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ABSTRACT 

	Aims: Pruning in tea management reduces plucking heights to manageable levels, rejuvenates the plant and helps in removing diseased/dead branches. However, it leads to loss of crop and black quality decline in the pruning year. Despite the recorded benefits and challenges, influence of pruning on mineral composition of pluckable shoots is not documented. Although in rim-lung pruning the tippings produced lower quality tea compared to the lung leaves, the differences in their mineral composition has not been determined. 
Study design: First trial used split plot design and second trial was set up as factorial two in a randomized complete block design.
Methodology: The study determined the changes in levels of Al, Ca, K, Mg, Mn, Na and P in clonal black tea due to variations in the length of pruning cycle and compared their composition in clonal black tea from lung and tipping leaves in rim-lung pruning using ICPEA.
Results: The tipping leaves had higher (p0.05) K, Mg and P but lower Al, Ca, Mn and Na than the lung leaves, demonstrating that in a single plant nutrients are partitioned differently in tipping and lung leaves. The mineral composition of pluckable shoots in lungs is different from that in tippings in the same plant. The levels of K, Mg, and P declined (p0.05), while levels of Al, Ca, Mn and Na increased (p0.05) as the period from previous pruning increased, demonstrating the nutrients composition in pluckable tea leaves vary with time in a pruning cycle. The variations in the nutrients due to pruning cycle length and rim-lung pruning were different in the tea clones (p0.05), demonstrating that tea clones partition the nutrients differently. These variations could be due to differences in growth rates in tipping and lung leaf, as the length of pruning cycle increased. In most cases, the extent of the variations changed with clones causing clones*pruning interactions (p0.05) effects.
[bookmark: _Hlk213156121]Conclusion: These results demonstrate that in tea leaf analysis advisory systems, the set norms should vary with pruning operations and clones.
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1. INTRODUCTION
The plucking-table height of tea (Camellia sinensis L. O. Kuntze) in normal production rises at a rate of about 20 cm per annum (Mwakha & Anyuka, 1984; Satyanarayana et al., 1994). The table therefore reaches high height of approximately 120 to 150 cm (Willson, 1992) after about 4 year. This reduces plucker productivity low and makes plucking unmanageable (Magambo & Waithaka, 1985). It is therefore It is therefore necessary to reduce the plant height by pruning to low level between 50 and 70 cm (Satyanarayana et al., 1994; Willson, 1992). In most tea producing countries a pruning cycle is usually between 3 to 5 years, depending on plucking intensity (Willson, 1992). Although pruning is an important agronomic input in tea production (Kan et al., 2024; Zhang et al., 2023), it has both desirable and undesirable consequences. In the year of prune, there is usually 3 to 5 months recovery period when the plant is out of production following pruning. Even after recovery from pruning, the production is low as plucking table is not fully developed (De Costa et al., 2009; Kumar et al., 2015). Despite the loss in production, pruning is mandatory in tea production. Apart from height reduction, pruning also rejuvenates the plant to stimulate growth and maintain healthy stem frame (Wijeratne, 2002)). The reduction in height following pruning changes the shoot to root ratio of the plants (Chesney, 2012). This causes changes in growth pattern of the plants as more recently pruned plants grow faster than plants pruned long time ago (Lu et al., 2022; Nissanka et al., 2004). The variations on growth rate cause changes in plant physiology and production of plant metabolites. In green tea production, there is high production of the unsaturated fatty acids in the young leaves leading to production of  alcohols and aldehydes that improve green tea quality (Owuor, 2018). However, in black tea this caused decline in quality (Owuor, 2018; Owuor & Langat, 1988). Indeed, plain black tea quality also declined with closeness from the previous prune (Owuor & Langat, 1988).
In previous studies, nutrients uptake varied with period from last prune (Liu et al., 2022; Zhang et al., 2023). Uptake of N, P, K, Mg were higher in recently pruned tea, while levels of Ca, Al, B, and Co declined (Liu et al., 2022). This observation suggested that there may also be differences in nutrients partitioning in the leaves depending on the duration from previous pruning and this could lead to differences in levels of leaf nutrients in the young leaves of plants. For a long time, the most popular method of pruning was cut-across, in which all foliage was cut-across at a specific height (Figure 1) (Mwakha, 1990; Willson, 1992). Although this formed the basis of early tea development, it was observed that if such pruning was done in a period leading to drought or when root carbohydrates levels were low, there was poor recovery with subsequent loss of many plants (Willson, 1992). Other pruning methods were therefore developed to overcome loss of plants. The new pruning methods left behind some branches growing to continue photosynthesizing during the period the cut braches were recovering from prune (Mwakha, 1990; Nathaniel, 1982). The left branches (called lungs) are removed when the pruned section of the plant have fully recovered and the plant could therefore continuously photosynthesize and produce the necessary carbohydrates enabling it to survive even if pruning was done during bad weather (Bore et al., 2003; Willson, 1992). Currently, the most preferred such pruning if the rim-lung pruning (Figure 2) (Mwakha, 1990).
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	Figure 1: Cut across pruning.
	Figure 2: Lung pruning.



The other advantage of rim-lung pruning is that there is continuous production as lungs are harvested when the pruned half of the bush is still recovering from prune (Mphangwe, 2007; Wijeratne, 2002). Once the previously pruned section has recovered and developed foliage, these are harvested as “tippings”, while the lungs are pruned. Before the lungs are removed, there is a time when a single plant produces leaves from lungs and tippings (Mphangwe, 2007). In a previous study, black tea from lungs produced better quality black tea than tippings (Owuor, 1994). It was however, not documented if nutrients partitioning into the tippings and lungs in a single plant are similar.
Different tea clones respond differently in their recovery from prune (Hossain et al., 2011; Nathaniel, 1982). Indeed the clones also vary in the way they partition dry matter (Burgess & Carr, 1996; Wachira & Ng’etich, 1999) and nutrients (Kamau et al., 2008) in different parts of the plant and nutrients contents of clonal tea leaves of the same age grown under same environment vary (Kamau et al., 2008; Owuor et al., 1990). Clonal tea in different pruning cycle periods could be partitioning nutrients in their harvestable leaves differently. This research determined if the nutrients partitioning of tea clones into harvestable shoots vary with period from previous prune and in lungs and tipping leaves.

2. materialS and methods.

The tea leaves were obtained from the clonal tea museum of the Tea Research Institute of the Kenya Agricultural and Livestock Research Organization (latitude 0o22’S, longitude 35o21’E and altitude 2180m above mean sea level).
In the first trial, leaves were plucked from clones TRFK 6/8 and TRFK 31/8. The trial was designed as split plot design, with clones as the main treatment split for type of leaves (tipping and lungs), replicated three times. The plants were rim-lung pruned in January. After four months, the plants had both tipping and lung leaves. From each plot 100 gm tipping leaves and 100 gm lung leaves were plucked at two leaves and a bud plucking standards. The second trial was set as a factorial two in a randomized complete block design replicated there times. Clones TRFK 6/8, TRFK 31/8 and S15/10 were plucked from tea in year 1, year 2, year 3 and year 4 of the pruning cycle. The leaves were plucked at two leaves and a bud plucking standard. In both trials, from each plot 100gm of leaves were harvested and then oven dried at 80. The leaves were oven dried at 80 overnight. Cooled dry leaves were ground to powder using a coffee grinder, then stored to await analysis.
A modified standard procedure described in AOAC (2000) was adopted for preparation of dried samples for chemical analysis. A powdered dry sample (0.1 gm) was accurately weighed into ashing tubes and kept in a muffle furnace at 450oC for 4.5 hours when a grey-white ash was obtained. The ashed samples were cooled to 25oC before being digested with 0.5mL mixture of double acid (HCl and HNO3 in 1:1 ratio) and hydrogen peroxide in the ratio 2:3 (double acid: hydrogen peroxide in ratio 2:3). The digests were evaporated to complete dryness on a hot plate under low heat and ventilation. The final residues were cooled and then extracted using 25mL of 0.5N HCl solution. The nutrients were determined using simultaneous inductively coupled plasma atomic emission spectrometers the ICPAE-s (Shimadzu, 90000 series, Japan). The results were subjected to statistical analyses using GenStat Program.

3. results 
The changes in nutrients levels in the young tea leaves from tipping leaves and lung leaves in rim-lung pruning of clones TRFK 6/8 and TRFK 31/8 are presented in Tables 1 and 2. Levels of potassium, phosphorous and magnesium were higher (p0.05) in the tippings leaves than in lung leaves, while the reverse was observed in calcium, and aluminum (Table 1. For the micronutrients (Table 2) the lung leaves had higher (p0.05) amounts of manganese than tipping leaves, while the sodium and copper levels were higher (p0.05) in tipping leaves than lung leaves. The levels of aluminum, magnesium (Table 1), sodium, copper, iron and zinc (Table 2) did vary with clones. However, clonal variations (p0.05) were observed in the levels of phosphorous, potassium, calcium (Table 1), and manganese (Table 2) in the lungs and tippings leaves.

Table 1: Comparison of mineral macronutrients and aluminium levels in young lungs and tippings leaves in two tea clones.
	Nutrient
	Clone
	Leaf
	Mean Clone

	
	
	Lungs
	Tippings
	

	P%
	6/8
	0.28
	0.33
	0.39

	
	31/8
	0.26
	0.28
	0.27

	
	Mean leaf
	0.27
	0.31
	

	
	CV(%)
	1.0
	
	2.1

	
	LSD(P0.05)
	0.01
	
	0.02

	
	Interactions
	0.02
	
	

	K%
	6/8
	1.20
	1.58
	1.39

	
	31/8
	1.10
	1.15
	1.12

	
	Mean leaf
	1.15
	1.36
	

	
	CV(%)
	7.5
	
	2.0

	
	LSD(P0.05)
	0.15
	
	0.09

	
	Interactions
	0.15
	
	

	Ca%
	6/8
	0.41
	0.30
	0.35

	
	31/8
	0.35
	0.29
	0.32

	
	Mean leaf
	0.38
	0.30
	

	
	CV(%)
	5.3
	
	2.2

	
	LSD(P0.05)
	0.03
	
	0.02

	
	Interactions
	0.03
	
	

	Mg%
	6/8
	0.15
	0.20
	0.18

	
	31/8
	0.16
	0.17
	0.16

	
	Mean leaf
	0.16
	0.18
	

	
	CV(%)
	1.7
	
	4.3

	
	LSD(P0.05)
	0.01
	
	NS

	
	Interactions
	0.02
	
	

	Al%
	6/8
	0.08
	0.06
	0.07

	
	31/8
	0.08
	0.06
	0.07

	
	Mean leaf
	0.08
	0.06
	

	
	CV(%)
	9.2
	
	10.5

	
	LSD(P0.05)
	0.01
	
	NS


 
There were variations (p0.05) in the nutrients levels in tea leaves due to duration from previous prune (Tables 3 and 4). The levels of the mobile macronutrients (potassium, phosphorous, and magnesium declined (p0.05) as the duration from previous prune increased, while levels of the less mobile nutrients (calcium, and aluminium) increased (p0.05) with increase in durations from the previous prune (Table 3). For the micronutrients, levels of manganese and sodium increased (p0.05), while there were significant changes in levels of copper, iron and zinc due to increasing duration from previous pruning (Table 4).


Table 2: Comparison of mineral micronutrients and sodium levels in young lungs and tippings leaves in two tea clones.
	Nutrient
	Clone
	Leaf
	Mean clone

	
	
	Lungs
	Tippings
	

	Mn%
	6/8
	0.15
	0.13
	0.14

	
	31/8
	0.12
	0.07
	0.09

	
	Mean leaf
	0.13
	0.10
	

	
	CV(%)
	8.4
	
	1.1

	
	LSD(P0.05)
	0.02
	
	0.01

	
	Interactions
	0.02
	
	

	Na%
	6/8
	0.28
	0.28
	0.28

	
	31/8
	0.27
	0.21
	0.24

	
	Mean leaf
	0.27
	0.25
	

	
	CV(%)
	5.3
	
	7.0

	
	LSD(P0.05)
	0.02
	
	NS

	
	Interactions
	0.05
	
	

	Cu ppm
	6/8
	8.33
	10.33
	9.33

	
	31/8
	6.33
	10.00
	8.17

	
	Mean leaf
	7.33
	10.17
	

	
	CV(%)
	17.5
	
	29.2

	
	LSD(P0.05)
	2.45
	
	NS

	Fe ppm
	6/8
	85.0
	95.3
	90.2

	
	31/8
	91.0
	83.3
	87.2

	
	Mean leaf
	88.0
	89.3
	

	
	CV(%)
	8.7
	
	8.7

	
	LSD(P0.05)
	NS
	
	NS

	Zn ppm
	6/8
	7
	9
	8

	
	31/8
	9
	4
	6

	
	Mean leaf
	8
	6
	

	
	CV(%)
	20.0
	
	23.1

	
	LSD(P0.05)
	NS
	
	NS



4. DISCUSSION
Potassium, phosphorous, magnesium, manganese, calcium, aluminum, sodium, copper, iron and zinc are important nutrients for plants (Maathuis & Diatloff, 2013; Pandey, 2015) and in human diets (Malik et al., 2008; Salahinejad & Aflaki, 2010). Availability of these nutrients in plants and food is therefore important. The patterns in responses of the nutrients in lung and tipping leaves were similar to those observed in the partitioning of nutrients in clonal tea in previous studies (Liu et al., 2022; Sun et al., 2023) in which potassium, phosphorous, magnesium and sodium were higher in younger faster growing leaves. However, there were no differences in levels of iron and zinc in the tipping and lung leaves. The results indicate that that same plant partitions nutrient in to young leaves differently depending on the age of the shoot from which the young leaves were plucked. Such partitioning depends on the rates of the shoot growth. Generally the tipping leaves grow faster that than the lung leaves (Kandiah et al., 1984; Mwakha & Anyuka, 1984). The levels of the more mobile nutrients (potassium, phosphorous, magnesium and sodium) (Liu et al., 2022; Sun et al., 2023) tend to be higher in the fast growing tippings while the less mobile nutrients (calcium, aluminum and manganese) are higher in the slower growing lungs. Similar variations in plain black tea quality parameters had been reported, where higher black tea quality were processed in the slow growing lungs tea than tipping leaves (Owuor, 1994).

Table 3: Influence of cultivars and period from last prune on selected clonal tea young leaves mineral macronutrients and aluminium levels.
	Nutrient
	Cultivar
	Year After Prune
	Mean Cultivar

	
	
	1
	2
	3
	4
	

	P%
	31/8
	0.37
	0.28
	0.25
	0.24
	0.28

	
	6/8
	0.34
	0.29
	0.29
	0.28
	0.30

	
	S15/10
	0.30
	0.29
	0.29
	0.23
	0.27

	
	Mean Year
	0.33
	0.28
	0.29
	0.23
	

	
	CV(%)
	
	3.8
	
	
	

	
	LSD(P0.05)
	0.01
	
	
	0.01

	
	Interactions
	
	0.02
	
	
	

	K%
	31/8
	1.50
	1.35
	1.25
	1.23
	1.33

	
	6/8
	1.59
	1.29
	1.26
	1.21
	1.33

	
	S15/10
	1.33
	1.25
	1.25
	1.12
	1.24

	
	Mean Year
	1.47
	1.30
	1.25
	1.18
	

	
	CV(%)
	
	6.5
	
	
	

	
	LSD(P0.05)
	0.08
	
	
	0.07

	
	
	
	
	
	
	

	Ca%
	31/8
	0.31
	0.37
	0.39
	0.39
	0.37

	
	6/8
	0.34
	0.34
	0;37
	0.41
	0.37

	
	S15/10
	0.29
	0.33
	0.35
	0.42
	0.35

	
	Mean Year
	0.31
	0.35
	0.37
	0.41
	

	
	CV(%)
	
	6.10.
	
	
	

	
	LSD(P0.05)
	0.02
	
	
	0.02

	
	Interactions
	
	0.04
	
	
	

	Mg%
	31/8
	0.20
	0.18
	0.16
	0.15
	0.17

	
	6/8
	0.22
	0.17
	0.17
	0.16
	0.18

	
	S15/10
	0.20
	0.19
	0.17
	0.15
	0.18

	
	Mean Year
	0.21
	0.18
	0.17
	0.16
	

	
	CV(%)
	
	7.1
	
	
	

	
	LSD(P0.05)
	0.01
	
	
	NS

	Al%
	31/8
	0.09
	0.09
	0.08
	0.15
	0.10

	
	6/8
	0.07
	0.08
	0.08
	0.09
	0.08

	
	S15/10
	0.08
	0.07
	0.06
	0.06
	0.07

	
	Mean Year
	0.07
	0.08
	0.08
	0.11
	

	
	CV(%)
	
	16.9
	
	
	

	
	LSD(P0.05)
	0.01
	
	
	0.01

	
	Interactions
	
	0.03
	
	
	



Table 4: Effects of cultivars and period from last prune on selected micronutrients and sodium levels in young leaves of clonal tea.
	Nutrient
	Cultivar
	Year After Prune
	Mean Cultivar

	
	
	1
	2
	3
	4
	

	Mn%
	31/8
	0.06
	0.11
	0.14
	0.16
	0.12

	
	6/8
	0.11
	0.12
	0.13
	0.15
	0.13

	
	S15/10
	0.07
	0.09
	0.13
	016
	0.11

	
	Mean Year
	0.08
	0.11
	0.13
	0.15
	

	
	CV(%)
	
	7.5
	
	
	

	
	LSD(P0.05)
	0.01
	
	
	0.01

	
	Interactions
	
	0.02
	
	
	

	Na%
	31/8
	0.28
	0.29
	0.31
	0.31
	0.30

	
	6/8
	0.27
	0.26
	0.20
	0.27
	0.27

	
	S15/10
	0.22
	0.21
	0.26
	0.29
	0.25

	
	Mean Year
	0.26
	0.25
	0.28
	0.30
	

	
	CV(%)
	
	14.0
	
	
	

	
	LSD(P0.05)
	0.04
	
	
	0.03

	Cu ppm
	31/8
	8
	10
	10
	21
	13

	
	6/8
	8
	9
	7
	7
	7

	
	S15/10
	5
	6
	5
	7
	6

	
	Mean Year
	7
	9
	8
	12
	

	
	CV(%)
	
	14.8
	
	
	

	
	LSD(P0.05)
	Ns
	
	
	NS

	
	Interactions
	
	
	
	
	

	Fe ppm
	31/8
	99
	95
	90
	113
	91

	
	6/8
	102
	91
	98
	95
	96

	
	S15/10
	81
	79
	86
	87
	82

	
	Mean Year
	91
	88
	91
	97
	

	
	CV(%)
	
	11.5
	
	
	9

	
	LSD(P0.05)
	NS
	
	
	

	
	Interactions
	
	
	
	
	

	Zn (ppm)
	31/8
	13.0
	11.7
	11.7
	9.3
	11.4

	
	6/8
	11.3
	11.7
	10.3
	9.7
	10.8

	
	S15/10
	7.0
	6.3
	5.0
	9.0
	6.8

	
	Mean Year
	10.4
	9.9
	9.0
	9.3
	

	
	CV(%)
	
	14.3
	
	
	

	
	LSD, P0.05
	NS
	
	
	3.6

	
	Interactions
	
	
	
	
	



Levels of nutrients had been observed to vary in tea varieties (Kan et al., 2024). Indeed such variations have been observed even in black tea quality parameters (Owuor, 2014; Owuor, 2018). Although such variations occurred between clones, the patterns of the variations in lung and tipping leaf varied with clones leading to the significant (p0.05) interactions effects. It is therefore not possible to predict how the changes would be in other clones.
Pruning causes imbalance in the shoot to root ratio of the tea plants (Kandiah et al., 1984). The most imbalanced shoot to root ratio is in the tea plants pruned most recently. After recovery from pruning the plant endeavors to restore shoot to root ratio, thereby growing faster (Zhang et al., 2023). This rate of shoot growth declines as the next pruning period approaches (Nathaniel, 1982; Sun et al., 2023). Such patterns were similar in all clones, although the shoot growth rate varied with clones (Kumar et al., 2015; Zhang et al., 2021). The observed variations in the nutrients in this study mimicked shoot growth rates in the previous studies (Kumar et al., 2015; Zhang et al., 2021). The results were in the same pattern as those observed in the rim-lung pruned tea plants (Table 1), where the lung leaves were actually from sections of the plant that had been pruned four years ago. In previous studies (Owuor & Langat, 1988; Ravichandran, 2004; Zhang et al., 2023), black tea quality varied with duration from previous pruning. The black tea quality improved with increase in duration from previous prune. In these study potassium, phosphorous, and magnesium declined while calcium and aluminum increased as the next pruning time approached.
[bookmark: _GoBack]Although the pattern of change was the same in all clones studied, the rate of decline with age or type of pruning varied. This caused significant (p0.05) interaction effects between clones and period from previous prune in most nutrients, except magnesium. Thus the extents of the changes seem clonal specific and rate observed in one clone may not be used to predict possible extent of change in another clone. Such differences in the rates of changes observed in this study were similar to what had been observed in the rates of recovery from prune in different clones (Mphangwe, 2007; Nathaniel, 1982).
Tea leaves can be characterized by the nutrients contents (Karak & Bhagat, 2010; McKenzie et al., 2010; Wolf, 1982). The levels in first mature leaf have been used in Sri Lanka (Gunaratne et al., 2004) and Kenya (Othieno, 1988) and levels in young leaves used in South India (Willson, 1992) to guide fertilizer use advisory system. Such norms have been used irrespective of clones or year in a pruning of cycle.

5. Conclusion

The pattern of change was the same in all clones studied, the rate of decline with age or type of pruning varied. This caused significant interaction effects between clones and period from previous prune in most nutrients, except magnesium. The results presented here indicate that norms need to be both clonal and year of prune specific to be accurate and reliable guide in the leaf analysis advisory systems.
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