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Supplementary Figure 1. PRISMA flow diagram. PRISMA flow diagram depicting the number of articles identified, screened, assessed for eligibility, and included in the systematic review synthesis. 






Supplementary Tables
Supplementary Table 1. Systematic review search terms. This table lists the terms used in the systematic review literature search to answer the question: What are effects of environmental variation related to climate change on tea quality?





Supplementary Table 2. Effects of seasonality on tea quality
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Supplementary Table 5. Effects of light factors on tea quality 
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Supplementary Table 6. Effects of altitude on tea quality 
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Supplementary Table 7. Effects of herbivory and microbes on tea quality
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Supplementary Table 8. Effects of Temperature on Tea Quality 
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Microsoft_Excel_97_-_2004_Worksheet1.xls
Table 1 Search Terms

		Table 1. Search terms used in the systematic review to answer the question: What are effects of environmental variation on tea quality?

		tea OR		AND		“climate change” OR “global warming" OR				AND		antioxidant*

		“camellia sinensis” OR				“horticultural condition*” OR						caffeine

		camellia*				season OR						phytochemical*

		“green tea” OR				OR		spring				catechin*

		pu-erh OR pu’erh OR						monsoon				theaflavin

		oolong				“Solar radiation”						theanine

		NOT (rooibos OR "Aspalathus linearis")				OR		UV OR “UV quantity” OR				flavonol

								“length of daylight” OR “day length” OR "sunshine hours"				"secondary metabolite*"

						precipitation						"Aliphatic alcohol*"

						OR		rainfall				“Aliphatic ketone*” 

								drought				“aliphatic aldehyde*”

								flood				“aliphatic ester*”

								“water logging”				“hydrocarbon*”

								saturation				“alkyl acid*”

						geograph* OR “geographic area”						“oxygenated heterocycle*”

						OR		origin				polyphenol*

								latitude				phenol*

								slope				terpen*

								aspect				methylxanthine*

								altitude				α-terpinene

								elevation				γ-terpinene

								temperature				(Z)-jasmone 

						Frost OR freez* OR “chilling hour*”						linalool

						OR		wind				δ-cadinene

								soil				geraniol

						“soil moisture content”						nerolidol

						OR		biomass				α-terpineol

								“soil acidity” OR “soil pH”				indole 

								“total P” OR “available P”				β-ionone

								“total N”				caryophyllene

								“Annual bud-burst” OR “mean bud-burst” OR				"methyl salicylate"

								CO2 or "carbon dioxide"				"benzyl alcohol"

												2-phenylethanol





Seasonality

		Effects of Seasonality on Tea Quality

		Citation		Title		Country		Outcome summary		Total of Studies		Decrease in Catechins + Phenolics with Seasonal Transition from Spring		Increase in Catechins + Phenolics with Seasonal Transition from Spring		Decrease in Caffeine with Seasonal Transition		Increase in Caffeine with Seasonal Transition		Decrease in Terpenoids / Volatiles with Seasonal Transition		Increase in Volatiles + Terpenoids with Seasonal Transition		Decrease in Amino Acids with Seasonal Transition		Increase in  Amino Acids with Seasonal Transition

		Baptista, et al 2014		Value of off-season fresh Camellia sinensis leaves: Antiradical activity, total phenolics content and catechin profiles		Portugal		Total phenolic concentration was higher during the main tea harvest season and lower during the off-harvest season.		1		1		0		0		0		0		0		0		0

		Chen, et al 2010		Photosynthesis, yield, and chemical composition of Tieguanyin tea plants (Camellia sinensis (L.) O. Kuntze) in response to irrigation treatments		Taiwan		Catechin and phenolic concentration varied with season (spring versus autumn) and altitude (350 m and 500 m). Spring and higher altitude tea had higher quality based on tea chemical composition.		1		1		0		0		0		0		0		0		0

		Kottur, et al 2010		Diversity among various forms of catechins and its synthesizing enzyme (phenylalanine ammonia lyase) in relation to quality of black tea (Camellia spp.)		India		Overall quality as evaluated by tea tasters, catechins, and enzyme activity (phenylalanine ammonia lyase) varied over four different seasons (summer, premonsoon, monsoon and winter) with the dry premonsoon summer season having the greatest quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2014		Effects of season and plantation on phenolic content of unfermented and fermented Sri Lankan tea		Sri Lanka		Climate, season, soil fertility, and processing conditions were shown to interactively impact the profile of specific catechins of teas with the spring season being the most favorable for tea quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		1		1		0		0		0		0		0		0		0

		Saikia, 2002		Specific fluctuations in the composition of lipoxygenase- and glycosidase-generated flavors in some cultivated teas of Assam		India		Seasonality variably impacted various tea quality parameters with second-flush spring teas having increased activities of glycosidase and several terpenes, phenolics, and aliphatic compounds bound to glycosides. Conversely, monsoon teas had higher levels		1		1		0		0		0		1		1		0		1

		Saito, 2007		Characterization of the constituents and antioxidant activity of Brazilian green tea (Camellia sinensis var. assamica IAC-259 Cultivar) extracts		Brazil		Spring and summer teas significantly varied on the basis of caffeine content with summer samples had higher levels. However, spring and summer teas did not significantly varied on the basis of catechin contents and antioxidant levels.		1		0		0		0		1		0		0		0		0

		Ahmed et al., 2014		Effects of extreme climate events on tea (Camellia sinensis) functional quality validate indigenous farmer knowledge and sensory preferences in tropical China		China		Concentrations of catechin and methylxanthine secondary metabolites, major compounds that determine tea functional quality, were up to 50% lower during the monsoon while total phenolic concentrations and antioxidant activity increased.		1		1		1		1		0		0		0		0		0

		Xu, 2012		Discrimination of the production season of Chinese green tea by chemical analysis in combination with supervised pattern recognition		China		Levels of free amino acids and catechins in green tea were shown to notably vary from spring to summer with spring being the optimal season for high quality.		1		1		0		0		0		0		0		0		0

		Sud, 2000		Seasonal clonal variations and effects of stresses on qualitychemicals and prephenate dehydratase enzyme activity in tea(Camellia sinensis)		India		Catechins and prephenate dehydratase enzyme activity notably varied with seasonal variation and over various growth flushes with the main spring flush having the highest quality.		1		1		0		0		0		0		0		0		0

		Venkatesan, 2007		Seasonal variations in theaflavins, thearubigins, total colour and brightness of Kangra orthodox tea (Camellia sinensis (L) O Kuntze) in Himachal Pradesh		India		Tea quality as measured by theaflavins, thearubigins, total color, and brightness of green leaves significantly varied seasonally throughout the tea harvest seasons from March to October over four consecutive years. Teas harvested during the 1st and 2nd f		1		1		1		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		0		0		1		1		0		0

		Chen, 2014		Correlation between nitrogen application to tea flushes and quality of green and black teas		Taiwan		Tea quality significantly varied across seasons (spring, summer, and winter) on the basis of total nitrogen content. A negative correlation was found between winter tea and specific catechin compounds (gallic acid, EGC, EC, GCG, and ECG).		1		1		0		0		0		0		0		0		0

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi		1		1		0		1		0		0		0		0		0

		Kowalsick, et al 2014		Metabolite profiling of Camellia sinensis by automated sequential, multidimensional gas chromatography/mass spectrometry reveals strong monsoon effects on tea constituents		China		Numbers and concentrations of individual tea volatiles either increased, decreased or stayed the same with the onset of the monsoon from the spring season during a field experiment. Overall, the spring season was associated with a greater number and conce		1		0		0		0		0		1		1		0		0

		Anasari, et al 2011		Impacts of flushing and fermentation times on the quality of black tea		Iran		Flushing time was found to significantly impact several quality parameters of tea clones including theaflavin, thearubigin, total color, brightness, tannin and caffeine. The early flushing periods had the overall highest quality for most tea clones.		1		1		0		1		0		0		0		0		0

		Tontul, 2012		Comparative study on volatile compounds in Turkish green tea powder: Impact of tea clone, shading level and shooting period		Turkey		Seasonality and flushing period significantly impacted the volatile composition of green tea. 1-hexanol was detected in a trace amount in the 1st shooting period in tea samples while was explicitly determined in the 2nd shooting period. Ethyl benzene, xyl		1		0		0		0		0		1		1		0		0

		Topuz, 2014		Physicochemical properties of Turkish green tea powder: Effects of shooting period, shading, and clone		Turkey		Shooting period significantally impacted almost all tea quality parameters including antioxidant activity, total phenolic concentration, extraction yield, and color. Shading treatment only had an impact on color properties, crude fiber content, and extrac		1		1		0		0		0		0		0		0		0

										18		14		2		3		1		4		4		0		1





Water Stress

		Effects of Water Stress on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Decreased Water		Increase in Catechins + Phenolics with Decreased Water		Decrease in Caffeine with Decreased Water		Increase in Caffeine with Decreased Water		Decrease in Terpenoids / Volatiles with Decreased Water		Increase in Volatiles + Terpenoids with Decreased Water		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Cao, et al 2007		Aromatic constituents in fresh leaves of Lingtou Dancong tea induced by drought stress		China		The number of aromatic constituents in fresh tea leaves was highest under a soil relative water content of 53.90% and lowest under a soil relative water content of 99.75%.		0		0		0		0		0		1

		Chakraborty, et al 2002		Response of Tea Plants to Water Stress		India		Phenol content and activities of phenylalanineammonialyase, polyphenoloxidase, and peroxidase initally increased with drought stress but decreased during extended drought. Concentrations of the amino acid proline increased during drought stress while prot		1		1		0		0		0		0

		Cheruiyot, et al 2007		Polyphenols as Potential Indicators for Drought Tolerance in Tea (Camellia sinensis L.)		Kenya		Declining soil water content over a 12 week period in a rain out shelter significantly reduced growth and total polyphenolic concentrations in tea shoots with variability in amount of fluctuation depending on type of cultivar.		1		0		0		0		0		0

		Cheruiyot, et al 2008		Shoot Epicatechin and Epigallocatechin Contents Respond to Water Stress in Tea [Camellia sinensis (L.) O. Kuntze]		Kenya		In a randomized study, a positive linear correlation was found between soil water content (10-40%) and water stress with the concentration of total catechins and specific individual catechin compounds (epicatechin and epigallocatechin) as measured by HPLC		1		0		0		0		0		0

		Hernandez, et al 2006		Enhanced oxidation of flavan-3-ols and proanthocyanidin accumulation in water-stressed tea plants		Spain		Flavonoid compounds including epicatechin and epigallocatechin gallate accumulated in drought-stressed tea plants in an experimental field station experiment.		0		1		0		0		0		0

		Hrishikesh, et al 2013		Zinc modulates drought-induced biochemical damages in tea [ Camellia sinensis (L) O Kuntze]		India		Total phenolic concentrations of tea leaves increased with drought stress. Concentrations of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll, and total carotenoid (Cx+c) X with drought stress.		0		1		0		0		0		0

		Upadhyaya, 2004		Variation of physiological and antioxidative responses in tea cultivars subjected to elevated water stress followed by rehydration recovery		India		Drought and rehydration significantly impacted constituents associated with tea quality. The levels of chlorophylls, carotenoids, ascorbate and glutathione, and activities of guaiacol peroxidase and glutathione reductase decreased after five days of droug		1		1		0		0		0		0

		Bahattacharya, 2014		Osmotin-expressing transgenic tea plants have improved stress tolerance and are of higher quality		Africa, and South America		Induced osmotic stress resulted in increased levels of flavan-3-ols (EGCg, ECG, EGC, EC, and catechins) and increased activity of ROS detoxifying enzymes.		0		1		0		0		0		0

		Ahmed, 2013		Effects of water availability and pest pressures on tea (Camellia sinensis) growth and functional quality		United States		The effect of water availability and jasmonic acid (proxy treatment for herbivory) on tea quality varied with individual secondary metabolites. Higher water availability significantly lowered concentrations of epicatechin 3-gallate and increased total met		0		1		0		0		0		0

		Upadhyaya, 2010		CaCl2 improves post-drought recovery potential in Camellia sinensis (L) O. Kuntze		India		This study found there was an increase in dry mass, prolin, and phenolic content of tea leaf with decrease in water and lipid peroxidation and increased activities of enzymes such as SOD, CAT, POX and GR in response to increased foliar CaCl2 concentration		0		1		0		0		0		0





Geography - Location

		Effects of Geographic and Argo-climatic  Factors on Tea Quality

		Citation		Title		Country		Outcome summary		Total No of Studies		Change in Catechins + Phenolics with Geography		Change in Caffeine with Geography		Change in Terpenoids / Volatiles with Geography		Change in Amino Acids with Geography		Change in  Flavor with Geography

		Bhuyan, et al 2013		Polyphenolic compounds and antioxidant activity of CTC black tea of North-East India		India		This study showed that geography notably impacted tea quality with tea samples from Upper Assam, North Bank, and South Bank having higher quality tea than other regions with respect to theaflavins, thearubigins, and tasters'perception of quality compared		1		1		0		0		0		0

		Borse, et al 2002		Fingerprint of black teas from India: identification of the regio-specific characteristics		India		This study demonstrates that tea quality varies with geography based on theaflavins, colour, caffeine, total soluble solids, and viscosity.		1		1		1		0		0		0

		Lee, et al 2015		Metabolic unveiling of a diverse range of green tea (Camellia sinensis) metabolites dependent on geography		Korea		Multivariate statistical analysis revealed strong inter-country and inter-city relationships for the levels of theanine and catechin derivatives found in green and white teas.		1		1		0		0		1		0

		Bhuyan, 2009		Chemical characterization of CTC black tea of northeast India: correlation of quality parameters with tea tasters' evaluation		India		This study found that overall tea quality as evaluated by tea tasters was highest for Brahmaputra valley teas in Northeast India followed by Dooars region and Barak valley teas. Tea taster flavor evaluation corresponded with higher levels of theaflavins,		1		1		0		0		0		1

		Li, 2007		Comparative studies on the qualities of green teas in Karst and non-Karst areas of Yichang, Hubei Province, PR China		China		Comparison of green teas from Karst and non-Karst areas of Hubei Province in China showed that tea samples from Karst areas had statistically lower content of tea polyphenols while amino acids and caffeine contents were not statistically significant.		1		1		0		0		0		0

		Lee, et al 2015		Comparative studies on the qualities of green teas in Karst and non-Karst areas of Yichang, Hubei Province, PR China		China		The results showed that some qualities of green tea from the Karst region, such as a higher content of L-proline and a lower contents of aluminum and fluoride were beneficial. Other qualities of green tea from the Karst region, for example, the lower cont		1

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		1		1		0		1		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		1		0		0

										8		6		2		1		2		1





Temperature

		Effects of Temperature on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Temperature		Increase in Catechins + Phenolics with Increased Temperature		Decrease in Caffeine with Increased Temperature		Increase in Caffeine with Increased Temperature		Decrease in Terpenoids / Volatiles with Increased Temperature		Increase in Volatiles + Terpenoids with Increased Temperature		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Yao, 2005		Seasonal variations of phenolic compounds in Australia-grown tea (Camellia sinensis)		Australia		Tea quality as determined by key catechin compounds (EGCG, ECG, and CG) was higher during warm months (April and May) and lower during cool months (July, August, and September).		0		1		0		0		0		0		0		0

		Wang, 2011		Seasonal climate effects on flavanols and purine alkaloids of tea (Camellia sinensis L.)		China		Increased daily average temperatures resulted in an increase in some quality parameters and a decrease in other quality parameters. Specifically, increased temperatures were assocaited with an increase in (-)-epigallocatechin (EGC), (-)-epicatechin (EC),		1		1		0		0		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		0		1		0		0		0		1		1

		Wei, 2011		Catechin contents in tea ( Camellia sinensis) as affected by cultivar and environment and their relation to chlorophyll contents		China		Correlation analysis indicated that (+)-catechin was the major catechin fraction significantly correlated with climate factors and chlorophyll contents. Moreover, chlorophyll contents were significantly influenced by climate factors, with the highest corr		1		0		0		0		0		0		0		0





Herbivory

		Effects of Herbivory and Pathogens on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Herbivory		Increase in Catechins + Phenolics with Increased Herbivory		Decrease in Caffeine with Increased Herbivory		Increase in Caffeine with Increased Herbivory		Decrease in Terpenoids / Volatiles with Increased Herbivory		Increase in Volatiles + Terpenoids with Increased Herbivory		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Chakraborty, et al 2004		Impact of environmental factors on infestation of tea leaves by Helopeltis theivora and associated changes in flavonoid flavor components and enzyme activities		India		Insect attack by Helopeltis theivora led to an increase in the activities of the oxidative enzymes peroxidase, ascorbate peroxidase and polyphenol oxidase as well as a significant decrease in some catechins and other polyphenols in certain tea varieties.		1		0		0		0		0		0

		Dong, et al 2011		Herbivore-Induced Volatiles from Tea (Camellia sinensis) Plants and Their Involvement in Intraplant Communication and Changes in Endogenous Nonvolatile Metabolites		Japan		Principal component analysis of metabolites in undamaged tea leaves exposed or not to HIPV suggests that external signaling via HIPV may lead to more drastic changes in the metabolite spectrum of tea leaves than internal signaling via vascular connections

		Han, et al 2002		Composition of the volatiles from intact and tea aphid-damaged tea shoots and their allurement to several natural enemies of the tea aphid		China		Tea aphid damaged tea shoots emitted volatile synomones.		0		0		0		0		1		0

		Ponmurugan, 2007		Morphological, Physiological and Biochemical Changes in Resistant and Susceptible 
Cultivars of Tea in Relation to Phomopsis Disease		India		All growth characteristics, physiological and biochemical parameters were reduced significantly in plants with phomopsis disease rather than healthy plants.		1		0		0		0		0		0

		Singh, 2010		Enhancement in growth and quality parameters of tea [Camellia sinensis (L.) O. Kuntze] through inoculation with arbuscular mycorrhizal fungi in an acid soil		India		The innoculation of arbuscular mycorrhizal fungi in acidic soils of tea gardens resulted a significant increase in most tea growth and quality parameters compared to the noninoculated plants. Specifically, tea from innoculated soil showed higher levels of





Elevation - Altitude

		Effects of Altitude on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Altitude		Increase in Catechins + Phenolics with Increased Altitude		Decrease in Caffeine with Increased Altitude		Increase in Caffeine with Increased Altitude		Decrease in Terpenoids / Volatiles with Increased Altitude		Increase in Volatiles + Terpenoids with Increased Altitude		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Abeywickrama, et al 2010		Oral hypoglycaemic, antihyperglycaemic and antidiabetic activities of Sri Lankan Broken Orange Pekoe Fannings (BOPF) grade black tea (Camellia sinensis L.) in rats		Sri Lanka		Hypoglycaemic and antihyper- glycaemic activities of tea did not differ with respect to agroclimatic elevation, although there were differences in the content of phyto-constituents with elevation.		0		0		0		0		0		0

		Chen, et al 2014		Catechin content and the degree of its galloylation in oolong tea are inversely correlated with cultivation altitude		Taiwan		Catechin content and the degree of catechin galloylation in oolong tea infusions and their fresh tea leaves were inversely correlated to the cultivation altitude (200 m, 800 m, and 1300 m).		1		0		0		0		0		0

		Ohno, 2011		Characterization of Tea Cultivated at Four Different Altitudes Using 1H NMR Analysis Coupled with Multivariate Statistics		Japan		Tea quality was found to vary between four cultivation areas in Sri Lanka that have different elevations (1800 m, 1200 m, 600 m, and 300 m). Theaflavins, theanine, and caffiene levels were higher in the black teas derived from the higher elevation while l		0		1		0		1		0		0

		Abeywickrama, 2010		Oral diuretic activity of hot water infusion of Sri Lankan black tea (Camellia sinensis L.) in rats		Sri Lanka		Sri Lankan BOPF grade black tea from three elevations significantly increased cumulative urine output, compared with the control. Furthermore, low (26%), mid (35%), and high (49%) doses of high grown BTI increased their cumulative urine output dosedepende

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi





Light - UVB Irradation

		Effects of Light Factors on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Light		Increase in Catechins + Phenolics with Increased Light		Decrease in Caffeine with Increased Light		Increase in Caffeine with Increased Light		Decrease in Terpenoids / Volatiles with Increased Light		Increase in Volatiles + Terpenoids with Increased Light		Decrease in Amino Acids with Increased Light		Increase in Amino Acids with Increased Light

		Zhang, 2014		Metabolic Analysis Using Ultra-Performance Liquid Chromatography-Quadrupole-Time of Flight Mass Spectrometry (UPLC-Q-TOF MS) Uncovers the Effects of Light Intensity and Temperature under Shading Treatments on the Metabolites in Tea		China		The comparison showed a greater effect of temperature on galloylation of catechins than light intensity and temperature.

		Ku, 2010		Metabolomics analysis reveals the compositional differences of shade grown tea ( Camellia sinensis L.)		Japan		This provides evidence on the effects of shade on the chemical composition of green tea and associated flavor profile including increased shade resulting in tea with a higher umami profile and less astringent taste.

		Song, 2012		Correlation between leaf age, shade levels, and characteristics beneficial for natural constituents of tea (Camellia sinensis) grown in Hawaii		Hawaii(USA)		The concentration of L-theanine and caffeine decreased as leaf age increased moving from bud to first and then second leaf, while the concentration of the four catechins increased from the bud to first and second leaves. In most cases this increase was ge

		Deng, 2012		Effect of shade treatment on theanine biosynthesis in Camellia sinensis seedlings		China		Total free amino acid content was significantly increased by shading treatment.		0		0		0		0		0		0		1		0

		Lee, 2012		Metabolomic Analysis of the Effect of Shade Treatment on the Nutritional and Sensory Qualities of Green Tea		Korea		This study demonstrated that the application of shade treatment increased quercetin-galactosylrutinoside, kaempferol-glucosylrutinoside, epicatechin gallate, epigallocatechin gallate, tryptophan, phenylalanine, theanine, glutamine, glutamate, and caffeine		1		1		1		0		0		0		1		0

		Zheng, 2008		Effect of ultraviolet B irradiation on accumulation of catechins in tea (Camellia sinensis (L) O. Kuntze)		China		Total concentrations of tea catechins increased at low UV-B influence rates but decreased at high UV-B influence rates. The effect of UV-B varied with type of tea cultivar.		1		0		0		0		0		0		0		0





Soil and Nutrients-Fertilizer

		Effects of Soil and Nutrient Management on Tea Quality

		Citation		Title		Country		Outcome summary		Change in Catechins + Phenolics with Soil Management		Change in Caffeine with Soil Management		Change in Terpenoids / Volatiles with Soil Management		Change in Amino Acids with Soil Management

		Duan, et al 2012		Bioactive ingredient levels of tea leaves are associated with leaf Al level interactively influenced by acid rain intensity and soil Al supply		China		Al assimilation and accumulation in plants were slightly promoted by acid rain with addition of 0.5 g kg-1 Al in soil, while inhibited with addition of 1.0 g kg-1 Al in soil. Al levels in tea shoots, leaves and roots were higher in the treatments with ele

		Hajiboland, et al 2013		Mechanisms of aluminum-induced growth stimulation in tea (Camellia sinensis)		India		Shoot growth, root biomass, and total root length were all positively related to root Al concentrations. Chlorophyll a, carotenoid concentrations, and net assimilation rates were enhanced by Al supply in the young leaves, but not in the older leaves. Acti

		Mukhopadyay, 2012		Changes of growth, photosynthesis and alteration of leaf anti-oxidative defense system of tea [Camellia sinensis (L.) O. Kuntze] seedlings under aluminum stress		India		Al concentrations at lower levels promoted growth but at elevated states was a stressor.

		Sae-Lee, 2012		Chemical qualities and phenolic compounds of Assam tea after soil drench application of selenium and aluminum		Thailand		Selenium and Aluminum promoted the ascorbic acid, chlorophylls, carotenoids, total phenolics, and proline contents of tea leaves. The high chemical quality and highest phenolic content were found in tea leaves receiving 50 ppm of Se. The highest catechins

		Chen, 2011		Aluminum and nutrients induce changes in the profiles of phenolic substances in tea plants (Camellia sinensis CV TTES, No. 12 (TTE))		Taiwan		Al concentration in tea plants increases catechin concentrations and plays a large role in growth.

		Mukhopadhyay, 2013		Structural, physiological, and biochemical profiling of tea plants  under zinc stress		India		Zinc deficiency and excess resulted in considerable decreases in shoot and root masses (fresh and dry). Zinc stress decreased net photosynthetic rate, transpiration rate, stomatal conductance, and the content of chlorophylls a and b. Superoxide anion, mal

		Hemalatha, et al 2011		Impact of iron toxicity on certain enzymes and biochemical parameters of tea		India		Iron increases activity of enzymes (amylase, invertase) to an extent, but at very high concentrations it was found harmful to plants, eventually leading to their death.

		Ruan, 2007		Effect of root zone pH and form and concentration of nitrogen on accumulation of quality-related components in green tea		Germany		Concentrations of free amino acids were higher in NH4+ than in NO3- fed plants. Root zone pH did not influence concentrations of most free amino acids in young shoots, with the exception of theanine. Theanine increase at low pH (4.0) irrespective of N for

		Ruan, 2010		Impact of nitrogen supply on carbon/nitrogen allocation: A case study on amino acids and catechins in green tea [Camellia sinensis (L.) O. Kuntze] plants*		Germany and the Netherlands		Accumulation of amino acids and polyphenols depended strongly on nitrogen status, and the balance shifted toward increasing synthesis of amino acids associated with enhanced growth, while investment of carbon in secondary metabolites did not change propor

		Han, 2008		Nitrogen release dynamics and transformation of slow release fertiliser products and their effects on tea yield and quality		China		Slow release nitrogen fertilizers can increase N use efficiency and improve tea growth. This improved the profit margin and possibly reduced environmental pollution.

		Hamid, et al 2013		Effect of different levels of nitrogen on the chemical composition of tea (C. sinensis L) grown at higher altitude		Pakistan		TP increased significantly by the application of 180 kg N ha-1. The EGC, EC contents increased up to certain level with the increase of nitrogen and then declined after the application of 180 kg ha-1. The nitrogen level did not affect the caffeine content

		Venkatesan,2004a		Impact of sources and doses of potassium on biochemical and greenleaf parameters of tea		India		Different sources and levels of potassium were tested against carotenoids, chlorophyll, polyphenols, catechins, amino acids, and nutrients (P, MG, Zn, K, N). The relationship between polyphenols and carotenoids with amino acids was inversely proportional.

		Venkatesan,2006		Quality standards of CTC black teas as influenced by sources of potassium fertiliser		India		Quality aspects of crush, tear, and curl (black tea) was measured against different sources of potassium fertilizer. Potassium as muriate of potash improved liquor components (TF, TR, and TF/TR ratios at higher levels). Removal of K fertilizer drastically

		Ruan, et al 2013		Potassium management in tea plantations: Its uptake by field plants, status in soils, and efficacy on yields and quality of teas in China		China		The quality of harvested shoots was improved by K-fertilizer application as revealed by increased concentrations of free amino acids, water-extractable dry matter, and total polyphenols.

		Venkatesan, 2007		Influence of excess manganese on certain antioxidant enzymes and biochemical parameters of tea		India		High manganese levels in soils led to plant nutrient imbalances, decreases in amino acids, chlorophyll, and carotenoid content.

		Hu, 2003		Effect of selenium on the yield and quality of green tea leaves harvested in early spring		China		Selenite or selenate were applied to foliage. Number of sprouts and yield were significantly  increased (p<0.05) by the application of selenium. Sweetness and aroma were also enhanced, bitterness decreased. No differences in these between selenite or sele

		Ruan, 2012		Magnesium nutrition on accumulation and transport of amino acids in tea plants		China		Adequate supply of Magnesium (Mg) nutrient upped the creation of theanine in roots and its accumulation in young shoots. Mg nutritional status greatly influenced the mobility of amino acids and sugars (via xylem and phloem) especially when nitrogen and ca

		Jayaganesh, 2010		Impact of magnesium sulphate on biochemical and quality constituents of black tea		India		Amino acid content increased with soil application of magnesium. 50% potassium reduction fields reduced the amino acid content. The catechins content increased in soils with 300kg applied magnesium treatment and then decreased in 50% reduction of potassiu

		Jayaganesh, 2011		Impact of different sources and doses of Magnesium Fertilizer on Biochemical Constituents and Quality Parameters of black Tea		India		Different sources of magnesium fertilizers were compared to biochemical parameters. Amino acid and polyphenols increased with magnesium sulphate application while chlorophyl content and carotenoids were higher in magnesium sulphate applied blocks. Catechi

		Lin, 2011		Effects of phosphorus supply on the quality of green tea		China		Varying levels of phosphorus fertilizer was applied to identical tea plants. Dry weight increased with phosphorus levels. P-deficient green tea showed decreased concentrations of water, total polyphenols, flavonids, amino acids, theanine and aspargic acid

		Ruan, 2007		Effect of alternative anions (Cl- vs. SO42-) on concentrations of free amino acids in young tea plants		China		Soil-grown tea plants supplied with different levels of potassium (K) as K2SO4 or KCl exhibited increased concentrations of free amino acid in young shoots only when supplied with K2SO4, and the negative effect of KCl supply was mainly due to a reduced co

		Hajiboland, et al 2011		Effect of light intensity on photosynthesis and antioxidant defense in boron deficient tea plants		Iran		Up-regulation of C and N metabolism, anti-oxidative defenses, and overall enhancement of Boron uptake and transport were indicators for growth improvement of Boron-deficient plants by Al supplementation.

		Hajiboland, et al 2011		Aluminum alleviates boron-deficiency induced growth impairment in tea plant		Iran		Growth of B-deficient plants was completely resumed by Al supplementation or even surpassed control plants regarding shoot biomass. Photosynthetic rate was negatively influenced by low B supply and Al treatment increased it up to the level of the control

		Sedaghathoor, 2009		Yield and quality response of tea plant to fertilizers		Iran		Yield and quality were measured against different applications of nitrogen, potassium, magnesium and micronutrient fertilizers.  % of tannin, water extracts and caffeine was also measured. Micronutrient application (esp. magnesium and zinc sulphate) had s

		Venkatesan, 2004b		Long-term impact of nitrogen and potassium fertilizers on yield, soil nutrients and biochemical parameters of tea		India		Nitrogen and potassium fertilizers were tested against yield, biochemical parameters, soil, and leaf nutrient status over a 9 year period. Yield increased with the nitrogen application of 66% over the control. Polyphenol and amino acid contents increased

		Yang, 2014		Effects of Fertilizing with N, P, Se, and Zn on Regulating the Element and Functional Component Contents and Antioxidant Activity of Tea Leaves Planted in Red Soil		China		Comparing functional component contents and antioxidant activity of tea leaves when fertilizing with N, P, Se, and Zn. Fertilizer composed of Se. Zn. and P showed the highest Se, total polyphenol, and catechins contents and antioxidant activities as well

		Lu, 2004		Fluoride Content in Tea and Its Relationship with Tea Quality		China		The F level increased with the decline in quality and showed good correlation with the quality grades. The results suggest that the F content could be used as a quality indicator for tea evaluation.





Other

		

		Bhattacharya, 2015		Histochemical evaluation of catechins in PEG stressed transgenic tea plants using catechin-specific-diazotized sulfanilamide reagent		India		The apical bud consisted of the highest levels of catechins of all plant parts; this was followed by the palisade tissue of leaves and the vascular strands in the stem.

		Feng, et al 2005		HPLC analysis of naturally occurring methylated catechins, 3"- and 4"-methyl-epigallocatechin gallate, in various fresh tea leaves and commercial teas and their potent inhibitory effects on inducible nitric oxide synthase in macrophages		Taiwan		Tea quality as measured by O-methylated compounds was higher in young tea leaves compared to older tea leaves.
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Table 1 Search Terms

		

		tea OR		AND		“climate change” OR “global warming" OR				AND		antioxidant*

		“camellia sinensis” OR				“horticultural condition*” OR						caffeine

		camellia*				season OR						phytochemical*

		“green tea” OR				OR		spring				catechin*

		pu-erh OR pu’erh OR						monsoon				theaflavin

		oolong				“Solar radiation”						theanine

		NOT (rooibos OR "Aspalathus linearis")				OR		UV OR “UV quantity” OR				flavonol

								“length of daylight” OR “day length” OR "sunshine hours"				"secondary metabolite*"

						precipitation						"Aliphatic alcohol*"

						OR		rainfall				“Aliphatic ketone*” 

								drought				“aliphatic aldehyde*”

								flood				“aliphatic ester*”

						OR		“water logging”				“hydrocarbon*”

								saturation				“alkyl acid*”

								geograph* OR “geographic area”				“oxygenated heterocycle*”

						OR		origin				polyphenol*

								latitude				phenol*

								slope				terpen*

								aspect				methylxanthine*

								altitude				α-terpinene

								elevation				γ-terpinene

								temperature				(Z)-jasmone 

						OR		Frost OR freez* OR “chilling hour*”				linalool

								wind				δ-cadinene

								soil				geraniol

						OR		“soil moisture content”				nerolidol

								biomass				α-terpineol

								“soil acidity” OR “soil pH”				indole 

								“total P” OR “available P”				β-ionone

								“total N”				caryophyllene

								“Annual bud-burst” OR “mean bud-burst” OR				"methyl salicylate"

								CO2 or "carbon dioxide"				"benzyl alcohol"

												2-phenylethanol





Table 2 Seasonality

		Table 2. Effects of Seasonality on Tea Quality

		Citation		Title		Country		Outcome summary		Total of Studies		Decrease in Catechins + Phenolics with Seasonal Transition from Spring		Increase in Catechins + Phenolics with Seasonal Transition from Spring		Decrease in Caffeine with Seasonal Transition		Increase in Caffeine with Seasonal Transition		Decrease in Terpenoids / Volatiles with Seasonal Transition		Increase in Volatiles + Terpenoids with Seasonal Transition		Decrease in Amino Acids with Seasonal Transition		Increase in  Amino Acids with Seasonal Transition

		Baptista, et al 2014		Value of off-season fresh Camellia sinensis leaves: Antiradical activity, total phenolics content and catechin profiles		Portugal		Total phenolic concentration was higher during the main tea harvest season and lower during the off-harvest season.		1		1		0		0		0		0		0		0		0

		Chen, et al 2010		Photosynthesis, yield, and chemical composition of Tieguanyin tea plants (Camellia sinensis (L.) O. Kuntze) in response to irrigation treatments		Taiwan		Catechin and phenolic concentration varied with season (spring versus autumn) and altitude (350 m and 500 m). Spring and higher altitude tea had higher quality based on tea chemical composition.		1		1		0		0		0		0		0		0		0

		Kottur, et al 2010		Diversity among various forms of catechins and its synthesizing enzyme (phenylalanine ammonia lyase) in relation to quality of black tea (Camellia spp.)		India		Overall quality as evaluated by tea tasters, catechins, and enzyme activity (phenylalanine ammonia lyase) varied over four different seasons (summer, premonsoon, monsoon and winter) with the dry premonsoon summer season having the greatest quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2014		Effects of season and plantation on phenolic content of unfermented and fermented Sri Lankan tea		Sri Lanka		Climate, season, soil fertility, and processing conditions were shown to interactively impact the profile of specific catechins of teas with the spring season being the most favorable for tea quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		1		1		0		0		0		0		0		0		0

		Saikia, 2002		Specific fluctuations in the composition of lipoxygenase- and glycosidase-generated flavors in some cultivated teas of Assam		India		Seasonality variably impacted various tea quality parameters with second-flush spring teas having increased activities of glycosidase and several terpenes, phenolics, and aliphatic compounds bound to glycosides. Conversely, monsoon teas had higher levels		1		1		0		0		0		1		1		0		1

		Saito, 2007		Characterization of the constituents and antioxidant activity of Brazilian green tea (Camellia sinensis var. assamica IAC-259 Cultivar) extracts		Brazil		Spring and summer teas significantly varied on the basis of caffeine content with summer samples had higher levels. However, spring and summer teas did not significantly varied on the basis of catechin contents and antioxidant levels.		1		0		0		0		1		0		0		0		0

		Ahmed et al., 2014		Effects of extreme climate events on tea (Camellia sinensis) functional quality validate indigenous farmer knowledge and sensory preferences in tropical China		China		Concentrations of catechin and methylxanthine secondary metabolites, major compounds that determine tea functional quality, were up to 50% lower during the monsoon while total phenolic concentrations and antioxidant activity increased.		1		1		1		1		0		0		0		0		0

		Xu, 2012		Discrimination of the production season of Chinese green tea by chemical analysis in combination with supervised pattern recognition		China		Levels of free amino acids and catechins in green tea were shown to notably vary from spring to summer with spring being the optimal season for high quality.		1		1		0		0		0		0		0		0		0

		Sud, 2000		Seasonal clonal variations and effects of stresses on qualitychemicals and prephenate dehydratase enzyme activity in tea(Camellia sinensis)		India		Catechins and prephenate dehydratase enzyme activity notably varied with seasonal variation and over various growth flushes with the main spring flush having the highest quality.		1		1		0		0		0		0		0		0		0

		Venkatesan, 2007		Seasonal variations in theaflavins, thearubigins, total colour and brightness of Kangra orthodox tea (Camellia sinensis (L) O Kuntze) in Himachal Pradesh		India		Tea quality as measured by theaflavins, thearubigins, total color, and brightness of green leaves significantly varied seasonally throughout the tea harvest seasons from March to October over four consecutive years. Teas harvested during the 1st and 2nd f		1		1		1		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		0		0		1		1		0		0

		Chen, 2014		Correlation between nitrogen application to tea flushes and quality of green and black teas		Taiwan		Tea quality significantly varied across seasons (spring, summer, and winter) on the basis of total nitrogen content. A negative correlation was found between winter tea and specific catechin compounds (gallic acid, EGC, EC, GCG, and ECG).		1		1		0		0		0		0		0		0		0

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi		1		1		0		1		0		0		0		0		0

		Kowalsick, et al 2014		Metabolite profiling of Camellia sinensis by automated sequential, multidimensional gas chromatography/mass spectrometry reveals strong monsoon effects on tea constituents		China		Numbers and concentrations of individual tea volatiles either increased, decreased or stayed the same with the onset of the monsoon from the spring season during a field experiment. Overall, the spring season was associated with a greater number and conce		1		0		0		0		0		1		1		0		0

		Anasari, et al 2011		Impacts of flushing and fermentation times on the quality of black tea		Iran		Flushing time was found to significantly impact several quality parameters of tea clones including theaflavin, thearubigin, total color, brightness, tannin and caffeine. The early flushing periods had the overall highest quality for most tea clones.		1		1		0		1		0		0		0		0		0

		Tontul, 2012		Comparative study on volatile compounds in Turkish green tea powder: Impact of tea clone, shading level and shooting period		Turkey		Seasonality and flushing period significantly impacted the volatile composition of green tea. 1-hexanol was detected in a trace amount in the 1st shooting period in tea samples while was explicitly determined in the 2nd shooting period. Ethyl benzene, xyl		1		0		0		0		0		1		1		0		0

		Topuz, 2014		Physicochemical properties of Turkish green tea powder: Effects of shooting period, shading, and clone		Turkey				1		1		0		0		0		0		0		0		0

										18		14		2		3		1		4		4		0		1





Water Stress

		Effects of Water Stress on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Decreased Water		Increase in Catechins + Phenolics with Decreased Water		Decrease in Caffeine with Decreased Water		Increase in Caffeine with Decreased Water		Decrease in Terpenoids / Volatiles with Decreased Water		Increase in Volatiles + Terpenoids with Decreased Water		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Cao, et al 2007		Aromatic constituents in fresh leaves of Lingtou Dancong tea induced by drought stress		China		The number of aromatic constituents in fresh tea leaves was highest under a soil relative water content of 53.90% and lowest under a soil relative water content of 99.75%.		0		0		0		0		0		1

		Chakraborty, et al 2002		Response of Tea Plants to Water Stress		India				1		1		0		0		0		0

		Cheruiyot, et al 2007		Polyphenols as Potential Indicators for Drought Tolerance in Tea (Camellia sinensis L.)		Kenya		Declining soil water content over a 12 week period in a rain out shelter significantly reduced growth and total polyphenolic concentrations in tea shoots with variability in amount of fluctuation depending on type of cultivar.		1		0		0		0		0		0

		Cheruiyot, et al 2008		Shoot Epicatechin and Epigallocatechin Contents Respond to Water Stress in Tea [Camellia sinensis (L.) O. Kuntze]		Kenya		In a randomized study, a positive linear correlation was found between soil water content (10-40%) and water stress with the concentration of total catechins and specific individual catechin compounds (epicatechin and epigallocatechin) as measured by HPLC		1		0		0		0		0		0

		Hernandez, et al 2006		Enhanced oxidation of flavan-3-ols and proanthocyanidin accumulation in water-stressed tea plants		Spain		Flavonoid compounds including epicatechin and epigallocatechin gallate accumulated in drought-stressed tea plants in an experimental field station experiment.		0		1		0		0		0		0

		Hrishikesh, et al 2013		Zinc modulates drought-induced biochemical damages in tea [ Camellia sinensis (L) O Kuntze]		India		Total phenolic concentrations of tea leaves increased with drought stress. Concentrations of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll, and total carotenoid (Cx+c) X with drought stress.		0		1		0		0		0		0

		Upadhyaya, 2004		Variation of physiological and antioxidative responses in tea cultivars subjected to elevated water stress followed by rehydration recovery		India		Drought and rehydration significantly impacted constituents associated with tea quality. The levels of chlorophylls, carotenoids, ascorbate and glutathione, and activities of guaiacol peroxidase and glutathione reductase decreased after five days of droug		1		1		0		0		0		0

		Bahattacharya, 2014		Osmotin-expressing transgenic tea plants have improved stress tolerance and are of higher quality		Africa, and South America		Induced osmotic stress resulted in increased levels of flavan-3-ols (EGCg, ECG, EGC, EC, and catechins) and increased activity of ROS detoxifying enzymes.		0		1		0		0		0		0

		Ahmed, 2013		Effects of water availability and pest pressures on tea (Camellia sinensis) growth and functional quality		United States		The effect of water availability and jasmonic acid (proxy treatment for herbivory) on tea quality varied with individual secondary metabolites. Higher water availability significantly lowered concentrations of epicatechin 3-gallate and increased total met		0		1		0		0		0		0

		Upadhyaya, 2010		CaCl2 improves post-drought recovery potential in Camellia sinensis (L) O. Kuntze		India		This study found there was an increase in dry mass, prolin, and phenolic content of tea leaf with decrease in water and lipid peroxidation and increased activities of enzymes such as SOD, CAT, POX and GR in response to increased foliar CaCl2 concentration		0		1		0		0		0		0





Geography - Location

		Effects of Geographic and Argo-climatic  Factors on Tea Quality

		Citation		Title		Country		Outcome summary		Total No of Studies		Change in Catechins + Phenolics with Geography		Change in Caffeine with Geography		Change in Terpenoids / Volatiles with Geography		Change in Amino Acids with Geography		Change in  Flavor with Geography

		Bhuyan, et al 2013		Polyphenolic compounds and antioxidant activity of CTC black tea of North-East India		India		This study showed that geography notably impacted tea quality with tea samples from Upper Assam, North Bank, and South Bank having higher quality tea than other regions with respect to theaflavins, thearubigins, and tasters'perception of quality compared		1		1		0		0		0		0

		Borse, et al 2002		Fingerprint of black teas from India: identification of the regio-specific characteristics		India		This study demonstrates that tea quality varies with geography based on theaflavins, colour, caffeine, total soluble solids, and viscosity.		1		1		1		0		0		0

		Lee, et al 2015		Metabolic unveiling of a diverse range of green tea (Camellia sinensis) metabolites dependent on geography		Korea		Multivariate statistical analysis revealed strong inter-country and inter-city relationships for the levels of theanine and catechin derivatives found in green and white teas.		1		1		0		0		1		0

		Bhuyan, 2009		Chemical characterization of CTC black tea of northeast India: correlation of quality parameters with tea tasters' evaluation		India		This study found that overall tea quality as evaluated by tea tasters was highest for Brahmaputra valley teas in Northeast India followed by Dooars region and Barak valley teas. Tea taster flavor evaluation corresponded with higher levels of theaflavins,		1		1		0		0		0		1

		Li, 2007		Comparative studies on the qualities of green teas in Karst and non-Karst areas of Yichang, Hubei Province, PR China		China		Comparison of green teas from Karst and non-Karst areas of Hubei Province in China showed that tea samples from Karst areas had statistically lower content of tea polyphenols while amino acids and caffeine contents were not statistically significant.		1		1		0		0		0		0

		Lee, et al 2015		Comparative studies on the qualities of green teas in Karst and non-Karst areas of Yichang, Hubei Province, PR China		China		The results showed that some qualities of green tea from the Karst region, such as a higher content of L-proline and a lower contents of aluminum and fluoride were beneficial. Other qualities of green tea from the Karst region, for example, the lower cont		1

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		1		1		0		1		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		1		0		0

										8		6		2		1		2		1





Temperature

		Effects of Temperature on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Temperature		Increase in Catechins + Phenolics with Increased Temperature		Decrease in Caffeine with Increased Temperature		Increase in Caffeine with Increased Temperature		Decrease in Terpenoids / Volatiles with Increased Temperature		Increase in Volatiles + Terpenoids with Increased Temperature		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Yao, 2005		Seasonal variations of phenolic compounds in Australia-grown tea (Camellia sinensis)		Australia		Tea quality as determined by key catechin compounds (EGCG, ECG, and CG) was higher during warm months (April and May) and lower during cool months (July, August, and September).		0		1		0		0		0		0		0		0

		Wang, 2011		Seasonal climate effects on flavanols and purine alkaloids of tea (Camellia sinensis L.)		China		Increased daily average temperatures resulted in an increase in some quality parameters and a decrease in other quality parameters. Specifically, increased temperatures were assocaited with an increase in (-)-epigallocatechin (EGC), (-)-epicatechin (EC),		1		1		0		0		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		0		1		0		0		0		1		1

		Wei, 2011		Catechin contents in tea ( Camellia sinensis) as affected by cultivar and environment and their relation to chlorophyll contents		China		Correlation analysis indicated that (+)-catechin was the major catechin fraction significantly correlated with climate factors and chlorophyll contents. Moreover, chlorophyll contents were significantly influenced by climate factors, with the highest corr		1		0		0		0		0		0		0		0





Herbivory

		Effects of Herbivory and Pathogens on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Herbivory		Increase in Catechins + Phenolics with Increased Herbivory		Decrease in Caffeine with Increased Herbivory		Increase in Caffeine with Increased Herbivory		Decrease in Terpenoids / Volatiles with Increased Herbivory		Increase in Volatiles + Terpenoids with Increased Herbivory		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Chakraborty, et al 2004		Impact of environmental factors on infestation of tea leaves by Helopeltis theivora and associated changes in flavonoid flavor components and enzyme activities		India		Insect attack by Helopeltis theivora led to an increase in the activities of the oxidative enzymes peroxidase, ascorbate peroxidase and polyphenol oxidase as well as a significant decrease in some catechins and other polyphenols in certain tea varieties.		1		0		0		0		0		0

		Dong, et al 2011		Herbivore-Induced Volatiles from Tea (Camellia sinensis) Plants and Their Involvement in Intraplant Communication and Changes in Endogenous Nonvolatile Metabolites		Japan		Principal component analysis of metabolites in undamaged tea leaves exposed or not to HIPV suggests that external signaling via HIPV may lead to more drastic changes in the metabolite spectrum of tea leaves than internal signaling via vascular connections

		Han, et al 2002		Composition of the volatiles from intact and tea aphid-damaged tea shoots and their allurement to several natural enemies of the tea aphid		China		Tea aphid damaged tea shoots emitted volatile synomones.		0		0		0		0		1		0

		Ponmurugan, 2007		Morphological, Physiological and Biochemical Changes in Resistant and Susceptible 
Cultivars of Tea in Relation to Phomopsis Disease		India		All growth characteristics, physiological and biochemical parameters were reduced significantly in plants with phomopsis disease rather than healthy plants.		1		0		0		0		0		0

		Singh, 2010		Enhancement in growth and quality parameters of tea [Camellia sinensis (L.) O. Kuntze] through inoculation with arbuscular mycorrhizal fungi in an acid soil		India		The innoculation of arbuscular mycorrhizal fungi in acidic soils of tea gardens resulted a significant increase in most tea growth and quality parameters compared to the noninoculated plants. Specifically, tea from innoculated soil showed higher levels of





Elevation - Altitude

		Effects of Altitude on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Altitude		Increase in Catechins + Phenolics with Increased Altitude		Decrease in Caffeine with Increased Altitude		Increase in Caffeine with Increased Altitude		Decrease in Terpenoids / Volatiles with Increased Altitude		Increase in Volatiles + Terpenoids with Increased Altitude		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Abeywickrama, et al 2010		Oral hypoglycaemic, antihyperglycaemic and antidiabetic activities of Sri Lankan Broken Orange Pekoe Fannings (BOPF) grade black tea (Camellia sinensis L.) in rats		Sri Lanka		Hypoglycaemic and antihyper- glycaemic activities of tea did not differ with respect to agroclimatic elevation, although there were differences in the content of phyto-constituents with elevation.		0		0		0		0		0		0

		Chen, et al 2014		Catechin content and the degree of its galloylation in oolong tea are inversely correlated with cultivation altitude		Taiwan		Catechin content and the degree of catechin galloylation in oolong tea infusions and their fresh tea leaves were inversely correlated to the cultivation altitude (200 m, 800 m, and 1300 m).		1		0		0		0		0		0

		Ohno, 2011		Characterization of Tea Cultivated at Four Different Altitudes Using 1H NMR Analysis Coupled with Multivariate Statistics		Japan		Tea quality was found to vary between four cultivation areas in Sri Lanka that have different elevations (1800 m, 1200 m, 600 m, and 300 m). Theaflavins, theanine, and caffiene levels were higher in the black teas derived from the higher elevation while l		0		1		0		1		0		0

		Abeywickrama, 2010		Oral diuretic activity of hot water infusion of Sri Lankan black tea (Camellia sinensis L.) in rats		Sri Lanka		Sri Lankan BOPF grade black tea from three elevations significantly increased cumulative urine output, compared with the control. Furthermore, low (26%), mid (35%), and high (49%) doses of high grown BTI increased their cumulative urine output dosedepende

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi





Light - UVB Irradation

		Effects of Light Factors on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Light		Increase in Catechins + Phenolics with Increased Light		Decrease in Caffeine with Increased Light		Increase in Caffeine with Increased Light		Decrease in Terpenoids / Volatiles with Increased Light		Increase in Volatiles + Terpenoids with Increased Light		Decrease in Amino Acids with Increased Light		Increase in Amino Acids with Increased Light

		Zhang, 2014		Metabolic Analysis Using Ultra-Performance Liquid Chromatography-Quadrupole-Time of Flight Mass Spectrometry (UPLC-Q-TOF MS) Uncovers the Effects of Light Intensity and Temperature under Shading Treatments on the Metabolites in Tea		China		The comparison showed a greater effect of temperature on galloylation of catechins than light intensity and temperature.

		Ku, 2010		Metabolomics analysis reveals the compositional differences of shade grown tea ( Camellia sinensis L.)		Japan		This provides evidence on the effects of shade on the chemical composition of green tea and associated flavor profile including increased shade resulting in tea with a higher umami profile and less astringent taste.

		Song, 2012		Correlation between leaf age, shade levels, and characteristics beneficial for natural constituents of tea (Camellia sinensis) grown in Hawaii		Hawaii(USA)		The concentration of L-theanine and caffeine decreased as leaf age increased moving from bud to first and then second leaf, while the concentration of the four catechins increased from the bud to first and second leaves. In most cases this increase was ge

		Deng, 2012		Effect of shade treatment on theanine biosynthesis in Camellia sinensis seedlings		China		Total free amino acid content was significantly increased by shading treatment.		0		0		0		0		0		0		1		0

		Lee, 2012		Metabolomic Analysis of the Effect of Shade Treatment on the Nutritional and Sensory Qualities of Green Tea		Korea		This study demonstrated that the application of shade treatment increased quercetin-galactosylrutinoside, kaempferol-glucosylrutinoside, epicatechin gallate, epigallocatechin gallate, tryptophan, phenylalanine, theanine, glutamine, glutamate, and caffeine		1		1		1		0		0		0		1		0

		Zheng, 2008		Effect of ultraviolet B irradiation on accumulation of catechins in tea (Camellia sinensis (L) O. Kuntze)		China		Total concentrations of tea catechins increased at low UV-B influence rates but decreased at high UV-B influence rates. The effect of UV-B varied with type of tea cultivar.		1		0		0		0		0		0		0		0





Soil and Nutrients-Fertilizer

		Effects of Soil and Nutrient Management on Tea Quality

		Citation		Title		Country		Outcome summary		Change in Catechins + Phenolics with Soil Management		Change in Caffeine with Soil Management		Change in Terpenoids / Volatiles with Soil Management		Change in Amino Acids with Soil Management

		Duan, et al 2012		Bioactive ingredient levels of tea leaves are associated with leaf Al level interactively influenced by acid rain intensity and soil Al supply		China

		Hajiboland, et al 2013		Mechanisms of aluminum-induced growth stimulation in tea (Camellia sinensis)		India		Shoot growth, root biomass, and total root length were all positively related to root Al concentrations. Chlorophyll a, carotenoid concentrations, and net assimilation rates were enhanced by Al supply in the young leaves, but not in the older leaves. Acti

		Mukhopadyay, 2012		Changes of growth, photosynthesis and alteration of leaf anti-oxidative defense system of tea [Camellia sinensis (L.) O. Kuntze] seedlings under aluminum stress		India		Al concentrations at lower levels promoted growth but at elevated states was a stressor.

		Sae-Lee, 2012		Chemical qualities and phenolic compounds of Assam tea after soil drench application of selenium and aluminum		Thailand		Selenium and Aluminum promoted the ascorbic acid, chlorophylls, carotenoids, total phenolics, and proline contents of tea leaves. The high chemical quality and highest phenolic content were found in tea leaves receiving 50 ppm of Se. The highest catechins

		Chen, 2011		Aluminum and nutrients induce changes in the profiles of phenolic substances in tea plants (Camellia sinensis CV TTES, No. 12 (TTE))		Taiwan		Al concentration in tea plants increases catechin concentrations and plays a large role in growth.

		Mukhopadhyay, 2013		Structural, physiological, and biochemical profiling of tea plants  under zinc stress		India		Zinc deficiency and excess resulted in considerable decreases in shoot and root masses (fresh and dry). Zinc stress decreased net photosynthetic rate, transpiration rate, stomatal conductance, and the content of chlorophylls a and b. Superoxide anion, mal

		Hemalatha, et al 2011		Impact of iron toxicity on certain enzymes and biochemical parameters of tea		India		Iron increases activity of enzymes (amylase, invertase) to an extent, but at very high concentrations it was found harmful to plants, eventually leading to their death.

		Ruan, 2007		Effect of root zone pH and form and concentration of nitrogen on accumulation of quality-related components in green tea		Germany		Concentrations of free amino acids were higher in NH4+ than in NO3- fed plants. Root zone pH did not influence concentrations of most free amino acids in young shoots, with the exception of theanine. Theanine increase at low pH (4.0) irrespective of N for

		Ruan, 2010		Impact of nitrogen supply on carbon/nitrogen allocation: A case study on amino acids and catechins in green tea [Camellia sinensis (L.) O. Kuntze] plants*		Germany and the Netherlands		Accumulation of amino acids and polyphenols depended strongly on nitrogen status, and the balance shifted toward increasing synthesis of amino acids associated with enhanced growth, while investment of carbon in secondary metabolites did not change propor

		Han, 2008		Nitrogen release dynamics and transformation of slow release fertiliser products and their effects on tea yield and quality		China		Slow release nitrogen fertilizers can increase N use efficiency and improve tea growth. This improved the profit margin and possibly reduced environmental pollution.

		Hamid, et al 2013		Effect of different levels of nitrogen on the chemical composition of tea (C. sinensis L) grown at higher altitude		Pakistan		TP increased significantly by the application of 180 kg N ha-1. The EGC, EC contents increased up to certain level with the increase of nitrogen and then declined after the application of 180 kg ha-1. The nitrogen level did not affect the caffeine content

		Venkatesan,2004a		Impact of sources and doses of potassium on biochemical and greenleaf parameters of tea		India		Different sources and levels of potassium were tested against carotenoids, chlorophyll, polyphenols, catechins, amino acids, and nutrients (P, MG, Zn, K, N). The relationship between polyphenols and carotenoids with amino acids was inversely proportional.

		Venkatesan,2006		Quality standards of CTC black teas as influenced by sources of potassium fertiliser		India		Quality aspects of crush, tear, and curl (black tea) was measured against different sources of potassium fertilizer. Potassium as muriate of potash improved liquor components (TF, TR, and TF/TR ratios at higher levels). Removal of K fertilizer drastically

		Ruan, et al 2013		Potassium management in tea plantations: Its uptake by field plants, status in soils, and efficacy on yields and quality of teas in China		China		The quality of harvested shoots was improved by K-fertilizer application as revealed by increased concentrations of free amino acids, water-extractable dry matter, and total polyphenols.

		Venkatesan, 2007		Influence of excess manganese on certain antioxidant enzymes and biochemical parameters of tea		India		High manganese levels in soils led to plant nutrient imbalances, decreases in amino acids, chlorophyll, and carotenoid content.

		Hu, 2003		Effect of selenium on the yield and quality of green tea leaves harvested in early spring		China		Selenite or selenate were applied to foliage. Number of sprouts and yield were significantly  increased (p<0.05) by the application of selenium. Sweetness and aroma were also enhanced, bitterness decreased. No differences in these between selenite or sele

		Ruan, 2012		Magnesium nutrition on accumulation and transport of amino acids in tea plants		China		Adequate supply of Magnesium (Mg) nutrient upped the creation of theanine in roots and its accumulation in young shoots. Mg nutritional status greatly influenced the mobility of amino acids and sugars (via xylem and phloem) especially when nitrogen and ca

		Jayaganesh, 2010		Impact of magnesium sulphate on biochemical and quality constituents of black tea		India		Amino acid content increased with soil application of magnesium. 50% potassium reduction fields reduced the amino acid content. The catechins content increased in soils with 300kg applied magnesium treatment and then decreased in 50% reduction of potassiu

		Jayaganesh, 2011		Impact of different sources and doses of Magnesium Fertilizer on Biochemical Constituents and Quality Parameters of black Tea		India		Different sources of magnesium fertilizers were compared to biochemical parameters. Amino acid and polyphenols increased with magnesium sulphate application while chlorophyl content and carotenoids were higher in magnesium sulphate applied blocks. Catechi

		Lin, 2011		Effects of phosphorus supply on the quality of green tea		China		Varying levels of phosphorus fertilizer was applied to identical tea plants. Dry weight increased with phosphorus levels. P-deficient green tea showed decreased concentrations of water, total polyphenols, flavonids, amino acids, theanine and aspargic acid

		Ruan, 2007		Effect of alternative anions (Cl- vs. SO42-) on concentrations of free amino acids in young tea plants		China		Soil-grown tea plants supplied with different levels of potassium (K) as K2SO4 or KCl exhibited increased concentrations of free amino acid in young shoots only when supplied with K2SO4, and the negative effect of KCl supply was mainly due to a reduced co

		Hajiboland, et al 2011		Effect of light intensity on photosynthesis and antioxidant defense in boron deficient tea plants		Iran		Up-regulation of C and N metabolism, anti-oxidative defenses, and overall enhancement of Boron uptake and transport were indicators for growth improvement of Boron-deficient plants by Al supplementation.

		Hajiboland, et al 2011		Aluminum alleviates boron-deficiency induced growth impairment in tea plant		Iran		Growth of B-deficient plants was completely resumed by Al supplementation or even surpassed control plants regarding shoot biomass. Photosynthetic rate was negatively influenced by low B supply and Al treatment increased it up to the level of the control

		Sedaghathoor, 2009		Yield and quality response of tea plant to fertilizers		Iran		Yield and quality were measured against different applications of nitrogen, potassium, magnesium and micronutrient fertilizers.  % of tannin, water extracts and caffeine was also measured. Micronutrient application (esp. magnesium and zinc sulphate) had s

		Venkatesan, 2004b		Long-term impact of nitrogen and potassium fertilizers on yield, soil nutrients and biochemical parameters of tea		India		Nitrogen and potassium fertilizers were tested against yield, biochemical parameters, soil, and leaf nutrient status over a 9 year period. Yield increased with the nitrogen application of 66% over the control. Polyphenol and amino acid contents increased

		Yang, 2014		Effects of Fertilizing with N, P, Se, and Zn on Regulating the Element and Functional Component Contents and Antioxidant Activity of Tea Leaves Planted in Red Soil		China		Comparing functional component contents and antioxidant activity of tea leaves when fertilizing with N, P, Se, and Zn. Fertilizer composed of Se. Zn. and P showed the highest Se, total polyphenol, and catechins contents and antioxidant activities as well

		Lu, 2004		Fluoride Content in Tea and Its Relationship with Tea Quality		China		The F level increased with the decline in quality and showed good correlation with the quality grades. The results suggest that the F content could be used as a quality indicator for tea evaluation.





Other

		

		Bhattacharya, 2015		Histochemical evaluation of catechins in PEG stressed transgenic tea plants using catechin-specific-diazotized sulfanilamide reagent		India		The apical bud consisted of the highest levels of catechins of all plant parts; this was followed by the palisade tissue of leaves and the vascular strands in the stem.

		Feng, et al 2005		HPLC analysis of naturally occurring methylated catechins, 3"- and 4"-methyl-epigallocatechin gallate, in various fresh tea leaves and commercial teas and their potent inhibitory effects on inducible nitric oxide synthase in macrophages		Taiwan		Tea quality as measured by O-methylated compounds was higher in young tea leaves compared to older tea leaves.






image4.emf
Citation Title Country Outcome summary
Aromatic constituents in fresh leaves of The number of aromatic constituents in fresh tea leaves was highest under a soill
Cao, et al 2007 Lingtou Dancong tea induced by drought China relative water content of 53.90% and lowest under a soil relative water content of
stress 99.75%.
Phenol content and activities of phenylalanineammonialyase, polyphenoloxidase,
Chakraborty, et al . and peroxidase initally increased with drought stress but decreased during extended
Response of Tea Plants to Water Stress India . . . . :
2002 drought. Concentrations of the amino acid proline increased during drought stress
while prot
Polyphenols as Potential Indicators for Declining soil water content over a 12 week period in a rain out shelter significantly
Cheruiyot, et al 2007 |Drought Tolerance in Tea (Camellia sinensis Kenya reduced growth and total polyphenolic concentrations in tea shoots with variability in
L. amount of fluctuation depending on type of cultivar.
. . . . In a randomized study, a positive linear correlation was found between soil water
Shoot Epicatechin and Epigallocatechin . . .
. . content (10-40%) and water stress with the concentration of total catechins and
Cheruiyot, et al 2008 |Contents Respond to Water Stress in Tea Kenya e e e s : . : . ,
o . specific individual catechin compounds (epicatechin and epigallocatechin) as
[Camellia sinensis (L.) O. Kuntze]
measured by HPLC
Enhanced oxidation of flavan-3-ols and Flavonoid compounds including epicatechin and epigallocatechin gallate
Hernandez, et al 2006 |proanthocyanidin accumulation in water- Spain accumulated in drought-stressed tea plants in an experimental field station
stressed tea plants experiment.
Zinc modulates drought-induced Total phenolic concentrations of tea leaves increased with drought stress.
Hrishikesh, et al 2013 [biochemical damages in tea [ Camellia India Concentrations of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll, and
sinensis (L) O Kuntze] total carotenoid (Cx+c) X with drought stress.
Variation of physiological and antioxidative Drought and rehydration significantly impacted constituents associated with tea
Upadhvava. 2004 responses in tea cultivars subjected to India quality. The levels of chlorophylls, carotenoids, ascorbate and glutathione, and
pachyaya, elevated water stress followed by activities of guaiacol peroxidase and glutathione reductase decreased after five days
rehydration recovery of droug
smotin-expressing transgenic tea plants Africa, and . o
O . n-exp ng genl P 8, Induced osmotic stress resulted in increased levels of flavan-3-ols (EGCg, ECG,
Bahattacharya, 2014 [have improved stress tolerance and are of South . . o e
. , . EGC, EC, and catechins) and increased activity of ROS detoxifying enzymes.
higher quality America

Ahmed, 2013

Effects of water availability and pest
pressures on tea (Camellia sinensis) growth
and functional quality

United States

The effect of water availability and jasmonic acid (proxy treatment for herbivory) on
tea quality varied with individual secondary metabolites. Higher water availability
significantly lowered concentrations of epicatechin 3-gallate and increased total met

Upadhyaya, 2010

CaCl2 improves post-drought recovery
potential in Camellia sinensis (L) O. Kuntze

India

This study found there was an increase in dry mass, prolin, and phenolic content of
tea leaf with decrease in water and lipid peroxidation and increased activities of
enzymes such as SOD, CAT, POX and GR in response to increased foliar CaCI2
concentration
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Table 1 Search Terms

		

		tea OR		AND		“climate change” OR “global warming" OR				AND		antioxidant*

		“camellia sinensis” OR				“horticultural condition*” OR						caffeine

		camellia*				season OR						phytochemical*

		“green tea” OR				OR		spring				catechin*

		pu-erh OR pu’erh OR						monsoon				theaflavin

		oolong				“Solar radiation”						theanine

		NOT (rooibos OR "Aspalathus linearis")				OR		UV OR “UV quantity” OR				flavonol

								“length of daylight” OR “day length” OR "sunshine hours"				"secondary metabolite*"

						precipitation						"Aliphatic alcohol*"

						OR		rainfall				“Aliphatic ketone*” 

								drought				“aliphatic aldehyde*”

								flood				“aliphatic ester*”

						OR		“water logging”				“hydrocarbon*”

								saturation				“alkyl acid*”

								geograph* OR “geographic area”				“oxygenated heterocycle*”

						OR		origin				polyphenol*

								latitude				phenol*

								slope				terpen*

								aspect				methylxanthine*

								altitude				α-terpinene

								elevation				γ-terpinene

								temperature				(Z)-jasmone 

						OR		Frost OR freez* OR “chilling hour*”				linalool

								wind				δ-cadinene

								soil				geraniol

						OR		“soil moisture content”				nerolidol

								biomass				α-terpineol

								“soil acidity” OR “soil pH”				indole 

								“total P” OR “available P”				β-ionone

								“total N”				caryophyllene

								“Annual bud-burst” OR “mean bud-burst” OR				"methyl salicylate"

								CO2 or "carbon dioxide"				"benzyl alcohol"

												2-phenylethanol





Table 2 Seasonality

		Table 2. Effects of Seasonality on Tea Quality

		Citation		Title		Country		Outcome summary		Total of Studies		Decrease in Catechins + Phenolics with Seasonal Transition from Spring		Increase in Catechins + Phenolics with Seasonal Transition from Spring		Decrease in Caffeine with Seasonal Transition		Increase in Caffeine with Seasonal Transition		Decrease in Terpenoids / Volatiles with Seasonal Transition		Increase in Volatiles + Terpenoids with Seasonal Transition		Decrease in Amino Acids with Seasonal Transition		Increase in  Amino Acids with Seasonal Transition

		Baptista, et al 2014		Value of off-season fresh Camellia sinensis leaves: Antiradical activity, total phenolics content and catechin profiles		Portugal		Total phenolic concentration was higher during the main tea harvest season and lower during the off-harvest season.		1		1		0		0		0		0		0		0		0

		Chen, et al 2010		Photosynthesis, yield, and chemical composition of Tieguanyin tea plants (Camellia sinensis (L.) O. Kuntze) in response to irrigation treatments		Taiwan		Catechin and phenolic concentration varied with season (spring versus autumn) and altitude (350 m and 500 m). Spring and higher altitude tea had higher quality based on tea chemical composition.		1		1		0		0		0		0		0		0		0

		Kottur, et al 2010		Diversity among various forms of catechins and its synthesizing enzyme (phenylalanine ammonia lyase) in relation to quality of black tea (Camellia spp.)		India		Overall quality as evaluated by tea tasters, catechins, and enzyme activity (phenylalanine ammonia lyase) varied over four different seasons (summer, premonsoon, monsoon and winter) with the dry premonsoon summer season having the greatest quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2014		Effects of season and plantation on phenolic content of unfermented and fermented Sri Lankan tea		Sri Lanka		Climate, season, soil fertility, and processing conditions were shown to interactively impact the profile of specific catechins of teas with the spring season being the most favorable for tea quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		1		1		0		0		0		0		0		0		0

		Saikia, 2002		Specific fluctuations in the composition of lipoxygenase- and glycosidase-generated flavors in some cultivated teas of Assam		India		Seasonality variably impacted various tea quality parameters with second-flush spring teas having increased activities of glycosidase and several terpenes, phenolics, and aliphatic compounds bound to glycosides. Conversely, monsoon teas had higher levels		1		1		0		0		0		1		1		0		1

		Saito, 2007		Characterization of the constituents and antioxidant activity of Brazilian green tea (Camellia sinensis var. assamica IAC-259 Cultivar) extracts		Brazil		Spring and summer teas significantly varied on the basis of caffeine content with summer samples had higher levels. However, spring and summer teas did not significantly varied on the basis of catechin contents and antioxidant levels.		1		0		0		0		1		0		0		0		0

		Ahmed et al., 2014		Effects of extreme climate events on tea (Camellia sinensis) functional quality validate indigenous farmer knowledge and sensory preferences in tropical China		China		Concentrations of catechin and methylxanthine secondary metabolites, major compounds that determine tea functional quality, were up to 50% lower during the monsoon while total phenolic concentrations and antioxidant activity increased.		1		1		1		1		0		0		0		0		0

		Xu, 2012		Discrimination of the production season of Chinese green tea by chemical analysis in combination with supervised pattern recognition		China		Levels of free amino acids and catechins in green tea were shown to notably vary from spring to summer with spring being the optimal season for high quality.		1		1		0		0		0		0		0		0		0

		Sud, 2000		Seasonal clonal variations and effects of stresses on qualitychemicals and prephenate dehydratase enzyme activity in tea(Camellia sinensis)		India		Catechins and prephenate dehydratase enzyme activity notably varied with seasonal variation and over various growth flushes with the main spring flush having the highest quality.		1		1		0		0		0		0		0		0		0

		Venkatesan, 2007		Seasonal variations in theaflavins, thearubigins, total colour and brightness of Kangra orthodox tea (Camellia sinensis (L) O Kuntze) in Himachal Pradesh		India		Tea quality as measured by theaflavins, thearubigins, total color, and brightness of green leaves significantly varied seasonally throughout the tea harvest seasons from March to October over four consecutive years. Teas harvested during the 1st and 2nd f		1		1		1		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		0		0		1		1		0		0

		Chen, 2014		Correlation between nitrogen application to tea flushes and quality of green and black teas		Taiwan		Tea quality significantly varied across seasons (spring, summer, and winter) on the basis of total nitrogen content. A negative correlation was found between winter tea and specific catechin compounds (gallic acid, EGC, EC, GCG, and ECG).		1		1		0		0		0		0		0		0		0

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi		1		1		0		1		0		0		0		0		0

		Kowalsick, et al 2014		Metabolite profiling of Camellia sinensis by automated sequential, multidimensional gas chromatography/mass spectrometry reveals strong monsoon effects on tea constituents		China		Numbers and concentrations of individual tea volatiles either increased, decreased or stayed the same with the onset of the monsoon from the spring season during a field experiment. Overall, the spring season was associated with a greater number and conce		1		0		0		0		0		1		1		0		0

		Anasari, et al 2011		Impacts of flushing and fermentation times on the quality of black tea		Iran		Flushing time was found to significantly impact several quality parameters of tea clones including theaflavin, thearubigin, total color, brightness, tannin and caffeine. The early flushing periods had the overall highest quality for most tea clones.		1		1		0		1		0		0		0		0		0

		Tontul, 2012		Comparative study on volatile compounds in Turkish green tea powder: Impact of tea clone, shading level and shooting period		Turkey		Seasonality and flushing period significantly impacted the volatile composition of green tea. 1-hexanol was detected in a trace amount in the 1st shooting period in tea samples while was explicitly determined in the 2nd shooting period. Ethyl benzene, xyl		1		0		0		0		0		1		1		0		0

		Topuz, 2014		Physicochemical properties of Turkish green tea powder: Effects of shooting period, shading, and clone		Turkey				1		1		0		0		0		0		0		0		0

										18		14		2		3		1		4		4		0		1





Table 3 Water Stress

		Effects of Water Stress on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Decreased Water		Increase in Catechins + Phenolics with Decreased Water		Decrease in Caffeine with Decreased Water		Increase in Caffeine with Decreased Water		Decrease in Terpenoids / Volatiles with Decreased Water		Increase in Volatiles + Terpenoids with Decreased Water		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Cao, et al 2007		Aromatic constituents in fresh leaves of Lingtou Dancong tea induced by drought stress		China		The number of aromatic constituents in fresh tea leaves was highest under a soil relative water content of 53.90% and lowest under a soil relative water content of 99.75%.		0		0		0		0		0		1

		Chakraborty, et al 2002		Response of Tea Plants to Water Stress		India				1		1		0		0		0		0

		Cheruiyot, et al 2007		Polyphenols as Potential Indicators for Drought Tolerance in Tea (Camellia sinensis L.)		Kenya		Declining soil water content over a 12 week period in a rain out shelter significantly reduced growth and total polyphenolic concentrations in tea shoots with variability in amount of fluctuation depending on type of cultivar.		1		0		0		0		0		0

		Cheruiyot, et al 2008		Shoot Epicatechin and Epigallocatechin Contents Respond to Water Stress in Tea [Camellia sinensis (L.) O. Kuntze]		Kenya		In a randomized study, a positive linear correlation was found between soil water content (10-40%) and water stress with the concentration of total catechins and specific individual catechin compounds (epicatechin and epigallocatechin) as measured by HPLC		1		0		0		0		0		0

		Hernandez, et al 2006		Enhanced oxidation of flavan-3-ols and proanthocyanidin accumulation in water-stressed tea plants		Spain		Flavonoid compounds including epicatechin and epigallocatechin gallate accumulated in drought-stressed tea plants in an experimental field station experiment.		0		1		0		0		0		0

		Hrishikesh, et al 2013		Zinc modulates drought-induced biochemical damages in tea [ Camellia sinensis (L) O Kuntze]		India		Total phenolic concentrations of tea leaves increased with drought stress. Concentrations of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll, and total carotenoid (Cx+c) X with drought stress.		0		1		0		0		0		0

		Upadhyaya, 2004		Variation of physiological and antioxidative responses in tea cultivars subjected to elevated water stress followed by rehydration recovery		India		Drought and rehydration significantly impacted constituents associated with tea quality. The levels of chlorophylls, carotenoids, ascorbate and glutathione, and activities of guaiacol peroxidase and glutathione reductase decreased after five days of droug		1		1		0		0		0		0

		Bahattacharya, 2014		Osmotin-expressing transgenic tea plants have improved stress tolerance and are of higher quality		Africa, and South America		Induced osmotic stress resulted in increased levels of flavan-3-ols (EGCg, ECG, EGC, EC, and catechins) and increased activity of ROS detoxifying enzymes.		0		1		0		0		0		0

		Ahmed, 2013		Effects of water availability and pest pressures on tea (Camellia sinensis) growth and functional quality		United States		The effect of water availability and jasmonic acid (proxy treatment for herbivory) on tea quality varied with individual secondary metabolites. Higher water availability significantly lowered concentrations of epicatechin 3-gallate and increased total met		0		1		0		0		0		0

		Upadhyaya, 2010		CaCl2 improves post-drought recovery potential in Camellia sinensis (L) O. Kuntze		India		This study found there was an increase in dry mass, prolin, and phenolic content of tea leaf with decrease in water and lipid peroxidation and increased activities of enzymes such as SOD, CAT, POX and GR in response to increased foliar CaCl2 concentration		0		1		0		0		0		0





Geography - Location

		Effects of Geographic and Argo-climatic  Factors on Tea Quality

		Citation		Title		Country		Outcome summary		Total No of Studies		Change in Catechins + Phenolics with Geography		Change in Caffeine with Geography		Change in Terpenoids / Volatiles with Geography		Change in Amino Acids with Geography		Change in  Flavor with Geography

		Bhuyan, et al 2013		Polyphenolic compounds and antioxidant activity of CTC black tea of North-East India		India		This study showed that geography notably impacted tea quality with tea samples from Upper Assam, North Bank, and South Bank having higher quality tea than other regions with respect to theaflavins, thearubigins, and tasters'perception of quality compared		1		1		0		0		0		0

		Borse, et al 2002		Fingerprint of black teas from India: identification of the regio-specific characteristics		India		This study demonstrates that tea quality varies with geography based on theaflavins, colour, caffeine, total soluble solids, and viscosity.		1		1		1		0		0		0

		Lee, et al 2015		Metabolic unveiling of a diverse range of green tea (Camellia sinensis) metabolites dependent on geography		Korea		Multivariate statistical analysis revealed strong inter-country and inter-city relationships for the levels of theanine and catechin derivatives found in green and white teas.		1		1		0		0		1		0

		Bhuyan, 2009		Chemical characterization of CTC black tea of northeast India: correlation of quality parameters with tea tasters' evaluation		India		This study found that overall tea quality as evaluated by tea tasters was highest for Brahmaputra valley teas in Northeast India followed by Dooars region and Barak valley teas. Tea taster flavor evaluation corresponded with higher levels of theaflavins,		1		1		0		0		0		1

		Li, 2007		Comparative studies on the qualities of green teas in Karst and non-Karst areas of Yichang, Hubei Province, PR China		China		Comparison of green teas from Karst and non-Karst areas of Hubei Province in China showed that tea samples from Karst areas had statistically lower content of tea polyphenols while amino acids and caffeine contents were not statistically significant.		1		1		0		0		0		0

		Lee, et al 2015		Comparative studies on the qualities of green teas in Karst and non-Karst areas of Yichang, Hubei Province, PR China		China		The results showed that some qualities of green tea from the Karst region, such as a higher content of L-proline and a lower contents of aluminum and fluoride were beneficial. Other qualities of green tea from the Karst region, for example, the lower cont		1

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		1		1		0		1		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		1		0		0

										8		6		2		1		2		1





Temperature

		Effects of Temperature on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Temperature		Increase in Catechins + Phenolics with Increased Temperature		Decrease in Caffeine with Increased Temperature		Increase in Caffeine with Increased Temperature		Decrease in Terpenoids / Volatiles with Increased Temperature		Increase in Volatiles + Terpenoids with Increased Temperature		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Yao, 2005		Seasonal variations of phenolic compounds in Australia-grown tea (Camellia sinensis)		Australia		Tea quality as determined by key catechin compounds (EGCG, ECG, and CG) was higher during warm months (April and May) and lower during cool months (July, August, and September).		0		1		0		0		0		0		0		0

		Wang, 2011		Seasonal climate effects on flavanols and purine alkaloids of tea (Camellia sinensis L.)		China		Increased daily average temperatures resulted in an increase in some quality parameters and a decrease in other quality parameters. Specifically, increased temperatures were assocaited with an increase in (-)-epigallocatechin (EGC), (-)-epicatechin (EC),		1		1		0		0		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		0		1		0		0		0		1		1

		Wei, 2011		Catechin contents in tea ( Camellia sinensis) as affected by cultivar and environment and their relation to chlorophyll contents		China		Correlation analysis indicated that (+)-catechin was the major catechin fraction significantly correlated with climate factors and chlorophyll contents. Moreover, chlorophyll contents were significantly influenced by climate factors, with the highest corr		1		0		0		0		0		0		0		0





Herbivory

		Effects of Herbivory and Pathogens on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Herbivory		Increase in Catechins + Phenolics with Increased Herbivory		Decrease in Caffeine with Increased Herbivory		Increase in Caffeine with Increased Herbivory		Decrease in Terpenoids / Volatiles with Increased Herbivory		Increase in Volatiles + Terpenoids with Increased Herbivory		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Chakraborty, et al 2004		Impact of environmental factors on infestation of tea leaves by Helopeltis theivora and associated changes in flavonoid flavor components and enzyme activities		India		Insect attack by Helopeltis theivora led to an increase in the activities of the oxidative enzymes peroxidase, ascorbate peroxidase and polyphenol oxidase as well as a significant decrease in some catechins and other polyphenols in certain tea varieties.		1		0		0		0		0		0

		Dong, et al 2011		Herbivore-Induced Volatiles from Tea (Camellia sinensis) Plants and Their Involvement in Intraplant Communication and Changes in Endogenous Nonvolatile Metabolites		Japan		Principal component analysis of metabolites in undamaged tea leaves exposed or not to HIPV suggests that external signaling via HIPV may lead to more drastic changes in the metabolite spectrum of tea leaves than internal signaling via vascular connections

		Han, et al 2002		Composition of the volatiles from intact and tea aphid-damaged tea shoots and their allurement to several natural enemies of the tea aphid		China		Tea aphid damaged tea shoots emitted volatile synomones.		0		0		0		0		1		0

		Ponmurugan, 2007		Morphological, Physiological and Biochemical Changes in Resistant and Susceptible 
Cultivars of Tea in Relation to Phomopsis Disease		India		All growth characteristics, physiological and biochemical parameters were reduced significantly in plants with phomopsis disease rather than healthy plants.		1		0		0		0		0		0

		Singh, 2010		Enhancement in growth and quality parameters of tea [Camellia sinensis (L.) O. Kuntze] through inoculation with arbuscular mycorrhizal fungi in an acid soil		India		The innoculation of arbuscular mycorrhizal fungi in acidic soils of tea gardens resulted a significant increase in most tea growth and quality parameters compared to the noninoculated plants. Specifically, tea from innoculated soil showed higher levels of





Elevation - Altitude

		Effects of Altitude on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Altitude		Increase in Catechins + Phenolics with Increased Altitude		Decrease in Caffeine with Increased Altitude		Increase in Caffeine with Increased Altitude		Decrease in Terpenoids / Volatiles with Increased Altitude		Increase in Volatiles + Terpenoids with Increased Altitude		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Abeywickrama, et al 2010		Oral hypoglycaemic, antihyperglycaemic and antidiabetic activities of Sri Lankan Broken Orange Pekoe Fannings (BOPF) grade black tea (Camellia sinensis L.) in rats		Sri Lanka		Hypoglycaemic and antihyper- glycaemic activities of tea did not differ with respect to agroclimatic elevation, although there were differences in the content of phyto-constituents with elevation.		0		0		0		0		0		0

		Chen, et al 2014		Catechin content and the degree of its galloylation in oolong tea are inversely correlated with cultivation altitude		Taiwan		Catechin content and the degree of catechin galloylation in oolong tea infusions and their fresh tea leaves were inversely correlated to the cultivation altitude (200 m, 800 m, and 1300 m).		1		0		0		0		0		0

		Ohno, 2011		Characterization of Tea Cultivated at Four Different Altitudes Using 1H NMR Analysis Coupled with Multivariate Statistics		Japan		Tea quality was found to vary between four cultivation areas in Sri Lanka that have different elevations (1800 m, 1200 m, 600 m, and 300 m). Theaflavins, theanine, and caffiene levels were higher in the black teas derived from the higher elevation while l		0		1		0		1		0		0

		Abeywickrama, 2010		Oral diuretic activity of hot water infusion of Sri Lankan black tea (Camellia sinensis L.) in rats		Sri Lanka		Sri Lankan BOPF grade black tea from three elevations significantly increased cumulative urine output, compared with the control. Furthermore, low (26%), mid (35%), and high (49%) doses of high grown BTI increased their cumulative urine output dosedepende

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi





Light - UVB Irradation

		Effects of Light Factors on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Light		Increase in Catechins + Phenolics with Increased Light		Decrease in Caffeine with Increased Light		Increase in Caffeine with Increased Light		Decrease in Terpenoids / Volatiles with Increased Light		Increase in Volatiles + Terpenoids with Increased Light		Decrease in Amino Acids with Increased Light		Increase in Amino Acids with Increased Light

		Zhang, 2014		Metabolic Analysis Using Ultra-Performance Liquid Chromatography-Quadrupole-Time of Flight Mass Spectrometry (UPLC-Q-TOF MS) Uncovers the Effects of Light Intensity and Temperature under Shading Treatments on the Metabolites in Tea		China		The comparison showed a greater effect of temperature on galloylation of catechins than light intensity and temperature.

		Ku, 2010		Metabolomics analysis reveals the compositional differences of shade grown tea ( Camellia sinensis L.)		Japan		This provides evidence on the effects of shade on the chemical composition of green tea and associated flavor profile including increased shade resulting in tea with a higher umami profile and less astringent taste.

		Song, 2012		Correlation between leaf age, shade levels, and characteristics beneficial for natural constituents of tea (Camellia sinensis) grown in Hawaii		Hawaii(USA)		The concentration of L-theanine and caffeine decreased as leaf age increased moving from bud to first and then second leaf, while the concentration of the four catechins increased from the bud to first and second leaves. In most cases this increase was ge

		Deng, 2012		Effect of shade treatment on theanine biosynthesis in Camellia sinensis seedlings		China		Total free amino acid content was significantly increased by shading treatment.		0		0		0		0		0		0		1		0

		Lee, 2012		Metabolomic Analysis of the Effect of Shade Treatment on the Nutritional and Sensory Qualities of Green Tea		Korea		This study demonstrated that the application of shade treatment increased quercetin-galactosylrutinoside, kaempferol-glucosylrutinoside, epicatechin gallate, epigallocatechin gallate, tryptophan, phenylalanine, theanine, glutamine, glutamate, and caffeine		1		1		1		0		0		0		1		0

		Zheng, 2008		Effect of ultraviolet B irradiation on accumulation of catechins in tea (Camellia sinensis (L) O. Kuntze)		China		Total concentrations of tea catechins increased at low UV-B influence rates but decreased at high UV-B influence rates. The effect of UV-B varied with type of tea cultivar.		1		0		0		0		0		0		0		0





Soil and Nutrients-Fertilizer

		Effects of Soil and Nutrient Management on Tea Quality

		Citation		Title		Country		Outcome summary		Change in Catechins + Phenolics with Soil Management		Change in Caffeine with Soil Management		Change in Terpenoids / Volatiles with Soil Management		Change in Amino Acids with Soil Management

		Duan, et al 2012		Bioactive ingredient levels of tea leaves are associated with leaf Al level interactively influenced by acid rain intensity and soil Al supply		China

		Hajiboland, et al 2013		Mechanisms of aluminum-induced growth stimulation in tea (Camellia sinensis)		India		Shoot growth, root biomass, and total root length were all positively related to root Al concentrations. Chlorophyll a, carotenoid concentrations, and net assimilation rates were enhanced by Al supply in the young leaves, but not in the older leaves. Acti

		Mukhopadyay, 2012		Changes of growth, photosynthesis and alteration of leaf anti-oxidative defense system of tea [Camellia sinensis (L.) O. Kuntze] seedlings under aluminum stress		India		Al concentrations at lower levels promoted growth but at elevated states was a stressor.

		Sae-Lee, 2012		Chemical qualities and phenolic compounds of Assam tea after soil drench application of selenium and aluminum		Thailand		Selenium and Aluminum promoted the ascorbic acid, chlorophylls, carotenoids, total phenolics, and proline contents of tea leaves. The high chemical quality and highest phenolic content were found in tea leaves receiving 50 ppm of Se. The highest catechins

		Chen, 2011		Aluminum and nutrients induce changes in the profiles of phenolic substances in tea plants (Camellia sinensis CV TTES, No. 12 (TTE))		Taiwan		Al concentration in tea plants increases catechin concentrations and plays a large role in growth.

		Mukhopadhyay, 2013		Structural, physiological, and biochemical profiling of tea plants  under zinc stress		India		Zinc deficiency and excess resulted in considerable decreases in shoot and root masses (fresh and dry). Zinc stress decreased net photosynthetic rate, transpiration rate, stomatal conductance, and the content of chlorophylls a and b. Superoxide anion, mal

		Hemalatha, et al 2011		Impact of iron toxicity on certain enzymes and biochemical parameters of tea		India		Iron increases activity of enzymes (amylase, invertase) to an extent, but at very high concentrations it was found harmful to plants, eventually leading to their death.

		Ruan, 2007		Effect of root zone pH and form and concentration of nitrogen on accumulation of quality-related components in green tea		Germany		Concentrations of free amino acids were higher in NH4+ than in NO3- fed plants. Root zone pH did not influence concentrations of most free amino acids in young shoots, with the exception of theanine. Theanine increase at low pH (4.0) irrespective of N for

		Ruan, 2010		Impact of nitrogen supply on carbon/nitrogen allocation: A case study on amino acids and catechins in green tea [Camellia sinensis (L.) O. Kuntze] plants*		Germany and the Netherlands		Accumulation of amino acids and polyphenols depended strongly on nitrogen status, and the balance shifted toward increasing synthesis of amino acids associated with enhanced growth, while investment of carbon in secondary metabolites did not change propor

		Han, 2008		Nitrogen release dynamics and transformation of slow release fertiliser products and their effects on tea yield and quality		China		Slow release nitrogen fertilizers can increase N use efficiency and improve tea growth. This improved the profit margin and possibly reduced environmental pollution.

		Hamid, et al 2013		Effect of different levels of nitrogen on the chemical composition of tea (C. sinensis L) grown at higher altitude		Pakistan		TP increased significantly by the application of 180 kg N ha-1. The EGC, EC contents increased up to certain level with the increase of nitrogen and then declined after the application of 180 kg ha-1. The nitrogen level did not affect the caffeine content

		Venkatesan,2004a		Impact of sources and doses of potassium on biochemical and greenleaf parameters of tea		India		Different sources and levels of potassium were tested against carotenoids, chlorophyll, polyphenols, catechins, amino acids, and nutrients (P, MG, Zn, K, N). The relationship between polyphenols and carotenoids with amino acids was inversely proportional.

		Venkatesan,2006		Quality standards of CTC black teas as influenced by sources of potassium fertiliser		India		Quality aspects of crush, tear, and curl (black tea) was measured against different sources of potassium fertilizer. Potassium as muriate of potash improved liquor components (TF, TR, and TF/TR ratios at higher levels). Removal of K fertilizer drastically

		Ruan, et al 2013		Potassium management in tea plantations: Its uptake by field plants, status in soils, and efficacy on yields and quality of teas in China		China		The quality of harvested shoots was improved by K-fertilizer application as revealed by increased concentrations of free amino acids, water-extractable dry matter, and total polyphenols.

		Venkatesan, 2007		Influence of excess manganese on certain antioxidant enzymes and biochemical parameters of tea		India		High manganese levels in soils led to plant nutrient imbalances, decreases in amino acids, chlorophyll, and carotenoid content.

		Hu, 2003		Effect of selenium on the yield and quality of green tea leaves harvested in early spring		China		Selenite or selenate were applied to foliage. Number of sprouts and yield were significantly  increased (p<0.05) by the application of selenium. Sweetness and aroma were also enhanced, bitterness decreased. No differences in these between selenite or sele

		Ruan, 2012		Magnesium nutrition on accumulation and transport of amino acids in tea plants		China		Adequate supply of Magnesium (Mg) nutrient upped the creation of theanine in roots and its accumulation in young shoots. Mg nutritional status greatly influenced the mobility of amino acids and sugars (via xylem and phloem) especially when nitrogen and ca

		Jayaganesh, 2010		Impact of magnesium sulphate on biochemical and quality constituents of black tea		India		Amino acid content increased with soil application of magnesium. 50% potassium reduction fields reduced the amino acid content. The catechins content increased in soils with 300kg applied magnesium treatment and then decreased in 50% reduction of potassiu

		Jayaganesh, 2011		Impact of different sources and doses of Magnesium Fertilizer on Biochemical Constituents and Quality Parameters of black Tea		India		Different sources of magnesium fertilizers were compared to biochemical parameters. Amino acid and polyphenols increased with magnesium sulphate application while chlorophyl content and carotenoids were higher in magnesium sulphate applied blocks. Catechi

		Lin, 2011		Effects of phosphorus supply on the quality of green tea		China		Varying levels of phosphorus fertilizer was applied to identical tea plants. Dry weight increased with phosphorus levels. P-deficient green tea showed decreased concentrations of water, total polyphenols, flavonids, amino acids, theanine and aspargic acid

		Ruan, 2007		Effect of alternative anions (Cl- vs. SO42-) on concentrations of free amino acids in young tea plants		China		Soil-grown tea plants supplied with different levels of potassium (K) as K2SO4 or KCl exhibited increased concentrations of free amino acid in young shoots only when supplied with K2SO4, and the negative effect of KCl supply was mainly due to a reduced co

		Hajiboland, et al 2011		Effect of light intensity on photosynthesis and antioxidant defense in boron deficient tea plants		Iran		Up-regulation of C and N metabolism, anti-oxidative defenses, and overall enhancement of Boron uptake and transport were indicators for growth improvement of Boron-deficient plants by Al supplementation.

		Hajiboland, et al 2011		Aluminum alleviates boron-deficiency induced growth impairment in tea plant		Iran		Growth of B-deficient plants was completely resumed by Al supplementation or even surpassed control plants regarding shoot biomass. Photosynthetic rate was negatively influenced by low B supply and Al treatment increased it up to the level of the control

		Sedaghathoor, 2009		Yield and quality response of tea plant to fertilizers		Iran		Yield and quality were measured against different applications of nitrogen, potassium, magnesium and micronutrient fertilizers.  % of tannin, water extracts and caffeine was also measured. Micronutrient application (esp. magnesium and zinc sulphate) had s

		Venkatesan, 2004b		Long-term impact of nitrogen and potassium fertilizers on yield, soil nutrients and biochemical parameters of tea		India		Nitrogen and potassium fertilizers were tested against yield, biochemical parameters, soil, and leaf nutrient status over a 9 year period. Yield increased with the nitrogen application of 66% over the control. Polyphenol and amino acid contents increased

		Yang, 2014		Effects of Fertilizing with N, P, Se, and Zn on Regulating the Element and Functional Component Contents and Antioxidant Activity of Tea Leaves Planted in Red Soil		China		Comparing functional component contents and antioxidant activity of tea leaves when fertilizing with N, P, Se, and Zn. Fertilizer composed of Se. Zn. and P showed the highest Se, total polyphenol, and catechins contents and antioxidant activities as well

		Lu, 2004		Fluoride Content in Tea and Its Relationship with Tea Quality		China		The F level increased with the decline in quality and showed good correlation with the quality grades. The results suggest that the F content could be used as a quality indicator for tea evaluation.





Other

		

		Bhattacharya, 2015		Histochemical evaluation of catechins in PEG stressed transgenic tea plants using catechin-specific-diazotized sulfanilamide reagent		India		The apical bud consisted of the highest levels of catechins of all plant parts; this was followed by the palisade tissue of leaves and the vascular strands in the stem.

		Feng, et al 2005		HPLC analysis of naturally occurring methylated catechins, 3"- and 4"-methyl-epigallocatechin gallate, in various fresh tea leaves and commercial teas and their potent inhibitory effects on inducible nitric oxide synthase in macrophages		Taiwan		Tea quality as measured by O-methylated compounds was higher in young tea leaves compared to older tea leaves.






image5.emf
Citation Title Country Outcome summary
: . This study sh d that h tably i ted t lity with t I
Polyphenolic compounds and antioxidant 'S Study showed that geography notably Impacte .ea q.ual y Wi . ea samples
- . from Upper Assam, North Bank, and South Bank having higher quality tea than other
Bhuyan, et al 2013 |activity of CTC black tea of North-East India . ) : . \ . .
India regions with respect to theaflavins, thearubigins, and tasters'perception of quality
compared
Fi int of black teas f India: . . : : .
, mge.r.p rm. orblac ea's rom .n. a . This study demonstrates that tea quality varies with geography based on theaflavins,
Borse, et al 2002 identification of the regio-specific India . . . .
. colour, caffeine, total soluble solids, and viscosity.
characteristics
Metabolic unveiling of a diverse range of Multivariate statistical analysis revealed strong inter-country and inter-city
Lee, et al 2015 green tea (Camellia sinensis) metabolites Korea relationships for the levels of theanine and catechin derivatives found in green and
dependent on geography white teas.
Chemical characterization of CTC black This study found that overall tea quality as evaluated by tea tasters was highest for
Bhuvan. 2009 tea of northeast India: correlation of India Brahmaputra valley teas in Northeast India followed by Dooars region and Barak
yan, quality parameters with tea tasters' valley teas. Tea taster flavor evaluation corresponded with higher levels of
evaluation theaflavins,
: : " Comparison of green teas from Karst and non-Karst areas of Hubei Province in
Comparative studies on the qualities of . .
. : . China showed that tea samples from Karst areas had statistically lower content of
Li, 2007 green teas in Karst and non-Karst areas of China . . . . .
. . . . tea polyphenols while amino acids and caffeine contents were not statistically
Yichang, Hubei Province, PR China e
significant.
Geographical and climatic dependencies . . .
grapmi I .I .p ! Green tea samples grown in areas of high temperature, long sun exposure time, and
of green tea (Camellia sinensis) ) . . : . . .
Lee, et al 2010 , Korea high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG,
metabolites: a TH NMR-based . . . . . .
. and caffeine but higher levels of theanine than those grown in areas with relatively |
metabolomics study
Jevaramraia. et al Variation in antioxidant potential and total Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP),
20>1/ 1 2, polyphenol content of fresh and fully- Sri Lanka |total phenolic concentration, and DPPH free radical-scavenging activity varied on the
fermented Sri Lankan tea basis of season (dry versus monsoon), altitude (high versus low), and plantation lo
- . lit d hic locati ignificantly i ted t lit determined
Sestoa and ol varatons i s T o o e e s S o T
Rawat, 2008 major glycosidic bound volatiles in Kangra India y P ’ gy

tea (Camellia sinensis (L.) O. Kuntze)

compounds was highest during early growth flush (April - mid June), declined during
rains











Microsoft_Excel_97_-_2004_Worksheet4.xls
Table 1 Search Terms

		

		tea OR		AND		“climate change” OR “global warming" OR				AND		antioxidant*

		“camellia sinensis” OR				“horticultural condition*” OR						caffeine

		camellia*				season OR						phytochemical*

		“green tea” OR				OR		spring				catechin*

		pu-erh OR pu’erh OR						monsoon				theaflavin

		oolong				“Solar radiation”						theanine

		NOT (rooibos OR "Aspalathus linearis")				OR		UV OR “UV quantity” OR				flavonol

								“length of daylight” OR “day length” OR "sunshine hours"				"secondary metabolite*"

						precipitation						"Aliphatic alcohol*"

						OR		rainfall				“Aliphatic ketone*” 

								drought				“aliphatic aldehyde*”

								flood				“aliphatic ester*”

						OR		“water logging”				“hydrocarbon*”

								saturation				“alkyl acid*”

								geograph* OR “geographic area”				“oxygenated heterocycle*”

						OR		origin				polyphenol*

								latitude				phenol*

								slope				terpen*

								aspect				methylxanthine*

								altitude				α-terpinene

								elevation				γ-terpinene

								temperature				(Z)-jasmone 

						OR		Frost OR freez* OR “chilling hour*”				linalool

								wind				δ-cadinene

								soil				geraniol

						OR		“soil moisture content”				nerolidol

								biomass				α-terpineol

								“soil acidity” OR “soil pH”				indole 

								“total P” OR “available P”				β-ionone

								“total N”				caryophyllene

								“Annual bud-burst” OR “mean bud-burst” OR				"methyl salicylate"

								CO2 or "carbon dioxide"				"benzyl alcohol"

												2-phenylethanol





Table 2 Seasonality

		Table 2. Effects of Seasonality on Tea Quality

		Citation		Title		Country		Outcome summary		Total of Studies		Decrease in Catechins + Phenolics with Seasonal Transition from Spring		Increase in Catechins + Phenolics with Seasonal Transition from Spring		Decrease in Caffeine with Seasonal Transition		Increase in Caffeine with Seasonal Transition		Decrease in Terpenoids / Volatiles with Seasonal Transition		Increase in Volatiles + Terpenoids with Seasonal Transition		Decrease in Amino Acids with Seasonal Transition		Increase in  Amino Acids with Seasonal Transition

		Baptista, et al 2014		Value of off-season fresh Camellia sinensis leaves: Antiradical activity, total phenolics content and catechin profiles		Portugal		Total phenolic concentration was higher during the main tea harvest season and lower during the off-harvest season.		1		1		0		0		0		0		0		0		0

		Chen, et al 2010		Photosynthesis, yield, and chemical composition of Tieguanyin tea plants (Camellia sinensis (L.) O. Kuntze) in response to irrigation treatments		Taiwan		Catechin and phenolic concentration varied with season (spring versus autumn) and altitude (350 m and 500 m). Spring and higher altitude tea had higher quality based on tea chemical composition.		1		1		0		0		0		0		0		0		0

		Kottur, et al 2010		Diversity among various forms of catechins and its synthesizing enzyme (phenylalanine ammonia lyase) in relation to quality of black tea (Camellia spp.)		India		Overall quality as evaluated by tea tasters, catechins, and enzyme activity (phenylalanine ammonia lyase) varied over four different seasons (summer, premonsoon, monsoon and winter) with the dry premonsoon summer season having the greatest quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2014		Effects of season and plantation on phenolic content of unfermented and fermented Sri Lankan tea		Sri Lanka		Climate, season, soil fertility, and processing conditions were shown to interactively impact the profile of specific catechins of teas with the spring season being the most favorable for tea quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		1		1		0		0		0		0		0		0		0

		Saikia, 2002		Specific fluctuations in the composition of lipoxygenase- and glycosidase-generated flavors in some cultivated teas of Assam		India		Seasonality variably impacted various tea quality parameters with second-flush spring teas having increased activities of glycosidase and several terpenes, phenolics, and aliphatic compounds bound to glycosides. Conversely, monsoon teas had higher levels		1		1		0		0		0		1		1		0		1

		Saito, 2007		Characterization of the constituents and antioxidant activity of Brazilian green tea (Camellia sinensis var. assamica IAC-259 Cultivar) extracts		Brazil		Spring and summer teas significantly varied on the basis of caffeine content with summer samples had higher levels. However, spring and summer teas did not significantly varied on the basis of catechin contents and antioxidant levels.		1		0		0		0		1		0		0		0		0

		Ahmed et al., 2014		Effects of extreme climate events on tea (Camellia sinensis) functional quality validate indigenous farmer knowledge and sensory preferences in tropical China		China		Concentrations of catechin and methylxanthine secondary metabolites, major compounds that determine tea functional quality, were up to 50% lower during the monsoon while total phenolic concentrations and antioxidant activity increased.		1		1		1		1		0		0		0		0		0

		Xu, 2012		Discrimination of the production season of Chinese green tea by chemical analysis in combination with supervised pattern recognition		China		Levels of free amino acids and catechins in green tea were shown to notably vary from spring to summer with spring being the optimal season for high quality.		1		1		0		0		0		0		0		0		0

		Sud, 2000		Seasonal clonal variations and effects of stresses on qualitychemicals and prephenate dehydratase enzyme activity in tea(Camellia sinensis)		India		Catechins and prephenate dehydratase enzyme activity notably varied with seasonal variation and over various growth flushes with the main spring flush having the highest quality.		1		1		0		0		0		0		0		0		0

		Venkatesan, 2007		Seasonal variations in theaflavins, thearubigins, total colour and brightness of Kangra orthodox tea (Camellia sinensis (L) O Kuntze) in Himachal Pradesh		India		Tea quality as measured by theaflavins, thearubigins, total color, and brightness of green leaves significantly varied seasonally throughout the tea harvest seasons from March to October over four consecutive years. Teas harvested during the 1st and 2nd f		1		1		1		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		0		0		1		1		0		0

		Chen, 2014		Correlation between nitrogen application to tea flushes and quality of green and black teas		Taiwan		Tea quality significantly varied across seasons (spring, summer, and winter) on the basis of total nitrogen content. A negative correlation was found between winter tea and specific catechin compounds (gallic acid, EGC, EC, GCG, and ECG).		1		1		0		0		0		0		0		0		0

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi		1		1		0		1		0		0		0		0		0

		Kowalsick, et al 2014		Metabolite profiling of Camellia sinensis by automated sequential, multidimensional gas chromatography/mass spectrometry reveals strong monsoon effects on tea constituents		China		Numbers and concentrations of individual tea volatiles either increased, decreased or stayed the same with the onset of the monsoon from the spring season during a field experiment. Overall, the spring season was associated with a greater number and conce		1		0		0		0		0		1		1		0		0

		Anasari, et al 2011		Impacts of flushing and fermentation times on the quality of black tea		Iran		Flushing time was found to significantly impact several quality parameters of tea clones including theaflavin, thearubigin, total color, brightness, tannin and caffeine. The early flushing periods had the overall highest quality for most tea clones.		1		1		0		1		0		0		0		0		0

		Tontul, 2012		Comparative study on volatile compounds in Turkish green tea powder: Impact of tea clone, shading level and shooting period		Turkey		Seasonality and flushing period significantly impacted the volatile composition of green tea. 1-hexanol was detected in a trace amount in the 1st shooting period in tea samples while was explicitly determined in the 2nd shooting period. Ethyl benzene, xyl		1		0		0		0		0		1		1		0		0

		Topuz, 2014		Physicochemical properties of Turkish green tea powder: Effects of shooting period, shading, and clone		Turkey				1		1		0		0		0		0		0		0		0

										18		14		2		3		1		4		4		0		1





Table 3 Water Stress

		Table 3. Effects of Water Stress on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Decreased Water		Increase in Catechins + Phenolics with Decreased Water		Decrease in Caffeine with Decreased Water		Increase in Caffeine with Decreased Water		Decrease in Terpenoids / Volatiles with Decreased Water		Increase in Volatiles + Terpenoids with Decreased Water		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Cao, et al 2007		Aromatic constituents in fresh leaves of Lingtou Dancong tea induced by drought stress		China		The number of aromatic constituents in fresh tea leaves was highest under a soil relative water content of 53.90% and lowest under a soil relative water content of 99.75%.		0		0		0		0		0		1

		Chakraborty, et al 2002		Response of Tea Plants to Water Stress		India				1		1		0		0		0		0

		Cheruiyot, et al 2007		Polyphenols as Potential Indicators for Drought Tolerance in Tea (Camellia sinensis L.)		Kenya		Declining soil water content over a 12 week period in a rain out shelter significantly reduced growth and total polyphenolic concentrations in tea shoots with variability in amount of fluctuation depending on type of cultivar.		1		0		0		0		0		0

		Cheruiyot, et al 2008		Shoot Epicatechin and Epigallocatechin Contents Respond to Water Stress in Tea [Camellia sinensis (L.) O. Kuntze]		Kenya		In a randomized study, a positive linear correlation was found between soil water content (10-40%) and water stress with the concentration of total catechins and specific individual catechin compounds (epicatechin and epigallocatechin) as measured by HPLC		1		0		0		0		0		0

		Hernandez, et al 2006		Enhanced oxidation of flavan-3-ols and proanthocyanidin accumulation in water-stressed tea plants		Spain		Flavonoid compounds including epicatechin and epigallocatechin gallate accumulated in drought-stressed tea plants in an experimental field station experiment.		0		1		0		0		0		0

		Hrishikesh, et al 2013		Zinc modulates drought-induced biochemical damages in tea [ Camellia sinensis (L) O Kuntze]		India		Total phenolic concentrations of tea leaves increased with drought stress. Concentrations of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll, and total carotenoid (Cx+c) X with drought stress.		0		1		0		0		0		0

		Upadhyaya, 2004		Variation of physiological and antioxidative responses in tea cultivars subjected to elevated water stress followed by rehydration recovery		India		Drought and rehydration significantly impacted constituents associated with tea quality. The levels of chlorophylls, carotenoids, ascorbate and glutathione, and activities of guaiacol peroxidase and glutathione reductase decreased after five days of droug		1		1		0		0		0		0

		Bahattacharya, 2014		Osmotin-expressing transgenic tea plants have improved stress tolerance and are of higher quality		Africa, and South America		Induced osmotic stress resulted in increased levels of flavan-3-ols (EGCg, ECG, EGC, EC, and catechins) and increased activity of ROS detoxifying enzymes.		0		1		0		0		0		0

		Ahmed, 2013		Effects of water availability and pest pressures on tea (Camellia sinensis) growth and functional quality		United States		The effect of water availability and jasmonic acid (proxy treatment for herbivory) on tea quality varied with individual secondary metabolites. Higher water availability significantly lowered concentrations of epicatechin 3-gallate and increased total met		0		1		0		0		0		0

		Upadhyaya, 2010		CaCl2 improves post-drought recovery potential in Camellia sinensis (L) O. Kuntze		India		This study found there was an increase in dry mass, prolin, and phenolic content of tea leaf with decrease in water and lipid peroxidation and increased activities of enzymes such as SOD, CAT, POX and GR in response to increased foliar CaCl2 concentration		0		1		0		0		0		0





Table 4 Geography - Location

		Table 4. Effects of Geograophy on Tea Quality

		Citation		Title		Country		Outcome summary		Total No of Studies		Change in Catechins + Phenolics with Geography		Change in Caffeine with Geography		Change in Terpenoids / Volatiles with Geography		Change in Amino Acids with Geography		Change in  Flavor with Geography

		Bhuyan, et al 2013		Polyphenolic compounds and antioxidant activity of CTC black tea of North-East India		India		This study showed that geography notably impacted tea quality with tea samples from Upper Assam, North Bank, and South Bank having higher quality tea than other regions with respect to theaflavins, thearubigins, and tasters'perception of quality compared		1		1		0		0		0		0

		Borse, et al 2002		Fingerprint of black teas from India: identification of the regio-specific characteristics		India		This study demonstrates that tea quality varies with geography based on theaflavins, colour, caffeine, total soluble solids, and viscosity.		1		1		1		0		0		0

		Lee, et al 2015		Metabolic unveiling of a diverse range of green tea (Camellia sinensis) metabolites dependent on geography		Korea		Multivariate statistical analysis revealed strong inter-country and inter-city relationships for the levels of theanine and catechin derivatives found in green and white teas.		1		1		0		0		1		0

		Bhuyan, 2009		Chemical characterization of CTC black tea of northeast India: correlation of quality parameters with tea tasters' evaluation		India		This study found that overall tea quality as evaluated by tea tasters was highest for Brahmaputra valley teas in Northeast India followed by Dooars region and Barak valley teas. Tea taster flavor evaluation corresponded with higher levels of theaflavins,		1		1		0		0		0		1

		Li, 2007		Comparative studies on the qualities of green teas in Karst and non-Karst areas of Yichang, Hubei Province, PR China		China		Comparison of green teas from Karst and non-Karst areas of Hubei Province in China showed that tea samples from Karst areas had statistically lower content of tea polyphenols while amino acids and caffeine contents were not statistically significant.		1		1		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		1		1		0		1		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		1		0		0

										7		6		2		1		2		1





Temperature

		Effects of Temperature on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Temperature		Increase in Catechins + Phenolics with Increased Temperature		Decrease in Caffeine with Increased Temperature		Increase in Caffeine with Increased Temperature		Decrease in Terpenoids / Volatiles with Increased Temperature		Increase in Volatiles + Terpenoids with Increased Temperature		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Yao, 2005		Seasonal variations of phenolic compounds in Australia-grown tea (Camellia sinensis)		Australia		Tea quality as determined by key catechin compounds (EGCG, ECG, and CG) was higher during warm months (April and May) and lower during cool months (July, August, and September).		0		1		0		0		0		0		0		0

		Wang, 2011		Seasonal climate effects on flavanols and purine alkaloids of tea (Camellia sinensis L.)		China		Increased daily average temperatures resulted in an increase in some quality parameters and a decrease in other quality parameters. Specifically, increased temperatures were assocaited with an increase in (-)-epigallocatechin (EGC), (-)-epicatechin (EC),		1		1		0		0		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		0		1		0		0		0		1		1

		Wei, 2011		Catechin contents in tea ( Camellia sinensis) as affected by cultivar and environment and their relation to chlorophyll contents		China		Correlation analysis indicated that (+)-catechin was the major catechin fraction significantly correlated with climate factors and chlorophyll contents. Moreover, chlorophyll contents were significantly influenced by climate factors, with the highest corr		1		0		0		0		0		0		0		0





Herbivory

		Effects of Herbivory and Pathogens on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Herbivory		Increase in Catechins + Phenolics with Increased Herbivory		Decrease in Caffeine with Increased Herbivory		Increase in Caffeine with Increased Herbivory		Decrease in Terpenoids / Volatiles with Increased Herbivory		Increase in Volatiles + Terpenoids with Increased Herbivory		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Chakraborty, et al 2004		Impact of environmental factors on infestation of tea leaves by Helopeltis theivora and associated changes in flavonoid flavor components and enzyme activities		India		Insect attack by Helopeltis theivora led to an increase in the activities of the oxidative enzymes peroxidase, ascorbate peroxidase and polyphenol oxidase as well as a significant decrease in some catechins and other polyphenols in certain tea varieties.		1		0		0		0		0		0

		Dong, et al 2011		Herbivore-Induced Volatiles from Tea (Camellia sinensis) Plants and Their Involvement in Intraplant Communication and Changes in Endogenous Nonvolatile Metabolites		Japan		Principal component analysis of metabolites in undamaged tea leaves exposed or not to HIPV suggests that external signaling via HIPV may lead to more drastic changes in the metabolite spectrum of tea leaves than internal signaling via vascular connections

		Han, et al 2002		Composition of the volatiles from intact and tea aphid-damaged tea shoots and their allurement to several natural enemies of the tea aphid		China		Tea aphid damaged tea shoots emitted volatile synomones.		0		0		0		0		1		0

		Ponmurugan, 2007		Morphological, Physiological and Biochemical Changes in Resistant and Susceptible 
Cultivars of Tea in Relation to Phomopsis Disease		India		All growth characteristics, physiological and biochemical parameters were reduced significantly in plants with phomopsis disease rather than healthy plants.		1		0		0		0		0		0

		Singh, 2010		Enhancement in growth and quality parameters of tea [Camellia sinensis (L.) O. Kuntze] through inoculation with arbuscular mycorrhizal fungi in an acid soil		India		The innoculation of arbuscular mycorrhizal fungi in acidic soils of tea gardens resulted a significant increase in most tea growth and quality parameters compared to the noninoculated plants. Specifically, tea from innoculated soil showed higher levels of





Elevation - Altitude

		Effects of Altitude on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Altitude		Increase in Catechins + Phenolics with Increased Altitude		Decrease in Caffeine with Increased Altitude		Increase in Caffeine with Increased Altitude		Decrease in Terpenoids / Volatiles with Increased Altitude		Increase in Volatiles + Terpenoids with Increased Altitude		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Abeywickrama, et al 2010		Oral hypoglycaemic, antihyperglycaemic and antidiabetic activities of Sri Lankan Broken Orange Pekoe Fannings (BOPF) grade black tea (Camellia sinensis L.) in rats		Sri Lanka		Hypoglycaemic and antihyper- glycaemic activities of tea did not differ with respect to agroclimatic elevation, although there were differences in the content of phyto-constituents with elevation.		0		0		0		0		0		0

		Chen, et al 2014		Catechin content and the degree of its galloylation in oolong tea are inversely correlated with cultivation altitude		Taiwan		Catechin content and the degree of catechin galloylation in oolong tea infusions and their fresh tea leaves were inversely correlated to the cultivation altitude (200 m, 800 m, and 1300 m).		1		0		0		0		0		0

		Ohno, 2011		Characterization of Tea Cultivated at Four Different Altitudes Using 1H NMR Analysis Coupled with Multivariate Statistics		Japan		Tea quality was found to vary between four cultivation areas in Sri Lanka that have different elevations (1800 m, 1200 m, 600 m, and 300 m). Theaflavins, theanine, and caffiene levels were higher in the black teas derived from the higher elevation while l		0		1		0		1		0		0

		Abeywickrama, 2010		Oral diuretic activity of hot water infusion of Sri Lankan black tea (Camellia sinensis L.) in rats		Sri Lanka		Sri Lankan BOPF grade black tea from three elevations significantly increased cumulative urine output, compared with the control. Furthermore, low (26%), mid (35%), and high (49%) doses of high grown BTI increased their cumulative urine output dosedepende

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi





Light - UVB Irradation

		Effects of Light Factors on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Light		Increase in Catechins + Phenolics with Increased Light		Decrease in Caffeine with Increased Light		Increase in Caffeine with Increased Light		Decrease in Terpenoids / Volatiles with Increased Light		Increase in Volatiles + Terpenoids with Increased Light		Decrease in Amino Acids with Increased Light		Increase in Amino Acids with Increased Light

		Zhang, 2014		Metabolic Analysis Using Ultra-Performance Liquid Chromatography-Quadrupole-Time of Flight Mass Spectrometry (UPLC-Q-TOF MS) Uncovers the Effects of Light Intensity and Temperature under Shading Treatments on the Metabolites in Tea		China		The comparison showed a greater effect of temperature on galloylation of catechins than light intensity and temperature.

		Ku, 2010		Metabolomics analysis reveals the compositional differences of shade grown tea ( Camellia sinensis L.)		Japan		This provides evidence on the effects of shade on the chemical composition of green tea and associated flavor profile including increased shade resulting in tea with a higher umami profile and less astringent taste.

		Song, 2012		Correlation between leaf age, shade levels, and characteristics beneficial for natural constituents of tea (Camellia sinensis) grown in Hawaii		Hawaii(USA)		The concentration of L-theanine and caffeine decreased as leaf age increased moving from bud to first and then second leaf, while the concentration of the four catechins increased from the bud to first and second leaves. In most cases this increase was ge

		Deng, 2012		Effect of shade treatment on theanine biosynthesis in Camellia sinensis seedlings		China		Total free amino acid content was significantly increased by shading treatment.		0		0		0		0		0		0		1		0

		Lee, 2012		Metabolomic Analysis of the Effect of Shade Treatment on the Nutritional and Sensory Qualities of Green Tea		Korea		This study demonstrated that the application of shade treatment increased quercetin-galactosylrutinoside, kaempferol-glucosylrutinoside, epicatechin gallate, epigallocatechin gallate, tryptophan, phenylalanine, theanine, glutamine, glutamate, and caffeine		1		1		1		0		0		0		1		0

		Zheng, 2008		Effect of ultraviolet B irradiation on accumulation of catechins in tea (Camellia sinensis (L) O. Kuntze)		China		Total concentrations of tea catechins increased at low UV-B influence rates but decreased at high UV-B influence rates. The effect of UV-B varied with type of tea cultivar.		1		0		0		0		0		0		0		0





Soil and Nutrients-Fertilizer

		Effects of Soil and Nutrient Management on Tea Quality

		Citation		Title		Country		Outcome summary		Change in Catechins + Phenolics with Soil Management		Change in Caffeine with Soil Management		Change in Terpenoids / Volatiles with Soil Management		Change in Amino Acids with Soil Management

		Duan, et al 2012		Bioactive ingredient levels of tea leaves are associated with leaf Al level interactively influenced by acid rain intensity and soil Al supply		China

		Hajiboland, et al 2013		Mechanisms of aluminum-induced growth stimulation in tea (Camellia sinensis)		India		Shoot growth, root biomass, and total root length were all positively related to root Al concentrations. Chlorophyll a, carotenoid concentrations, and net assimilation rates were enhanced by Al supply in the young leaves, but not in the older leaves. Acti

		Mukhopadyay, 2012		Changes of growth, photosynthesis and alteration of leaf anti-oxidative defense system of tea [Camellia sinensis (L.) O. Kuntze] seedlings under aluminum stress		India		Al concentrations at lower levels promoted growth but at elevated states was a stressor.

		Sae-Lee, 2012		Chemical qualities and phenolic compounds of Assam tea after soil drench application of selenium and aluminum		Thailand		Selenium and Aluminum promoted the ascorbic acid, chlorophylls, carotenoids, total phenolics, and proline contents of tea leaves. The high chemical quality and highest phenolic content were found in tea leaves receiving 50 ppm of Se. The highest catechins

		Chen, 2011		Aluminum and nutrients induce changes in the profiles of phenolic substances in tea plants (Camellia sinensis CV TTES, No. 12 (TTE))		Taiwan		Al concentration in tea plants increases catechin concentrations and plays a large role in growth.

		Mukhopadhyay, 2013		Structural, physiological, and biochemical profiling of tea plants  under zinc stress		India		Zinc deficiency and excess resulted in considerable decreases in shoot and root masses (fresh and dry). Zinc stress decreased net photosynthetic rate, transpiration rate, stomatal conductance, and the content of chlorophylls a and b. Superoxide anion, mal

		Hemalatha, et al 2011		Impact of iron toxicity on certain enzymes and biochemical parameters of tea		India		Iron increases activity of enzymes (amylase, invertase) to an extent, but at very high concentrations it was found harmful to plants, eventually leading to their death.

		Ruan, 2007		Effect of root zone pH and form and concentration of nitrogen on accumulation of quality-related components in green tea		Germany		Concentrations of free amino acids were higher in NH4+ than in NO3- fed plants. Root zone pH did not influence concentrations of most free amino acids in young shoots, with the exception of theanine. Theanine increase at low pH (4.0) irrespective of N for

		Ruan, 2010		Impact of nitrogen supply on carbon/nitrogen allocation: A case study on amino acids and catechins in green tea [Camellia sinensis (L.) O. Kuntze] plants*		Germany and the Netherlands		Accumulation of amino acids and polyphenols depended strongly on nitrogen status, and the balance shifted toward increasing synthesis of amino acids associated with enhanced growth, while investment of carbon in secondary metabolites did not change propor

		Han, 2008		Nitrogen release dynamics and transformation of slow release fertiliser products and their effects on tea yield and quality		China		Slow release nitrogen fertilizers can increase N use efficiency and improve tea growth. This improved the profit margin and possibly reduced environmental pollution.

		Hamid, et al 2013		Effect of different levels of nitrogen on the chemical composition of tea (C. sinensis L) grown at higher altitude		Pakistan		TP increased significantly by the application of 180 kg N ha-1. The EGC, EC contents increased up to certain level with the increase of nitrogen and then declined after the application of 180 kg ha-1. The nitrogen level did not affect the caffeine content

		Venkatesan,2004a		Impact of sources and doses of potassium on biochemical and greenleaf parameters of tea		India		Different sources and levels of potassium were tested against carotenoids, chlorophyll, polyphenols, catechins, amino acids, and nutrients (P, MG, Zn, K, N). The relationship between polyphenols and carotenoids with amino acids was inversely proportional.

		Venkatesan,2006		Quality standards of CTC black teas as influenced by sources of potassium fertiliser		India		Quality aspects of crush, tear, and curl (black tea) was measured against different sources of potassium fertilizer. Potassium as muriate of potash improved liquor components (TF, TR, and TF/TR ratios at higher levels). Removal of K fertilizer drastically

		Ruan, et al 2013		Potassium management in tea plantations: Its uptake by field plants, status in soils, and efficacy on yields and quality of teas in China		China		The quality of harvested shoots was improved by K-fertilizer application as revealed by increased concentrations of free amino acids, water-extractable dry matter, and total polyphenols.

		Venkatesan, 2007		Influence of excess manganese on certain antioxidant enzymes and biochemical parameters of tea		India		High manganese levels in soils led to plant nutrient imbalances, decreases in amino acids, chlorophyll, and carotenoid content.

		Hu, 2003		Effect of selenium on the yield and quality of green tea leaves harvested in early spring		China		Selenite or selenate were applied to foliage. Number of sprouts and yield were significantly  increased (p<0.05) by the application of selenium. Sweetness and aroma were also enhanced, bitterness decreased. No differences in these between selenite or sele

		Ruan, 2012		Magnesium nutrition on accumulation and transport of amino acids in tea plants		China		Adequate supply of Magnesium (Mg) nutrient upped the creation of theanine in roots and its accumulation in young shoots. Mg nutritional status greatly influenced the mobility of amino acids and sugars (via xylem and phloem) especially when nitrogen and ca

		Jayaganesh, 2010		Impact of magnesium sulphate on biochemical and quality constituents of black tea		India		Amino acid content increased with soil application of magnesium. 50% potassium reduction fields reduced the amino acid content. The catechins content increased in soils with 300kg applied magnesium treatment and then decreased in 50% reduction of potassiu

		Jayaganesh, 2011		Impact of different sources and doses of Magnesium Fertilizer on Biochemical Constituents and Quality Parameters of black Tea		India		Different sources of magnesium fertilizers were compared to biochemical parameters. Amino acid and polyphenols increased with magnesium sulphate application while chlorophyl content and carotenoids were higher in magnesium sulphate applied blocks. Catechi

		Lin, 2011		Effects of phosphorus supply on the quality of green tea		China		Varying levels of phosphorus fertilizer was applied to identical tea plants. Dry weight increased with phosphorus levels. P-deficient green tea showed decreased concentrations of water, total polyphenols, flavonids, amino acids, theanine and aspargic acid

		Ruan, 2007		Effect of alternative anions (Cl- vs. SO42-) on concentrations of free amino acids in young tea plants		China		Soil-grown tea plants supplied with different levels of potassium (K) as K2SO4 or KCl exhibited increased concentrations of free amino acid in young shoots only when supplied with K2SO4, and the negative effect of KCl supply was mainly due to a reduced co

		Hajiboland, et al 2011		Effect of light intensity on photosynthesis and antioxidant defense in boron deficient tea plants		Iran		Up-regulation of C and N metabolism, anti-oxidative defenses, and overall enhancement of Boron uptake and transport were indicators for growth improvement of Boron-deficient plants by Al supplementation.

		Hajiboland, et al 2011		Aluminum alleviates boron-deficiency induced growth impairment in tea plant		Iran		Growth of B-deficient plants was completely resumed by Al supplementation or even surpassed control plants regarding shoot biomass. Photosynthetic rate was negatively influenced by low B supply and Al treatment increased it up to the level of the control

		Sedaghathoor, 2009		Yield and quality response of tea plant to fertilizers		Iran		Yield and quality were measured against different applications of nitrogen, potassium, magnesium and micronutrient fertilizers.  % of tannin, water extracts and caffeine was also measured. Micronutrient application (esp. magnesium and zinc sulphate) had s

		Venkatesan, 2004b		Long-term impact of nitrogen and potassium fertilizers on yield, soil nutrients and biochemical parameters of tea		India		Nitrogen and potassium fertilizers were tested against yield, biochemical parameters, soil, and leaf nutrient status over a 9 year period. Yield increased with the nitrogen application of 66% over the control. Polyphenol and amino acid contents increased

		Yang, 2014		Effects of Fertilizing with N, P, Se, and Zn on Regulating the Element and Functional Component Contents and Antioxidant Activity of Tea Leaves Planted in Red Soil		China		Comparing functional component contents and antioxidant activity of tea leaves when fertilizing with N, P, Se, and Zn. Fertilizer composed of Se. Zn. and P showed the highest Se, total polyphenol, and catechins contents and antioxidant activities as well

		Lu, 2004		Fluoride Content in Tea and Its Relationship with Tea Quality		China		The F level increased with the decline in quality and showed good correlation with the quality grades. The results suggest that the F content could be used as a quality indicator for tea evaluation.





Other

		

		Bhattacharya, 2015		Histochemical evaluation of catechins in PEG stressed transgenic tea plants using catechin-specific-diazotized sulfanilamide reagent		India		The apical bud consisted of the highest levels of catechins of all plant parts; this was followed by the palisade tissue of leaves and the vascular strands in the stem.

		Feng, et al 2005		HPLC analysis of naturally occurring methylated catechins, 3"- and 4"-methyl-epigallocatechin gallate, in various fresh tea leaves and commercial teas and their potent inhibitory effects on inducible nitric oxide synthase in macrophages		Taiwan		Tea quality as measured by O-methylated compounds was higher in young tea leaves compared to older tea leaves.
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Table 1 Search Terms

		

		tea OR		AND		“climate change” OR “global warming" OR				AND		antioxidant*

		“camellia sinensis” OR				“horticultural condition*” OR						caffeine

		camellia*				season OR						phytochemical*

		“green tea” OR				OR		spring				catechin*

		pu-erh OR pu’erh OR						monsoon				theaflavin

		oolong				“Solar radiation”						theanine

		NOT (rooibos OR "Aspalathus linearis")				OR		UV OR “UV quantity” OR				flavonol

								“length of daylight” OR “day length” OR "sunshine hours"				"secondary metabolite*"

						precipitation						"Aliphatic alcohol*"

						OR		rainfall				“Aliphatic ketone*” 

								drought				“aliphatic aldehyde*”

								flood				“aliphatic ester*”

						OR		“water logging”				“hydrocarbon*”

								saturation				“alkyl acid*”

								geograph* OR “geographic area”				“oxygenated heterocycle*”

						OR		origin				polyphenol*

								latitude				phenol*

								slope				terpen*

								aspect				methylxanthine*

								altitude				α-terpinene

								elevation				γ-terpinene

								temperature				(Z)-jasmone 

						OR		Frost OR freez* OR “chilling hour*”				linalool

								wind				δ-cadinene

								soil				geraniol

						OR		“soil moisture content”				nerolidol

								biomass				α-terpineol

								“soil acidity” OR “soil pH”				indole 

								“total P” OR “available P”				β-ionone

								“total N”				caryophyllene

								“Annual bud-burst” OR “mean bud-burst” OR				"methyl salicylate"

								CO2 or "carbon dioxide"				"benzyl alcohol"

												2-phenylethanol





Table 2 Seasonality

		Table 2. Effects of Seasonality on Tea Quality

		Citation		Title		Country		Outcome summary		Total of Studies		Decrease in Catechins + Phenolics with Seasonal Transition from Spring		Increase in Catechins + Phenolics with Seasonal Transition from Spring		Decrease in Caffeine with Seasonal Transition		Increase in Caffeine with Seasonal Transition		Decrease in Terpenoids / Volatiles with Seasonal Transition		Increase in Volatiles + Terpenoids with Seasonal Transition		Decrease in Amino Acids with Seasonal Transition		Increase in  Amino Acids with Seasonal Transition

		Baptista, et al 2014		Value of off-season fresh Camellia sinensis leaves: Antiradical activity, total phenolics content and catechin profiles		Portugal		Total phenolic concentration was higher during the main tea harvest season and lower during the off-harvest season.		1		1		0		0		0		0		0		0		0

		Chen, et al 2010		Photosynthesis, yield, and chemical composition of Tieguanyin tea plants (Camellia sinensis (L.) O. Kuntze) in response to irrigation treatments		Taiwan		Catechin and phenolic concentration varied with season (spring versus autumn) and altitude (350 m and 500 m). Spring and higher altitude tea had higher quality based on tea chemical composition.		1		1		0		0		0		0		0		0		0

		Kottur, et al 2010		Diversity among various forms of catechins and its synthesizing enzyme (phenylalanine ammonia lyase) in relation to quality of black tea (Camellia spp.)		India		Overall quality as evaluated by tea tasters, catechins, and enzyme activity (phenylalanine ammonia lyase) varied over four different seasons (summer, premonsoon, monsoon and winter) with the dry premonsoon summer season having the greatest quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2014		Effects of season and plantation on phenolic content of unfermented and fermented Sri Lankan tea		Sri Lanka		Climate, season, soil fertility, and processing conditions were shown to interactively impact the profile of specific catechins of teas with the spring season being the most favorable for tea quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		1		1		0		0		0		0		0		0		0

		Saikia, 2002		Specific fluctuations in the composition of lipoxygenase- and glycosidase-generated flavors in some cultivated teas of Assam		India		Seasonality variably impacted various tea quality parameters with second-flush spring teas having increased activities of glycosidase and several terpenes, phenolics, and aliphatic compounds bound to glycosides. Conversely, monsoon teas had higher levels		1		1		0		0		0		1		1		0		1

		Saito, 2007		Characterization of the constituents and antioxidant activity of Brazilian green tea (Camellia sinensis var. assamica IAC-259 Cultivar) extracts		Brazil		Spring and summer teas significantly varied on the basis of caffeine content with summer samples had higher levels. However, spring and summer teas did not significantly varied on the basis of catechin contents and antioxidant levels.		1		0		0		0		1		0		0		0		0

		Ahmed et al., 2014		Effects of extreme climate events on tea (Camellia sinensis) functional quality validate indigenous farmer knowledge and sensory preferences in tropical China		China		Concentrations of catechin and methylxanthine secondary metabolites, major compounds that determine tea functional quality, were up to 50% lower during the monsoon while total phenolic concentrations and antioxidant activity increased.		1		1		1		1		0		0		0		0		0

		Xu, 2012		Discrimination of the production season of Chinese green tea by chemical analysis in combination with supervised pattern recognition		China		Levels of free amino acids and catechins in green tea were shown to notably vary from spring to summer with spring being the optimal season for high quality.		1		1		0		0		0		0		0		0		0

		Sud, 2000		Seasonal clonal variations and effects of stresses on qualitychemicals and prephenate dehydratase enzyme activity in tea(Camellia sinensis)		India		Catechins and prephenate dehydratase enzyme activity notably varied with seasonal variation and over various growth flushes with the main spring flush having the highest quality.		1		1		0		0		0		0		0		0		0

		Venkatesan, 2007		Seasonal variations in theaflavins, thearubigins, total colour and brightness of Kangra orthodox tea (Camellia sinensis (L) O Kuntze) in Himachal Pradesh		India		Tea quality as measured by theaflavins, thearubigins, total color, and brightness of green leaves significantly varied seasonally throughout the tea harvest seasons from March to October over four consecutive years. Teas harvested during the 1st and 2nd f		1		1		1		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		0		0		1		1		0		0

		Chen, 2014		Correlation between nitrogen application to tea flushes and quality of green and black teas		Taiwan		Tea quality significantly varied across seasons (spring, summer, and winter) on the basis of total nitrogen content. A negative correlation was found between winter tea and specific catechin compounds (gallic acid, EGC, EC, GCG, and ECG).		1		1		0		0		0		0		0		0		0

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi		1		1		0		1		0		0		0		0		0

		Kowalsick, et al 2014		Metabolite profiling of Camellia sinensis by automated sequential, multidimensional gas chromatography/mass spectrometry reveals strong monsoon effects on tea constituents		China		Numbers and concentrations of individual tea volatiles either increased, decreased or stayed the same with the onset of the monsoon from the spring season during a field experiment. Overall, the spring season was associated with a greater number and conce		1		0		0		0		0		1		1		0		0

		Anasari, et al 2011		Impacts of flushing and fermentation times on the quality of black tea		Iran		Flushing time was found to significantly impact several quality parameters of tea clones including theaflavin, thearubigin, total color, brightness, tannin and caffeine. The early flushing periods had the overall highest quality for most tea clones.		1		1		0		1		0		0		0		0		0

		Tontul, 2012		Comparative study on volatile compounds in Turkish green tea powder: Impact of tea clone, shading level and shooting period		Turkey		Seasonality and flushing period significantly impacted the volatile composition of green tea. 1-hexanol was detected in a trace amount in the 1st shooting period in tea samples while was explicitly determined in the 2nd shooting period. Ethyl benzene, xyl		1		0		0		0		0		1		1		0		0

		Topuz, 2014		Physicochemical properties of Turkish green tea powder: Effects of shooting period, shading, and clone		Turkey				1		1		0		0		0		0		0		0		0

										18		14		2		3		1		4		4		0		1





Table 3 Water Stress

		Table 3. Effects of Water Stress on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Decreased Water		Increase in Catechins + Phenolics with Decreased Water		Decrease in Caffeine with Decreased Water		Increase in Caffeine with Decreased Water		Decrease in Terpenoids / Volatiles with Decreased Water		Increase in Volatiles + Terpenoids with Decreased Water		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Cao, et al 2007		Aromatic constituents in fresh leaves of Lingtou Dancong tea induced by drought stress		China		The number of aromatic constituents in fresh tea leaves was highest under a soil relative water content of 53.90% and lowest under a soil relative water content of 99.75%.		0		0		0		0		0		1		0		0

		Chakraborty, et al 2002		Response of Tea Plants to Water Stress		India				1		1		0		0		0		0		0		0

		Cheruiyot, et al 2007		Polyphenols as Potential Indicators for Drought Tolerance in Tea (Camellia sinensis L.)		Kenya		Declining soil water content over a 12 week period in a rain out shelter significantly reduced growth and total polyphenolic concentrations in tea shoots with variability in amount of fluctuation depending on type of cultivar.		1		0		0		0		0		0		0		0

		Cheruiyot, et al 2008		Shoot Epicatechin and Epigallocatechin Contents Respond to Water Stress in Tea [Camellia sinensis (L.) O. Kuntze]		Kenya		In a randomized study, a positive linear correlation was found between soil water content (10-40%) and water stress with the concentration of total catechins and specific individual catechin compounds (epicatechin and epigallocatechin) as measured by HPLC		1		0		0		0		0		0		0		0

		Hernandez, et al 2006		Enhanced oxidation of flavan-3-ols and proanthocyanidin accumulation in water-stressed tea plants		Spain		Flavonoid compounds including epicatechin and epigallocatechin gallate accumulated in drought-stressed tea plants in an experimental field station experiment.		0		1		0		0		0		0		0		0

		Hrishikesh, et al 2013		Zinc modulates drought-induced biochemical damages in tea [ Camellia sinensis (L) O Kuntze]		India		Total phenolic concentrations of tea leaves increased with drought stress. Concentrations of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll, and total carotenoid (Cx+c) X with drought stress.		0		1		0		0		0		0		0		0

		Upadhyaya, 2004		Variation of physiological and antioxidative responses in tea cultivars subjected to elevated water stress followed by rehydration recovery		India		Drought and rehydration significantly impacted constituents associated with tea quality. The levels of chlorophylls, carotenoids, ascorbate and glutathione, and activities of guaiacol peroxidase and glutathione reductase decreased after five days of droug		1		1		0		0		0		0		0		0

		Bahattacharya, 2014		Osmotin-expressing transgenic tea plants have improved stress tolerance and are of higher quality		Africa, and South America		Induced osmotic stress resulted in increased levels of flavan-3-ols (EGCg, ECG, EGC, EC, and catechins) and increased activity of ROS detoxifying enzymes.		0		1		0		0		0		0		0		0

		Ahmed, 2013		Effects of water availability and pest pressures on tea (Camellia sinensis) growth and functional quality		United States		The effect of water availability and jasmonic acid (proxy treatment for herbivory) on tea quality varied with individual secondary metabolites. Higher water availability significantly lowered concentrations of epicatechin 3-gallate and increased total met		0		1		0		0		0		0		0		0

		Upadhyaya, 2010		CaCl2 improves post-drought recovery potential in Camellia sinensis (L) O. Kuntze		India		This study found there was an increase in dry mass, prolin, and phenolic content of tea leaf with decrease in water and lipid peroxidation and increased activities of enzymes such as SOD, CAT, POX and GR in response to increased foliar CaCl2 concentration		0		1		0		0		0		0		0		0

										4		7		0		0		0		1		0		0





Table 4 Geography - Location

		Table 4. Effects of Geography on Tea Quality

		Citation		Title		Country		Outcome summary		Total No of Studies		Change in Catechins + Phenolics with Geography		Change in Caffeine with Geography		Change in Terpenoids / Volatiles with Geography		Change in Amino Acids with Geography		Change in  Flavor with Geography

		Bhuyan, et al 2013		Polyphenolic compounds and antioxidant activity of CTC black tea of North-East India		India		This study showed that geography notably impacted tea quality with tea samples from Upper Assam, North Bank, and South Bank having higher quality tea than other regions with respect to theaflavins, thearubigins, and tasters'perception of quality compared		1		1		0		0		0		0

		Borse, et al 2002		Fingerprint of black teas from India: identification of the regio-specific characteristics		India		This study demonstrates that tea quality varies with geography based on theaflavins, colour, caffeine, total soluble solids, and viscosity.		1		1		1		0		0		0

		Lee, et al 2015		Metabolic unveiling of a diverse range of green tea (Camellia sinensis) metabolites dependent on geography		Korea		Multivariate statistical analysis revealed strong inter-country and inter-city relationships for the levels of theanine and catechin derivatives found in green and white teas.		1		1		0		0		1		0

		Bhuyan, 2009		Chemical characterization of CTC black tea of northeast India: correlation of quality parameters with tea tasters' evaluation		India		This study found that overall tea quality as evaluated by tea tasters was highest for Brahmaputra valley teas in Northeast India followed by Dooars region and Barak valley teas. Tea taster flavor evaluation corresponded with higher levels of theaflavins,		1		1		0		0		0		1

		Li, 2007		Comparative studies on the qualities of green teas in Karst and non-Karst areas of Yichang, Hubei Province, PR China		China		Comparison of green teas from Karst and non-Karst areas of Hubei Province in China showed that tea samples from Karst areas had statistically lower content of tea polyphenols while amino acids and caffeine contents were not statistically significant.		1		1		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		1		1		0		1		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		1		0		0

										7		6		2		1		2		1





Table 5 Light - UVB Irradation

		Table 5. Effects of Light Factors on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Light		Increase in Catechins + Phenolics with Increased Light		Decrease in Caffeine with Increased Light		Increase in Caffeine with Increased Light		Decrease in Terpenoids / Volatiles with Increased Light		Increase in Volatiles + Terpenoids with Increased Light		Decrease in Amino Acids with Increased Light		Increase in Amino Acids with Increased Light

		Zhang, 2014		Metabolic Analysis Using Ultra-Performance Liquid Chromatography-Quadrupole-Time of Flight Mass Spectrometry (UPLC-Q-TOF MS) Uncovers the Effects of Light Intensity and Temperature under Shading Treatments on the Metabolites in Tea		China		Shading of tea plants with Black Net and Nano-insulating Film (with additional 2–4°C cooling effect) significantly decreased flavonoid metabolites (mainly flavan-3-ols, flavonols and their glycosides) compared to the unshaded control. Contents of chloroph		0		1		1		0		1		0		1		0

		Ku, 2010		Metabolomics analysis reveals the compositional differences of shade grown tea ( Camellia sinensis L.)		Japan		This study provides evidence on the effects of shade on the chemical composition and associated flavor profile of green tea. Shade cultured green tea (tencha) resulted in higher umami profile and less astringent taste than the unshaded green tea due to lo		1		1		0		0		1		1		1		0

		Song, 2012		Correlation between leaf age, shade levels, and characteristics beneficial for natural constituents of tea (Camellia sinensis) grown in Hawaii		Hawaii(USA)		Findings show that natural shade from trees impacts the concentration of L-theanine, caffeine, -epicatechin, -epicatechin gallate, -epigallocatechin gallate, and -epigallocatechin in tea leaves. However, this relationship is not linear with different shad		1		1		1		1		0		0		1		1

		Deng, 2012		Effect of shade treatment on theanine biosynthesis in Camellia sinensis seedlings		China		Total free amino acid content was significantly increased by shading treatment.		0		0		0		0		0		0		1		0

		Lee, 2012		Metabolomic Analysis of the Effect of Shade Treatment on the Nutritional and Sensory Qualities of Green Tea		Korea		This study demonstrated that the application of shade treatment increased quercetin-galactosylrutinoside, kaempferol-glucosylrutinoside, epicatechin gallate, epigallocatechin gallate, tryptophan, phenylalanine, theanine, glutamine, glutamate, and caffeine		1		1		1		0		1		1		1		0

		Zheng, 2008		Effect of ultraviolet B irradiation on accumulation of catechins in tea (Camellia sinensis (L) O. Kuntze)		China		Total concentrations of tea catechins increased at low UV-B influence rates but decreased at high UV-B influence rates. The effect of UV-B varied with type of tea cultivar.		1		0		0		0		0		0		0		0

										4		4		3		1		3		2		5		1





Table 6 Altitude

		Table 6. Effects of Altitude on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Altitude		Increase in Catechins + Phenolics with Increased Altitude		Decrease in Caffeine with Increased Altitude		Increase in Caffeine with Increased Altitude		Decrease in Terpenoids / Volatiles with Increased Altitude		Increase in Volatiles + Terpenoids with Increased Altitude		Decrease in Amino Acids with Increased Altitude		Increase in Amino Acids with Increased Altitude

		Abeywickrama, et al 2010a		Oral hypoglycaemic, antihyperglycaemic and antidiabetic activities of Sri Lankan Broken Orange Pekoe Fannings (BOPF) grade black tea (Camellia sinensis L.) in rats		Sri Lanka		Tea samples collected from high-, mid- and low-grown agroclimatic elevations in Sri Lanka were found to vary in phyto-constituents but did not vary in hypoglycaemic, antihyperglycaemic and antidiabetic actions. Specifically, high-grown black tea had signi		0		1		1		0		0		0		1		0

		Chen, et al 2014		Catechin content and the degree of its galloylation in oolong tea are inversely correlated with cultivation altitude		Taiwan		Catechin content and the degree of catechin galloylation in oolong tea infusions and their fresh tea leaves were inversely correlated to the cultivation altitude (200 m, 800 m, and 1300 m) in the same mountain area. As the presence of polyphenolic compoun		1		0		0		0		0		0		0		0

		Ohno, 2011		Characterization of Tea Cultivated at Four Different Altitudes Using 1H NMR Analysis Coupled with Multivariate Statistics		Sri Lanka		Tea quality was found to vary between four cultivation areas in Sri Lanka that have different elevations (1800 m, 1200 m, 600 m, and 300 m). Theaflavins, theanine, and caffiene levels were higher in the black teas derived from the higher elevation while l		0		1		0		1		0		0		0		1

		Abeywickrama, 2010b		Oral diuretic activity of hot water infusion of Sri Lankan black tea (Camellia sinensis L.) in rats		Sri Lanka		Sri Lankan black tea samples from three elevations (low, mid, and high) significantly varied in polyphenols, theaflavins, thearubigins, catechins, and caffiene. Specifically, high-grown teas had higher levels of total polyphenols, theaflavins, thearubigin		0		1		0		1		0		0		0		0

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi		0		1		0		1		0		0		0		0

										1		4		1		3		0		0		1		1





Table 7 Herbivory and Microbes

		Table 7. Effects of Herbivory and Microbes on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Herbivory and Microbes		Increase in Catechins + Phenolics with Increased Herbivory and Microbes		Decrease in Caffeine with Increased Herbivory and Microbes		Increase in Caffeine with Increased Herbivory and Microbes		Decrease in Terpenoids / Volatiles with Increased Herbivory and Microbes		Increase in Volatiles + Terpenoids with Increased Herbivory and Microbes		Decrease in Amino Acids with Decreased Water and Microbes		Increase in Amino Acids with Decreased Water and Microbes

		Chakraborty, et al 2004		Impact of environmental factors on infestation of tea leaves by Helopeltis theivora and associated changes in flavonoid flavor components and enzyme activities		India		Insect attack by Helopeltis theivora (tea mosquito bug) led to an increase in the activities of the oxidative enzymes peroxidase, ascorbate peroxidase and polyphenol oxidase as well as a significant decrease in some catechins and other polyphenols in cert		1		0		0		0		0		0		0		0

		Dong, et al 2011		Herbivore-Induced Volatiles from Tea (Camellia sinensis) Plants and Their Involvement in Intraplant Communication and Changes in Endogenous Nonvolatile Metabolites		Japan		Tea leaves emitted numerous volatiles ( (Z)-3-hexen-1-ol, linalool, α-farnesene, benzyl nitrile, indole, nerolidol, and ocimenes) in higher concentrations in response to attacks by herbivores such as the smaller tea tortrix. Alpha-farnesene and ocimenes w		0		1		0		0		0		1		0		0

		Han, et al 2002		Composition of the volatiles from intact and tea aphid-damaged tea shoots and their allurement to several natural enemies of the tea aphid		China		Comparison between the composition of the volatiles from intact tea shoots (ITS) and that from tea aphid-damaged tea shoots (TADTS) found that ITS had E-2-hexenal, ocimene, Z-3-hexenyl acetate, Z-3-hexen-1-ol, butanoic acid-3-hexenyl ester, linalool, 1-oc		0		0		0		0		1		1		0		0

		Ponmurugan, 2007		Morphological, Physiological and Biochemical Changes in Resistant and Susceptible 
Cultivars of Tea in Relation to Phomopsis Disease		India		All growth characteristics, physiological and biochemical parameters (total sugar, nitrogen, amino acids, protein, polyphenols and catechins) were significantly reduced in tea plants  infected by the pathogen phomopsis compared to healthy plants.  The red		1		0		0		0		0		0		1		0

		Singh, 2010		Enhancement in growth and quality parameters of tea [Camellia sinensis (L.) O. Kuntze] through inoculation with arbuscular mycorrhizal fungi in an acid soil		India		Inoculation of tea plants with arbuscular mycorrhizal fungi (AMF) from natural and cultivated tea rhizospheres (NTR and CTR, respectively) resulted in significant increases up to 31% over the control in amino acids, significant increase in total polypheno		0		1		0		1		0		0		0		1

										2		2		0		1		1		2		1		1





Table 8 Temperature

		Table 8. Effects of Temperature on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Temperature		Increase in Catechins + Phenolics with Increased Temperature		Decrease in Caffeine with Increased Temperature		Increase in Caffeine with Increased Temperature		Decrease in Terpenoids / Volatiles with Increased Temperature		Increase in Volatiles + Terpenoids with Increased Temperature		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Yao, 2005		Seasonal variations of phenolic compounds in Australia-grown tea (Camellia sinensis)		Australia		Tea quality as determined by key catechin compounds (EGCG, ECG, and CG) was higher during warm months (April and May) and lower during cool months (July, August, and September).		0		1		0		0		0		0		0		0

		Wang, 2011		Seasonal climate effects on flavanols and purine alkaloids of tea (Camellia sinensis L.)		China		Increased daily average temperatures resulted in an increase in some quality parameters and a decrease in other quality parameters. Specifically, increased temperatures were assocaited with an increase in (-)-epigallocatechin (EGC), (-)-epicatechin (EC),		1		1		0		0		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		0		1		0		0		0		1		1

		Wei, 2011		Catechin contents in tea ( Camellia sinensis) as affected by cultivar and environment and their relation to chlorophyll contents		China		Correlation analysis indicated that (+)-catechin was the major catechin fraction significantly correlated with climate factors and chlorophyll contents. Moreover, chlorophyll contents were significantly influenced by climate factors, with the highest corr		1		0		0		0		0		0		0		0

										3		2		1		0		0		0		1		1





Table 9 Soil and Nutrients

		Table 9. Effects of Soil and Nutrient Management on Tea Quality

		Citation		Title		Country		Outcome summary		Change in Catechins + Phenolics with Soil Management		Change in Caffeine with Soil Management		Change in Terpenoids / Volatiles with Soil Management		Change in Amino Acids with Soil Management

		Duan, et al 2012		Bioactive ingredient levels of tea leaves are associated with leaf Al level interactively influenced by acid rain intensity and soil Al supply		China		Al assimilation and accumulation in plants were slightly promoted by acid rain with addition of 0.5 g kg-1 Al in soil, while inhibited with addition of 1.0 g kg-1 Al in soil. Al levels in tea shoots, leaves and roots were higher in the treatments with ele

		Hajiboland, et al 2013		Mechanisms of aluminum-induced growth stimulation in tea (Camellia sinensis)		India		Shoot growth, root biomass, and total root length were all positively related to root Al concentrations. Chlorophyll a, carotenoid concentrations, and net assimilation rates were enhanced by Al supply in the young leaves, but not in the older leaves. Acti

		Mukhopadyay, 2012		Changes of growth, photosynthesis and alteration of leaf anti-oxidative defense system of tea [Camellia sinensis (L.) O. Kuntze] seedlings under aluminum stress		India		Al concentrations at lower levels promoted growth but at elevated states was a stressor.

		Sae-Lee, 2012		Chemical qualities and phenolic compounds of Assam tea after soil drench application of selenium and aluminum		Thailand		Selenium and Aluminum promoted the ascorbic acid, chlorophylls, carotenoids, total phenolics, and proline contents of tea leaves. The high chemical quality and highest phenolic content were found in tea leaves receiving 50 ppm of Se. The highest catechins

		Chen, 2011		Aluminum and nutrients induce changes in the profiles of phenolic substances in tea plants (Camellia sinensis CV TTES, No. 12 (TTE))		Taiwan		Al concentration in tea plants increases catechin concentrations and plays a large role in growth.

		Mukhopadhyay, 2013		Structural, physiological, and biochemical profiling of tea plants  under zinc stress		India		Zinc deficiency and excess resulted in considerable decreases in shoot and root masses (fresh and dry). Zinc stress decreased net photosynthetic rate, transpiration rate, stomatal conductance, and the content of chlorophylls a and b. Superoxide anion, mal

		Hemalatha, et al 2011		Impact of iron toxicity on certain enzymes and biochemical parameters of tea		India		Iron increases activity of enzymes (amylase, invertase) to an extent, but at very high concentrations it was found harmful to plants, eventually leading to their death.

		Ruan, 2007		Effect of root zone pH and form and concentration of nitrogen on accumulation of quality-related components in green tea		Germany		Concentrations of free amino acids were higher in NH4+ than in NO3- fed plants. Root zone pH did not influence concentrations of most free amino acids in young shoots, with the exception of theanine. Theanine increase at low pH (4.0) irrespective of N for

		Ruan, 2010		Impact of nitrogen supply on carbon/nitrogen allocation: A case study on amino acids and catechins in green tea [Camellia sinensis (L.) O. Kuntze] plants*		Germany and the Netherlands		Accumulation of amino acids and polyphenols depended strongly on nitrogen status, and the balance shifted toward increasing synthesis of amino acids associated with enhanced growth, while investment of carbon in secondary metabolites did not change propor

		Han, 2008		Nitrogen release dynamics and transformation of slow release fertiliser products and their effects on tea yield and quality		China		Slow release nitrogen fertilizers can increase N use efficiency and improve tea growth. This improved the profit margin and possibly reduced environmental pollution.

		Hamid, et al 2013		Effect of different levels of nitrogen on the chemical composition of tea (C. sinensis L) grown at higher altitude		Pakistan		TP increased significantly by the application of 180 kg N ha-1. The EGC, EC contents increased up to certain level with the increase of nitrogen and then declined after the application of 180 kg ha-1. The nitrogen level did not affect the caffeine content

		Venkatesan,2004a		Impact of sources and doses of potassium on biochemical and greenleaf parameters of tea		India		Different sources and levels of potassium were tested against carotenoids, chlorophyll, polyphenols, catechins, amino acids, and nutrients (P, MG, Zn, K, N). The relationship between polyphenols and carotenoids with amino acids was inversely proportional.

		Venkatesan,2006		Quality standards of CTC black teas as influenced by sources of potassium fertiliser		India		Quality aspects of crush, tear, and curl (black tea) was measured against different sources of potassium fertilizer. Potassium as muriate of potash improved liquor components (TF, TR, and TF/TR ratios at higher levels). Removal of K fertilizer drastically

		Ruan, et al 2013		Potassium management in tea plantations: Its uptake by field plants, status in soils, and efficacy on yields and quality of teas in China		China		The quality of harvested shoots was improved by K-fertilizer application as revealed by increased concentrations of free amino acids, water-extractable dry matter, and total polyphenols.

		Venkatesan, 2007		Influence of excess manganese on certain antioxidant enzymes and biochemical parameters of tea		India		High manganese levels in soils led to plant nutrient imbalances, decreases in amino acids, chlorophyll, and carotenoid content.

		Hu, 2003		Effect of selenium on the yield and quality of green tea leaves harvested in early spring		China		Selenite or selenate were applied to foliage. Number of sprouts and yield were significantly  increased (p<0.05) by the application of selenium. Sweetness and aroma were also enhanced, bitterness decreased. No differences in these between selenite or sele

		Ruan, 2012		Magnesium nutrition on accumulation and transport of amino acids in tea plants		China		Adequate supply of Magnesium (Mg) nutrient upped the creation of theanine in roots and its accumulation in young shoots. Mg nutritional status greatly influenced the mobility of amino acids and sugars (via xylem and phloem) especially when nitrogen and ca

		Jayaganesh, 2010		Impact of magnesium sulphate on biochemical and quality constituents of black tea		India		Amino acid content increased with soil application of magnesium. 50% potassium reduction fields reduced the amino acid content. The catechins content increased in soils with 300kg applied magnesium treatment and then decreased in 50% reduction of potassiu

		Jayaganesh, 2011		Impact of different sources and doses of Magnesium Fertilizer on Biochemical Constituents and Quality Parameters of black Tea		India		Different sources of magnesium fertilizers were compared to biochemical parameters. Amino acid and polyphenols increased with magnesium sulphate application while chlorophyl content and carotenoids were higher in magnesium sulphate applied blocks. Catechi

		Lin, 2011		Effects of phosphorus supply on the quality of green tea		China		Varying levels of phosphorus fertilizer was applied to identical tea plants. Dry weight increased with phosphorus levels. P-deficient green tea showed decreased concentrations of water, total polyphenols, flavonids, amino acids, theanine and aspargic acid

		Ruan, 2007		Effect of alternative anions (Cl- vs. SO42-) on concentrations of free amino acids in young tea plants		China		Soil-grown tea plants supplied with different levels of potassium (K) as K2SO4 or KCl exhibited increased concentrations of free amino acid in young shoots only when supplied with K2SO4, and the negative effect of KCl supply was mainly due to a reduced co

		Hajiboland, et al 2011		Effect of light intensity on photosynthesis and antioxidant defense in boron deficient tea plants		Iran		Up-regulation of C and N metabolism, anti-oxidative defenses, and overall enhancement of Boron uptake and transport were indicators for growth improvement of Boron-deficient plants by Al supplementation.

		Hajiboland, et al 2011		Aluminum alleviates boron-deficiency induced growth impairment in tea plant		Iran		Growth of B-deficient plants was completely resumed by Al supplementation or even surpassed control plants regarding shoot biomass. Photosynthetic rate was negatively influenced by low B supply and Al treatment increased it up to the level of the control

		Sedaghathoor, 2009		Yield and quality response of tea plant to fertilizers		Iran		Yield and quality were measured against different applications of nitrogen, potassium, magnesium and micronutrient fertilizers.  % of tannin, water extracts and caffeine was also measured. Micronutrient application (esp. magnesium and zinc sulphate) had s

		Venkatesan, 2004b		Long-term impact of nitrogen and potassium fertilizers on yield, soil nutrients and biochemical parameters of tea		India		Nitrogen and potassium fertilizers were tested against yield, biochemical parameters, soil, and leaf nutrient status over a 9 year period. Yield increased with the nitrogen application of 66% over the control. Polyphenol and amino acid contents increased

		Yang, 2014		Effects of Fertilizing with N, P, Se, and Zn on Regulating the Element and Functional Component Contents and Antioxidant Activity of Tea Leaves Planted in Red Soil		China		Comparing functional component contents and antioxidant activity of tea leaves when fertilizing with N, P, Se, and Zn. Fertilizer composed of Se. Zn. and P showed the highest Se, total polyphenol, and catechins contents and antioxidant activities as well

		Lu, 2004		Fluoride Content in Tea and Its Relationship with Tea Quality		China		The F level increased with the decline in quality and showed good correlation with the quality grades. The results suggest that the F content could be used as a quality indicator for tea evaluation.





Other

		

		Bhattacharya, 2015		Histochemical evaluation of catechins in PEG stressed transgenic tea plants using catechin-specific-diazotized sulfanilamide reagent		India		The apical bud consisted of the highest levels of catechins of all plant parts; this was followed by the palisade tissue of leaves and the vascular strands in the stem.

		Feng, et al 2005		HPLC analysis of naturally occurring methylated catechins, 3"- and 4"-methyl-epigallocatechin gallate, in various fresh tea leaves and commercial teas and their potent inhibitory effects on inducible nitric oxide synthase in macrophages		Taiwan		Tea quality as measured by O-methylated compounds was higher in young tea leaves compared to older tea leaves.
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		10		40.00%		70.00%		0.00%		0.00%		0.00%		10.00%		0.00%		0.00%

				Change in Catechins + Phenolics with Geography		Change in Caffeine with Geography		Change in Volatiles + Terpenoids with Geography		Change in Amino Acids with Geography		Change in  Flavor with Geography

		8		75.00%		25.00%		12.50%		25.00%		12.50%

				Decrease in Catechins + Phenolics with Increased Altitude		Increase in Catechins + Phenolics with Increased Altitude		Decrease in Caffeine with Increased Altitude		Increase in Caffeine with Increased Altitude		Decrease in Volatiles + Terpenoids with Increased Altitude		Increase in Volatiles + Terpenoids with Increased Altitude		Decrease in Amino Acids with Increased Altitude		Increase in Amino Acids with Increased Altitude

		5		20.00%		80.00%		20.00%		60.00%		0.00%		0.00%		20.00%		20.00%

				Decrease in Catechins + Phenolics with Increased Herbivory and Microbes		Increase in Catechins + Phenolics with Increased Herbivory and Microbes		Decrease in Caffeine with Increased Herbivory and Microbes		Increase in Caffeine with Increased Herbivory and Microbes		Decrease in Volatiles + Terpenoids with Increased Herbivory and Microbes		Increase in Volatiles + Terpenoids with Increased Herbivory and Microbes		Decrease in Amino Acids with Decreased Herbivory and Microbes		Increase in Amino Acids with Decreased Herbivory and Microbes

		5		40.00%		40.00%		0.00%		20.00%		20.00%		40.00%		20.00%		20.00%

				Decrease in Catechins + Phenolics with Increased Temperature		Increase in Catechins + Phenolics with Increased Temperature		Decrease in Caffeine with Increased Temperature		Increase in Caffeine with Increased Temperature		Decrease in Volatiles + Terpenoids with Increased Temperature		Increase in Volatiles + Terpenoids with Increased Temperature		Decrease in Amino Acids with Increased Temperature		Increase in Amino Acids with Increased Temperature

		4		75.00%		50.00%		25.00%		0.00%		0.00%		0.00%		25.00%		25.00%

				Decrease in Catechins + Phenolics with Increased Light		Increase in Catechins + Phenolics with Increased Light		Decrease in Caffeine with Increased Light		Increase in Caffeine with Increased Light		Decrease in Volatiles + Terpenoids with Increased Light		Increase in Volatiles + Terpenoids with Increased Light		Decrease in Amino Acids with Increased Light		Increase in Amino Acids with Increased Light

		6		66.67%		66.67%		50.00%		16.67%		50.00%		33.33%		83.33%		16.67%
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Table 1 Search Terms

		

		tea OR		AND		“climate change” OR “global warming" OR				AND		antioxidant*

		“camellia sinensis” OR				“horticultural condition*” OR						caffeine

		camellia*				season OR						phytochemical*

		“green tea” OR				OR		spring				catechin*

		pu-erh OR pu’erh OR						monsoon				theaflavin

		oolong				“Solar radiation”						theanine

		NOT (rooibos OR "Aspalathus linearis")				OR		UV OR “UV quantity” OR				flavonol

								“length of daylight” OR “day length” OR "sunshine hours"				"secondary metabolite*"

						precipitation						"Aliphatic alcohol*"

						OR		rainfall				“Aliphatic ketone*” 

								drought				“aliphatic aldehyde*”

								flood				“aliphatic ester*”

						OR		“water logging”				“hydrocarbon*”

								saturation				“alkyl acid*”

								geograph* OR “geographic area”				“oxygenated heterocycle*”

						OR		origin				polyphenol*

								latitude				phenol*

								slope				terpen*

								aspect				methylxanthine*

								altitude				α-terpinene

								elevation				γ-terpinene

								temperature				(Z)-jasmone 

						OR		Frost OR freez* OR “chilling hour*”				linalool

								wind				δ-cadinene

								soil				geraniol

						OR		“soil moisture content”				nerolidol

								biomass				α-terpineol

								“soil acidity” OR “soil pH”				indole 

								“total P” OR “available P”				β-ionone

								“total N”				caryophyllene

								“Annual bud-burst” OR “mean bud-burst” OR				"methyl salicylate"

								CO2 or "carbon dioxide"				"benzyl alcohol"

												2-phenylethanol





Table 2 Seasonality

		Table 2. Effects of Seasonality on Tea Quality

		Citation		Title		Country		Outcome summary		Total of Studies		Decrease in Catechins + Phenolics with Seasonal Transition from Spring		Increase in Catechins + Phenolics with Seasonal Transition from Spring		Decrease in Caffeine with Seasonal Transition		Increase in Caffeine with Seasonal Transition		Decrease in Terpenoids / Volatiles with Seasonal Transition		Increase in Volatiles + Terpenoids with Seasonal Transition		Decrease in Amino Acids with Seasonal Transition		Increase in  Amino Acids with Seasonal Transition

		Baptista, et al 2014		Value of off-season fresh Camellia sinensis leaves: Antiradical activity, total phenolics content and catechin profiles		Portugal		Total phenolic concentration was higher during the main tea harvest season and lower during the off-harvest season.		1		1		0		0		0		0		0		0		0

		Chen, et al 2010		Photosynthesis, yield, and chemical composition of Tieguanyin tea plants (Camellia sinensis (L.) O. Kuntze) in response to irrigation treatments		Taiwan		Catechin and phenolic concentration varied with season (spring versus autumn) and altitude (350 m and 500 m). Spring and higher altitude tea had higher quality based on tea chemical composition.		1		1		0		0		0		0		0		0		0

		Kottur, et al 2010		Diversity among various forms of catechins and its synthesizing enzyme (phenylalanine ammonia lyase) in relation to quality of black tea (Camellia spp.)		India		Overall quality as evaluated by tea tasters, catechins, and enzyme activity (phenylalanine ammonia lyase) varied over four different seasons (summer, premonsoon, monsoon and winter) with the dry premonsoon summer season having the greatest quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2014		Effects of season and plantation on phenolic content of unfermented and fermented Sri Lankan tea		Sri Lanka		Climate, season, soil fertility, and processing conditions were shown to interactively impact the profile of specific catechins of teas with the spring season being the most favorable for tea quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		1		1		0		0		0		0		0		0		0

		Saikia, 2002		Specific fluctuations in the composition of lipoxygenase- and glycosidase-generated flavors in some cultivated teas of Assam		India		Seasonality variably impacted various tea quality parameters with second-flush spring teas having increased activities of glycosidase and several terpenes, phenolics, and aliphatic compounds bound to glycosides. Conversely, monsoon teas had higher levels		1		1		0		0		0		1		1		0		1

		Saito, 2007		Characterization of the constituents and antioxidant activity of Brazilian green tea (Camellia sinensis var. assamica IAC-259 Cultivar) extracts		Brazil		Spring and summer teas significantly varied on the basis of caffeine content with summer samples had higher levels. However, spring and summer teas did not significantly varied on the basis of catechin contents and antioxidant levels.		1		0		0		0		1		0		0		0		0

		Ahmed et al., 2014		Effects of extreme climate events on tea (Camellia sinensis) functional quality validate indigenous farmer knowledge and sensory preferences in tropical China		China		Concentrations of catechin and methylxanthine secondary metabolites, major compounds that determine tea functional quality, were up to 50% lower during the monsoon while total phenolic concentrations and antioxidant activity increased.		1		1		1		1		0		0		0		0		0

		Xu, 2012		Discrimination of the production season of Chinese green tea by chemical analysis in combination with supervised pattern recognition		China		Levels of free amino acids and catechins in green tea were shown to notably vary from spring to summer with spring being the optimal season for high quality.		1		1		0		0		0		0		0		0		0

		Sud, 2000		Seasonal clonal variations and effects of stresses on qualitychemicals and prephenate dehydratase enzyme activity in tea(Camellia sinensis)		India		Catechins and prephenate dehydratase enzyme activity notably varied with seasonal variation and over various growth flushes with the main spring flush having the highest quality.		1		1		0		0		0		0		0		0		0

		Venkatesan, 2007		Seasonal variations in theaflavins, thearubigins, total colour and brightness of Kangra orthodox tea (Camellia sinensis (L) O Kuntze) in Himachal Pradesh		India		Tea quality as measured by theaflavins, thearubigins, total color, and brightness of green leaves significantly varied seasonally throughout the tea harvest seasons from March to October over four consecutive years. Teas harvested during the 1st and 2nd f		1		1		1		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		0		0		1		1		0		0

		Chen, 2014		Correlation between nitrogen application to tea flushes and quality of green and black teas		Taiwan		Tea quality significantly varied across seasons (spring, summer, and winter) on the basis of total nitrogen content. A negative correlation was found between winter tea and specific catechin compounds (gallic acid, EGC, EC, GCG, and ECG).		1		1		0		0		0		0		0		0		0

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi		1		1		0		1		0		0		0		0		0

		Kowalsick, et al 2014		Metabolite profiling of Camellia sinensis by automated sequential, multidimensional gas chromatography/mass spectrometry reveals strong monsoon effects on tea constituents		China		Numbers and concentrations of individual tea volatiles either increased, decreased or stayed the same with the onset of the monsoon from the spring season during a field experiment. Overall, the spring season was associated with a greater number and conce		1		0		0		0		0		1		1		0		0

		Anasari, et al 2011		Impacts of flushing and fermentation times on the quality of black tea		Iran		Flushing time was found to significantly impact several quality parameters of tea clones including theaflavin, thearubigin, total color, brightness, tannin and caffeine. The early flushing periods had the overall highest quality for most tea clones.		1		1		0		1		0		0		0		0		0

		Tontul, 2012		Comparative study on volatile compounds in Turkish green tea powder: Impact of tea clone, shading level and shooting period		Turkey		Seasonality and flushing period significantly impacted the volatile composition of green tea. 1-hexanol was detected in a trace amount in the 1st shooting period in tea samples while was explicitly determined in the 2nd shooting period. Ethyl benzene, xyl		1		0		0		0		0		1		1		0		0

		Topuz, 2014		Physicochemical properties of Turkish green tea powder: Effects of shooting period, shading, and clone		Turkey				1		1		0		0		0		0		0		0		0

										18		14		2		3		1		4		4		0		1





Table 3 Water Stress

		Table 3. Effects of Water Stress on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Decreased Water		Increase in Catechins + Phenolics with Decreased Water		Decrease in Caffeine with Decreased Water		Increase in Caffeine with Decreased Water		Decrease in Terpenoids / Volatiles with Decreased Water		Increase in Volatiles + Terpenoids with Decreased Water		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Cao, et al 2007		Aromatic constituents in fresh leaves of Lingtou Dancong tea induced by drought stress		China		The number of aromatic constituents in fresh tea leaves was highest under a soil relative water content of 53.90% and lowest under a soil relative water content of 99.75%.		0		0		0		0		0		1

		Chakraborty, et al 2002		Response of Tea Plants to Water Stress		India				1		1		0		0		0		0

		Cheruiyot, et al 2007		Polyphenols as Potential Indicators for Drought Tolerance in Tea (Camellia sinensis L.)		Kenya		Declining soil water content over a 12 week period in a rain out shelter significantly reduced growth and total polyphenolic concentrations in tea shoots with variability in amount of fluctuation depending on type of cultivar.		1		0		0		0		0		0

		Cheruiyot, et al 2008		Shoot Epicatechin and Epigallocatechin Contents Respond to Water Stress in Tea [Camellia sinensis (L.) O. Kuntze]		Kenya		In a randomized study, a positive linear correlation was found between soil water content (10-40%) and water stress with the concentration of total catechins and specific individual catechin compounds (epicatechin and epigallocatechin) as measured by HPLC		1		0		0		0		0		0

		Hernandez, et al 2006		Enhanced oxidation of flavan-3-ols and proanthocyanidin accumulation in water-stressed tea plants		Spain		Flavonoid compounds including epicatechin and epigallocatechin gallate accumulated in drought-stressed tea plants in an experimental field station experiment.		0		1		0		0		0		0

		Hrishikesh, et al 2013		Zinc modulates drought-induced biochemical damages in tea [ Camellia sinensis (L) O Kuntze]		India		Total phenolic concentrations of tea leaves increased with drought stress. Concentrations of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll, and total carotenoid (Cx+c) X with drought stress.		0		1		0		0		0		0

		Upadhyaya, 2004		Variation of physiological and antioxidative responses in tea cultivars subjected to elevated water stress followed by rehydration recovery		India		Drought and rehydration significantly impacted constituents associated with tea quality. The levels of chlorophylls, carotenoids, ascorbate and glutathione, and activities of guaiacol peroxidase and glutathione reductase decreased after five days of droug		1		1		0		0		0		0

		Bahattacharya, 2014		Osmotin-expressing transgenic tea plants have improved stress tolerance and are of higher quality		Africa, and South America		Induced osmotic stress resulted in increased levels of flavan-3-ols (EGCg, ECG, EGC, EC, and catechins) and increased activity of ROS detoxifying enzymes.		0		1		0		0		0		0

		Ahmed, 2013		Effects of water availability and pest pressures on tea (Camellia sinensis) growth and functional quality		United States		The effect of water availability and jasmonic acid (proxy treatment for herbivory) on tea quality varied with individual secondary metabolites. Higher water availability significantly lowered concentrations of epicatechin 3-gallate and increased total met		0		1		0		0		0		0

		Upadhyaya, 2010		CaCl2 improves post-drought recovery potential in Camellia sinensis (L) O. Kuntze		India		This study found there was an increase in dry mass, prolin, and phenolic content of tea leaf with decrease in water and lipid peroxidation and increased activities of enzymes such as SOD, CAT, POX and GR in response to increased foliar CaCl2 concentration		0		1		0		0		0		0





Table 4 Geography - Location

		Table 4. Effects of Geography on Tea Quality

		Citation		Title		Country		Outcome summary		Total No of Studies		Change in Catechins + Phenolics with Geography		Change in Caffeine with Geography		Change in Terpenoids / Volatiles with Geography		Change in Amino Acids with Geography		Change in  Flavor with Geography

		Bhuyan, et al 2013		Polyphenolic compounds and antioxidant activity of CTC black tea of North-East India		India		This study showed that geography notably impacted tea quality with tea samples from Upper Assam, North Bank, and South Bank having higher quality tea than other regions with respect to theaflavins, thearubigins, and tasters'perception of quality compared		1		1		0		0		0		0

		Borse, et al 2002		Fingerprint of black teas from India: identification of the regio-specific characteristics		India		This study demonstrates that tea quality varies with geography based on theaflavins, colour, caffeine, total soluble solids, and viscosity.		1		1		1		0		0		0

		Lee, et al 2015		Metabolic unveiling of a diverse range of green tea (Camellia sinensis) metabolites dependent on geography		Korea		Multivariate statistical analysis revealed strong inter-country and inter-city relationships for the levels of theanine and catechin derivatives found in green and white teas.		1		1		0		0		1		0

		Bhuyan, 2009		Chemical characterization of CTC black tea of northeast India: correlation of quality parameters with tea tasters' evaluation		India		This study found that overall tea quality as evaluated by tea tasters was highest for Brahmaputra valley teas in Northeast India followed by Dooars region and Barak valley teas. Tea taster flavor evaluation corresponded with higher levels of theaflavins,		1		1		0		0		0		1

		Li, 2007		Comparative studies on the qualities of green teas in Karst and non-Karst areas of Yichang, Hubei Province, PR China		China		Comparison of green teas from Karst and non-Karst areas of Hubei Province in China showed that tea samples from Karst areas had statistically lower content of tea polyphenols while amino acids and caffeine contents were not statistically significant.		1		1		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		1		1		0		1		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		1		0		0

										7		6		2		1		2		1





Table 5 Altitude

		Table 5. Effects of Altitude on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Altitude		Increase in Catechins + Phenolics with Increased Altitude		Decrease in Caffeine with Increased Altitude		Increase in Caffeine with Increased Altitude		Decrease in Terpenoids / Volatiles with Increased Altitude		Increase in Volatiles + Terpenoids with Increased Altitude		Decrease in Amino Acids with Increased Altitude		Increase in Amino Acids with Increased Altitude

		Abeywickrama, et al 2010		Oral hypoglycaemic, antihyperglycaemic and antidiabetic activities of Sri Lankan Broken Orange Pekoe Fannings (BOPF) grade black tea (Camellia sinensis L.) in rats		Sri Lanka		Tea samples collected from high-, mid- and low-grown agroclimatic elevations in Sri Lanka were found to vary in phyto-constituents but did not vary in hypoglycaemic, antihyperglycaemic and antidiabetic actions. Specifically, high-grown black tea had signi		0		1		1		0		0		0		1		0

		Chen, et al 2014		Catechin content and the degree of its galloylation in oolong tea are inversely correlated with cultivation altitude		Taiwan		Catechin content and the degree of catechin galloylation in oolong tea infusions and their fresh tea leaves were inversely correlated to the cultivation altitude (200 m, 800 m, and 1300 m) in the same mountain area. As the presence of polyphenolic compoun		1		0		0		0		0		0		0		0

		Ohno, 2011		Characterization of Tea Cultivated at Four Different Altitudes Using 1H NMR Analysis Coupled with Multivariate Statistics		Sri Lanka		Tea quality was found to vary between four cultivation areas in Sri Lanka that have different elevations (1800 m, 1200 m, 600 m, and 300 m). Theaflavins, theanine, and caffiene levels were higher in the black teas derived from the higher elevation while l		0		1		0		1		0		0		0		1

		Abeywickrama, 2010		Oral diuretic activity of hot water infusion of Sri Lankan black tea (Camellia sinensis L.) in rats		Sri Lanka		Sri Lankan black tea samples from three elevations (low, mid, and high) significantly varied in polyphenols, theaflavins, thearubigins, catechins, and caffiene. Specifically, high-grown teas had higher levels of total polyphenols, theaflavins, thearubigin		0		1		0		1		0		0		0		1

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi		0		1		0		1		0		0		0		0

										1		4		1		3		0		0		1		2





Table 6 Herbivory and Microbes

		Table 6. Effects of Herbivory and Microbes on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Herbivory		Increase in Catechins + Phenolics with Increased Herbivory		Decrease in Caffeine with Increased Herbivory		Increase in Caffeine with Increased Herbivory		Decrease in Terpenoids / Volatiles with Increased Herbivory		Increase in Volatiles + Terpenoids with Increased Herbivory		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Chakraborty, et al 2004		Impact of environmental factors on infestation of tea leaves by Helopeltis theivora and associated changes in flavonoid flavor components and enzyme activities		India		Insect attack by Helopeltis theivora (tea mosquito bug) led to an increase in the activities of the oxidative enzymes peroxidase, ascorbate peroxidase and polyphenol oxidase as well as a significant decrease in some catechins and other polyphenols in cert		1		0		0		0		0		0		0		0

		Dong, et al 2011		Herbivore-Induced Volatiles from Tea (Camellia sinensis) Plants and Their Involvement in Intraplant Communication and Changes in Endogenous Nonvolatile Metabolites		Japan		Tea leaves emitted numerous volatiles ( (Z)-3-hexen-1-ol, linalool, α-farnesene, benzyl nitrile, indole, nerolidol, and ocimenes) in higher concentrations in response to attacks by herbivores such as the smaller tea tortrix. Alpha-farnesene and ocimenes w		0		1		0		0		0		1		0		0

		Han, et al 2002		Composition of the volatiles from intact and tea aphid-damaged tea shoots and their allurement to several natural enemies of the tea aphid		China		Comparison between the composition of the volatiles from intact tea shoots (ITS) and that from tea aphid-damaged tea shoots (TADTS) found that ITS had E-2-hexenal, ocimene, Z-3-hexenyl acetate, Z-3-hexen-1-ol, butanoic acid-3-hexenyl ester, linalool, 1-oc		0		0		0		0		1		1		0		0

		Ponmurugan, 2007		Morphological, Physiological and Biochemical Changes in Resistant and Susceptible 
Cultivars of Tea in Relation to Phomopsis Disease		India		All growth characteristics, physiological and biochemical parameters (total sugar, nitrogen, amino acids, protein, polyphenols and catechins) were significantly reduced in tea plants  infected by the pathogen phomopsis compared to healthy plants.  The red		1		0		0		0		0		0		1		0

		Singh, 2010		Enhancement in growth and quality parameters of tea [Camellia sinensis (L.) O. Kuntze] through inoculation with arbuscular mycorrhizal fungi in an acid soil		India		Inoculation of tea plants with arbuscular mycorrhizal fungi (AMF) from natural and cultivated tea rhizospheres (NTR and CTR, respectively) resulted in significant increases up to 31% over the control in amino acids, significant increase in total polypheno		0		1		0		1		0		0		0		1

										2		2		0		1		1		2		1		1





Table 7 Temperature

		Table 7. Effects of Temperature on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Temperature		Increase in Catechins + Phenolics with Increased Temperature		Decrease in Caffeine with Increased Temperature		Increase in Caffeine with Increased Temperature		Decrease in Terpenoids / Volatiles with Increased Temperature		Increase in Volatiles + Terpenoids with Increased Temperature		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Yao, 2005		Seasonal variations of phenolic compounds in Australia-grown tea (Camellia sinensis)		Australia		Tea quality as determined by key catechin compounds (EGCG, ECG, and CG) was higher during warm months (April and May) and lower during cool months (July, August, and September).		0		1		0		0		0		0		0		0

		Wang, 2011		Seasonal climate effects on flavanols and purine alkaloids of tea (Camellia sinensis L.)		China		Increased daily average temperatures resulted in an increase in some quality parameters and a decrease in other quality parameters. Specifically, increased temperatures were assocaited with an increase in (-)-epigallocatechin (EGC), (-)-epicatechin (EC),		1		1		0		0		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		0		1		0		0		0		1		1

		Wei, 2011		Catechin contents in tea ( Camellia sinensis) as affected by cultivar and environment and their relation to chlorophyll contents		China		Correlation analysis indicated that (+)-catechin was the major catechin fraction significantly correlated with climate factors and chlorophyll contents. Moreover, chlorophyll contents were significantly influenced by climate factors, with the highest corr		1		0		0		0		0		0		0		0

										3		2		1		0		0		0		1		1





Table 8 Light - UVB Irradation

		Effects of Light Factors on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Light		Increase in Catechins + Phenolics with Increased Light		Decrease in Caffeine with Increased Light		Increase in Caffeine with Increased Light		Decrease in Terpenoids / Volatiles with Increased Light		Increase in Volatiles + Terpenoids with Increased Light		Decrease in Amino Acids with Increased Light		Increase in Amino Acids with Increased Light

		Zhang, 2014		Metabolic Analysis Using Ultra-Performance Liquid Chromatography-Quadrupole-Time of Flight Mass Spectrometry (UPLC-Q-TOF MS) Uncovers the Effects of Light Intensity and Temperature under Shading Treatments on the Metabolites in Tea		China		The comparison showed a greater effect of temperature on galloylation of catechins than light intensity and temperature.

		Ku, 2010		Metabolomics analysis reveals the compositional differences of shade grown tea ( Camellia sinensis L.)		Japan		This provides evidence on the effects of shade on the chemical composition of green tea and associated flavor profile including increased shade resulting in tea with a higher umami profile and less astringent taste.

		Song, 2012		Correlation between leaf age, shade levels, and characteristics beneficial for natural constituents of tea (Camellia sinensis) grown in Hawaii		Hawaii(USA)		The concentration of L-theanine and caffeine decreased as leaf age increased moving from bud to first and then second leaf, while the concentration of the four catechins increased from the bud to first and second leaves. In most cases this increase was ge

		Deng, 2012		Effect of shade treatment on theanine biosynthesis in Camellia sinensis seedlings		China		Total free amino acid content was significantly increased by shading treatment.		0		0		0		0		0		0		1		0

		Lee, 2012		Metabolomic Analysis of the Effect of Shade Treatment on the Nutritional and Sensory Qualities of Green Tea		Korea		This study demonstrated that the application of shade treatment increased quercetin-galactosylrutinoside, kaempferol-glucosylrutinoside, epicatechin gallate, epigallocatechin gallate, tryptophan, phenylalanine, theanine, glutamine, glutamate, and caffeine		1		1		1		0		0		0		1		0

		Zheng, 2008		Effect of ultraviolet B irradiation on accumulation of catechins in tea (Camellia sinensis (L) O. Kuntze)		China		Total concentrations of tea catechins increased at low UV-B influence rates but decreased at high UV-B influence rates. The effect of UV-B varied with type of tea cultivar.		1		0		0		0		0		0		0		0

										2		1		1		0		0		0		2		0





Table 9 Soil and Nutrients

		Effects of Soil and Nutrient Management on Tea Quality

		Citation		Title		Country		Outcome summary		Change in Catechins + Phenolics with Soil Management		Change in Caffeine with Soil Management		Change in Terpenoids / Volatiles with Soil Management		Change in Amino Acids with Soil Management

		Duan, et al 2012		Bioactive ingredient levels of tea leaves are associated with leaf Al level interactively influenced by acid rain intensity and soil Al supply		China		Al assimilation and accumulation in plants were slightly promoted by acid rain with addition of 0.5 g kg-1 Al in soil, while inhibited with addition of 1.0 g kg-1 Al in soil. Al levels in tea shoots, leaves and roots were higher in the treatments with ele

		Hajiboland, et al 2013		Mechanisms of aluminum-induced growth stimulation in tea (Camellia sinensis)		India		Shoot growth, root biomass, and total root length were all positively related to root Al concentrations. Chlorophyll a, carotenoid concentrations, and net assimilation rates were enhanced by Al supply in the young leaves, but not in the older leaves. Acti

		Mukhopadyay, 2012		Changes of growth, photosynthesis and alteration of leaf anti-oxidative defense system of tea [Camellia sinensis (L.) O. Kuntze] seedlings under aluminum stress		India		Al concentrations at lower levels promoted growth but at elevated states was a stressor.

		Sae-Lee, 2012		Chemical qualities and phenolic compounds of Assam tea after soil drench application of selenium and aluminum		Thailand		Selenium and Aluminum promoted the ascorbic acid, chlorophylls, carotenoids, total phenolics, and proline contents of tea leaves. The high chemical quality and highest phenolic content were found in tea leaves receiving 50 ppm of Se. The highest catechins

		Chen, 2011		Aluminum and nutrients induce changes in the profiles of phenolic substances in tea plants (Camellia sinensis CV TTES, No. 12 (TTE))		Taiwan		Al concentration in tea plants increases catechin concentrations and plays a large role in growth.

		Mukhopadhyay, 2013		Structural, physiological, and biochemical profiling of tea plants  under zinc stress		India		Zinc deficiency and excess resulted in considerable decreases in shoot and root masses (fresh and dry). Zinc stress decreased net photosynthetic rate, transpiration rate, stomatal conductance, and the content of chlorophylls a and b. Superoxide anion, mal

		Hemalatha, et al 2011		Impact of iron toxicity on certain enzymes and biochemical parameters of tea		India		Iron increases activity of enzymes (amylase, invertase) to an extent, but at very high concentrations it was found harmful to plants, eventually leading to their death.

		Ruan, 2007		Effect of root zone pH and form and concentration of nitrogen on accumulation of quality-related components in green tea		Germany		Concentrations of free amino acids were higher in NH4+ than in NO3- fed plants. Root zone pH did not influence concentrations of most free amino acids in young shoots, with the exception of theanine. Theanine increase at low pH (4.0) irrespective of N for

		Ruan, 2010		Impact of nitrogen supply on carbon/nitrogen allocation: A case study on amino acids and catechins in green tea [Camellia sinensis (L.) O. Kuntze] plants*		Germany and the Netherlands		Accumulation of amino acids and polyphenols depended strongly on nitrogen status, and the balance shifted toward increasing synthesis of amino acids associated with enhanced growth, while investment of carbon in secondary metabolites did not change propor

		Han, 2008		Nitrogen release dynamics and transformation of slow release fertiliser products and their effects on tea yield and quality		China		Slow release nitrogen fertilizers can increase N use efficiency and improve tea growth. This improved the profit margin and possibly reduced environmental pollution.

		Hamid, et al 2013		Effect of different levels of nitrogen on the chemical composition of tea (C. sinensis L) grown at higher altitude		Pakistan		TP increased significantly by the application of 180 kg N ha-1. The EGC, EC contents increased up to certain level with the increase of nitrogen and then declined after the application of 180 kg ha-1. The nitrogen level did not affect the caffeine content

		Venkatesan,2004a		Impact of sources and doses of potassium on biochemical and greenleaf parameters of tea		India		Different sources and levels of potassium were tested against carotenoids, chlorophyll, polyphenols, catechins, amino acids, and nutrients (P, MG, Zn, K, N). The relationship between polyphenols and carotenoids with amino acids was inversely proportional.

		Venkatesan,2006		Quality standards of CTC black teas as influenced by sources of potassium fertiliser		India		Quality aspects of crush, tear, and curl (black tea) was measured against different sources of potassium fertilizer. Potassium as muriate of potash improved liquor components (TF, TR, and TF/TR ratios at higher levels). Removal of K fertilizer drastically

		Ruan, et al 2013		Potassium management in tea plantations: Its uptake by field plants, status in soils, and efficacy on yields and quality of teas in China		China		The quality of harvested shoots was improved by K-fertilizer application as revealed by increased concentrations of free amino acids, water-extractable dry matter, and total polyphenols.

		Venkatesan, 2007		Influence of excess manganese on certain antioxidant enzymes and biochemical parameters of tea		India		High manganese levels in soils led to plant nutrient imbalances, decreases in amino acids, chlorophyll, and carotenoid content.

		Hu, 2003		Effect of selenium on the yield and quality of green tea leaves harvested in early spring		China		Selenite or selenate were applied to foliage. Number of sprouts and yield were significantly  increased (p<0.05) by the application of selenium. Sweetness and aroma were also enhanced, bitterness decreased. No differences in these between selenite or sele

		Ruan, 2012		Magnesium nutrition on accumulation and transport of amino acids in tea plants		China		Adequate supply of Magnesium (Mg) nutrient upped the creation of theanine in roots and its accumulation in young shoots. Mg nutritional status greatly influenced the mobility of amino acids and sugars (via xylem and phloem) especially when nitrogen and ca

		Jayaganesh, 2010		Impact of magnesium sulphate on biochemical and quality constituents of black tea		India		Amino acid content increased with soil application of magnesium. 50% potassium reduction fields reduced the amino acid content. The catechins content increased in soils with 300kg applied magnesium treatment and then decreased in 50% reduction of potassiu

		Jayaganesh, 2011		Impact of different sources and doses of Magnesium Fertilizer on Biochemical Constituents and Quality Parameters of black Tea		India		Different sources of magnesium fertilizers were compared to biochemical parameters. Amino acid and polyphenols increased with magnesium sulphate application while chlorophyl content and carotenoids were higher in magnesium sulphate applied blocks. Catechi

		Lin, 2011		Effects of phosphorus supply on the quality of green tea		China		Varying levels of phosphorus fertilizer was applied to identical tea plants. Dry weight increased with phosphorus levels. P-deficient green tea showed decreased concentrations of water, total polyphenols, flavonids, amino acids, theanine and aspargic acid

		Ruan, 2007		Effect of alternative anions (Cl- vs. SO42-) on concentrations of free amino acids in young tea plants		China		Soil-grown tea plants supplied with different levels of potassium (K) as K2SO4 or KCl exhibited increased concentrations of free amino acid in young shoots only when supplied with K2SO4, and the negative effect of KCl supply was mainly due to a reduced co

		Hajiboland, et al 2011		Effect of light intensity on photosynthesis and antioxidant defense in boron deficient tea plants		Iran		Up-regulation of C and N metabolism, anti-oxidative defenses, and overall enhancement of Boron uptake and transport were indicators for growth improvement of Boron-deficient plants by Al supplementation.

		Hajiboland, et al 2011		Aluminum alleviates boron-deficiency induced growth impairment in tea plant		Iran		Growth of B-deficient plants was completely resumed by Al supplementation or even surpassed control plants regarding shoot biomass. Photosynthetic rate was negatively influenced by low B supply and Al treatment increased it up to the level of the control

		Sedaghathoor, 2009		Yield and quality response of tea plant to fertilizers		Iran		Yield and quality were measured against different applications of nitrogen, potassium, magnesium and micronutrient fertilizers.  % of tannin, water extracts and caffeine was also measured. Micronutrient application (esp. magnesium and zinc sulphate) had s

		Venkatesan, 2004b		Long-term impact of nitrogen and potassium fertilizers on yield, soil nutrients and biochemical parameters of tea		India		Nitrogen and potassium fertilizers were tested against yield, biochemical parameters, soil, and leaf nutrient status over a 9 year period. Yield increased with the nitrogen application of 66% over the control. Polyphenol and amino acid contents increased

		Yang, 2014		Effects of Fertilizing with N, P, Se, and Zn on Regulating the Element and Functional Component Contents and Antioxidant Activity of Tea Leaves Planted in Red Soil		China		Comparing functional component contents and antioxidant activity of tea leaves when fertilizing with N, P, Se, and Zn. Fertilizer composed of Se. Zn. and P showed the highest Se, total polyphenol, and catechins contents and antioxidant activities as well

		Lu, 2004		Fluoride Content in Tea and Its Relationship with Tea Quality		China		The F level increased with the decline in quality and showed good correlation with the quality grades. The results suggest that the F content could be used as a quality indicator for tea evaluation.





Other

		

		Bhattacharya, 2015		Histochemical evaluation of catechins in PEG stressed transgenic tea plants using catechin-specific-diazotized sulfanilamide reagent		India		The apical bud consisted of the highest levels of catechins of all plant parts; this was followed by the palisade tissue of leaves and the vascular strands in the stem.

		Feng, et al 2005		HPLC analysis of naturally occurring methylated catechins, 3"- and 4"-methyl-epigallocatechin gallate, in various fresh tea leaves and commercial teas and their potent inhibitory effects on inducible nitric oxide synthase in macrophages		Taiwan		Tea quality as measured by O-methylated compounds was higher in young tea leaves compared to older tea leaves.






image8.emf
Citation

Title

Country

Outcome summary

Chakraborty, et al

Impact of environmental factors on
infestation of tea leaves by Helopeltis

Insect attack by Helopeltis theivora (tea mosquito bug) led to an increase in the activities of

2004 theivora and associated changes in flavonoid India thel ox.|<.:iat|ve enzymes.peromdase, aslcorbate peroxidase and pquphenol oxidase as well as
i a significant decrease in some catechins and other polyphenols in cert

flavor components and enzyme activities

Herbivore-Induced Volatiles from Tea

(Camellia sinensis) Plants and Their Tea leaves emitted numerous volatiles ( (£)-3-hexen-1-ol, linalool, a-farnesene, benzyl
Dong, et al 2011 Involvement in Intraplant Communication and Japan nitrile, indole, nerolidol, and ocimenes) in higher concentrations in response to attacks by

Changes in Endogenous Nonvolatile herbivores such as the smaller tea tortrix. Alpha-farnesene and ocimenes w

Metabolites

C iti f th latiles f intact and . " . ,

tezrgpaisclj—lggrza e?:l\g:slr?so:sr:ng tic;iran Comparison between the composition of the volatiles from intact tea shoots (ITS) and that
Han, et al 2002 P 9 . China from tea aphid-damaged tea shoots (TADTS) found that ITS had E-2-hexenal, ocimene, Z-3-

allurement to several natural enemies of the . . .

, hexenyl acetate, Z-3-hexen-1-ol, butanoic acid-3-hexenyl ester, linalool, 1-oc

tea aphid

Morphological, Physiological and

Biochemical Changes in Resistant and All growth characteristics, physiological and biochemical parameters (total sugar, nitrogen,
Ponmurugan, 2007 |Susceptible India amino acids, protein, polyphenols and catechins) were significantly reduced in tea plants

Cultivars of Tea in Relation to Phomopsis infected by the pathogen phomopsis compared to healthy plants. The red

Disease

Enh ti th and lit . . . . ,

rhancement In grow ar.w gua | y Inoculation of tea plants with arbuscular mycorrhizal fungi (AMF) from natural and cultivated
. parameters of tea [Camellia sinensis (L.) O. . . . L .

Singh, 2010 India tea rhizospheres (NTR and CTR, respectively) resulted in significant increases up to 31%

Kuntze] through inoculation with arbuscular
mycorrhizal fungi in an acid soil

over the control in amino acids, significant increase in total polypheno











Microsoft_Excel_97_-_2004_Worksheet7.xls
Table 1 Search Terms

		

		tea OR		AND		“climate change” OR “global warming" OR				AND		antioxidant*

		“camellia sinensis” OR				“horticultural condition*” OR						caffeine

		camellia*				season OR						phytochemical*

		“green tea” OR				OR		spring				catechin*

		pu-erh OR pu’erh OR						monsoon				theaflavin

		oolong				“Solar radiation”						theanine

		NOT (rooibos OR "Aspalathus linearis")				OR		UV OR “UV quantity” OR				flavonol

								“length of daylight” OR “day length” OR "sunshine hours"				"secondary metabolite*"

						precipitation						"Aliphatic alcohol*"

						OR		rainfall				“Aliphatic ketone*” 

								drought				“aliphatic aldehyde*”

								flood				“aliphatic ester*”

						OR		“water logging”				“hydrocarbon*”

								saturation				“alkyl acid*”

								geograph* OR “geographic area”				“oxygenated heterocycle*”

						OR		origin				polyphenol*

								latitude				phenol*

								slope				terpen*

								aspect				methylxanthine*

								altitude				α-terpinene

								elevation				γ-terpinene

								temperature				(Z)-jasmone 

						OR		Frost OR freez* OR “chilling hour*”				linalool

								wind				δ-cadinene

								soil				geraniol

						OR		“soil moisture content”				nerolidol

								biomass				α-terpineol

								“soil acidity” OR “soil pH”				indole 

								“total P” OR “available P”				β-ionone

								“total N”				caryophyllene

								“Annual bud-burst” OR “mean bud-burst” OR				"methyl salicylate"

								CO2 or "carbon dioxide"				"benzyl alcohol"

												2-phenylethanol





Table 2 Seasonality

		Table 2. Effects of Seasonality on Tea Quality

		Citation		Title		Country		Outcome summary		Total of Studies		Decrease in Catechins + Phenolics with Seasonal Transition from Spring		Increase in Catechins + Phenolics with Seasonal Transition from Spring		Decrease in Caffeine with Seasonal Transition		Increase in Caffeine with Seasonal Transition		Decrease in Terpenoids / Volatiles with Seasonal Transition		Increase in Volatiles + Terpenoids with Seasonal Transition		Decrease in Amino Acids with Seasonal Transition		Increase in  Amino Acids with Seasonal Transition

		Baptista, et al 2014		Value of off-season fresh Camellia sinensis leaves: Antiradical activity, total phenolics content and catechin profiles		Portugal		Total phenolic concentration was higher during the main tea harvest season and lower during the off-harvest season.		1		1		0		0		0		0		0		0		0

		Chen, et al 2010		Photosynthesis, yield, and chemical composition of Tieguanyin tea plants (Camellia sinensis (L.) O. Kuntze) in response to irrigation treatments		Taiwan		Catechin and phenolic concentration varied with season (spring versus autumn) and altitude (350 m and 500 m). Spring and higher altitude tea had higher quality based on tea chemical composition.		1		1		0		0		0		0		0		0		0

		Kottur, et al 2010		Diversity among various forms of catechins and its synthesizing enzyme (phenylalanine ammonia lyase) in relation to quality of black tea (Camellia spp.)		India		Overall quality as evaluated by tea tasters, catechins, and enzyme activity (phenylalanine ammonia lyase) varied over four different seasons (summer, premonsoon, monsoon and winter) with the dry premonsoon summer season having the greatest quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2014		Effects of season and plantation on phenolic content of unfermented and fermented Sri Lankan tea		Sri Lanka		Climate, season, soil fertility, and processing conditions were shown to interactively impact the profile of specific catechins of teas with the spring season being the most favorable for tea quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		1		1		0		0		0		0		0		0		0

		Saikia, 2002		Specific fluctuations in the composition of lipoxygenase- and glycosidase-generated flavors in some cultivated teas of Assam		India		Seasonality variably impacted various tea quality parameters with second-flush spring teas having increased activities of glycosidase and several terpenes, phenolics, and aliphatic compounds bound to glycosides. Conversely, monsoon teas had higher levels		1		1		0		0		0		1		1		0		1

		Saito, 2007		Characterization of the constituents and antioxidant activity of Brazilian green tea (Camellia sinensis var. assamica IAC-259 Cultivar) extracts		Brazil		Spring and summer teas significantly varied on the basis of caffeine content with summer samples had higher levels. However, spring and summer teas did not significantly varied on the basis of catechin contents and antioxidant levels.		1		0		0		0		1		0		0		0		0

		Ahmed et al., 2014		Effects of extreme climate events on tea (Camellia sinensis) functional quality validate indigenous farmer knowledge and sensory preferences in tropical China		China		Concentrations of catechin and methylxanthine secondary metabolites, major compounds that determine tea functional quality, were up to 50% lower during the monsoon while total phenolic concentrations and antioxidant activity increased.		1		1		1		1		0		0		0		0		0

		Xu, 2012		Discrimination of the production season of Chinese green tea by chemical analysis in combination with supervised pattern recognition		China		Levels of free amino acids and catechins in green tea were shown to notably vary from spring to summer with spring being the optimal season for high quality.		1		1		0		0		0		0		0		0		0

		Sud, 2000		Seasonal clonal variations and effects of stresses on qualitychemicals and prephenate dehydratase enzyme activity in tea(Camellia sinensis)		India		Catechins and prephenate dehydratase enzyme activity notably varied with seasonal variation and over various growth flushes with the main spring flush having the highest quality.		1		1		0		0		0		0		0		0		0

		Venkatesan, 2007		Seasonal variations in theaflavins, thearubigins, total colour and brightness of Kangra orthodox tea (Camellia sinensis (L) O Kuntze) in Himachal Pradesh		India		Tea quality as measured by theaflavins, thearubigins, total color, and brightness of green leaves significantly varied seasonally throughout the tea harvest seasons from March to October over four consecutive years. Teas harvested during the 1st and 2nd f		1		1		1		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		0		0		1		1		0		0

		Chen, 2014		Correlation between nitrogen application to tea flushes and quality of green and black teas		Taiwan		Tea quality significantly varied across seasons (spring, summer, and winter) on the basis of total nitrogen content. A negative correlation was found between winter tea and specific catechin compounds (gallic acid, EGC, EC, GCG, and ECG).		1		1		0		0		0		0		0		0		0

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi		1		1		0		1		0		0		0		0		0

		Kowalsick, et al 2014		Metabolite profiling of Camellia sinensis by automated sequential, multidimensional gas chromatography/mass spectrometry reveals strong monsoon effects on tea constituents		China		Numbers and concentrations of individual tea volatiles either increased, decreased or stayed the same with the onset of the monsoon from the spring season during a field experiment. Overall, the spring season was associated with a greater number and conce		1		0		0		0		0		1		1		0		0

		Anasari, et al 2011		Impacts of flushing and fermentation times on the quality of black tea		Iran		Flushing time was found to significantly impact several quality parameters of tea clones including theaflavin, thearubigin, total color, brightness, tannin and caffeine. The early flushing periods had the overall highest quality for most tea clones.		1		1		0		1		0		0		0		0		0

		Tontul, 2012		Comparative study on volatile compounds in Turkish green tea powder: Impact of tea clone, shading level and shooting period		Turkey		Seasonality and flushing period significantly impacted the volatile composition of green tea. 1-hexanol was detected in a trace amount in the 1st shooting period in tea samples while was explicitly determined in the 2nd shooting period. Ethyl benzene, xyl		1		0		0		0		0		1		1		0		0

		Topuz, 2014		Physicochemical properties of Turkish green tea powder: Effects of shooting period, shading, and clone		Turkey				1		1		0		0		0		0		0		0		0

										18		14		2		3		1		4		4		0		1





Table 3 Water Stress

		Table 3. Effects of Water Stress on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Decreased Water		Increase in Catechins + Phenolics with Decreased Water		Decrease in Caffeine with Decreased Water		Increase in Caffeine with Decreased Water		Decrease in Terpenoids / Volatiles with Decreased Water		Increase in Volatiles + Terpenoids with Decreased Water		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Cao, et al 2007		Aromatic constituents in fresh leaves of Lingtou Dancong tea induced by drought stress		China		The number of aromatic constituents in fresh tea leaves was highest under a soil relative water content of 53.90% and lowest under a soil relative water content of 99.75%.		0		0		0		0		0		1

		Chakraborty, et al 2002		Response of Tea Plants to Water Stress		India				1		1		0		0		0		0

		Cheruiyot, et al 2007		Polyphenols as Potential Indicators for Drought Tolerance in Tea (Camellia sinensis L.)		Kenya		Declining soil water content over a 12 week period in a rain out shelter significantly reduced growth and total polyphenolic concentrations in tea shoots with variability in amount of fluctuation depending on type of cultivar.		1		0		0		0		0		0

		Cheruiyot, et al 2008		Shoot Epicatechin and Epigallocatechin Contents Respond to Water Stress in Tea [Camellia sinensis (L.) O. Kuntze]		Kenya		In a randomized study, a positive linear correlation was found between soil water content (10-40%) and water stress with the concentration of total catechins and specific individual catechin compounds (epicatechin and epigallocatechin) as measured by HPLC		1		0		0		0		0		0

		Hernandez, et al 2006		Enhanced oxidation of flavan-3-ols and proanthocyanidin accumulation in water-stressed tea plants		Spain		Flavonoid compounds including epicatechin and epigallocatechin gallate accumulated in drought-stressed tea plants in an experimental field station experiment.		0		1		0		0		0		0

		Hrishikesh, et al 2013		Zinc modulates drought-induced biochemical damages in tea [ Camellia sinensis (L) O Kuntze]		India		Total phenolic concentrations of tea leaves increased with drought stress. Concentrations of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll, and total carotenoid (Cx+c) X with drought stress.		0		1		0		0		0		0

		Upadhyaya, 2004		Variation of physiological and antioxidative responses in tea cultivars subjected to elevated water stress followed by rehydration recovery		India		Drought and rehydration significantly impacted constituents associated with tea quality. The levels of chlorophylls, carotenoids, ascorbate and glutathione, and activities of guaiacol peroxidase and glutathione reductase decreased after five days of droug		1		1		0		0		0		0

		Bahattacharya, 2014		Osmotin-expressing transgenic tea plants have improved stress tolerance and are of higher quality		Africa, and South America		Induced osmotic stress resulted in increased levels of flavan-3-ols (EGCg, ECG, EGC, EC, and catechins) and increased activity of ROS detoxifying enzymes.		0		1		0		0		0		0

		Ahmed, 2013		Effects of water availability and pest pressures on tea (Camellia sinensis) growth and functional quality		United States		The effect of water availability and jasmonic acid (proxy treatment for herbivory) on tea quality varied with individual secondary metabolites. Higher water availability significantly lowered concentrations of epicatechin 3-gallate and increased total met		0		1		0		0		0		0

		Upadhyaya, 2010		CaCl2 improves post-drought recovery potential in Camellia sinensis (L) O. Kuntze		India		This study found there was an increase in dry mass, prolin, and phenolic content of tea leaf with decrease in water and lipid peroxidation and increased activities of enzymes such as SOD, CAT, POX and GR in response to increased foliar CaCl2 concentration		0		1		0		0		0		0





Table 4 Geography - Location

		Table 4. Effects of Geography on Tea Quality

		Citation		Title		Country		Outcome summary		Total No of Studies		Change in Catechins + Phenolics with Geography		Change in Caffeine with Geography		Change in Terpenoids / Volatiles with Geography		Change in Amino Acids with Geography		Change in  Flavor with Geography

		Bhuyan, et al 2013		Polyphenolic compounds and antioxidant activity of CTC black tea of North-East India		India		This study showed that geography notably impacted tea quality with tea samples from Upper Assam, North Bank, and South Bank having higher quality tea than other regions with respect to theaflavins, thearubigins, and tasters'perception of quality compared		1		1		0		0		0		0

		Borse, et al 2002		Fingerprint of black teas from India: identification of the regio-specific characteristics		India		This study demonstrates that tea quality varies with geography based on theaflavins, colour, caffeine, total soluble solids, and viscosity.		1		1		1		0		0		0

		Lee, et al 2015		Metabolic unveiling of a diverse range of green tea (Camellia sinensis) metabolites dependent on geography		Korea		Multivariate statistical analysis revealed strong inter-country and inter-city relationships for the levels of theanine and catechin derivatives found in green and white teas.		1		1		0		0		1		0

		Bhuyan, 2009		Chemical characterization of CTC black tea of northeast India: correlation of quality parameters with tea tasters' evaluation		India		This study found that overall tea quality as evaluated by tea tasters was highest for Brahmaputra valley teas in Northeast India followed by Dooars region and Barak valley teas. Tea taster flavor evaluation corresponded with higher levels of theaflavins,		1		1		0		0		0		1

		Li, 2007		Comparative studies on the qualities of green teas in Karst and non-Karst areas of Yichang, Hubei Province, PR China		China		Comparison of green teas from Karst and non-Karst areas of Hubei Province in China showed that tea samples from Karst areas had statistically lower content of tea polyphenols while amino acids and caffeine contents were not statistically significant.		1		1		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		1		1		0		1		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		1		0		0

										7		6		2		1		2		1





Table 5 Herbivory and Microbes

		Table 5. Effects of Herbivory and Microbes on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Herbivory		Increase in Catechins + Phenolics with Increased Herbivory		Decrease in Caffeine with Increased Herbivory		Increase in Caffeine with Increased Herbivory		Decrease in Terpenoids / Volatiles with Increased Herbivory		Increase in Volatiles + Terpenoids with Increased Herbivory		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Chakraborty, et al 2004		Impact of environmental factors on infestation of tea leaves by Helopeltis theivora and associated changes in flavonoid flavor components and enzyme activities		India		Insect attack by Helopeltis theivora (tea mosquito bug) led to an increase in the activities of the oxidative enzymes peroxidase, ascorbate peroxidase and polyphenol oxidase as well as a significant decrease in some catechins and other polyphenols in cert		1		0		0		0		0		0		0		0

		Dong, et al 2011		Herbivore-Induced Volatiles from Tea (Camellia sinensis) Plants and Their Involvement in Intraplant Communication and Changes in Endogenous Nonvolatile Metabolites		Japan		Tea leaves emitted numerous volatiles ( (Z)-3-hexen-1-ol, linalool, α-farnesene, benzyl nitrile, indole, nerolidol, and ocimenes) in higher concentrations in response to attacks by herbivores such as the smaller tea tortrix. Alpha-farnesene and ocimenes w		0		1		0		0		0		1		0		0

		Han, et al 2002		Composition of the volatiles from intact and tea aphid-damaged tea shoots and their allurement to several natural enemies of the tea aphid		China		Comparison between the composition of the volatiles from intact tea shoots (ITS) and that from tea aphid-damaged tea shoots (TADTS) found that ITS had E-2-hexenal, ocimene, Z-3-hexenyl acetate, Z-3-hexen-1-ol, butanoic acid-3-hexenyl ester, linalool, 1-oc		0		0		0		0		1		1		0		0

		Ponmurugan, 2007		Morphological, Physiological and Biochemical Changes in Resistant and Susceptible 
Cultivars of Tea in Relation to Phomopsis Disease		India		All growth characteristics, physiological and biochemical parameters (total sugar, nitrogen, amino acids, protein, polyphenols and catechins) were significantly reduced in tea plants  infected by the pathogen phomopsis compared to healthy plants.  The red		1		0		0		0		0		0		1		0

		Singh, 2010		Enhancement in growth and quality parameters of tea [Camellia sinensis (L.) O. Kuntze] through inoculation with arbuscular mycorrhizal fungi in an acid soil		India		Inoculation of tea plants with arbuscular mycorrhizal fungi (AMF) from natural and cultivated tea rhizospheres (NTR and CTR, respectively) resulted in significant increases up to 31% over the control in amino acids, significant increase in total polypheno		0		1		0		1		0		0		0		1

										2		2		0		1		1		2		1		1





Table 6 Temperature

		Table 6. Effects of Temperature on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Temperature		Increase in Catechins + Phenolics with Increased Temperature		Decrease in Caffeine with Increased Temperature		Increase in Caffeine with Increased Temperature		Decrease in Terpenoids / Volatiles with Increased Temperature		Increase in Volatiles + Terpenoids with Increased Temperature		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Yao, 2005		Seasonal variations of phenolic compounds in Australia-grown tea (Camellia sinensis)		Australia		Tea quality as determined by key catechin compounds (EGCG, ECG, and CG) was higher during warm months (April and May) and lower during cool months (July, August, and September).		0		1		0		0		0		0		0		0

		Wang, 2011		Seasonal climate effects on flavanols and purine alkaloids of tea (Camellia sinensis L.)		China		Increased daily average temperatures resulted in an increase in some quality parameters and a decrease in other quality parameters. Specifically, increased temperatures were assocaited with an increase in (-)-epigallocatechin (EGC), (-)-epicatechin (EC),		1		1		0		0		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		0		1		0		0		0		1		1

		Wei, 2011		Catechin contents in tea ( Camellia sinensis) as affected by cultivar and environment and their relation to chlorophyll contents		China		Correlation analysis indicated that (+)-catechin was the major catechin fraction significantly correlated with climate factors and chlorophyll contents. Moreover, chlorophyll contents were significantly influenced by climate factors, with the highest corr		1		0		0		0		0		0		0		0

										3		2		1		0		0		0		1		1





Elevation - Altitude

		Effects of Altitude on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Altitude		Increase in Catechins + Phenolics with Increased Altitude		Decrease in Caffeine with Increased Altitude		Increase in Caffeine with Increased Altitude		Decrease in Terpenoids / Volatiles with Increased Altitude		Increase in Volatiles + Terpenoids with Increased Altitude		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Abeywickrama, et al 2010		Oral hypoglycaemic, antihyperglycaemic and antidiabetic activities of Sri Lankan Broken Orange Pekoe Fannings (BOPF) grade black tea (Camellia sinensis L.) in rats		Sri Lanka		Hypoglycaemic and antihyper- glycaemic activities of tea did not differ with respect to agroclimatic elevation, although there were differences in the content of phyto-constituents with elevation.		0		0		0		0		0		0

		Chen, et al 2014		Catechin content and the degree of its galloylation in oolong tea are inversely correlated with cultivation altitude		Taiwan		Catechin content and the degree of catechin galloylation in oolong tea infusions and their fresh tea leaves were inversely correlated to the cultivation altitude (200 m, 800 m, and 1300 m).		1		0		0		0		0		0

		Ohno, 2011		Characterization of Tea Cultivated at Four Different Altitudes Using 1H NMR Analysis Coupled with Multivariate Statistics		Japan		Tea quality was found to vary between four cultivation areas in Sri Lanka that have different elevations (1800 m, 1200 m, 600 m, and 300 m). Theaflavins, theanine, and caffiene levels were higher in the black teas derived from the higher elevation while l		0		1		0		1		0		0

		Abeywickrama, 2010		Oral diuretic activity of hot water infusion of Sri Lankan black tea (Camellia sinensis L.) in rats		Sri Lanka		Sri Lankan BOPF grade black tea from three elevations significantly increased cumulative urine output, compared with the control. Furthermore, low (26%), mid (35%), and high (49%) doses of high grown BTI increased their cumulative urine output dosedepende

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi





Light - UVB Irradation

		Effects of Light Factors on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Light		Increase in Catechins + Phenolics with Increased Light		Decrease in Caffeine with Increased Light		Increase in Caffeine with Increased Light		Decrease in Terpenoids / Volatiles with Increased Light		Increase in Volatiles + Terpenoids with Increased Light		Decrease in Amino Acids with Increased Light		Increase in Amino Acids with Increased Light

		Zhang, 2014		Metabolic Analysis Using Ultra-Performance Liquid Chromatography-Quadrupole-Time of Flight Mass Spectrometry (UPLC-Q-TOF MS) Uncovers the Effects of Light Intensity and Temperature under Shading Treatments on the Metabolites in Tea		China		The comparison showed a greater effect of temperature on galloylation of catechins than light intensity and temperature.

		Ku, 2010		Metabolomics analysis reveals the compositional differences of shade grown tea ( Camellia sinensis L.)		Japan		This provides evidence on the effects of shade on the chemical composition of green tea and associated flavor profile including increased shade resulting in tea with a higher umami profile and less astringent taste.

		Song, 2012		Correlation between leaf age, shade levels, and characteristics beneficial for natural constituents of tea (Camellia sinensis) grown in Hawaii		Hawaii(USA)		The concentration of L-theanine and caffeine decreased as leaf age increased moving from bud to first and then second leaf, while the concentration of the four catechins increased from the bud to first and second leaves. In most cases this increase was ge

		Deng, 2012		Effect of shade treatment on theanine biosynthesis in Camellia sinensis seedlings		China		Total free amino acid content was significantly increased by shading treatment.		0		0		0		0		0		0		1		0

		Lee, 2012		Metabolomic Analysis of the Effect of Shade Treatment on the Nutritional and Sensory Qualities of Green Tea		Korea		This study demonstrated that the application of shade treatment increased quercetin-galactosylrutinoside, kaempferol-glucosylrutinoside, epicatechin gallate, epigallocatechin gallate, tryptophan, phenylalanine, theanine, glutamine, glutamate, and caffeine		1		1		1		0		0		0		1		0

		Zheng, 2008		Effect of ultraviolet B irradiation on accumulation of catechins in tea (Camellia sinensis (L) O. Kuntze)		China		Total concentrations of tea catechins increased at low UV-B influence rates but decreased at high UV-B influence rates. The effect of UV-B varied with type of tea cultivar.		1		0		0		0		0		0		0		0





Soil and Nutrients-Fertilizer

		Effects of Soil and Nutrient Management on Tea Quality

		Citation		Title		Country		Outcome summary		Change in Catechins + Phenolics with Soil Management		Change in Caffeine with Soil Management		Change in Terpenoids / Volatiles with Soil Management		Change in Amino Acids with Soil Management

		Duan, et al 2012		Bioactive ingredient levels of tea leaves are associated with leaf Al level interactively influenced by acid rain intensity and soil Al supply		China

		Hajiboland, et al 2013		Mechanisms of aluminum-induced growth stimulation in tea (Camellia sinensis)		India		Shoot growth, root biomass, and total root length were all positively related to root Al concentrations. Chlorophyll a, carotenoid concentrations, and net assimilation rates were enhanced by Al supply in the young leaves, but not in the older leaves. Acti

		Mukhopadyay, 2012		Changes of growth, photosynthesis and alteration of leaf anti-oxidative defense system of tea [Camellia sinensis (L.) O. Kuntze] seedlings under aluminum stress		India		Al concentrations at lower levels promoted growth but at elevated states was a stressor.

		Sae-Lee, 2012		Chemical qualities and phenolic compounds of Assam tea after soil drench application of selenium and aluminum		Thailand		Selenium and Aluminum promoted the ascorbic acid, chlorophylls, carotenoids, total phenolics, and proline contents of tea leaves. The high chemical quality and highest phenolic content were found in tea leaves receiving 50 ppm of Se. The highest catechins

		Chen, 2011		Aluminum and nutrients induce changes in the profiles of phenolic substances in tea plants (Camellia sinensis CV TTES, No. 12 (TTE))		Taiwan		Al concentration in tea plants increases catechin concentrations and plays a large role in growth.

		Mukhopadhyay, 2013		Structural, physiological, and biochemical profiling of tea plants  under zinc stress		India		Zinc deficiency and excess resulted in considerable decreases in shoot and root masses (fresh and dry). Zinc stress decreased net photosynthetic rate, transpiration rate, stomatal conductance, and the content of chlorophylls a and b. Superoxide anion, mal

		Hemalatha, et al 2011		Impact of iron toxicity on certain enzymes and biochemical parameters of tea		India		Iron increases activity of enzymes (amylase, invertase) to an extent, but at very high concentrations it was found harmful to plants, eventually leading to their death.

		Ruan, 2007		Effect of root zone pH and form and concentration of nitrogen on accumulation of quality-related components in green tea		Germany		Concentrations of free amino acids were higher in NH4+ than in NO3- fed plants. Root zone pH did not influence concentrations of most free amino acids in young shoots, with the exception of theanine. Theanine increase at low pH (4.0) irrespective of N for

		Ruan, 2010		Impact of nitrogen supply on carbon/nitrogen allocation: A case study on amino acids and catechins in green tea [Camellia sinensis (L.) O. Kuntze] plants*		Germany and the Netherlands		Accumulation of amino acids and polyphenols depended strongly on nitrogen status, and the balance shifted toward increasing synthesis of amino acids associated with enhanced growth, while investment of carbon in secondary metabolites did not change propor

		Han, 2008		Nitrogen release dynamics and transformation of slow release fertiliser products and their effects on tea yield and quality		China		Slow release nitrogen fertilizers can increase N use efficiency and improve tea growth. This improved the profit margin and possibly reduced environmental pollution.

		Hamid, et al 2013		Effect of different levels of nitrogen on the chemical composition of tea (C. sinensis L) grown at higher altitude		Pakistan		TP increased significantly by the application of 180 kg N ha-1. The EGC, EC contents increased up to certain level with the increase of nitrogen and then declined after the application of 180 kg ha-1. The nitrogen level did not affect the caffeine content

		Venkatesan,2004a		Impact of sources and doses of potassium on biochemical and greenleaf parameters of tea		India		Different sources and levels of potassium were tested against carotenoids, chlorophyll, polyphenols, catechins, amino acids, and nutrients (P, MG, Zn, K, N). The relationship between polyphenols and carotenoids with amino acids was inversely proportional.

		Venkatesan,2006		Quality standards of CTC black teas as influenced by sources of potassium fertiliser		India		Quality aspects of crush, tear, and curl (black tea) was measured against different sources of potassium fertilizer. Potassium as muriate of potash improved liquor components (TF, TR, and TF/TR ratios at higher levels). Removal of K fertilizer drastically

		Ruan, et al 2013		Potassium management in tea plantations: Its uptake by field plants, status in soils, and efficacy on yields and quality of teas in China		China		The quality of harvested shoots was improved by K-fertilizer application as revealed by increased concentrations of free amino acids, water-extractable dry matter, and total polyphenols.

		Venkatesan, 2007		Influence of excess manganese on certain antioxidant enzymes and biochemical parameters of tea		India		High manganese levels in soils led to plant nutrient imbalances, decreases in amino acids, chlorophyll, and carotenoid content.

		Hu, 2003		Effect of selenium on the yield and quality of green tea leaves harvested in early spring		China		Selenite or selenate were applied to foliage. Number of sprouts and yield were significantly  increased (p<0.05) by the application of selenium. Sweetness and aroma were also enhanced, bitterness decreased. No differences in these between selenite or sele

		Ruan, 2012		Magnesium nutrition on accumulation and transport of amino acids in tea plants		China		Adequate supply of Magnesium (Mg) nutrient upped the creation of theanine in roots and its accumulation in young shoots. Mg nutritional status greatly influenced the mobility of amino acids and sugars (via xylem and phloem) especially when nitrogen and ca

		Jayaganesh, 2010		Impact of magnesium sulphate on biochemical and quality constituents of black tea		India		Amino acid content increased with soil application of magnesium. 50% potassium reduction fields reduced the amino acid content. The catechins content increased in soils with 300kg applied magnesium treatment and then decreased in 50% reduction of potassiu

		Jayaganesh, 2011		Impact of different sources and doses of Magnesium Fertilizer on Biochemical Constituents and Quality Parameters of black Tea		India		Different sources of magnesium fertilizers were compared to biochemical parameters. Amino acid and polyphenols increased with magnesium sulphate application while chlorophyl content and carotenoids were higher in magnesium sulphate applied blocks. Catechi

		Lin, 2011		Effects of phosphorus supply on the quality of green tea		China		Varying levels of phosphorus fertilizer was applied to identical tea plants. Dry weight increased with phosphorus levels. P-deficient green tea showed decreased concentrations of water, total polyphenols, flavonids, amino acids, theanine and aspargic acid

		Ruan, 2007		Effect of alternative anions (Cl- vs. SO42-) on concentrations of free amino acids in young tea plants		China		Soil-grown tea plants supplied with different levels of potassium (K) as K2SO4 or KCl exhibited increased concentrations of free amino acid in young shoots only when supplied with K2SO4, and the negative effect of KCl supply was mainly due to a reduced co

		Hajiboland, et al 2011		Effect of light intensity on photosynthesis and antioxidant defense in boron deficient tea plants		Iran		Up-regulation of C and N metabolism, anti-oxidative defenses, and overall enhancement of Boron uptake and transport were indicators for growth improvement of Boron-deficient plants by Al supplementation.

		Hajiboland, et al 2011		Aluminum alleviates boron-deficiency induced growth impairment in tea plant		Iran		Growth of B-deficient plants was completely resumed by Al supplementation or even surpassed control plants regarding shoot biomass. Photosynthetic rate was negatively influenced by low B supply and Al treatment increased it up to the level of the control

		Sedaghathoor, 2009		Yield and quality response of tea plant to fertilizers		Iran		Yield and quality were measured against different applications of nitrogen, potassium, magnesium and micronutrient fertilizers.  % of tannin, water extracts and caffeine was also measured. Micronutrient application (esp. magnesium and zinc sulphate) had s

		Venkatesan, 2004b		Long-term impact of nitrogen and potassium fertilizers on yield, soil nutrients and biochemical parameters of tea		India		Nitrogen and potassium fertilizers were tested against yield, biochemical parameters, soil, and leaf nutrient status over a 9 year period. Yield increased with the nitrogen application of 66% over the control. Polyphenol and amino acid contents increased

		Yang, 2014		Effects of Fertilizing with N, P, Se, and Zn on Regulating the Element and Functional Component Contents and Antioxidant Activity of Tea Leaves Planted in Red Soil		China		Comparing functional component contents and antioxidant activity of tea leaves when fertilizing with N, P, Se, and Zn. Fertilizer composed of Se. Zn. and P showed the highest Se, total polyphenol, and catechins contents and antioxidant activities as well

		Lu, 2004		Fluoride Content in Tea and Its Relationship with Tea Quality		China		The F level increased with the decline in quality and showed good correlation with the quality grades. The results suggest that the F content could be used as a quality indicator for tea evaluation.





Other

		

		Bhattacharya, 2015		Histochemical evaluation of catechins in PEG stressed transgenic tea plants using catechin-specific-diazotized sulfanilamide reagent		India		The apical bud consisted of the highest levels of catechins of all plant parts; this was followed by the palisade tissue of leaves and the vascular strands in the stem.

		Feng, et al 2005		HPLC analysis of naturally occurring methylated catechins, 3"- and 4"-methyl-epigallocatechin gallate, in various fresh tea leaves and commercial teas and their potent inhibitory effects on inducible nitric oxide synthase in macrophages		Taiwan		Tea quality as measured by O-methylated compounds was higher in young tea leaves compared to older tea leaves.
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Table 1 Search Terms

		

		tea OR		AND		“climate change” OR “global warming" OR				AND		antioxidant*

		“camellia sinensis” OR				“horticultural condition*” OR						caffeine

		camellia*				season OR						phytochemical*

		“green tea” OR				OR		spring				catechin*

		pu-erh OR pu’erh OR						monsoon				theaflavin

		oolong				“Solar radiation”						theanine

		NOT (rooibos OR "Aspalathus linearis")				OR		UV OR “UV quantity” OR				flavonol

								“length of daylight” OR “day length” OR "sunshine hours"				"secondary metabolite*"

						precipitation						"Aliphatic alcohol*"

						OR		rainfall				“Aliphatic ketone*” 

								drought				“aliphatic aldehyde*”

								flood				“aliphatic ester*”

						OR		“water logging”				“hydrocarbon*”

								saturation				“alkyl acid*”

								geograph* OR “geographic area”				“oxygenated heterocycle*”

						OR		origin				polyphenol*

								latitude				phenol*

								slope				terpen*

								aspect				methylxanthine*

								altitude				α-terpinene

								elevation				γ-terpinene

								temperature				(Z)-jasmone 

						OR		Frost OR freez* OR “chilling hour*”				linalool

								wind				δ-cadinene

								soil				geraniol

						OR		“soil moisture content”				nerolidol

								biomass				α-terpineol

								“soil acidity” OR “soil pH”				indole 

								“total P” OR “available P”				β-ionone

								“total N”				caryophyllene

								“Annual bud-burst” OR “mean bud-burst” OR				"methyl salicylate"

								CO2 or "carbon dioxide"				"benzyl alcohol"

												2-phenylethanol





Table 2 Seasonality

		Table 2. Effects of Seasonality on Tea Quality

		Citation		Title		Country		Outcome summary		Total of Studies		Decrease in Catechins + Phenolics with Seasonal Transition from Spring		Increase in Catechins + Phenolics with Seasonal Transition from Spring		Decrease in Caffeine with Seasonal Transition		Increase in Caffeine with Seasonal Transition		Decrease in Terpenoids / Volatiles with Seasonal Transition		Increase in Volatiles + Terpenoids with Seasonal Transition		Decrease in Amino Acids with Seasonal Transition		Increase in  Amino Acids with Seasonal Transition

		Baptista, et al 2014		Value of off-season fresh Camellia sinensis leaves: Antiradical activity, total phenolics content and catechin profiles		Portugal		Total phenolic concentration was higher during the main tea harvest season and lower during the off-harvest season.		1		1		0		0		0		0		0		0		0

		Chen, et al 2010		Photosynthesis, yield, and chemical composition of Tieguanyin tea plants (Camellia sinensis (L.) O. Kuntze) in response to irrigation treatments		Taiwan		Catechin and phenolic concentration varied with season (spring versus autumn) and altitude (350 m and 500 m). Spring and higher altitude tea had higher quality based on tea chemical composition.		1		1		0		0		0		0		0		0		0

		Kottur, et al 2010		Diversity among various forms of catechins and its synthesizing enzyme (phenylalanine ammonia lyase) in relation to quality of black tea (Camellia spp.)		India		Overall quality as evaluated by tea tasters, catechins, and enzyme activity (phenylalanine ammonia lyase) varied over four different seasons (summer, premonsoon, monsoon and winter) with the dry premonsoon summer season having the greatest quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2014		Effects of season and plantation on phenolic content of unfermented and fermented Sri Lankan tea		Sri Lanka		Climate, season, soil fertility, and processing conditions were shown to interactively impact the profile of specific catechins of teas with the spring season being the most favorable for tea quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		1		1		0		0		0		0		0		0		0

		Saikia, 2002		Specific fluctuations in the composition of lipoxygenase- and glycosidase-generated flavors in some cultivated teas of Assam		India		Seasonality variably impacted various tea quality parameters with second-flush spring teas having increased activities of glycosidase and several terpenes, phenolics, and aliphatic compounds bound to glycosides. Conversely, monsoon teas had higher levels		1		1		0		0		0		1		1		0		1

		Saito, 2007		Characterization of the constituents and antioxidant activity of Brazilian green tea (Camellia sinensis var. assamica IAC-259 Cultivar) extracts		Brazil		Spring and summer teas significantly varied on the basis of caffeine content with summer samples had higher levels. However, spring and summer teas did not significantly varied on the basis of catechin contents and antioxidant levels.		1		0		0		0		1		0		0		0		0

		Ahmed et al., 2014		Effects of extreme climate events on tea (Camellia sinensis) functional quality validate indigenous farmer knowledge and sensory preferences in tropical China		China		Concentrations of catechin and methylxanthine secondary metabolites, major compounds that determine tea functional quality, were up to 50% lower during the monsoon while total phenolic concentrations and antioxidant activity increased.		1		1		1		1		0		0		0		0		0

		Xu, 2012		Discrimination of the production season of Chinese green tea by chemical analysis in combination with supervised pattern recognition		China		Levels of free amino acids and catechins in green tea were shown to notably vary from spring to summer with spring being the optimal season for high quality.		1		1		0		0		0		0		0		0		0

		Sud, 2000		Seasonal clonal variations and effects of stresses on qualitychemicals and prephenate dehydratase enzyme activity in tea(Camellia sinensis)		India		Catechins and prephenate dehydratase enzyme activity notably varied with seasonal variation and over various growth flushes with the main spring flush having the highest quality.		1		1		0		0		0		0		0		0		0

		Venkatesan, 2007		Seasonal variations in theaflavins, thearubigins, total colour and brightness of Kangra orthodox tea (Camellia sinensis (L) O Kuntze) in Himachal Pradesh		India		Tea quality as measured by theaflavins, thearubigins, total color, and brightness of green leaves significantly varied seasonally throughout the tea harvest seasons from March to October over four consecutive years. Teas harvested during the 1st and 2nd f		1		1		1		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		0		0		1		1		0		0

		Chen, 2014		Correlation between nitrogen application to tea flushes and quality of green and black teas		Taiwan		Tea quality significantly varied across seasons (spring, summer, and winter) on the basis of total nitrogen content. A negative correlation was found between winter tea and specific catechin compounds (gallic acid, EGC, EC, GCG, and ECG).		1		1		0		0		0		0		0		0		0

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi		1		1		0		1		0		0		0		0		0

		Kowalsick, et al 2014		Metabolite profiling of Camellia sinensis by automated sequential, multidimensional gas chromatography/mass spectrometry reveals strong monsoon effects on tea constituents		China		Numbers and concentrations of individual tea volatiles either increased, decreased or stayed the same with the onset of the monsoon from the spring season during a field experiment. Overall, the spring season was associated with a greater number and conce		1		0		0		0		0		1		1		0		0

		Anasari, et al 2011		Impacts of flushing and fermentation times on the quality of black tea		Iran		Flushing time was found to significantly impact several quality parameters of tea clones including theaflavin, thearubigin, total color, brightness, tannin and caffeine. The early flushing periods had the overall highest quality for most tea clones.		1		1		0		1		0		0		0		0		0

		Tontul, 2012		Comparative study on volatile compounds in Turkish green tea powder: Impact of tea clone, shading level and shooting period		Turkey		Seasonality and flushing period significantly impacted the volatile composition of green tea. 1-hexanol was detected in a trace amount in the 1st shooting period in tea samples while was explicitly determined in the 2nd shooting period. Ethyl benzene, xyl		1		0		0		0		0		1		1		0		0

		Topuz, 2014		Physicochemical properties of Turkish green tea powder: Effects of shooting period, shading, and clone		Turkey				1		1		0		0		0		0		0		0		0

										18		14		2		3		1		4		4		0		1





Table 3 Water Stress

		Table 3. Effects of Water Stress on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Decreased Water		Increase in Catechins + Phenolics with Decreased Water		Decrease in Caffeine with Decreased Water		Increase in Caffeine with Decreased Water		Decrease in Terpenoids / Volatiles with Decreased Water		Increase in Volatiles + Terpenoids with Decreased Water		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Cao, et al 2007		Aromatic constituents in fresh leaves of Lingtou Dancong tea induced by drought stress		China		The number of aromatic constituents in fresh tea leaves was highest under a soil relative water content of 53.90% and lowest under a soil relative water content of 99.75%.		0		0		0		0		0		1

		Chakraborty, et al 2002		Response of Tea Plants to Water Stress		India				1		1		0		0		0		0

		Cheruiyot, et al 2007		Polyphenols as Potential Indicators for Drought Tolerance in Tea (Camellia sinensis L.)		Kenya		Declining soil water content over a 12 week period in a rain out shelter significantly reduced growth and total polyphenolic concentrations in tea shoots with variability in amount of fluctuation depending on type of cultivar.		1		0		0		0		0		0

		Cheruiyot, et al 2008		Shoot Epicatechin and Epigallocatechin Contents Respond to Water Stress in Tea [Camellia sinensis (L.) O. Kuntze]		Kenya		In a randomized study, a positive linear correlation was found between soil water content (10-40%) and water stress with the concentration of total catechins and specific individual catechin compounds (epicatechin and epigallocatechin) as measured by HPLC		1		0		0		0		0		0

		Hernandez, et al 2006		Enhanced oxidation of flavan-3-ols and proanthocyanidin accumulation in water-stressed tea plants		Spain		Flavonoid compounds including epicatechin and epigallocatechin gallate accumulated in drought-stressed tea plants in an experimental field station experiment.		0		1		0		0		0		0

		Hrishikesh, et al 2013		Zinc modulates drought-induced biochemical damages in tea [ Camellia sinensis (L) O Kuntze]		India		Total phenolic concentrations of tea leaves increased with drought stress. Concentrations of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll, and total carotenoid (Cx+c) X with drought stress.		0		1		0		0		0		0

		Upadhyaya, 2004		Variation of physiological and antioxidative responses in tea cultivars subjected to elevated water stress followed by rehydration recovery		India		Drought and rehydration significantly impacted constituents associated with tea quality. The levels of chlorophylls, carotenoids, ascorbate and glutathione, and activities of guaiacol peroxidase and glutathione reductase decreased after five days of droug		1		1		0		0		0		0

		Bahattacharya, 2014		Osmotin-expressing transgenic tea plants have improved stress tolerance and are of higher quality		Africa, and South America		Induced osmotic stress resulted in increased levels of flavan-3-ols (EGCg, ECG, EGC, EC, and catechins) and increased activity of ROS detoxifying enzymes.		0		1		0		0		0		0

		Ahmed, 2013		Effects of water availability and pest pressures on tea (Camellia sinensis) growth and functional quality		United States		The effect of water availability and jasmonic acid (proxy treatment for herbivory) on tea quality varied with individual secondary metabolites. Higher water availability significantly lowered concentrations of epicatechin 3-gallate and increased total met		0		1		0		0		0		0

		Upadhyaya, 2010		CaCl2 improves post-drought recovery potential in Camellia sinensis (L) O. Kuntze		India		This study found there was an increase in dry mass, prolin, and phenolic content of tea leaf with decrease in water and lipid peroxidation and increased activities of enzymes such as SOD, CAT, POX and GR in response to increased foliar CaCl2 concentration		0		1		0		0		0		0





Table 4 Geography - Location

		Table 4. Effects of Geography on Tea Quality

		Citation		Title		Country		Outcome summary		Total No of Studies		Change in Catechins + Phenolics with Geography		Change in Caffeine with Geography		Change in Terpenoids / Volatiles with Geography		Change in Amino Acids with Geography		Change in  Flavor with Geography

		Bhuyan, et al 2013		Polyphenolic compounds and antioxidant activity of CTC black tea of North-East India		India		This study showed that geography notably impacted tea quality with tea samples from Upper Assam, North Bank, and South Bank having higher quality tea than other regions with respect to theaflavins, thearubigins, and tasters'perception of quality compared		1		1		0		0		0		0

		Borse, et al 2002		Fingerprint of black teas from India: identification of the regio-specific characteristics		India		This study demonstrates that tea quality varies with geography based on theaflavins, colour, caffeine, total soluble solids, and viscosity.		1		1		1		0		0		0

		Lee, et al 2015		Metabolic unveiling of a diverse range of green tea (Camellia sinensis) metabolites dependent on geography		Korea		Multivariate statistical analysis revealed strong inter-country and inter-city relationships for the levels of theanine and catechin derivatives found in green and white teas.		1		1		0		0		1		0

		Bhuyan, 2009		Chemical characterization of CTC black tea of northeast India: correlation of quality parameters with tea tasters' evaluation		India		This study found that overall tea quality as evaluated by tea tasters was highest for Brahmaputra valley teas in Northeast India followed by Dooars region and Barak valley teas. Tea taster flavor evaluation corresponded with higher levels of theaflavins,		1		1		0		0		0		1

		Li, 2007		Comparative studies on the qualities of green teas in Karst and non-Karst areas of Yichang, Hubei Province, PR China		China		Comparison of green teas from Karst and non-Karst areas of Hubei Province in China showed that tea samples from Karst areas had statistically lower content of tea polyphenols while amino acids and caffeine contents were not statistically significant.		1		1		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		1		1		0		1		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		1		0		0

										7		6		2		1		2		1





Table 5 Temperature

		Table 5. Effects of Temperature on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Temperature		Increase in Catechins + Phenolics with Increased Temperature		Decrease in Caffeine with Increased Temperature		Increase in Caffeine with Increased Temperature		Decrease in Terpenoids / Volatiles with Increased Temperature		Increase in Volatiles + Terpenoids with Increased Temperature		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Yao, 2005		Seasonal variations of phenolic compounds in Australia-grown tea (Camellia sinensis)		Australia		Tea quality as determined by key catechin compounds (EGCG, ECG, and CG) was higher during warm months (April and May) and lower during cool months (July, August, and September).		0		1		0		0		0		0		0		0

		Wang, 2011		Seasonal climate effects on flavanols and purine alkaloids of tea (Camellia sinensis L.)		China		Increased daily average temperatures resulted in an increase in some quality parameters and a decrease in other quality parameters. Specifically, increased temperatures were assocaited with an increase in (-)-epigallocatechin (EGC), (-)-epicatechin (EC),		1		1		0		0		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		0		1		0		0		0		1		1

		Wei, 2011		Catechin contents in tea ( Camellia sinensis) as affected by cultivar and environment and their relation to chlorophyll contents		China		Correlation analysis indicated that (+)-catechin was the major catechin fraction significantly correlated with climate factors and chlorophyll contents. Moreover, chlorophyll contents were significantly influenced by climate factors, with the highest corr		1		0		0		0		0		0		0		0





Herbivory

		Effects of Herbivory and Pathogens on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Herbivory		Increase in Catechins + Phenolics with Increased Herbivory		Decrease in Caffeine with Increased Herbivory		Increase in Caffeine with Increased Herbivory		Decrease in Terpenoids / Volatiles with Increased Herbivory		Increase in Volatiles + Terpenoids with Increased Herbivory		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Chakraborty, et al 2004		Impact of environmental factors on infestation of tea leaves by Helopeltis theivora and associated changes in flavonoid flavor components and enzyme activities		India		Insect attack by Helopeltis theivora led to an increase in the activities of the oxidative enzymes peroxidase, ascorbate peroxidase and polyphenol oxidase as well as a significant decrease in some catechins and other polyphenols in certain tea varieties.		1		0		0		0		0		0

		Dong, et al 2011		Herbivore-Induced Volatiles from Tea (Camellia sinensis) Plants and Their Involvement in Intraplant Communication and Changes in Endogenous Nonvolatile Metabolites		Japan		Principal component analysis of metabolites in undamaged tea leaves exposed or not to HIPV suggests that external signaling via HIPV may lead to more drastic changes in the metabolite spectrum of tea leaves than internal signaling via vascular connections

		Han, et al 2002		Composition of the volatiles from intact and tea aphid-damaged tea shoots and their allurement to several natural enemies of the tea aphid		China		Tea aphid damaged tea shoots emitted volatile synomones.		0		0		0		0		1		0

		Ponmurugan, 2007		Morphological, Physiological and Biochemical Changes in Resistant and Susceptible 
Cultivars of Tea in Relation to Phomopsis Disease		India		All growth characteristics, physiological and biochemical parameters were reduced significantly in plants with phomopsis disease rather than healthy plants.		1		0		0		0		0		0

		Singh, 2010		Enhancement in growth and quality parameters of tea [Camellia sinensis (L.) O. Kuntze] through inoculation with arbuscular mycorrhizal fungi in an acid soil		India		The innoculation of arbuscular mycorrhizal fungi in acidic soils of tea gardens resulted a significant increase in most tea growth and quality parameters compared to the noninoculated plants. Specifically, tea from innoculated soil showed higher levels of





Elevation - Altitude

		Effects of Altitude on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Altitude		Increase in Catechins + Phenolics with Increased Altitude		Decrease in Caffeine with Increased Altitude		Increase in Caffeine with Increased Altitude		Decrease in Terpenoids / Volatiles with Increased Altitude		Increase in Volatiles + Terpenoids with Increased Altitude		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Abeywickrama, et al 2010		Oral hypoglycaemic, antihyperglycaemic and antidiabetic activities of Sri Lankan Broken Orange Pekoe Fannings (BOPF) grade black tea (Camellia sinensis L.) in rats		Sri Lanka		Hypoglycaemic and antihyper- glycaemic activities of tea did not differ with respect to agroclimatic elevation, although there were differences in the content of phyto-constituents with elevation.		0		0		0		0		0		0

		Chen, et al 2014		Catechin content and the degree of its galloylation in oolong tea are inversely correlated with cultivation altitude		Taiwan		Catechin content and the degree of catechin galloylation in oolong tea infusions and their fresh tea leaves were inversely correlated to the cultivation altitude (200 m, 800 m, and 1300 m).		1		0		0		0		0		0

		Ohno, 2011		Characterization of Tea Cultivated at Four Different Altitudes Using 1H NMR Analysis Coupled with Multivariate Statistics		Japan		Tea quality was found to vary between four cultivation areas in Sri Lanka that have different elevations (1800 m, 1200 m, 600 m, and 300 m). Theaflavins, theanine, and caffiene levels were higher in the black teas derived from the higher elevation while l		0		1		0		1		0		0

		Abeywickrama, 2010		Oral diuretic activity of hot water infusion of Sri Lankan black tea (Camellia sinensis L.) in rats		Sri Lanka		Sri Lankan BOPF grade black tea from three elevations significantly increased cumulative urine output, compared with the control. Furthermore, low (26%), mid (35%), and high (49%) doses of high grown BTI increased their cumulative urine output dosedepende

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi





Light - UVB Irradation

		Effects of Light Factors on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Light		Increase in Catechins + Phenolics with Increased Light		Decrease in Caffeine with Increased Light		Increase in Caffeine with Increased Light		Decrease in Terpenoids / Volatiles with Increased Light		Increase in Volatiles + Terpenoids with Increased Light		Decrease in Amino Acids with Increased Light		Increase in Amino Acids with Increased Light

		Zhang, 2014		Metabolic Analysis Using Ultra-Performance Liquid Chromatography-Quadrupole-Time of Flight Mass Spectrometry (UPLC-Q-TOF MS) Uncovers the Effects of Light Intensity and Temperature under Shading Treatments on the Metabolites in Tea		China		The comparison showed a greater effect of temperature on galloylation of catechins than light intensity and temperature.

		Ku, 2010		Metabolomics analysis reveals the compositional differences of shade grown tea ( Camellia sinensis L.)		Japan		This provides evidence on the effects of shade on the chemical composition of green tea and associated flavor profile including increased shade resulting in tea with a higher umami profile and less astringent taste.

		Song, 2012		Correlation between leaf age, shade levels, and characteristics beneficial for natural constituents of tea (Camellia sinensis) grown in Hawaii		Hawaii(USA)		The concentration of L-theanine and caffeine decreased as leaf age increased moving from bud to first and then second leaf, while the concentration of the four catechins increased from the bud to first and second leaves. In most cases this increase was ge

		Deng, 2012		Effect of shade treatment on theanine biosynthesis in Camellia sinensis seedlings		China		Total free amino acid content was significantly increased by shading treatment.		0		0		0		0		0		0		1		0

		Lee, 2012		Metabolomic Analysis of the Effect of Shade Treatment on the Nutritional and Sensory Qualities of Green Tea		Korea		This study demonstrated that the application of shade treatment increased quercetin-galactosylrutinoside, kaempferol-glucosylrutinoside, epicatechin gallate, epigallocatechin gallate, tryptophan, phenylalanine, theanine, glutamine, glutamate, and caffeine		1		1		1		0		0		0		1		0

		Zheng, 2008		Effect of ultraviolet B irradiation on accumulation of catechins in tea (Camellia sinensis (L) O. Kuntze)		China		Total concentrations of tea catechins increased at low UV-B influence rates but decreased at high UV-B influence rates. The effect of UV-B varied with type of tea cultivar.		1		0		0		0		0		0		0		0





Soil and Nutrients-Fertilizer

		Effects of Soil and Nutrient Management on Tea Quality

		Citation		Title		Country		Outcome summary		Change in Catechins + Phenolics with Soil Management		Change in Caffeine with Soil Management		Change in Terpenoids / Volatiles with Soil Management		Change in Amino Acids with Soil Management

		Duan, et al 2012		Bioactive ingredient levels of tea leaves are associated with leaf Al level interactively influenced by acid rain intensity and soil Al supply		China

		Hajiboland, et al 2013		Mechanisms of aluminum-induced growth stimulation in tea (Camellia sinensis)		India		Shoot growth, root biomass, and total root length were all positively related to root Al concentrations. Chlorophyll a, carotenoid concentrations, and net assimilation rates were enhanced by Al supply in the young leaves, but not in the older leaves. Acti

		Mukhopadyay, 2012		Changes of growth, photosynthesis and alteration of leaf anti-oxidative defense system of tea [Camellia sinensis (L.) O. Kuntze] seedlings under aluminum stress		India		Al concentrations at lower levels promoted growth but at elevated states was a stressor.

		Sae-Lee, 2012		Chemical qualities and phenolic compounds of Assam tea after soil drench application of selenium and aluminum		Thailand		Selenium and Aluminum promoted the ascorbic acid, chlorophylls, carotenoids, total phenolics, and proline contents of tea leaves. The high chemical quality and highest phenolic content were found in tea leaves receiving 50 ppm of Se. The highest catechins

		Chen, 2011		Aluminum and nutrients induce changes in the profiles of phenolic substances in tea plants (Camellia sinensis CV TTES, No. 12 (TTE))		Taiwan		Al concentration in tea plants increases catechin concentrations and plays a large role in growth.

		Mukhopadhyay, 2013		Structural, physiological, and biochemical profiling of tea plants  under zinc stress		India		Zinc deficiency and excess resulted in considerable decreases in shoot and root masses (fresh and dry). Zinc stress decreased net photosynthetic rate, transpiration rate, stomatal conductance, and the content of chlorophylls a and b. Superoxide anion, mal

		Hemalatha, et al 2011		Impact of iron toxicity on certain enzymes and biochemical parameters of tea		India		Iron increases activity of enzymes (amylase, invertase) to an extent, but at very high concentrations it was found harmful to plants, eventually leading to their death.

		Ruan, 2007		Effect of root zone pH and form and concentration of nitrogen on accumulation of quality-related components in green tea		Germany		Concentrations of free amino acids were higher in NH4+ than in NO3- fed plants. Root zone pH did not influence concentrations of most free amino acids in young shoots, with the exception of theanine. Theanine increase at low pH (4.0) irrespective of N for

		Ruan, 2010		Impact of nitrogen supply on carbon/nitrogen allocation: A case study on amino acids and catechins in green tea [Camellia sinensis (L.) O. Kuntze] plants*		Germany and the Netherlands		Accumulation of amino acids and polyphenols depended strongly on nitrogen status, and the balance shifted toward increasing synthesis of amino acids associated with enhanced growth, while investment of carbon in secondary metabolites did not change propor

		Han, 2008		Nitrogen release dynamics and transformation of slow release fertiliser products and their effects on tea yield and quality		China		Slow release nitrogen fertilizers can increase N use efficiency and improve tea growth. This improved the profit margin and possibly reduced environmental pollution.

		Hamid, et al 2013		Effect of different levels of nitrogen on the chemical composition of tea (C. sinensis L) grown at higher altitude		Pakistan		TP increased significantly by the application of 180 kg N ha-1. The EGC, EC contents increased up to certain level with the increase of nitrogen and then declined after the application of 180 kg ha-1. The nitrogen level did not affect the caffeine content

		Venkatesan,2004a		Impact of sources and doses of potassium on biochemical and greenleaf parameters of tea		India		Different sources and levels of potassium were tested against carotenoids, chlorophyll, polyphenols, catechins, amino acids, and nutrients (P, MG, Zn, K, N). The relationship between polyphenols and carotenoids with amino acids was inversely proportional.

		Venkatesan,2006		Quality standards of CTC black teas as influenced by sources of potassium fertiliser		India		Quality aspects of crush, tear, and curl (black tea) was measured against different sources of potassium fertilizer. Potassium as muriate of potash improved liquor components (TF, TR, and TF/TR ratios at higher levels). Removal of K fertilizer drastically

		Ruan, et al 2013		Potassium management in tea plantations: Its uptake by field plants, status in soils, and efficacy on yields and quality of teas in China		China		The quality of harvested shoots was improved by K-fertilizer application as revealed by increased concentrations of free amino acids, water-extractable dry matter, and total polyphenols.

		Venkatesan, 2007		Influence of excess manganese on certain antioxidant enzymes and biochemical parameters of tea		India		High manganese levels in soils led to plant nutrient imbalances, decreases in amino acids, chlorophyll, and carotenoid content.

		Hu, 2003		Effect of selenium on the yield and quality of green tea leaves harvested in early spring		China		Selenite or selenate were applied to foliage. Number of sprouts and yield were significantly  increased (p<0.05) by the application of selenium. Sweetness and aroma were also enhanced, bitterness decreased. No differences in these between selenite or sele

		Ruan, 2012		Magnesium nutrition on accumulation and transport of amino acids in tea plants		China		Adequate supply of Magnesium (Mg) nutrient upped the creation of theanine in roots and its accumulation in young shoots. Mg nutritional status greatly influenced the mobility of amino acids and sugars (via xylem and phloem) especially when nitrogen and ca

		Jayaganesh, 2010		Impact of magnesium sulphate on biochemical and quality constituents of black tea		India		Amino acid content increased with soil application of magnesium. 50% potassium reduction fields reduced the amino acid content. The catechins content increased in soils with 300kg applied magnesium treatment and then decreased in 50% reduction of potassiu

		Jayaganesh, 2011		Impact of different sources and doses of Magnesium Fertilizer on Biochemical Constituents and Quality Parameters of black Tea		India		Different sources of magnesium fertilizers were compared to biochemical parameters. Amino acid and polyphenols increased with magnesium sulphate application while chlorophyl content and carotenoids were higher in magnesium sulphate applied blocks. Catechi

		Lin, 2011		Effects of phosphorus supply on the quality of green tea		China		Varying levels of phosphorus fertilizer was applied to identical tea plants. Dry weight increased with phosphorus levels. P-deficient green tea showed decreased concentrations of water, total polyphenols, flavonids, amino acids, theanine and aspargic acid

		Ruan, 2007		Effect of alternative anions (Cl- vs. SO42-) on concentrations of free amino acids in young tea plants		China		Soil-grown tea plants supplied with different levels of potassium (K) as K2SO4 or KCl exhibited increased concentrations of free amino acid in young shoots only when supplied with K2SO4, and the negative effect of KCl supply was mainly due to a reduced co

		Hajiboland, et al 2011		Effect of light intensity on photosynthesis and antioxidant defense in boron deficient tea plants		Iran		Up-regulation of C and N metabolism, anti-oxidative defenses, and overall enhancement of Boron uptake and transport were indicators for growth improvement of Boron-deficient plants by Al supplementation.

		Hajiboland, et al 2011		Aluminum alleviates boron-deficiency induced growth impairment in tea plant		Iran		Growth of B-deficient plants was completely resumed by Al supplementation or even surpassed control plants regarding shoot biomass. Photosynthetic rate was negatively influenced by low B supply and Al treatment increased it up to the level of the control

		Sedaghathoor, 2009		Yield and quality response of tea plant to fertilizers		Iran		Yield and quality were measured against different applications of nitrogen, potassium, magnesium and micronutrient fertilizers.  % of tannin, water extracts and caffeine was also measured. Micronutrient application (esp. magnesium and zinc sulphate) had s

		Venkatesan, 2004b		Long-term impact of nitrogen and potassium fertilizers on yield, soil nutrients and biochemical parameters of tea		India		Nitrogen and potassium fertilizers were tested against yield, biochemical parameters, soil, and leaf nutrient status over a 9 year period. Yield increased with the nitrogen application of 66% over the control. Polyphenol and amino acid contents increased

		Yang, 2014		Effects of Fertilizing with N, P, Se, and Zn on Regulating the Element and Functional Component Contents and Antioxidant Activity of Tea Leaves Planted in Red Soil		China		Comparing functional component contents and antioxidant activity of tea leaves when fertilizing with N, P, Se, and Zn. Fertilizer composed of Se. Zn. and P showed the highest Se, total polyphenol, and catechins contents and antioxidant activities as well

		Lu, 2004		Fluoride Content in Tea and Its Relationship with Tea Quality		China		The F level increased with the decline in quality and showed good correlation with the quality grades. The results suggest that the F content could be used as a quality indicator for tea evaluation.





Other

		

		Bhattacharya, 2015		Histochemical evaluation of catechins in PEG stressed transgenic tea plants using catechin-specific-diazotized sulfanilamide reagent		India		The apical bud consisted of the highest levels of catechins of all plant parts; this was followed by the palisade tissue of leaves and the vascular strands in the stem.

		Feng, et al 2005		HPLC analysis of naturally occurring methylated catechins, 3"- and 4"-methyl-epigallocatechin gallate, in various fresh tea leaves and commercial teas and their potent inhibitory effects on inducible nitric oxide synthase in macrophages		Taiwan		Tea quality as measured by O-methylated compounds was higher in young tea leaves compared to older tea leaves.
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Table 9. Effects of Soil and Nutrient Management on Tea

Quality
Citation Title Country Outcome summary
Bioactive ingredient levels of tea leaves are . o . , L "
associated with leaf Al level interactivel Al assimilation and accumulation in plants were slightly promoted by acid rain with addition
Duan, et al 2012 . . . . y China of 0.5 g kg-1 Al in soil, while inhibited with addition of 1.0 g kg-1 Al in soil. Al levels in tea
influenced by acid rain intensity and soil Al . . .
supply shoots, leaves and roots were higher in the treatments with ele
N . , : Shoot th, root bi , and total root length Il itively related t t Al
Hajiboland, et al Mechanisms of aluminum-induced growth . 00 grovI/ root blomass, and fota rgo eng wgre all PoSitvely re. ale , © 100
. o .. . India concentrations. Chlorophyll a, carotenoid concentrations, and net assimilation rates were
2013 stimulation in tea (Camellia sinensis) . . .
enhanced by Al supply in the young leaves, but not in the older leaves. Acti
Changes of growth, photosynthesis and
lterati f leaf anti-oxidative def t , .
Mukhopadyay, 2012 atteration © e.a aIn | O?(I ative cetense system India Al concentrations at lower levels promoted growth but at elevated states was a stressor.
of tea [Camellia sinensis (L.) O. Kuntze]
seedlings under aluminum stress
Chemical qualities and phenolic compounds of Selenium and Aluminum promoted the ascorbic acid, chlorophylls, carotenoids, total
Sae-Lee, 2012 Assam tea after soil drench application of Thailand |phenolics, and proline contents of tea leaves. The high chemical quality and highest phenolic
selenium and aluminum content were found in tea leaves receiving 50 ppm of Se. The highest catechins
Aluminum and nutrients induce changes in the . . : . ,
. . . . Al concentration in tea plants increases catechin concentrations and plays a large role in
Chen, 2011 profiles of phenolic substances in tea plants Taiwan rowth
(Camellia sinensis CV TTES, No. 12 (TTE)) 9 )
. , . . Zinc deficiency and excess resulted in considerable decreases in shoot and root masses
Mukhopadhyay, Structural, physiological, and biochemical . . . -
. . India (fresh and dry). Zinc stress decreased net photosynthetic rate, transpiration rate, stomatal
2013 profiling of tea plants under zinc stress . .
conductance, and the content of chlorophylls a and b. Superoxide anion, mal
Hemalatha, et al Impact of iron toxicity on certain enzymes and India Iron increases activity of enzymes (amylase, invertase) to an extent, but at very high
2011 biochemical parameters of tea concentrations it was found harmful to plants, eventually leading to their death.
Effect of root zone pH and form and Concentrations of free amino acids were higher in NH4+ than in NO3- fed plants. Root zone
Ruan, 2007 concentration of nitrogen on accumulation of Germany |pH did not influence concentrations of most free amino acids in young shoots, with the
quality-related components in green tea exception of theanine. Theanine increase at low pH (4.0) irrespective of N for
I t of nit I bon/nit . . , .
mpac . oritrogen supply on cgr on .n| rogen Accumulation of amino acids and polyphenols depended strongly on nitrogen status, and the
allocation: A case study on amino acids and . . . . ) . . . .
Ruan, 2010 . L . China balance shifted toward increasing synthesis of amino acids associated with enhanced
catechins in green tea [Camellia sinensis (L.) O. . . . .
. growth, while investment of carbon in secondary metabolites did not change propor
Kuntze] plants
Nitrogen release dynamics and transformation . . : - . ,
. . . Slow release nitrogen fertilizers can increase N use efficiency and improve tea growth. This
Han, 2008 of slow release fertiliser products and their China . ) . . . .
. . improved the profit margin and possibly reduced environmental pollution.
effects on tea yield and quality
Effect of different levels of nitrogen on the TP increased significantly by the application of 180 kg N ha-1. The EGC, EC contents
Hamid, et al 2013 chemical composition of tea (C. sinensis L) Pakistan |increased up to certain level with the increase of nitrogen and then declined after the
grown at higher altitude application of 180 kg ha-1. The nitrogen level did not affect the caffeine content
Impact of sources and doses of potassiurm on Different sources and levels of potassium were tested against carotenoids, chlorophyll,
Venkatesan,2004a . P . P India polyphenols, catechins, amino acids, and nutrients (P, MG, Zn, K, N). The relationship
biochemical and greenleaf parameters of tea . . . . . .
between polyphenols and carotenoids with amino acids was inversely proportional.
. ality aspects of crush, tear, and curl (black tea) was measured against different sources of
Quality standards of CTC black teas as : Qual y. P . N . N . ( )W. " . o ! !
Venkatesan,2006 influenced by sources of potassium fertiliser India potassium fertilizer. Potassium as muriate of potash improved liquor components (TF, TR,
y P and TF/TR ratios at higher levels). Removal of K fertilizer drastically
Potassium management in tea plantations: Its The quality of harvested shoots was improved by K-fertilizer application as revealed by
Ruan, et al 2013 uptake by field plants, status in soils, and China increased concentrations of free amino acids, water-extractable dry matter, and total
efficacy on yields and quality of teas in China polyphenols.
Influence of excess manganese on certain . . . o , . .
. . . . High manganese levels in soils led to plant nutrient imbalances, decreases in amino acids,
Venkatesan, 2007 antioxidant enzymes and biochemical India .
chlorophyll, and carotenoid content.
parameters of tea
Effect of selenium on the yield and quality of . Selenite or selenate were appli'ed Io foliage. I\Iumber of sprouts and yield were significantly
Hu, 2003 reen tea leaves harvested in earlv sorin China increased (p<0.05) by the application of selenium. Sweetness and aroma were also
9 y spring enhanced, bitterness decreased. No differences in these between selenite or sele
Magnesium nutrition on accumulation and . Adequate §upply of Magnesium (Mg) nL.Jt.rient upped the cregtion of theanine in .r.oots and. its
Ruan, 2012 . . China accumulation in young shoots. Mg nutritional status greatly influenced the mobility of amino
transport of amino acids in tea plants . . . .
acids and sugars (via xylem and phloem) especially when nitrogen and ca
. . . Amino acid content increased with soil application of magnesium. 50% potassium reduction
Impact of magnesium sulphate on biochemical . , . . , . . . .
Jayaganesh, 2010 . . India fields reduced the amino acid content. The catechins content increased in soils with 300kg
and quality constituents of black tea . : . . .
applied magnesium treatment and then decreased in 50% reduction of potassiu
Impact of different sources and doses of . : . . . .
P . | - ) . . Different sources of magnesium fertilizers were compared to biochemical parameters. Amino
Magnesium Fertilizer on Biochemical . : . . . L ,
Jayaganesh, 2011 . . India acid and polyphenols increased with magnesium sulphate application while chlorophyl
Constituents and Quality Parameters of black . . . . . .
Tea content and carotenoids were higher in magnesium sulphate applied blocks. Catechi
. Varying levels of phosphorus fertilizer was applied to identical tea plants. Dry weight
, Effects of phosph I th lity of . . . g ,
Lin, 2011 reeecns’;eoa phosphorus SUpply on the quality o China increased with phosphorus levels. P-deficient green tea showed decreased concentrations
9 of water, total polyphenols, flavonids, amino acids, theanine and aspargic acid
Effect of alternative anions (Cl- vs. SO42-) on Soil-grown tea plants supplied with different levels of potassium (K) as K2S0O4 or KClI
Ruan, 2007 concentrations of free amino acids in young tea China exhibited increased concentrations of free amino acid in young shoots only when supplied
plants with K2S04, and the negative effect of KCI supply was mainly due to a reduced co
. Effect of light intensity on photosynthesis and Up-regulation of C and N metabolism, anti-oxidative defenses, and overall enhancement of
Hajiboland, et al . . . - , -
2011 antioxidant defense in boron deficient tea Iran Boron uptake and transport were indicators for growth improvement of Boron-deficient
plants plants by Al supplementation.
. : , - . th of B-deficient plant letel d by Al I tati
Hajiboland, et al Aluminum alleviates boron-deficiency induced Growth o eticient plants wa.s compie e.y resumed by supp ementation or e\{en
2011 rowth impairment in tea plant Iran surpassed control plants regarding shoot biomass. Photosynthetic rate was negatively
9 P P influenced by low B supply and Al treatment increased it up to the level of the control
, , Yield and quality were measured against different applications of nitrogen, potassium,
Yield and lit ft lant t . . . - ) .
Sedaghathoor, 2009 feliilizaerr]s quality response ot tea plant to Iran magnesium and micronutrient fertilizers. % of tannin, water extracts and caffeine was also
measured. Micronutrient application (esp. magnesium and zinc sulphate) had s
Long-term impact of nitrogen and potassium Nitrogen and potassium fertilizers were tested against yield, biochemical parameters, soil,
Venkatesan, 2004b |[fertilizers on yield, soil nutrients and India and leaf nutrient status over a 9 year period. Yield increased with the nitrogen application of
biochemical parameters of tea 66% over the control. Polyphenol and amino acid contents increased
Effects of Fertilizi ith N, P Z
ReezIZt?n tehel E;ng]:lr:t an(,:I F’uii”[is:gl non Comparing functional component contents and antioxidant activity of tea leaves when
Yang, 2014 g g . - China fertilizing with N, P, Se, and Zn. Fertilizer composed of Se. Zn. and P showed the highest Se,
Component Contents and Antioxidant Activity total polyphenol, and catechins contents and antioxidant activities as well
of Tea Leaves Planted in Red Soill POIYP ’
. , . . The F level increased with the decline in quality and showed good correlation with the quality
Fluoride Content in T d Its Relationsh .
Lu, 2004 dorice Lontent in 1ea and fis Helationship China grades. The results suggest that the F content could be used as a quality indicator for tea
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Table 1 Search Terms

		

		tea OR		AND		“climate change” OR “global warming" OR				AND		antioxidant*

		“camellia sinensis” OR				“horticultural condition*” OR						caffeine

		camellia*				season OR						phytochemical*

		“green tea” OR				OR		spring				catechin*

		pu-erh OR pu’erh OR						monsoon				theaflavin

		oolong				“Solar radiation”						theanine

		NOT (rooibos OR "Aspalathus linearis")				OR		UV OR “UV quantity” OR				flavonol

								“length of daylight” OR “day length” OR "sunshine hours"				"secondary metabolite*"

						precipitation						"Aliphatic alcohol*"

						OR		rainfall				“Aliphatic ketone*” 

								drought				“aliphatic aldehyde*”

								flood				“aliphatic ester*”

						OR		“water logging”				“hydrocarbon*”

								saturation				“alkyl acid*”

								geograph* OR “geographic area”				“oxygenated heterocycle*”

						OR		origin				polyphenol*

								latitude				phenol*

								slope				terpen*

								aspect				methylxanthine*

								altitude				α-terpinene

								elevation				γ-terpinene

								temperature				(Z)-jasmone 

						OR		Frost OR freez* OR “chilling hour*”				linalool

								wind				δ-cadinene

								soil				geraniol

						OR		“soil moisture content”				nerolidol

								biomass				α-terpineol

								“soil acidity” OR “soil pH”				indole 

								“total P” OR “available P”				β-ionone

								“total N”				caryophyllene

								“Annual bud-burst” OR “mean bud-burst” OR				"methyl salicylate"

								CO2 or "carbon dioxide"				"benzyl alcohol"

												2-phenylethanol





Table 2 Seasonality

		Table 2. Effects of Seasonality on Tea Quality

		Citation		Title		Country		Outcome summary		Total of Studies		Decrease in Catechins + Phenolics with Seasonal Transition from Spring		Increase in Catechins + Phenolics with Seasonal Transition from Spring		Decrease in Caffeine with Seasonal Transition		Increase in Caffeine with Seasonal Transition		Decrease in Terpenoids / Volatiles with Seasonal Transition		Increase in Volatiles + Terpenoids with Seasonal Transition		Decrease in Amino Acids with Seasonal Transition		Increase in  Amino Acids with Seasonal Transition

		Baptista, et al 2014		Value of off-season fresh Camellia sinensis leaves: Antiradical activity, total phenolics content and catechin profiles		Portugal		Total phenolic concentration was higher during the main tea harvest season and lower during the off-harvest season.		1		1		0		0		0		0		0		0		0

		Chen, et al 2010		Photosynthesis, yield, and chemical composition of Tieguanyin tea plants (Camellia sinensis (L.) O. Kuntze) in response to irrigation treatments		Taiwan		Catechin and phenolic concentration varied with season (spring versus autumn) and altitude (350 m and 500 m). Spring and higher altitude tea had higher quality based on tea chemical composition.		1		1		0		0		0		0		0		0		0

		Kottur, et al 2010		Diversity among various forms of catechins and its synthesizing enzyme (phenylalanine ammonia lyase) in relation to quality of black tea (Camellia spp.)		India		Overall quality as evaluated by tea tasters, catechins, and enzyme activity (phenylalanine ammonia lyase) varied over four different seasons (summer, premonsoon, monsoon and winter) with the dry premonsoon summer season having the greatest quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2014		Effects of season and plantation on phenolic content of unfermented and fermented Sri Lankan tea		Sri Lanka		Climate, season, soil fertility, and processing conditions were shown to interactively impact the profile of specific catechins of teas with the spring season being the most favorable for tea quality.		1		1		0		0		0		0		0		0		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		1		1		0		0		0		0		0		0		0

		Saikia, 2002		Specific fluctuations in the composition of lipoxygenase- and glycosidase-generated flavors in some cultivated teas of Assam		India		Seasonality variably impacted various tea quality parameters with second-flush spring teas having increased activities of glycosidase and several terpenes, phenolics, and aliphatic compounds bound to glycosides. Conversely, monsoon teas had higher levels		1		1		0		0		0		1		1		0		1

		Saito, 2007		Characterization of the constituents and antioxidant activity of Brazilian green tea (Camellia sinensis var. assamica IAC-259 Cultivar) extracts		Brazil		Spring and summer teas significantly varied on the basis of caffeine content with summer samples had higher levels. However, spring and summer teas did not significantly varied on the basis of catechin contents and antioxidant levels.		1		0		0		0		1		0		0		0		0

		Ahmed et al., 2014		Effects of extreme climate events on tea (Camellia sinensis) functional quality validate indigenous farmer knowledge and sensory preferences in tropical China		China		Concentrations of catechin and methylxanthine secondary metabolites, major compounds that determine tea functional quality, were up to 50% lower during the monsoon while total phenolic concentrations and antioxidant activity increased.		1		1		1		1		0		0		0		0		0

		Xu, 2012		Discrimination of the production season of Chinese green tea by chemical analysis in combination with supervised pattern recognition		China		Levels of free amino acids and catechins in green tea were shown to notably vary from spring to summer with spring being the optimal season for high quality.		1		1		0		0		0		0		0		0		0

		Sud, 2000		Seasonal clonal variations and effects of stresses on qualitychemicals and prephenate dehydratase enzyme activity in tea(Camellia sinensis)		India		Catechins and prephenate dehydratase enzyme activity notably varied with seasonal variation and over various growth flushes with the main spring flush having the highest quality.		1		1		0		0		0		0		0		0		0

		Venkatesan, 2007		Seasonal variations in theaflavins, thearubigins, total colour and brightness of Kangra orthodox tea (Camellia sinensis (L) O Kuntze) in Himachal Pradesh		India		Tea quality as measured by theaflavins, thearubigins, total color, and brightness of green leaves significantly varied seasonally throughout the tea harvest seasons from March to October over four consecutive years. Teas harvested during the 1st and 2nd f		1		1		1		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		0		0		1		1		0		0

		Chen, 2014		Correlation between nitrogen application to tea flushes and quality of green and black teas		Taiwan		Tea quality significantly varied across seasons (spring, summer, and winter) on the basis of total nitrogen content. A negative correlation was found between winter tea and specific catechin compounds (gallic acid, EGC, EC, GCG, and ECG).		1		1		0		0		0		0		0		0		0

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi		1		1		0		1		0		0		0		0		0

		Kowalsick, et al 2014		Metabolite profiling of Camellia sinensis by automated sequential, multidimensional gas chromatography/mass spectrometry reveals strong monsoon effects on tea constituents		China		Numbers and concentrations of individual tea volatiles either increased, decreased or stayed the same with the onset of the monsoon from the spring season during a field experiment. Overall, the spring season was associated with a greater number and conce		1		0		0		0		0		1		1		0		0

		Anasari, et al 2011		Impacts of flushing and fermentation times on the quality of black tea		Iran		Flushing time was found to significantly impact several quality parameters of tea clones including theaflavin, thearubigin, total color, brightness, tannin and caffeine. The early flushing periods had the overall highest quality for most tea clones.		1		1		0		1		0		0		0		0		0

		Tontul, 2012		Comparative study on volatile compounds in Turkish green tea powder: Impact of tea clone, shading level and shooting period		Turkey		Seasonality and flushing period significantly impacted the volatile composition of green tea. 1-hexanol was detected in a trace amount in the 1st shooting period in tea samples while was explicitly determined in the 2nd shooting period. Ethyl benzene, xyl		1		0		0		0		0		1		1		0		0

		Topuz, 2014		Physicochemical properties of Turkish green tea powder: Effects of shooting period, shading, and clone		Turkey				1		1		0		0		0		0		0		0		0

										18		14		2		3		1		4		4		0		1





Table 3 Water Stress

		Table 3. Effects of Water Stress on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Decreased Water		Increase in Catechins + Phenolics with Decreased Water		Decrease in Caffeine with Decreased Water		Increase in Caffeine with Decreased Water		Decrease in Terpenoids / Volatiles with Decreased Water		Increase in Volatiles + Terpenoids with Decreased Water		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Cao, et al 2007		Aromatic constituents in fresh leaves of Lingtou Dancong tea induced by drought stress		China		The number of aromatic constituents in fresh tea leaves was highest under a soil relative water content of 53.90% and lowest under a soil relative water content of 99.75%.		0		0		0		0		0		1		0		0

		Chakraborty, et al 2002		Response of Tea Plants to Water Stress		India				1		1		0		0		0		0		0		0

		Cheruiyot, et al 2007		Polyphenols as Potential Indicators for Drought Tolerance in Tea (Camellia sinensis L.)		Kenya		Declining soil water content over a 12 week period in a rain out shelter significantly reduced growth and total polyphenolic concentrations in tea shoots with variability in amount of fluctuation depending on type of cultivar.		1		0		0		0		0		0		0		0

		Cheruiyot, et al 2008		Shoot Epicatechin and Epigallocatechin Contents Respond to Water Stress in Tea [Camellia sinensis (L.) O. Kuntze]		Kenya		In a randomized study, a positive linear correlation was found between soil water content (10-40%) and water stress with the concentration of total catechins and specific individual catechin compounds (epicatechin and epigallocatechin) as measured by HPLC		1		0		0		0		0		0		0		0

		Hernandez, et al 2006		Enhanced oxidation of flavan-3-ols and proanthocyanidin accumulation in water-stressed tea plants		Spain		Flavonoid compounds including epicatechin and epigallocatechin gallate accumulated in drought-stressed tea plants in an experimental field station experiment.		0		1		0		0		0		0		0		0

		Hrishikesh, et al 2013		Zinc modulates drought-induced biochemical damages in tea [ Camellia sinensis (L) O Kuntze]		India		Total phenolic concentrations of tea leaves increased with drought stress. Concentrations of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll, and total carotenoid (Cx+c) X with drought stress.		0		1		0		0		0		0		0		0

		Upadhyaya, 2004		Variation of physiological and antioxidative responses in tea cultivars subjected to elevated water stress followed by rehydration recovery		India		Drought and rehydration significantly impacted constituents associated with tea quality. The levels of chlorophylls, carotenoids, ascorbate and glutathione, and activities of guaiacol peroxidase and glutathione reductase decreased after five days of droug		1		1		0		0		0		0		0		0

		Bahattacharya, 2014		Osmotin-expressing transgenic tea plants have improved stress tolerance and are of higher quality		Africa, and South America		Induced osmotic stress resulted in increased levels of flavan-3-ols (EGCg, ECG, EGC, EC, and catechins) and increased activity of ROS detoxifying enzymes.		0		1		0		0		0		0		0		0

		Ahmed, 2013		Effects of water availability and pest pressures on tea (Camellia sinensis) growth and functional quality		United States		The effect of water availability and jasmonic acid (proxy treatment for herbivory) on tea quality varied with individual secondary metabolites. Higher water availability significantly lowered concentrations of epicatechin 3-gallate and increased total met		0		1		0		0		0		0		0		0

		Upadhyaya, 2010		CaCl2 improves post-drought recovery potential in Camellia sinensis (L) O. Kuntze		India		This study found there was an increase in dry mass, prolin, and phenolic content of tea leaf with decrease in water and lipid peroxidation and increased activities of enzymes such as SOD, CAT, POX and GR in response to increased foliar CaCl2 concentration		0		1		0		0		0		0		0		0

										4		7		0		0		0		1		0		0





Table 4 Geography - Location

		Table 4. Effects of Geography on Tea Quality

		Citation		Title		Country		Outcome summary		Total No of Studies		Change in Catechins + Phenolics with Geography		Change in Caffeine with Geography		Change in Terpenoids / Volatiles with Geography		Change in Amino Acids with Geography		Change in  Flavor with Geography

		Bhuyan, et al 2013		Polyphenolic compounds and antioxidant activity of CTC black tea of North-East India		India		This study showed that geography notably impacted tea quality with tea samples from Upper Assam, North Bank, and South Bank having higher quality tea than other regions with respect to theaflavins, thearubigins, and tasters'perception of quality compared		1		1		0		0		0		0

		Borse, et al 2002		Fingerprint of black teas from India: identification of the regio-specific characteristics		India		This study demonstrates that tea quality varies with geography based on theaflavins, colour, caffeine, total soluble solids, and viscosity.		1		1		1		0		0		0

		Lee, et al 2015		Metabolic unveiling of a diverse range of green tea (Camellia sinensis) metabolites dependent on geography		Korea		Multivariate statistical analysis revealed strong inter-country and inter-city relationships for the levels of theanine and catechin derivatives found in green and white teas.		1		1		0		0		1		0

		Bhuyan, 2009		Chemical characterization of CTC black tea of northeast India: correlation of quality parameters with tea tasters' evaluation		India		This study found that overall tea quality as evaluated by tea tasters was highest for Brahmaputra valley teas in Northeast India followed by Dooars region and Barak valley teas. Tea taster flavor evaluation corresponded with higher levels of theaflavins,		1		1		0		0		0		1

		Li, 2007		Comparative studies on the qualities of green teas in Karst and non-Karst areas of Yichang, Hubei Province, PR China		China		Comparison of green teas from Karst and non-Karst areas of Hubei Province in China showed that tea samples from Karst areas had statistically lower content of tea polyphenols while amino acids and caffeine contents were not statistically significant.		1		1		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		1		1		0		1		0

		Jeyaramraja, et al 2011		Variation in antioxidant potential and total polyphenol content of fresh and fully-fermented Sri Lankan tea		Sri Lanka		Antioxidant activity as measured by the the ferric reducing antioxidant power (FRAP), total phenolic concentration, and DPPH free radical-scavenging activity varied on the basis of season (dry versus monsoon), altitude (high versus low), and plantation lo		0		0		0		0		0		0

		Rawat, 2008		Seasonal and clonal variations in some major glycosidic bound volatiles in Kangra tea (Camellia sinensis (L.) O. Kuntze)		India		Seasonality and geographic location significantly impacted tea quality as determined by the terpene index and flavor index. Total content of glycosidic bound flavour compounds was highest during early growth flush (April - mid June), declined during rains		1		0		0		1		0		0

										7		6		2		1		2		1





Table 5 Light - UVB Irradation

		Table 5. Effects of Light Factors on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Light		Increase in Catechins + Phenolics with Increased Light		Decrease in Caffeine with Increased Light		Increase in Caffeine with Increased Light		Decrease in Terpenoids / Volatiles with Increased Light		Increase in Volatiles + Terpenoids with Increased Light		Decrease in Amino Acids with Increased Light		Increase in Amino Acids with Increased Light

		Zhang, 2014		Metabolic Analysis Using Ultra-Performance Liquid Chromatography-Quadrupole-Time of Flight Mass Spectrometry (UPLC-Q-TOF MS) Uncovers the Effects of Light Intensity and Temperature under Shading Treatments on the Metabolites in Tea		China		Shading of tea plants with Black Net and Nano-insulating Film (with additional 2–4°C cooling effect) significantly decreased flavonoid metabolites (mainly flavan-3-ols, flavonols and their glycosides) compared to the unshaded control. Contents of chloroph		0		1		1		0		1		0		1		0

		Ku, 2010		Metabolomics analysis reveals the compositional differences of shade grown tea ( Camellia sinensis L.)		Japan		This study provides evidence on the effects of shade on the chemical composition and associated flavor profile of green tea. Shade cultured green tea (tencha) resulted in higher umami profile and less astringent taste than the unshaded green tea due to lo		1		1		0		0		1		1		1		0

		Song, 2012		Correlation between leaf age, shade levels, and characteristics beneficial for natural constituents of tea (Camellia sinensis) grown in Hawaii		Hawaii (USA)		Findings show that natural shade from trees impacts the concentration of L-theanine, caffeine, -epicatechin, -epicatechin gallate, -epigallocatechin gallate, and -epigallocatechin in tea leaves. However, this relationship is not linear with different shad		1		1		1		1		0		0		1		1

		Deng, 2012		Effect of shade treatment on theanine biosynthesis in Camellia sinensis seedlings		China		Total free amino acid content was significantly increased by shading treatment.		0		0		0		0		0		0		1		0

		Lee, 2012		Metabolomic Analysis of the Effect of Shade Treatment on the Nutritional and Sensory Qualities of Green Tea		Korea		This study demonstrated that the application of shade treatment increased quercetin-galactosylrutinoside, kaempferol-glucosylrutinoside, epicatechin gallate, epigallocatechin gallate, tryptophan, phenylalanine, theanine, glutamine, glutamate, and caffeine		1		1		1		0		1		1		1		0

		Zheng, 2008		Effect of ultraviolet B irradiation on accumulation of catechins in tea (Camellia sinensis (L) O. Kuntze)		China		Total concentrations of tea catechins increased at low UV-B influence rates but decreased at high UV-B influence rates. The effect of UV-B varied with type of tea cultivar.		1		0		0		0		0		0		0		0

										4		4		3		1		3		2		5		1





Table 6 Altitude

		Table 6. Effects of Altitude on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Altitude		Increase in Catechins + Phenolics with Increased Altitude		Decrease in Caffeine with Increased Altitude		Increase in Caffeine with Increased Altitude		Decrease in Terpenoids / Volatiles with Increased Altitude		Increase in Volatiles + Terpenoids with Increased Altitude		Decrease in Amino Acids with Increased Altitude		Increase in Amino Acids with Increased Altitude

		Abeywickrama, et al 2010a		Oral hypoglycaemic, antihyperglycaemic and antidiabetic activities of Sri Lankan Broken Orange Pekoe Fannings (BOPF) grade black tea (Camellia sinensis L.) in rats		Sri Lanka		Tea samples collected from high-, mid- and low-grown agroclimatic elevations in Sri Lanka were found to vary in phyto-constituents but did not vary in hypoglycaemic, antihyperglycaemic and antidiabetic actions. Specifically, high-grown black tea had signi		0		1		1		0		0		0		1		0

		Chen, et al 2014		Catechin content and the degree of its galloylation in oolong tea are inversely correlated with cultivation altitude		Taiwan		Catechin content and the degree of catechin galloylation in oolong tea infusions and their fresh tea leaves were inversely correlated to the cultivation altitude (200 m, 800 m, and 1300 m) in the same mountain area. As the presence of polyphenolic compoun		1		0		0		0		0		0		0		0

		Ohno, 2011		Characterization of Tea Cultivated at Four Different Altitudes Using 1H NMR Analysis Coupled with Multivariate Statistics		Sri Lanka		Tea quality was found to vary between four cultivation areas in Sri Lanka that have different elevations (1800 m, 1200 m, 600 m, and 300 m). Theaflavins, theanine, and caffiene levels were higher in the black teas derived from the higher elevation while l		0		1		0		1		0		0		0		1

		Abeywickrama, 2010b		Oral diuretic activity of hot water infusion of Sri Lankan black tea (Camellia sinensis L.) in rats		Sri Lanka		Sri Lankan black tea samples from three elevations (low, mid, and high) significantly varied in polyphenols, theaflavins, thearubigins, catechins, and caffiene. Specifically, high-grown teas had higher levels of total polyphenols, theaflavins, thearubigin		0		1		0		1		0		0		0		0

		Akhias, 2003		Qualitative assessment of fresh tea produced in Pakistan growing under different agroecological conditions and fertilizer treatments		Pakistan		Concentrations of specific catechins varied during the four plucking seasons (vernal, aestival, scotinal, and autumnal) as well as varied with altitude. Specifically, vernal samples and high altitude samples had the highest levels of epigallocatechin, epi		0		1		0		1		0		0		0		0

										1		4		1		3		0		0		1		1





Table 7 Herbivory and Microbes

		Table 7. Effects of Herbivory and Microbes on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Herbivory and Microbes		Increase in Catechins + Phenolics with Increased Herbivory and Microbes		Decrease in Caffeine with Increased Herbivory and Microbes		Increase in Caffeine with Increased Herbivory and Microbes		Decrease in Terpenoids / Volatiles with Increased Herbivory and Microbes		Increase in Volatiles + Terpenoids with Increased Herbivory and Microbes		Decrease in Amino Acids with Decreased Water and Microbes		Increase in Amino Acids with Decreased Water and Microbes

		Chakraborty, et al 2004		Impact of environmental factors on infestation of tea leaves by Helopeltis theivora and associated changes in flavonoid flavor components and enzyme activities		India		Insect attack by Helopeltis theivora (tea mosquito bug) led to an increase in the activities of the oxidative enzymes peroxidase, ascorbate peroxidase and polyphenol oxidase as well as a significant decrease in some catechins and other polyphenols in cert		1		0		0		0		0		0		0		0

		Dong, et al 2011		Herbivore-Induced Volatiles from Tea (Camellia sinensis) Plants and Their Involvement in Intraplant Communication and Changes in Endogenous Nonvolatile Metabolites		Japan		Tea leaves emitted numerous volatiles ( (Z)-3-hexen-1-ol, linalool, α-farnesene, benzyl nitrile, indole, nerolidol, and ocimenes) in higher concentrations in response to attacks by herbivores such as the smaller tea tortrix. Alpha-farnesene and ocimenes w		0		1		0		0		0		1		0		0

		Han, et al 2002		Composition of the volatiles from intact and tea aphid-damaged tea shoots and their allurement to several natural enemies of the tea aphid		China		Comparison between the composition of the volatiles from intact tea shoots (ITS) and that from tea aphid-damaged tea shoots (TADTS) found that ITS had E-2-hexenal, ocimene, Z-3-hexenyl acetate, Z-3-hexen-1-ol, butanoic acid-3-hexenyl ester, linalool, 1-oc		0		0		0		0		1		1		0		0

		Ponmurugan, 2007		Morphological, Physiological and Biochemical Changes in Resistant and Susceptible 
Cultivars of Tea in Relation to Phomopsis Disease		India		All growth characteristics, physiological and biochemical parameters (total sugar, nitrogen, amino acids, protein, polyphenols and catechins) were significantly reduced in tea plants  infected by the pathogen phomopsis compared to healthy plants.  The red		1		0		0		0		0		0		1		0

		Singh, 2010		Enhancement in growth and quality parameters of tea [Camellia sinensis (L.) O. Kuntze] through inoculation with arbuscular mycorrhizal fungi in an acid soil		India		Inoculation of tea plants with arbuscular mycorrhizal fungi (AMF) from natural and cultivated tea rhizospheres (NTR and CTR, respectively) resulted in significant increases up to 31% over the control in amino acids, significant increase in total polypheno		0		1		0		1		0		0		0		1

										2		2		0		1		1		2		1		1





Table 8 Temperature

		Table 8. Effects of Temperature on Tea Quality

		Citation		Title		Country		Outcome summary		Decrease in Catechins + Phenolics with Increased Temperature		Increase in Catechins + Phenolics with Increased Temperature		Decrease in Caffeine with Increased Temperature		Increase in Caffeine with Increased Temperature		Decrease in Terpenoids / Volatiles with Increased Temperature		Increase in Volatiles + Terpenoids with Increased Temperature		Decrease in Amino Acids with Decreased Water		Increase in Amino Acids with Decreased Water

		Yao, 2005		Seasonal variations of phenolic compounds in Australia-grown tea (Camellia sinensis)		Australia		Tea quality as determined by key catechin compounds (EGCG, ECG, and CG) was higher during warm months (April and May) and lower during cool months (July, August, and September).		0		1		0		0		0		0		0		0

		Wang, 2011		Seasonal climate effects on flavanols and purine alkaloids of tea (Camellia sinensis L.)		China		Increased daily average temperatures resulted in an increase in some quality parameters and a decrease in other quality parameters. Specifically, increased temperatures were assocaited with an increase in (-)-epigallocatechin (EGC), (-)-epicatechin (EC),		1		1		0		0		0		0		0		0

		Lee, et al 2010		Geographical and climatic dependencies of green tea (Camellia sinensis) metabolites: a 1H NMR-based metabolomics study		Korea		Green tea samples grown in areas of high temperature, long sun exposure time, and high rainfall had lower levels of isoleucine, leucine, valine, alanine, EC, EGC, EGCG, and caffeine but higher levels of theanine than those grown in areas with relatively l		1		0		1		0		0		0		1		1

		Wei, 2011		Catechin contents in tea ( Camellia sinensis) as affected by cultivar and environment and their relation to chlorophyll contents		China		Correlation analysis indicated that (+)-catechin was the major catechin fraction significantly correlated with climate factors and chlorophyll contents. Moreover, chlorophyll contents were significantly influenced by climate factors, with the highest corr		1		0		0		0		0		0		0		0

										3		2		1		0		0		0		1		1





Table 9 Soil and Nutrients

		Table 9. Effects of Soil and Nutrient Management on Tea Quality

		Citation		Title		Country		Outcome summary		Change in Catechins + Phenolics with Soil Management		Change in Caffeine with Soil Management		Change in Terpenoids / Volatiles with Soil Management		Change in Amino Acids with Soil Management

		Duan, et al 2012		Bioactive ingredient levels of tea leaves are associated with leaf Al level interactively influenced by acid rain intensity and soil Al supply		China		Al assimilation and accumulation in plants were slightly promoted by acid rain with addition of 0.5 g kg-1 Al in soil, while inhibited with addition of 1.0 g kg-1 Al in soil. Al levels in tea shoots, leaves and roots were higher in the treatments with ele

		Hajiboland, et al 2013		Mechanisms of aluminum-induced growth stimulation in tea (Camellia sinensis)		India		Shoot growth, root biomass, and total root length were all positively related to root Al concentrations. Chlorophyll a, carotenoid concentrations, and net assimilation rates were enhanced by Al supply in the young leaves, but not in the older leaves. Acti

		Mukhopadyay, 2012		Changes of growth, photosynthesis and alteration of leaf anti-oxidative defense system of tea [Camellia sinensis (L.) O. Kuntze] seedlings under aluminum stress		India		Al concentrations at lower levels promoted growth but at elevated states was a stressor.

		Sae-Lee, 2012		Chemical qualities and phenolic compounds of Assam tea after soil drench application of selenium and aluminum		Thailand		Selenium and Aluminum promoted the ascorbic acid, chlorophylls, carotenoids, total phenolics, and proline contents of tea leaves. The high chemical quality and highest phenolic content were found in tea leaves receiving 50 ppm of Se. The highest catechins

		Chen, 2011		Aluminum and nutrients induce changes in the profiles of phenolic substances in tea plants (Camellia sinensis CV TTES, No. 12 (TTE))		Taiwan		Al concentration in tea plants increases catechin concentrations and plays a large role in growth.

		Mukhopadhyay, 2013		Structural, physiological, and biochemical profiling of tea plants  under zinc stress		India		Zinc deficiency and excess resulted in considerable decreases in shoot and root masses (fresh and dry). Zinc stress decreased net photosynthetic rate, transpiration rate, stomatal conductance, and the content of chlorophylls a and b. Superoxide anion, mal

		Hemalatha, et al 2011		Impact of iron toxicity on certain enzymes and biochemical parameters of tea		India		Iron increases activity of enzymes (amylase, invertase) to an extent, but at very high concentrations it was found harmful to plants, eventually leading to their death.

		Ruan, 2007		Effect of root zone pH and form and concentration of nitrogen on accumulation of quality-related components in green tea		Germany		Concentrations of free amino acids were higher in NH4+ than in NO3- fed plants. Root zone pH did not influence concentrations of most free amino acids in young shoots, with the exception of theanine. Theanine increase at low pH (4.0) irrespective of N for

		Ruan, 2010		Impact of nitrogen supply on carbon/nitrogen allocation: A case study on amino acids and catechins in green tea [Camellia sinensis (L.) O. Kuntze] plants*		China		Accumulation of amino acids and polyphenols depended strongly on nitrogen status, and the balance shifted toward increasing synthesis of amino acids associated with enhanced growth, while investment of carbon in secondary metabolites did not change propor

		Han, 2008		Nitrogen release dynamics and transformation of slow release fertiliser products and their effects on tea yield and quality		China		Slow release nitrogen fertilizers can increase N use efficiency and improve tea growth. This improved the profit margin and possibly reduced environmental pollution.

		Hamid, et al 2013		Effect of different levels of nitrogen on the chemical composition of tea (C. sinensis L) grown at higher altitude		Pakistan		TP increased significantly by the application of 180 kg N ha-1. The EGC, EC contents increased up to certain level with the increase of nitrogen and then declined after the application of 180 kg ha-1. The nitrogen level did not affect the caffeine content

		Venkatesan,2004a		Impact of sources and doses of potassium on biochemical and greenleaf parameters of tea		India		Different sources and levels of potassium were tested against carotenoids, chlorophyll, polyphenols, catechins, amino acids, and nutrients (P, MG, Zn, K, N). The relationship between polyphenols and carotenoids with amino acids was inversely proportional.

		Venkatesan,2006		Quality standards of CTC black teas as influenced by sources of potassium fertiliser		India		Quality aspects of crush, tear, and curl (black tea) was measured against different sources of potassium fertilizer. Potassium as muriate of potash improved liquor components (TF, TR, and TF/TR ratios at higher levels). Removal of K fertilizer drastically

		Ruan, et al 2013		Potassium management in tea plantations: Its uptake by field plants, status in soils, and efficacy on yields and quality of teas in China		China		The quality of harvested shoots was improved by K-fertilizer application as revealed by increased concentrations of free amino acids, water-extractable dry matter, and total polyphenols.

		Venkatesan, 2007		Influence of excess manganese on certain antioxidant enzymes and biochemical parameters of tea		India		High manganese levels in soils led to plant nutrient imbalances, decreases in amino acids, chlorophyll, and carotenoid content.

		Hu, 2003		Effect of selenium on the yield and quality of green tea leaves harvested in early spring		China		Selenite or selenate were applied to foliage. Number of sprouts and yield were significantly  increased (p<0.05) by the application of selenium. Sweetness and aroma were also enhanced, bitterness decreased. No differences in these between selenite or sele

		Ruan, 2012		Magnesium nutrition on accumulation and transport of amino acids in tea plants		China		Adequate supply of Magnesium (Mg) nutrient upped the creation of theanine in roots and its accumulation in young shoots. Mg nutritional status greatly influenced the mobility of amino acids and sugars (via xylem and phloem) especially when nitrogen and ca

		Jayaganesh, 2010		Impact of magnesium sulphate on biochemical and quality constituents of black tea		India		Amino acid content increased with soil application of magnesium. 50% potassium reduction fields reduced the amino acid content. The catechins content increased in soils with 300kg applied magnesium treatment and then decreased in 50% reduction of potassiu

		Jayaganesh, 2011		Impact of different sources and doses of Magnesium Fertilizer on Biochemical Constituents and Quality Parameters of black Tea		India		Different sources of magnesium fertilizers were compared to biochemical parameters. Amino acid and polyphenols increased with magnesium sulphate application while chlorophyl content and carotenoids were higher in magnesium sulphate applied blocks. Catechi

		Lin, 2011		Effects of phosphorus supply on the quality of green tea		China		Varying levels of phosphorus fertilizer was applied to identical tea plants. Dry weight increased with phosphorus levels. P-deficient green tea showed decreased concentrations of water, total polyphenols, flavonids, amino acids, theanine and aspargic acid

		Ruan, 2007		Effect of alternative anions (Cl- vs. SO42-) on concentrations of free amino acids in young tea plants		China		Soil-grown tea plants supplied with different levels of potassium (K) as K2SO4 or KCl exhibited increased concentrations of free amino acid in young shoots only when supplied with K2SO4, and the negative effect of KCl supply was mainly due to a reduced co

		Hajiboland, et al 2011		Effect of light intensity on photosynthesis and antioxidant defense in boron deficient tea plants		Iran		Up-regulation of C and N metabolism, anti-oxidative defenses, and overall enhancement of Boron uptake and transport were indicators for growth improvement of Boron-deficient plants by Al supplementation.

		Hajiboland, et al 2011		Aluminum alleviates boron-deficiency induced growth impairment in tea plant		Iran		Growth of B-deficient plants was completely resumed by Al supplementation or even surpassed control plants regarding shoot biomass. Photosynthetic rate was negatively influenced by low B supply and Al treatment increased it up to the level of the control

		Sedaghathoor, 2009		Yield and quality response of tea plant to fertilizers		Iran		Yield and quality were measured against different applications of nitrogen, potassium, magnesium and micronutrient fertilizers.  % of tannin, water extracts and caffeine was also measured. Micronutrient application (esp. magnesium and zinc sulphate) had s

		Venkatesan, 2004b		Long-term impact of nitrogen and potassium fertilizers on yield, soil nutrients and biochemical parameters of tea		India		Nitrogen and potassium fertilizers were tested against yield, biochemical parameters, soil, and leaf nutrient status over a 9 year period. Yield increased with the nitrogen application of 66% over the control. Polyphenol and amino acid contents increased

		Yang, 2014		Effects of Fertilizing with N, P, Se, and Zn on Regulating the Element and Functional Component Contents and Antioxidant Activity of Tea Leaves Planted in Red Soil		China		Comparing functional component contents and antioxidant activity of tea leaves when fertilizing with N, P, Se, and Zn. Fertilizer composed of Se. Zn. and P showed the highest Se, total polyphenol, and catechins contents and antioxidant activities as well

		Lu, 2004		Fluoride Content in Tea and Its Relationship with Tea Quality		China		The F level increased with the decline in quality and showed good correlation with the quality grades. The results suggest that the F content could be used as a quality indicator for tea evaluation.





Other

		

		Bhattacharya, 2015		Histochemical evaluation of catechins in PEG stressed transgenic tea plants using catechin-specific-diazotized sulfanilamide reagent		India		The apical bud consisted of the highest levels of catechins of all plant parts; this was followed by the palisade tissue of leaves and the vascular strands in the stem.

		Feng, et al 2005		HPLC analysis of naturally occurring methylated catechins, 3"- and 4"-methyl-epigallocatechin gallate, in various fresh tea leaves and commercial teas and their potent inhibitory effects on inducible nitric oxide synthase in macrophages		Taiwan		Tea quality as measured by O-methylated compounds was higher in young tea leaves compared to older tea leaves.
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