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ABSTRACT 

Salinity stress is a major abiotic factor limiting the productivity of tomato (Solanum lycopersicum 
L. var. cerasiforme) by impairing seed germination and seedling growth. Spent tea leaf (STL) extract, 
derived from tea processing residues, contains bioactive compounds such as polyphenols, alkaloids, 
essential amino acids, fatty acids, and minerals, known to enhance plant stress tolerance. This study 
investigated the potential of STL extracts from black, green, and oolong teas as seed priming agents to 
alleviate the adverse effects of salinity stress in black cherry tomato. The seeds were germinated on filter 
papers containing NaCl solution at different concentrations of 0, 2.5, 5.0, and 7.0 g/L. At 7 g/L NaCl, 
significant reductions were observed in germination rate, root length, shoot length, and the seed vigor 
index. To counteract salinity stress effects, seeds were treated with STL extracts derived from black, green, 
and oolong teas at concentrations of 1%, 2%, and 4%. Among the treatments, seeds primed with 1% 
oolong STL extract exhibited the most notable improvements across all measured parameters. Under 7.0 
g/L NaCl conditions, this treatment produced the highest final germination percentage, average daily 
germination rate, and Timson index. Additionally, significant enhancements in shoot length, root length, 
and fresh biomass were observed in seeds treated with oolong STL compared to those subjected to saline 
conditions without priming. 
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1. Introduction 

The global tea industry generates vast quantities of spent tea leaves (STL) as waste, 
raising significant environmental concerns. In 2022 alone, approximately 600,000 tons of 
tea waste were produced, accounting for nearly 10% of the total tea processed worldwide 
(Debnath et al., 2021). Traditionally, most STL is discarded as organic waste, contributing 
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to landfill accumulation and environmental degradation. This growing waste problem 
necessitates innovative strategies for reutilization, particularly in agriculture, where bio-
based solutions are increasingly sought to enhance crop resilience against abiotic stresses. 

One major challenge facing modern agriculture is salinity stress, which severely limits 
crop productivity, particularly in arid and semi-arid regions. Poor irrigation practices, soil 
degradation, and climate change have exacerbated soil salinity, impairing essential 
physiological processes such as seed germination, root development, and biomass 
accumulation in crops. Tomatoes, among the most widely cultivated and economically 
important crops, are particularly vulnerable to salinity-induced damage, which disrupts 
osmotic balance, causes ion toxicity, and suppresses metabolic activities essential for growth 
(Ahmed et al., 2024). 

Recent research has highlighted the potential of STL as an agricultural biostimulant 
due to its rich composition of bioactive compounds, including polyphenols, flavonoids, and 
essential minerals (Zuo et al., 2024). These compounds have been shown to enhance plant 
stress tolerance by improving antioxidant defense mechanisms, boosting chlorophyll 
synthesis, and promoting nutrient uptake. While traditional seed priming techniques have 
proven effective in improving tomato germination and growth under stress conditions 
(Tanou et al., 2012), the potential application of STL extract in mitigating salt stress remains 
largely unexplored. 

This study aims to repurpose STL waste as a sustainable agricultural input, aligning 
with circular economy principles by transforming the tea industry byproducts into value-
added resources. By investigating the efficacy of STL extract in enhancing tomato seedling 
growth under salt stress, this research not only addresses an urgent environmental challenge 
but also explores a cost-effective and eco-friendly strategy for improving crop resilience.  
2. Materials and methods 
2.1. Materials  

Black cherry tomato (Solanum lycopersicum L. var. cerasiforme), supplied by Rang 
Dong Seeds. For the seeds priming experiment, green tea, black tea, and oolong tea leaves 
(Camellia sinensis L.) provided by DalatFarm were used in the current study. 
2.2. Methods 
2.2.1. Sodium chloride stress germination tests 

Black cherry tomato seeds were surface-sterilized with 1% (v/v) NaOCl solution for 
five minutes in the laminar flow hood and then rinsed three times with sterile distilled water 
(Rutkowski et al., 2022). To explore the effect of salt stress on germination traits of the 
seeds, seeds were spread across Petri dishes (15 cm × 15 cm) with filter paper (Whatman 
International Ltd.) infiltrated with NaCl solution at concentrations of 0, 2.5, 5.0, 7.0 g/L (S0, 
S2.5, S5, S7 respectively), and the seeds germinated in distilled water were served as the 
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control. All the seeds were cultured at 25 °C and 50% humidity in the dark. Each treatment 
was performed in triplicate with 30 seeds per treatment. 
2.2.2. Seed priming and stress-inducing agents germination tests 

To prepare the spent tea leaf (STL) extracts, fresh tea samples were subjected to an 
initial extraction by infusion, which is typically intended for consumption. The remaining 
spent tea leaves were then subjected to a secondary extraction using infusion, following the 
method described by Gammoudi et al. (2020). Each STL sample weighing 1 g, 2 g, and 4 g 
was steeped in 100 mL of distilled water at 100 °C for five minutes and filtered through a 
tea sieve. The resulting extracts were stored at 4 °C in a refrigerator. To evaluate the effects 
of STL extracts on seed priming, black cherry tomato seeds were divided into ten treatment 
groups: a control stress group (CS, based on prior test results) and STL extracts derived from 
black tea (B), green tea (G), and oolong tea (O) at concentrations of 1%, 2%, and 4% (w/v). 
Seeds were primed in these solutions in darkness at 25 °C for 24 hours and subsequently 
dried on an ultra-clean bench for 15 minutes (Wang et al., 2018). Before germination, the 
seeds were surface-sterilized in a laminar flow hood using 1% NaOCl solution for five 
minutes, followed by three rinses with sterile distilled water. The culture conditions and 
experimental procedures were consistent with those employed in the sodium chloride stress 
experiment. 
2.2.3. Assessment of germination and growth traits 

The number of germinated black tomato seeds, with an extended radicle for at least 1 
mm, was recorded every 24 hours. Germination and growth parameters were evaluated at 
days 7, 14, and 21, following the methodology described by Rofekuggaman et al. (2020). 
The germination percentage (GP) was calculated using the formula: 

Germination Percentage (GP, %) = (Number of germinated seeds/Total number of 
seeds) × 100 

Germination index (%, GI) = (Germination percentage in each 
treatment)/(Germination percentage in the control)×100 

Coefficient of germination (CG) = (A1+A2+ … +Ax)/(A1T1+A1T1+ … + 
AXTX)×100. Where A = Number of germinated seeds; T = Time corresponding to  A;  x  =  
Number of days to final count. 

Length of radical, and plumule (LRP): After separating radicle and plumule, length 
was measured in centimeters (cm) with the help of a measuring ruler. 

Seedling vigor index (SV) = [Mean of  radicle length (cm)+Mean of shoot length 
(cm)]×100 

Fresh mass (FM) = Radicles and plumules were cut, and their fresh weight was 
determined in milligrams (mg) using a digital electronic balance. 

The cumulative germination percentage of each treatment was the sum of the daily 
germination percentage. 
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Timson index of germination velocity (Timson index) = ∑Gi/T= 
(G1+G2+G3+………..+Gn)/T, where G1, G2, G3, Gi, and Gn are the cumulative germination 

percentage at the first, second, third, ith, and nth time, respectively, and T is the total 
germination period.   

Mean daily germination (𝑔𝑔𝚤̇𝚤)= Total number of germinated seeds/Total germination 
periods. 

Mean germination time (𝑡𝑡̅) = (𝛴𝛴𝑔𝑔𝚤̇𝚤 × 𝑡𝑡𝑖𝑖)/𝛴𝛴𝑔𝑔𝚤̇𝚤 where 𝑔𝑔𝚤̇𝚤 is the daily germination % at 
time ti from sowing. 

Mean germination rate (𝑉𝑉�)= 1/ 𝑡𝑡̅ 
2.3. Data analysis 

The experiment was conducted using a completely randomized design with three 
replications per treatment group. The data are expressed as the mean ± standard error, and 
statistical analysis was performed with IBM SPSS Statistical software (IBM Corp., 2023, 
IBM SPSS Statistics for Windows, Version 29.0.2.0). Duncan tests determined which means 
differed significantly at a p-value of <0.05, indicating a significant difference. 
3. Results and discussion 
3.1. Effect of sodium chloride-induced salt stress on germination of black cherry tomato 
seeds (Solanum lycopersicum L. var. cerasiforme) 
3.1.1. Germination traits 

To evaluate the impact of NaCl on the germination ability of black cherry tomato seeds, 
several parameters were analyzed, including cumulative germination percentage, Timson 
index, mean daily germination, coefficient of germination, mean germination time, and 
germination rate index. In the S0, S2.5, and S5 treatments, germination began between days 
2 and 7, with final germination rates at day 21 of 100%, 66.67%, and 45.56%, respectively. 
In contrast, seeds in the S7 treatment germinated more slowly, achieving a significantly 
lower final germination rate of 12.2%. Statistical analysis using Duncan's test revealed 
significant differences among treatments in the final germination rate (p < 0.05) (Figure 1A). 
The germination rate index ranged from 3.30 to 127.95, showing a similar pattern of 
statistical differences (Figure 1F). Further analysis of germination dynamics indicated that 
mean daily germination varied between 0.58%/day to 4.76%/day, with statistical differences 
among treatments (p < 0.05) (Figure 1C). Additionally, the mean germination time at S7 was 
17.67 days, which differed significantly from the S0, S2.5, and S5 treatments (p < 0.05) 
(Figure 1E). 
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Figure 1. Germination traits, including germination percentage (A), Timson index (B), mean daily 
germination (C), coefficient of germination (D), mean germination time (E), and germination rate 
index (F) of black cherry tomato seed when treated with NaCl. Different letter indicates significant 
differences between treatments with p < 0.05 

Timson index ranged from 2.54 to 58.94 among treatments, showing statistical 
differences (p < 0.05). Meanwhile, no difference was observed among S0, S2.5, and S5 in 
the coefficient of germination (p > 0.05), but S7 had statistical differences among S0, S2.5, 
and S5 (Figure 1B, D). 
3.1.2. Growth traits 

Statistical analysis (p < 0.05) revealed significant differences between treatments in 
radical and shoot lengths (Figure 2). 

 
Figure 2. Black cherry tomato seeds germination at day 21 when treated with 0 g/L (A), 2.5 g/L (B), 
5 g/L (C), and 7 g/L (D) NaCl 

Radicle lengths ranged from 1.53 to 5.38 cm, while shoot lengths varied between 0.93 
and 3.38 cm, indicating that increasing salt concentrations negatively impacted both 
parameters (Figure 3A, C). For plumule length, there was no difference between S2.5, S5, 
and S7 (p > 0.05); the highest plumule length in S0 was 3.34 cm (Figure 3B). Shoot length 
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showed a gradual decline with increasing NaCl levels, ranging from approximately 0.5 to 4 
cm (Figure 3C). The control treatment exhibited the highest shoot length, while 7 g/L NaCl 
resulted in complete inhibition of growth. The results of the seed vigor index also recorded 
differences in treatments (p < 0.05), with the highest being 628 in S0 and the lowest being 
2.08 in S7 (Figure 3D). However, when salt concentration increased, S5 and S7 recorded 
significantly lower fresh biomass compared to S0 and S2.5 (p < 0.05) (Figure 3E). Overall, 
increasing NaCl concentrations negatively affected radicle, plumule, and shoot growth, with 
7 g/L NaCl showing severe growth inhibition across all parameters. 

 
Figure 3. Radical length (A), plumule length (B), shoot length (C), seedlings vigor index (D), and 
fresh biomass (E) of black cherry tomato seeds under different NaCl concentrations. Different letter 
indicates significant differences between treatments with p < 0.05 
3.2. Effect of priming spent tea leaves extracts on germination of black cherry tomato 
seeds (Solanum lycopersicum L. var. cerasiforme) under salt stress 
3.2.1. Germination traits 

Priming seeds with spent tea leaves extracts improved seed germination compared to 
CS after 21 days of incubation; the final germination percentage in the STL treatments 
ranged from 14.44% to 61.11% (Figure 4A). Mean daily germination and germination index 
had similar results in the Duncan test; CS, G-STL extract at 1%, and B-STL extract at 1% 

did not show any statistical difference. This indicates that applying higher concentrations of 
G-STL and B-STL extracts improved seed germination. The results showed that the final 
germination percentage, mean daily germination, and germination index were highest at O-
STL extract at 1%, demonstrating the ability of O-STL to promote seed germination. 
Meanwhile, mean germination time did not show any difference among treatments (p > 0.05) 
(Figure 4E). 
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Figure 4. Germination traits, including germination percentage (A), Timson index (B), mean daily 
germination (C), coefficient of germination (D), mean germination time (E), and germination rate index 
(F) of black cherry tomato seed when primed with different spent tea leaves extracts. Different letter 
indicates significant differences between treatments with p < 0.05 
Timson index recorded CS, G-STL extract at 1%, and B-STL extract at 1%, not statistically 
different (p > 0.05). However, in the remaining treatments, there was a difference compared 
to CS. Notably, the Timson index at O-STL extract at 1% was the highest at 22.8 (Figure 
4C). Meanwhile, the coefficient of germination did not record a statistical difference between 
treatments (Figure 4D). 

 
Figure 5. Black cherry tomato seeds germinated at day 21 when primed with different spent tea 
leaves extracts 
3.2.2. Growth traits 

The study showed that priming seeds with STL extraction for G-STL extract at 1% and 
B-STL extract at 1% did not affect the promotion of seed growth under saline conditions. G-
STL and B-STL extracts promoted growth parameters at concentrations of 2% and 4% 
(Figure 6). For G-STL extract, the concentration that best affected seed growth was 4%, 
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while for B-STL, it was 2% (Figure 6). When priming seeds, O-STL extract demonstrated 
the best growth improvement ability at 1%, showing differences from the remaining 
treatments (p < 0.05). Specifically, radical length reached 3.50 cm, plumule length reached 
2.60 cm, shoot length reached 4.03 cm, and fresh biomass reached 21.37 mg (Figure 6). 

 
Figure 6. Radical length (A), plumule length (B), shoot length (C), seedlings vigor index (D), and 
fresh biomass (E) of black cherry tomato seeds when primed with different concentrations of spent 
tea leaves extracts. Different letter indicates significant differences between treatments with p < 0.05, 
and “ns” indicates non-significant 
3.3. Discussion 

Salinity stress induces both hyperosmotic and hyperionic conditions, directly 
impairing plant development and yield traits. High salinity reduces the osmotic potential of 
the soil solution, disrupting nutrient absorption and negatively affecting plant growth. 
Critical developmental stages, such as seed germination and seedling growth, are particularly 
vulnerable to abiotic stresses like salinity. Hyperosmotic stress caused by salt disrupts water 
uptake in plants, further exacerbating the challenges to early growth stages. Seed 
germination serves as a predictor of subsequent plant growth and productivity. It typically 
involves three distinct phases: (1) imbibition, marked by water uptake; (2) metabolic 
activation, which initiates physiological processes essential for germination; and (3) radicle 
protrusion through the seed coat. In this study, germination was assessed using cumulative 
percentage data. The first two phases were temporally indistinct and lacked visible markers, 
while the third phase was characterized by radicle emergence (Kumar et al., 2021). Our 
findings revealed that salinity stress significantly affected all germination-related traits and 
early seedling development, with severity dependent on the salt concentration. Germination 
potential, as indicated by final germination percentage, decreased under salinity, with higher 
salt concentrations causing more pronounced delays in sprouting and reductions in 
germination rates. At low salt levels, dormancy was induced, while high concentrations 
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inhibited sprouting and reduced germination percentages due to excessive salt accumulation 
around roots and increased water loss via transpiration. Salinity also restricted water 
absorption, delayed the breakdown of seed storage reserves, and inhibited storage protein 
synthesis (Ding et al., 2020). These findings align with previous studies documenting the 
detrimental impacts of salinity on the growth and development of tomato plants, reinforcing 
the significant role of salinity stress in limiting agricultural productivity (Roșca et al., 2023).  

Alongside seed germination, increasing salt levels caused a progressive decline in 
tissue elongation. This reduction is likely attributed to ion toxicity, restricted nutrient uptake, 
and water absorption impeded by osmotic stress. Our findings align with prior studies, 
highlighting root and shoot lengths as reliable indicators of salt tolerance (Aggarwal et al., 
2024). Roots play a critical role in water and nutrient uptake, while shoots are responsible 
for distributing water to aerial tissues. In this study, seedling development was suppressed 
under all levels of salt stress, consistent with reports attributing these effects to reduced water 
and nutrient availability, which constrain cell elongation and tissue growth. Seed priming 
involves exposing seeds to eliciting factors, enhancing their tolerance to future stressors 
(Tanou et al., 2012). This approach is considered cost-effective as it keeps the plant in a 
primed state without requiring additional energy expenditure. The mechanisms of seed 
priming encompass three stages: imbibition, germination, and growth. During imbibition, water 
absorption activates messenger RNA (mRNA), followed by transcription and translation of 
proteins that initiate physiological processes critical for germination, including osmolyte 
regulation. The primary advantage of seed priming lies in optimized water absorption during 
this stage. In this study, seed priming was conducted using extracts from spent tea leaves (STL), 
prepared via infusion—a simple and practical technique suitable for large-scale waste 
utilization at a domestic level. Distilled water was used as the solvent, as it enhances the quality 
of tea leaf extracts more effectively than tap water (Huang et al., 2012). 

The role of priming in mitigating salinity damage was examined across physiological, 
biochemical, and molecular aspects. Evidence suggests that priming influences key 
processes such as cell division and elongation, plasma membrane fluidity, and induction of 
stress-responsive proteins. It also increases the activity of enzymes involved in reserve 
mobilization, facilitates chromosomal repair, and promotes early DNA replication and repair 
(Manonmani et al., 2014). Furthermore, priming upregulates numerous germination-related 
genes, boosts antioxidant enzyme activity and antioxidant compound levels, and reduces 
malondialdehyde accumulation in seedlings. Additionally, priming promotes K+ and Ca2+ 
accumulation while decreasing Na+ and Cl− levels in seedlings (Tanou et al., 2012). These 
combined modifications contribute to the concept of "priming memory," enabling faster 
germination and more vigorous seedlings under subsequent stress exposure. In our study, 
seed priming with spent tea leaf extract significantly accelerated germination under salt 
stress. This enhancement can be attributed to correlations between priming-induced nuclear 
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replication and improvements in tomato seed vigor similar to the study conducted in 
Capsicum anuum L. seed (Gammoudi et al., 2021). However,  research at the molecular level 
on tomato is needed to substantiate this theory. STL extracts are rich in flavonoids, phenolic 
compounds, and antioxidants, and contain essential minerals that are crucial for balanced 
plant growth and development. The antioxidant properties of polyphenols help mitigate 
oxidative stress induced by salinity, protecting cellular structures and maintaining metabolic 
functions (Zuo et al., 2024). Moreover, the essential minerals in STL extract support vital 
physiological processes that are often disrupted under salinity stress. Comparable 
improvements in germination speed were observed by Mavi and Atış (2013), who used waste 
tea extract (30%) for seed priming under 150 mM NaCl stress. They reported a 14% 
reduction in mean germination time (MGT) compared to unprimed seeds and an increase in 
the final germination percentage. While direct studies on the application of STL extract in 
tomatoes under salinity stress are limited, related research provides supportive evidence. The 
application of these teas led to increased shoot and root dry weight, enhanced chlorophyll 
content, and improved stem diameter, suggesting a potential role in promoting plant vigor 
under stress conditions (Ramdani et al., 2013). 
4. Conclusion  

In conclusion, this study demonstrates that priming black cherry tomato seeds with 
STL extracts is a promising strategy for enhancing germination and early seedling growth 
under salt-stress conditions. The findings confirm that increasing NaCl concentrations 
significantly inhibited seed germination and growth traits, underscoring the sensitivity of 
black cherry tomato seedlings to saline environments. However, these inhibitory effects were 
mitigated by biopriming with STL extracts, particularly with the O-STL extract at 1% 
concentration. This treatment markedly improved the final germination percentage, mean 
daily germination rate, and growth parameters, including shoot and radicle lengths and fresh 
biomass. The results suggest that STL extracts, especially those derived from oolong tea, 
could serve as a cost-effective and sustainable biopriming agent for mitigating abiotic stress 
in plants. Future research should focus on elucidating the physiological and molecular 
mechanisms underlying the efficacy of STL extracts. Additionally, their potential application 
to other crop species affected by salinity warrants further investigation to broaden their 
utility in stress-resilient agriculture. 
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TÓM TẮT 
Stress mặn là nhân tố stress phi sinh học cản trở nghiêm trọng sự nảy mầm và phát triển của 

cây Cà chua (Solanum lycopersicum L. var cersiforme). Chiết xuất từ bã trà (STL) chứa các hợp 
chất có hoạt tính sinh học cao như polyphenol, alkaloid, amino acid thiết yếu, acid béo và các khoáng 
chất có tác dụng tăng cường khả năng chống chịu của cây trồng. Nghiên cứu này khảo sát ảnh hưởng 
của chiết xuất từ bã trà (STL) lên khả năng nảy mầm và sinh trưởng của hạt thông qua phương pháp 
ngâm hạt giống. Hạt cà chua bi đen được gieo trên giấy thấm có bổ sung dung dịch NaCl ở các nồng 
độ lần lượt là 0, 2,5, 5,0 và 7,0 g/L. Kết quả cho thấy tỉ lệ nảy mầm, chiều dài rễ mầm, chiều dài thân 
và chỉ số sức sống hạt giảm đáng kể ở NaCl 7 g/L. Sau đó, hạt giống được xử lí bằng cách ngâm hạt 
trong chiết xuất STL có nguồn gốc từ trà đen, trà xanh và trà ô long ở nồng độ 1%, 2% và 4% để 
đánh giá khả năng khả năng nảy mầm và sinh trưởng trong điều kiện NaCl 7 g/L. Đặc biệt, hạt giống 
được xử lí bằng STL ô long ở mức 1% cho thấy sự cải thiện đáng kể nhất trên tất cả các thông số. 
Trong nghiệm thức xử lí hạt với STL ô long 1%, tỉ lệ nảy mầm và chỉ số Timson của các hạt đạt mức 
cao nhất. Đồng thời, chiều dài chồi, chiều dài rễ mầm và sinh khối tươi được cải thiện đáng kể so 
với các hạt giống đối chứng ở điều kiện bị stress mặn. 

Từ khóa: sinh trưởng; stress muối;  ngâm hạt, bã trà; cà chua 
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