipar) in percentage for all the treatments and in all the four flushes. In the first flush, the interception was highest in T1 (90.03%) and lowest was found in T3 (77.39%). In the second flush, the highest interception was found to be in T1 (91.14%) and lowest was found to be in T3 (83.01%). In the rain flush, the highest interception was found in T1 (82.19%) and lowest was found in T2 (80.84%). Similarly, in the autumn flush, the intercepted PAR was found to be highest in T1 (91.73%) and lowest was found to be in T2 (81.76%).
The ipar (%) values were found to be significant over control for the first, second and autumn flush but in rain flush there was no significant differences amongst the treatments.






FIG. 1. INCIDENT PAR ON THE TEA BUSHES AND INTERCEPTED PAR BY THE TEA BUSHES UNDER CONVENTIONAL SHADE AND RUBBER TREE SHADE
3.2.Percent of light transmission using Lux Meter:
Data on per cent of light transmission through Albizzia chinensis in T1 and rubber in T2, T3 and T4 are presented in Table 3. 
Table3. Mean Light incidence (%) on tea bushes under different treatment
	
	1st FLUSH
	2nd FLUSH
	RAIN FLUSH
	AUTUMN FLUSH

	T1
	28.63
	49.06
	48.09
	29.38

	T2
	5.68
	7.50
	5.98
	3.39

	T3
	5.75
	9.78
	6.30
	4.41

	T4
	13.23
	35.63
	34.44
	16.80


The light transmitted through the canopy of shade tree bushes is the incident light falling on the tea bushes. The data revealed that percentage of light incidence on tea bushes (or per cent of light transmission through shade trees) in the first flush was found to be highest in T1 (28.63 %) and the lowest was found in T2 (5.68 %). Similarly, in the second flush the percentage of light incidence on tea bushes to be highest in T1 (49.06 %) and the lowest was found in T2 (7.50 %). In the rain flush, the highest percentage of light incidence on tea bushes was found in T1 (48.09 %) and lowest was found in T2 (5.98 %). In the autumn flush, the highest percentage of light incidence on tea bushes was found in T1 (29.38 %) and lowest was found in T2 (3.39 %).


FIG. 2. LIGHT INCIDENCE ON TEA BUSHES UNDER DIFFERENT TREATMENT
The per cent of light transmission through tea bushes is shown in Table. The data shows that the per cent of light transmission (%) through the tea canopy varies in each treatment. 
Table 4. Mean Per cent of light transmission (%) through tea bushes under different treatments
	
	1st FLUSH
	2nd FLUSH
	RAIN FLUSH
	AUTUMN FLUSH

	T1
	2.24
	2.34
	5.78
	1.66

	T2
	5.45
	6.06
	8.75
	4.65

	T3
	3.58
	5.72
	7.42
	3.94

	T4
	2.83
	3.09
	5.38
	3.42


Table 4. reveals that in the first flush, the per cent of light transmission through tea bushes was found to be highest in T2 (5.45 %) and lowest in T1 (2.24 %). In the second flush, the per cent of light transmission through tea bushes was found to be highest in T2 (6.06 %) and lowest in T1 (2.34 %). In the rain flush, the per cent of light transmission through tea bushes was found to be highest in T2 (8.75 %) and lowest in T4 (5.38 %). In the autumn flush, the per cent of light transmission through tea bushes was found to be highest in T2 (4.65 %) and lowest in T1 (1.66 %). The mean per cent of light transmission (%) through tea bushes under different treatments was found to be significant over control in all the four flushes.





FIG. 3. PER CENT OF LIGHT TRANSMISSION (%) THROUGH TEA BUSHES UNDER DIFFERENT TREATMENTS
3.3.Measurement of SPAD unit
The data pertaining to SPAD value at different treatments are presented in Table 5.
Table 5. Mean SPAD value for different treatments in the four flushes
	
	1st Flush
	2nd Flush
	Rain Flush
	Autumn Flush

	T1
	52.35
	49.19
	55.66
	47.04

	T2
	43.36
	47.16
	52.34
	42.13

	T3
	44.88
	47.28
	52.02
	45.94

	T4
	49.4
	48.07
	55.01
	44.01


SPAD value was observed to be significantly higher in plants under conventional shade than in rubber tree shade in the first flush. The SPAD values were found to be non-significant in the second flush, rain flush and in the autumn flush.
In the first flush, the SPAD value was found to be highest in T1 (52.35) and lowest in T2 (43.36). T1 and T4 were found to be statistically at par. T1 was found to be significant over T2 and T3. T4 did not vary over T2 and T3. In the second flush, the SPAD value was found to be highest in T1 (49.19) and lowest was found in T2 (47.16). In the rain flush, the SPAD value was found to be highest in T1 (55.66) and lowest was found in T3 (52.02).In the autumn flush, the SPAD value was found to be highest in T1 (47.04) and lowest was found in T2 (42.13).






FIG. 4. SPAD VALUE FOR DIFFERENT TREATMENTS IN THE FOUR FLUSHES
3.4.Chlorophyll content (Chlorophyll a, b and total chlorophyll) 
Using destructive method (DMSO):
Chlorophyll content in the pluckable shoots under different treatments was determined
Table 6. Chlorophyll content (mg/g) of tea leaves under different treatments
	
	Chl a
	Chl b
	Total Chl
	Chl a: Chl b

	T1
	1.94
	0.84
	2.78
	2.32

	T2
	1.35
	0.69
	2.04
	1.96

	T3
	1.52
	0.71
	2.23
	2.16

	T4
	1.89
	0.84
	2.72
	2.26


From Table6., it has been revealed that the chlorophyll a, chlorophyll b and total chlorophyll content of tea leaves was found to be significant in all the cases. The highest chlorophyll a (1.94 mg/g) was found in T1 and chlorophyll b (0.84 mg/g) was found in T1 as well as T4. Lowest chlorophyll a (1.35 mg/g) and chlorophyll b (0.69 mg/g) was recorded under T2. 
The total chlorophyll was found to be highest in T1 (2.78 mg/g) and lowest in T2 (2.04 mg/g). The ratio of chlorophyll a to chlorophyll b was found to be highest in T1 (2.32 mg/g) and lowest in T2 (1.96 mg/g). Chlorophyll a and chlorophyll b content was recorded to be higher in conventional shade than in rubber tree shade thereby increasing the total chlorophyll content in the leaves.

FIG. 5. CHLOROPHYLL a, CHLOROPHYLL b and TOTAL CHLOROPHYLL OF TEA LEAVES UNDER DIFFERENT SHADE TREATMENTS

FIG. 6. THE RATIO OF CHLOROPHYLL a: CHLOROPHYLL b OF TEA LEAVES UNDER DIFFERENT SHADE TREATMENTS
Using non-destructive method (SPAD Meter):
The total chlorophyll content of tea leaves for different treatments and flushes are presented in table 7. 
Table 7. Mean Total Chlorophyll (µg cm-2) content of tea leaves under different treatments
	
	1st FLUSH
	2nd FLUSH
	RAIN FLUSH
	AUTUMN FLUSH

	T1
	57.50
	52.70
	58.99
	54.65

	T2
	44.81
	52.80
	58.21
	41.67

	T3
	46.13
	51.13
	58.95
	44.46

	T4
	51.17
	53.57
	60.19
	47.53


Table 7. reveals that in the first flush, the total chlorophyll content was found to be highest in T1 (57.50 µg cm-2) and lowest chlorophyll content was found in T2 (44.81 µg cm-2). T1 and T4 were found to be statistically at par. T1 was found to vary significantly over T2 and T3. T4 was found to be statistically at par with T2 and T3. In the second flush, the highest total chlorophyll was found in T4 (53.57 µg cm-2) and lowest was found in T3 (51.13 µg cm-2). While the treatments in the second flush did not vary significantly over control. In the rain flush, the highest total chlorophyll was found in T4 (60.19 µg cm-2) and lowest was found in T2 (58.21 µg cm-2). The treatments of the rain flush did not vary significantly over control. In the autumn flush, the highest total chlorophyll was found in T1 (54.65 µg cm-2) and lowest was found in T2 (41.67 µg cm-2). T1 was found to be significant over T2, T3 and T4. T2, T3 and T4 were all found to be statistically at par.

FIG. 7. PERCENTAGE CHANGE IN TOTAL CHLOROPHYLL CONTENT OF TEA LEAVES UNDER DIFFERENT SPACING OF RUBBER TREE SHADE OVER CONTROL (Albizzia chinensis)
4.  DISCUSSION
4.1. Photosynthetically Active Radiation (PAR) using Line Quantum Sensor
The spectral region of solar radiation between 400 and 700 nanometers where photosynthesis occurs is known as Photosynthetically Active Radiation (PAR). Barman et al., (2008) established that the optimum light saturation point (1200µmol m-2 s -1) was required for the maximum rate of photosynthesis. Depending on the latitude and time of day, PAR can occasionally vary.In the present study, IPAR values were observed to be higher for the plants under Albizzia chinensis shade. The leaves of the lower canopy of tea plants did not receive direct sunlight since the top canopy leaves obscured them, which resulted in a lower transmitted PAR value than incident PAR. These findings are in conformity with Wijeratne et al. (2008), who reported that the uppermost leaves in the canopy received the full sunshine, but leaves that were present 15 cm below the canopy received only 8–12 per cent of the PAR that the topmost leaves received. They also observed changes in different shade treatments.
The Incident Photosynthetically Active Radiation (IPAR) is the IPAR that falls on the canopy of Albizzia chinensisand rubber tree.The IPAR varied between (238.81-52.2 µmol m-2 s-1)in the first flush and between (740.45- 173.6 µmol m-2 s-1) in the second flush. Similarly, IPAR varied between (432.61 - 69.39 µmol m-2 s-1) in the rain flush and between (463.02-50.12 µmol m-2 s-1) in the autumn flush. The Intercepted Photosynthetically Active Radiation (ipar) in percentage is the PAR absorbed by the tea bushes after passing through the canopy of shade trees. In the first flush the value ranged from 90.03% to 77.39% and in the second flush it ranged from 91.14% to 83.01%. In the rain flush, the ipar value ranged from 82.19% to 80.84% and in the autumn flush the value ranged from 91.73% to 81.76%. The highest ipar(%) was found to be underAlbizziachinensisshade as compared to rubber tree shade under different spacings. This may be due to optimum shading under Albizzia chinensis and over-shading under rubber trees.
4.2.Percent of light transmission using Lux Meter:
The tea plant is basically umbraphillic in nature. The optimum light requirement for maximum photosynthesis varies from place to place. Shade tree plantation at optimum density interrupts the direct sunrays and provides adequate light i.e. 50-70 per cent of total sunlight which enhances photosynthesis rate by about 24 per cent compared to fully exposed leaves.
The light transmitted through the canopy of shade tree bushes is the incident light falling on the tea bushes. The data revealed that percentage of light incidence on tea bushes (or per cent of light transmission through shade trees) in the first flush varied from 28.63 % to 5.68 %. Similarly, in the second flush the percentage of light incidence on tea bushes ranged from 49.06 % to 7.50 %. In the rain flush, percentage of light incidence on tea bushes was found to vary from 48.09 % to 5.98 %. In the autumn flush, the percentage of light incidence on tea bushes varied from 29.38 % to 3.39 %. The percent of light incidence was found to be highest in Albizzia chinensis followed by rubber in the sequence of (12m x 5.5m), (9.5m x 5.5m) and (8.5m x 5.5m) spacings. The study also revealed that in the first flush, the per cent of light transmission through tea bushes was found to vary from 5.45 % to 2.24 %. In the second flush, the per cent of light transmission through tea bushes was found to be in the range of 6.06 % to 2.34 %. In the rain flush, the per cent of light transmission through tea bushes was found to vary between 8.75 % - 5.38 % and in the autumn flush, the per cent of light transmission through tea bushes was found to vary from 4.65 % to 1.66 %. The per cent of light transmission (%) through tea bushes varied in each treatment. The highest value was found to be in tea-rubber intercropping with the spacing of (8.5 x 5.5 m), followed by the spacing of (9.5 x 5.5 m) and (12 x 5.5 m). The lowest value was found to be in tea under Albizzia chinensis shade. Thus, crown architecture of tree species affect light infiltration (Issac et al., 2007)
Shade trees are planted for optimum light intensity to pass through for proper growth and development of tea. Light passes through the canopy of shade trees and reaches the tea bush. Albizzia are characterized by a large, sparse and spreading crown which had allowed for more evenly distributed sun rays to reach the tea leaves (Anim-Kwapong, 2003). In case of Albizzia chinensis, as this shade tree has a single layer canopy with small leaflets, it allows sunlight to penetrate in the form of sun flecks and thus sufficient amount of light reaches the tea canopy. In the presence of optimum light, these tea bushes grew vigorously focusing on the plant’s overall growth and development, and also leading to produce good amount of pluckable shoots for harvesting. As maximum amount of light was received by tea, it utilized the light in the growth and development, thus maximum amount of light received was utilized by the plant, so very less amount of light reaches below the canopy through transmission. This is the reason why per cent of light transmission is low in tea- Albizzia chinensis as compared to tea-rubber. In case of rubber, as it has a very thick layered canopy along with dense spacings in T2 and T3, followed by T4; light penetration was very low, due to which the tea bushes did not receive sufficient amount of light to utilize for proper growth and development, which was seen in the pluckable shoots production. Due to lack of optimum light, the functioning of tea plants was found to be hampered and thus most of the light was transmitted below the canopy and thus got wasted.
4.3.Measurement of SPAD unit
By utilizing the benefit of the properties that absorbance maxima of chlorophyll are present in the blue (400-450nm) and red (600-700nm) areas and its lack of absorbance in the near infrared regions, SPAD can measure the absorbance of leaves in the red and near infrared regions.
It was observed that in the first flush, the SPAD value was found to range between 52.35-43.36. In the second flush, the SPAD value was found to vary from 49.19 to 47.16. In the rain flush, the SPAD value was found to vary from 55.66 to 52.02. Similarly, in the autumn flush, the SPAD value ranged from 47.04 to 42.13. Moreover, greater SPAD values were recorded in the plants under conventional shade as compared to the plants under rubber tree shade. It could be because of the conventional shade treatment that provides the ideal shading and thus increased chlorophyll content played a part in this as well. According to Kumar et al. (2002), there is a positive association between the SPAD value and the chlorophyll concentration of tea leaves, which in turn accelerates the process of photosynthesis. These results are also in support of Sano et al. (2018) who found that in covering culture, SPAD values and chlorophyll concentrations were higher in contrast to open culture. Chlorophyll is a significant pigment that captures light for the process of photosynthesis. Shading can alter the microenvironment of tea trees, involving changes to environmental elements including light intensity, light quality, temperature, and humidity that encourage the buildup of chlorophyll in tea leaves (Chen et al., 2021).
4.4.Chlorophyll content (Chlorophyll a, b and total chlorophyll)
Chlorophyll is a complex molecule containing Magnesium and phytol (a long chain alcohol as an integral part of its structure).  Shade has a differential effect on the chlorophyll content of tea plants. It was reported that shade consistently increased the chlorophyll content in some clones and in others it has little effect (Silva and Sivapalan, 1982).Chlorophyll content in the pluckable shoots under different treatments was found to be different. The highest chlorophyll a (1.94 mg/g) was found to be under conventional shade in T1 and the highest chlorophyll b (0.84 mg/g) was found to be in T1 as well as T4. Lowest chlorophyll a (1.35 mg/g) and chlorophyll b (0.69 mg/g) was recorded under T2. Moreover, the total chlorophyll was found to be highest under conventional shade in T1 (2.78 mg/g) and lowest in T2 (2.04 mg/g). The ratio of chlorophyll a to chlorophyll b was found to be highest in T1 (2.32 mg/g) and lowest in T2 (1.96 mg/g). Chlorophyll a and chlorophyll b content was recorded to be higher in conventional shade than in rubber tree shade thereby increasing the total chlorophyll content in the leaves. These results are in conformity with the findings of 
Chen et al. (2021) where they observed that following shade, the reduction in light intensity had an impact on the transcription of CsHY5 and CsPIF7-1, which in turn controlled the expression of the gene responsible for producing chlorophyll, CsPORL-2, and results in the buildup of chlorophyll in tea leaves. The chlorophyll content of tea leaves increases significantly after shading treatment and decreasing light intensity can induce the accumulation of chlorophyll in new shoots (Chen et al., 2021). However, if the degree of shading continues to increase, tea plants exposed to long-term shading (100% shading rate) will start to exhibit a yellowing phenotype. Chen et al. treated tea plants with 2 weeks of shading (100% shading rate) and revealed the degradation of chlorophyll in tea leaves, which resulted in yellow leaves (Chen et al., 2017).
In addition to total chlorophyll content, the ratio of chlorophyll a to b is a key parameter that indicates the shade tolerance of the species, that is, shade tolerant species exhibits a lower ratio compared to their counterparts exposed to high light conditions (Yamazaki et al., 2005). Low Chlorophyll a:b ratio indicates that the proportion of chlorophyll b is higher than that of chlorophyll a in order to enhance blue light absorption under low light condition (Tran, 2018).
CONCLUSION
The study generated a considerable amount of important information on the effect of Albizzia chinensis shade and rubber tree shade on physical parameters.
Incident Photosynthetically Active Radiation values were observed to be higher for the tea plants under Albizzia chinensis shade and similar results were observed for ipar (%)also.The percent of light incidence on the tea bushes was found to be highest under Albizzia chinensis shade followed by rubber shade in the sequence of (12m x 5.5m), (9.5m x 5.5m) and (8.5m x 5.5m) spacings. But in case of per cent of light transmission through the tea canopy, the highest value was found to be in tea under rubber tree shade with the spacing of (8.5 x 5.5 m) and the lowest value was found to be in tea under Albizzia chinensis shade.
Greater SPAD values were recorded in the plants under conventional shade as compared to the plants under rubber tree shade.
The total chlorophyll was found to be highest under conventional shade in T1 (2.78 mg/g) and lowest in T2 (2.04 mg/g). The ratio of chlorophyll a to chlorophyll b was found to be highest in T1 (2.32 mg/g) and lowest in T2 (1.96 mg/g). Chlorophyll a and chlorophyll b content was recorded to be higher in conventional shade than in rubber tree shade thereby increasing the total chlorophyll content in the leaves.
The percent available PAR for tea under rubber tree shade (21.34%-6.43%) was found to be relatively less as compared to Albizzia chinensis shade (62.3%-25.32%).
Better performance was noticed under conventional shade which is due to the availability of necessary photosynthetically active radiation and light intensity that maintains the leaf temperature of the tea plants. 
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T1	1st Flush	2nd Flush	Rain Flush	Autumn Flush	52.349999999999994	49.190000000000012	55.660000000000011	47.04	T2	1st Flush	2nd Flush	Rain Flush	Autumn Flush	43.36	47.160000000000011	52.339999999999996	42.13	T3	1st Flush	2nd Flush	Rain Flush	Autumn Flush	44.879999999999995	47.28	52.02	45.94	T4	1st Flush	2nd Flush	Rain Flush	Autumn Flush	49.4	48.07	55.01	44.01	TREATMENTS
SPAD VALUE
Chl a	T1	T2	T3	T4	1.9400000000000179	1.35	1.52	1.8900000000000001	Chl b	T1	T2	T3	T4	0.84000000000000064	0.69000000000000061	0.71000000000000063	0.84000000000000064	Total Chl	T1	T2	T3	T4	2.7800000000000002	2.04	2.23	2.72	TREATMENTS
CHLOROPHYLL CONTENT (mg/g)
chl a: chl b	T1	T2	T3	T4	2.3199999999999967	1.960000000000018	2.16	2.2599999999999998	TREATMENTS
CHL a: CHL b
T1	1st FLUSH	2nd FLUSH	RAIN FLUSH	AUTUMN FLUSH	0	0	0	0	T2	1st FLUSH	2nd FLUSH	RAIN FLUSH	AUTUMN FLUSH	-25.426721600941462	0.18553317000070721	-1.3274418186481598	-27.571878515932248	T3	1st FLUSH	2nd FLUSH	RAIN FLUSH	AUTUMN FLUSH	-22.776852466407131	-2.9923170238576726	-7.9329192349480729E-2	-21.640386715210731	T4	1st FLUSH	2nd FLUSH	RAIN FLUSH	AUTUMN FLUSH	-12.683305573992193	1.655526747698671	2.023423266194424	-15.116807774130701	TREATMENTS
TOTAL CHLOROPHYLL
 (µg cm-2)
IPAR	T1 1st flush	T1 2nd flush	T1 Rain	T1 Autumn	T2 1st flush	T2 2nd flush	T2 Rain	T2 Autumn	T3 1st flush	T3 2nd flush	T3 Rain	T3 Autumn	T4 1st flush	T4 2nd flush	T4 Rain	T4 Autumn	238.81	740.44999999999948	432.61	463.02	62.08	173.6	69.39	50.120000000000012	52.2	227.06	84.51	55.48	135.04	400	360.37	169.23	ipar%	T1 1st flush	T1 2nd flush	T1 Rain	T1 Autumn	T2 1st flush	T2 2nd flush	T2 Rain	T2 Autumn	T3 1st flush	T3 2nd flush	T3 Rain	T3 Autumn	T4 1st flush	T4 2nd flush	T4 Rain	T4 Autumn	90.03	91.14	82.19	91.73	78.989999999999995	84.27	80.84	81.760000000000005	77.39	83.01	81.649999999999991	81.86999999999999	83.64	85.88	81.77	88.45	TREATMENTS

INCIDENT PAR (µmol m-2 s-1)
ipar (%)
T1	1st FLUSH	2nd FLUSH	RAIN FLUSH	AUTUMN FLUSH	28.634430447388091	49.064907562811094	48.09	29.382499999999567	T2	1st FLUSH	2nd FLUSH	RAIN FLUSH	AUTUMN FLUSH	5.6849016692921746	7.4986402140620934	5.9774999999999991	3.38624999999994	T3	1st FLUSH	2nd FLUSH	RAIN FLUSH	AUTUMN FLUSH	5.7460925654737034	9.7789153358423988	6.3024999999999975	4.4062500000000124	T4	1st FLUSH	2nd FLUSH	RAIN FLUSH	AUTUMN FLUSH	13.230271569704231	35.628759154714679	34.4375	16.802499999999789	TREATMENTS
LIGHT INCIDENCE (%)
T1	1st FLUSH	2nd FLUSH	RAIN FLUSH	AUTUMN FLUSH	2.2400000000000002	2.34	5.78	1.6600000000000001	T2	1st FLUSH	2nd FLUSH	RAIN FLUSH	AUTUMN FLUSH	5.45	6.06	8.75	4.6499999999999995	T3	1st FLUSH	2nd FLUSH	RAIN FLUSH	AUTUMN FLUSH	3.58	5.72	7.42	3.94	T4	1st FLUSH	2nd FLUSH	RAIN FLUSH	AUTUMN FLUSH	2.8299999999999987	3.09	5.38	3.42	TREATMENTS
LIGHT TRANSMISSION (%)
