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ABSTRACT

Tea is one of most popular beverages in the world, made from Camellia sinensis leaves and renowned for its various 

flavors, caffeine content, and health benefits. Considering Sri Lankan status as a prominent tea exporter, integrated 

econometric studies addressing the effects of production, land use, price, and macroeconomic factors on export 

performance are limited. The purpose of this study is to identify and examine the key factors of Sri Lankan tea export 

value from 2000 to 2023, utilizing secondary time-series data from the Central Bank of Sri Lanka. The analysis takes 

into account variables such as tea output, total cultivated area, replanted area, production costs, Colombo auction 

prices, quantities sold at the auction, currency rate, and export value. A first-differenced log-linear OLS regression 

was employed to account for non-stationarity, while multicollinearity and structural changes were addressed through 

careful variable selection and dummy interactions. The findings show that Colombo auction prices and currency rate 

fluctuations are the most important drivers of export value, with large positive effects. Tea production and production 

costs have positive but moderately significant benefits, whereas total cultivated area, replanted area, and auction 

amounts are not statistically significant. Based on the findings, policy implications emphasize the necessity of ensuring 

production efficiency, price competitiveness, and macroeconomic stability, rather than depending just on increasing 

cultivated land to improve export performance. Overall, the study concludes that strategic interventions focusing on 

efficiency and market-driven factors are crucial for maintaining and improving Sri Lankan tea export performance. 

Keywords: Colombo auction prices, Econometric analysis, Exchange rate, Production efficiency, Sri Lankan tea 

export

INTRODUCTION 

Tea is a popular beverage produced from the leaves of 

the Camellia sinensis plant. It is consumed in a variety 

of forms and flavours all over the world, and it is most 

recognized for its caffeine and health advantages 

(D’Auria et al., 2022). Harvesting, preparing, and 

steeping leaves in hot water are all part of the tea-

making process. Tea is classified into various varieties, 

each with its own flavour, colour, and preparation 

methods, which are determined by the extent of 

oxidation or fermentation of the leaves (Wong et al., 

2022). When intending tea cultivation, tea is grown in 

tropical and subtropical areas with moderate rainfall 

and high elevation, and it requires fertile, well-drained 

soil. The leaves are normally hand-picked and 

processed to produce various types of teas (Jayasinghe 

et al., 2020; Chen et al., 2022). In Sri Lanka, the estate 

and smallholding sectors are the two primary industries 

involved in the production of tea. Currently, almost 

75% of the Sri Lankan tea production comes from 

smallholder farmers (Shyamalie et al., 2020). Most 

smallholder-owned tea lands are concentrated in the 

low country regions (below 300 meters above mean sea 

level), particularly in the Ratnapura, Galle, and Matara 

districts. Also, Shyamalie et al. (2020) explained that 

there is still a large gap between the lowest and highest 

production levels in the smallholdings sector, even 

though this sector is typically more productive than the 

estate sector. 

The tea industry plays a crucial role in the economy of 

Sri Lanka by supporting rural livelihoods, creating job 

opportunities, and generating foreign exchange profits. 

Sandika (2018) explained that the tea industry plays a 

crucial role in the economy of Sri Lanka by supporting 

rural livelihoods, creating over 1.5 million job 

opportunities, and generating significant foreign 

exchange profits through increased export income. The 

sustainability of the tea business is seriously threatened 

by recent changes in the cultivated area, production 

volume, export amounts, and export values. The 

mailto:buddhika@uciars.cmb.ac.lk


ISSN: 2792 – 1360                   Journal of Agro-Technology and Rural Sciences            Volume 5, Issue 2; December 2025 

 

  
  

Published by University of Colombo Institute for Agro-Technology and Rural Sciences 2 

 

 
livelihoods of thousands of smallholder farmers, 

plantation labours, and other participants in the tea 

value chain are in danger due to these trends. 

Inadequate comprehension of the fundamental 

elements influencing these patterns, such as 

modifications in global demand, production expenses, 

and ecological limitations, hinders the creation of 

productive policy interventions. Considering 

comprehensive study on Sri Lankan tea business 

sector, there is a deficiency of integrated econometric 

analyses that concurrently evaluate production 

efficiency, pricing dynamics, land-use variables, and 

exchange rate impacts on tea export performance 

utilizing extended time-series data. Furthermore, there 

is a shortage of current post-crisis (2019–2023) 

empirical data on Sri Lankan tea export determinants. 

This study aims to identify and analyze the factors 

influencing production and export performances of Sri 

Lankan tea industry with the trend analysis of 

determinants, thereby offering insights to assist long-

term growth and competitiveness in the global market 

while policymakers to promote productivity, price 

competitiveness, and macroeconomic stability in the 

tea sector. 

LITERATURE REVIEW 

Tea sector in world 

The global tea sector generates more than USD 17 

billion in total output value each year, with around 

USD 9.5 billion coming from international trade. For 

low-income and rising economies, tea is a crucial 

source of export income (Bolton, 2022). Based on the 

FAO report, Bolton (2022) stated that 9 million of the 

13 million people working in the tea industry are 

smallholder farmers, who are vital to the global tea 

industry. Smallholder producers accounted for 60% of 

global tea production in 2022, demonstrating their 

increasing dominance in the industry. Given that they 

produce 80% of the tea produced in China and Vietnam 

and more than 50% in India, Indonesia, Kenya, and Sri 

Lanka, their contribution is particularly significant in 

these major tea-producing nations (Bolton, 2022). The 

increased focus on rural livelihoods, reasonable 

agricultural development, and attempts to satisfy 

growing global demand are all factors contributing to 

this move towards smallholder-driven production. The 

percentage of tea produced by smallholders is therefore 

continuously rising globally, underscoring their 

significance for the future (Bolton, 2022). 

Tea sector in Sri Lanka 

The provisional data for Sri Lankan tea sector in 2023 

show considerable increases in output, cultivation, and 

export performance. The overall cultivated area for tea 

in 2023 was at 269,000 hectares, with an extra 567 

hectares replanted throughout the year, indicating 

continuous efforts to sustain and revitalize tea 

plantations. In terms of input utilization, approximately 

61,000 metric tons (MT) of fertilizer were distributed 

to promote tea cultivation, highlighting the importance 

of inputs in increasing productivity. As a result, Sri 

Lanka produced roughly 256.1 million kilograms of tea 

in 2023. This production was aided by higher 

efficiency and improved input utilization, but growing 

production costs posed a challenge to profitability 

(Central Bank of Sri Lanka, 2024). The financial strain 

on producers, especially smallholders and plantation 

businesses, was highlighted by the production cost of 

Rs. 885 per kilogram of tea. The average auction price 

in 2023 was Rs. 1,188.33 per kilogram at the Colombo 

Tea Auction, a significant venue for determining prices 

for Sri Lankan tea. This represents a low profit margin 

in comparison to the cost of production. The Colombo 

auctions saw the sale of 237.6 million kilograms of tea, 

indicating a robust demand for Sri Lankan tea (Central 

Bank of Sri Lanka, 2024). When it comes to exports, 

2023 provisional tea export value of Rs. 428,292 

million in Sri Lanka shows how important tea export 

revenue to the nation. The significance of the tea 

industry in the national economy is demonstrated by 

the 0.5% GDP growth contribution it made to Sri 

Lanka. For rural lives, foreign exchange profits, and the 

larger agricultural economy, the sector's performance 

has a significant impact (Central Bank of Sri Lanka, 

2024). These numbers highlight the continued 

importance of tea in Sri Lankan economy, even in the 

face of production costs and market volatility. The 

consistent demand for tea exports, ongoing 

productivity improvements, and tea replanting all point 

to a path for sustainable sectoral growth (Central Bank 

of Sri Lanka, 2024). 

Sri Lankan tea production is impacted by several 

factors and confronts a number of difficulties. Factors 

including soil erosion, ageing tea bushes, plant 

diseases, the prohibition of chemical fertilizers, 

growing fertilizer costs, and a lack of labour are the 

main reasons been attributed to the decline in 

productivity (Fernando et al., 2023). Given that labour 

is the most important input for production, labour 

shortages is a key factor that impacts on viability of the 

tea industry (Jeewanthi & Shantha, 2021). Sri Lankan 

tea fields have an average technical efficiency of 
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68.81%, with paid labour, family labour, fertilizers, 

and chemicals being the main factors influencing tea 

output (Shyamalie et al., 2020). According to studies, 

productivity is positively impacted by labour, land, and 

fertilizer availability, however technical inefficiencies 

are associated with characteristics like tea plant age, 

farming experience, educational attainment, and credit 

availability (Jayakody & Dishanka, 2020). 

Furthermore, smallholder tea farmers' technical 

efficiency is greatly impacted by gender and extension 

service accessibility, with female farmers frequently 

encountering more obstacles in obtaining high-quality 

support services (Jeewanthi & Shantha, 2021). Another 

important factor is climate change, which presents 

major threats to quality and growth of tea and has a 

substantial impact on livelihoods of tea growers 

(Thankappan, 2023). According to research, maximum 

temperature and rainfall have a favourable effect on tea 

yields over the long run, whereas minimum 

temperature has a detrimental effect (Edirisinghe et al., 

2024). Furthermore, the most significant climatic 

elements influencing the appropriateness of tea-

growing environments have been shown to be 

precipitation seasonality and total annual precipitation 

(Jayasinghe & Kumar, 2020). 

Previous research focuses on specific elements such as 

productivity, land usage, or prices, and is frequently 

short-term or descriptive. There is lack of 

comprehensive long-term analysis that looks at how 

production, pricing, land usage, and macroeconomic 

factors affect Sri Lankan tea export performance. 

Based on that conceptual framework of the study 

developed. 

Conceptual framework 

 

Figure 1. Conceptual framework of the study 

Tea production 

Although there is a correlation between the overall 

amount of tea produced and its export value, the type 

and degree of this correlation can differ. Demand, 

quality, and pricing are some of the worldwide market 

factors that affect the relationship. The amount of tea 

that Vietnam exports is heavily impacted by its total tea 

production. When national tea output varies (increases 

or declines), the quantity of tea exported will most 

likely alter in response (Nguyen et al., 2020). In 

Indonesia, the total tea output has a minor impact on 

tea export volume, however the exchange rate has a 

partially substantial negative impact (Inzani et al., 

2021). From 2019 to 2028, Bangladesh's tea output and 

consumption are forecast to rise, while exports are 

expected to fall, emphasizing the need for government 

action to maintain and strengthen the tea industry (Mila 

et al., 2021). 

Hypothesis 1: Tea production is having positive 

relationship with the export value of tea in Sri Lanka. 

Total cultivated area of tea 

Although expanding the tea-growing area can increase 

output, higher export values are not always the result. 

The success of tea exports depends on factors such as, 

including domestic consumption, market rivalry, 

quality enhancements, and effective marketing. 

Bangladesh and Nepal serve as examples of how 

increasing cultivation needs to be integrated with 

calculated actions to increase export value (Dhakal, 

2023; Arefin & Hossain, 2022). 

Hypothesis 2: Total cultivated area of tea is having 

positive relationship with the export value of tea in Sri 

Lanka. 

Replanted area of tea 

The replanted area of tea in Sri Lanka is crucial element 

impacting the tea export value in country because it 

directly influences both the quantity and quality of tea 

output. Replanting revitalizes old plantations, increases 

yield potential, and enables the introduction of high-

quality, disease-resistant tea types, which are often 

more competitive in international markets (De Silva & 

Cooray, 2020; Mahindapala et al., 2020). In the 

theoretical framework, replanted areas are consistent 

with production-based export theories, which hold that 

continual investment in productive capacity is critical 

for improving export performance. As a result, 

examining replanted area helps to explain variances in 



ISSN: 2792 – 1360                   Journal of Agro-Technology and Rural Sciences            Volume 5, Issue 2; December 2025 

 

  
  

Published by University of Colombo Institute for Agro-Technology and Rural Sciences 4 

 

 
export revenue by connecting plantation renewal to 

long-term productivity and market competitiveness. 

Hypothesis 3: Replanted area of tea is having positive 

relationship with the export value of tea in Sri Lanka. 

Tea cost of production 

The cost of tea production captures the overall 

expenses incurred per kilogram of tea produced, 

including labor, inputs, processing, and operational 

costs, and is used to analyze the influence on export 

value. Although it is more environmentally harmful, 

domestic tea cultivation in China is more profitable 

than tea exported. This implies that while 

environmental impacts may result in higher production 

costs for local consumption, exported tea benefits from 

lower environmental costs, which could have a 

favourable impact on its export value (Xu et al., 2021). 

Indian export goals and values have been impacted by 

growing production costs, including labour and 

environmental issues. These problems were made 

worse by the COVID-19 pandemic, which had an effect 

on production and auction prices, which in turn had an 

effect on export values and volumes (Hajra, 2021). 

Hypothesis 4: Tea cost of production is having positive 

relationship with the export value of tea in Sri Lanka. 

Colombo auction price of tea 

The Kolkata market operated more as a price taker, 

while the Colombo market showed the most price-

making traits. The results from Rembeza and Radlińśka 

(2020) indicated that while pricing information from 

other markets has less importance for short-term 

judgements, it is more important for long-term ones. 

While Kolkata placed more weight on external market 

pricing information in the short term, Colombo became 

the dominating market over the long run. 

Hypothesis 5: Colombo auction price of tea is having 

positive relationship with the export value of tea in Sri 

Lanka. 

Quantity sold at Colombo auction 

The strategic analysis of auctions can improve the 

prediction ability of economic theories, and they are a 

useful instrument for researching strategic behaviour in 

multilateral trading (Wilson, 2021). The amount of tea 

sold at auctions is influenced by variables such auction 

pricing dynamics, regional production trends, and tea 

taster valuations (Dalal et al., 2020). Therefore, 

quantity sold at Colombo auction may have an impact 

on export value of tea in Sri Lanka. 

Hypothesis 6: Quantity sold at Colombo auction of tea 

is having positive relationship with the export value of 

tea in Sri Lanka. 

Exchange rate 

While the exchange rate has a considerable impact on 

export value, it can have varying effects on export 

volume. For example, in the case of Indonesian tea, the 

exchange rate had a large negative influence on export 

volume, although this effect was less noticeable in 

other cases (Inzani et al., 2021). 

Hypothesis 7: Exchange rate is having positive 

relationship with the export value of tea in Sri Lanka. 

METHODOLOGY 

Research design 

The study uses time-series secondary data and a 

quantitative research design. By analyzing production, 

cultivated areas, production cost, auction prices, 

auction numbers, and exchange rate variables, the 

study aims to determine the factors that determine the 

value of tea exports in Sri Lanka. The quantitative 

approach makes it possible to measure the direction and 

strength of correlations between variables using 

statistical methods like regression analysis. 

Operationalization of variables 

In this study, every variable is quantitative and 

quantified using a ratio scale. Because the ratio scale 

has a true zero point, it enables meaningful 

comparisons and mathematical operations. Measurable 

physical or monetary units (kilograms, hectares, 

rupees) were used to express tea production, cultivated 

area, cost of production, Colombo auction prices, 

quantities sold, exchange rate, and export value. 

Regression analysis, which aims to investigate the link 

between production and market parameters and the 

export value of tea, can thus be applied to this data. 

Because all the variables are ratio-scaled and 

continuous, parametric statistical techniques were 

applied (Inzani et al., 2021). Tea output, total cultivated 

area, production costs, Colombo auction tea prices, 

quantities sold at auction, and the exchange rate are the 

independent factors in this study (table 1), whereas the 

export value of tea is the dependent variable (Saleh et 

al., 2016). 
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Table 1: Variables and measurement scale of the study 

Variable Measurement Scale 

Tea production Kilogram (Kg) 

Total cultivated area of tea Hectares (Ha) 

Replanted area Hectares (Ha) 

Cost of tea production Rupees/Kilogram (Rs. /Kg) 

Colombo auction tea prices Rupees/Kilogram (Rs. /Kg) 

Quantities sold at the 
Colombo auction 

Kilogram (Kg) 

Exchange rate Sri Lankan Rupees 

(LKR)/United State Dollar 
(USD) 

Export value of tea Rupees (Rs.) 
 

Data collection 

The research utilizes secondary data spanning the 

period from 2000 to 2023, sourced primarily from the 

Central Bank Reports of Sri Lanka. This extensive 23-

year time frame provides a robust foundation for 

analyzing trends, fluctuations, and long-term patterns 

within the Sri Lankan tea industry. All variables have 

been extracted from the most recent updated Central 

Bank of Sri Lanka publications, reviewed for missing 

values and errors, then standardized to ensure 

consistency over time. 

Significant global and local economic events occurred 

during the selected period, including the global 

financial crisis (2007-2009), the European sovereign 

debt crisis (2010-2012), the COVID-19 pandemic, the 

ongoing Russia-Ukraine war (Kamburawala & 

Abeyrathne, 2024), and Sri Lankan economic 

downturn (2019-present). These events had a 

tremendous impact on the tea business, impacting 

production, pricing, and trade dynamics. 

Data was initially compiled in Microsoft Excel for 

cleaning, coding, and graphical presentation before 

being imported into SPSS for statistical analysis. To 

ensure uniformity, each variable was grouped in annual 

observations. 

 
Table 2: Descriptive statistics of the selected determinants 

 N Minimum Maximum Mean Std. Deviation 

Tea production (Mn. Kgs) 24 251.5e 340.0c 306.154 22.3464 

Total cultivated area of tea (Ha) 24 180015a 269000f 217979.92 26074.490 

Replanted Area (Ha) 24 567f 1851b 1195.04 325.371 

Cost of tea production (Rs. /Kg) 24 110.64a 885.00f 365.6308 197.99427 

Colombo auction tea prices (Rs. /Kg) 24 135.53a 1270.50e 435.3904 294.13706 

Quantities sold at the Colombo auction (Mn. Kgs) 24 237.60f 326.10d 283.8804 25.42629 

Exchange rate 24 80.06a 363.11e 146.5063 69.06331 

Export value of tea (Mn. Rs.) 24  53133.000a 428292.000f 175114.50000  99800.633979 

Valid N (listwise) 24     
a2000, b2011, c2013, d2014, e2022, f2023 

(Source: Central Bank Reports of Sri Lanka) 

Data analysis 

An Ordinary Least Squares (OLS) regression was used 

to assess the impact of important variables on Sri 

Lankan tea export value. To address non-stationarity, 

independent variables were log-transformed and 

differenced, and dummy variables with interaction 

terms were used to account for potential structural 

breaks. Multicollinearity and autocorrelation were 

investigated. After variables were log-transformed and 

differenced, the multicollinearity values become 

acceptable. The Durbin-Watson score of 2.719 

suggests that the residuals have a little negative 

autocorrelation, but future research may use ARDL 

(Autoregressive Distributed Lag) or other time-series 

models to address residual correlation more formally. 

This approach provides credible estimates of the 

parameters influencing tea export success during the 

2000-2023 period. 

RESULTS 

The findings of the data analysis conducted to identify 

the factors impacting the export value of tea in Sri 

Lanka. The chapter opens with a descriptive study of 

the variables, exhibiting their changes and patterns 

during the period from 2010 to 2023. This is followed 

by the findings of correlation and regression analysis, 

which investigate the relationships between the 

variables. 

Descriptive statistics of the selected determinants 

As mentioned in table 2, the descriptive statistics 

reflect the distributional characteristics of the primary 
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variables utilized in the study across a 24-year time 

period. Tea production varies moderately, ranging 

from 251.5 to 340 million kilograms, with an average 

of 306.15 Mn. kg. The total cultivated area of tea varies 

greatly, with a mean of 217,980 hectares, but the 

replanted area remains small, averaging only 1,195 

hectares. Economic variables are far more varied: the 

cost of tea production varies substantially from Rs. 

110.64 to Rs. 885 per kilogram, and Colombo auction 

prices exhibit a similar spread, reflecting market 

swings. Quantities sold at the Colombo auction remain 

relatively consistent, although the exchange rate 

fluctuates significantly, reflecting macroeconomic 

trends during the period. The export value of tea has 

fluctuated dramatically over the last 24 years, ranging 

from Rs. 53,133 million Rs. 428,292 million, with an 

average of Rs. 175,114.5 million. The large standard 

deviation indicates significant variability in export 

revenues, reflecting the impact of shifting production 

levels, prices, and economic conditions. Overall, the 

data show considerable changes in both production-

related and economic variables, which are critical for 

evaluating the impact on tea export success. 

Trend analysis of key determinants influencing the 

export value of Sri Lankan tea (2000–2023) 

Trend analysis of tea production (Mn. Kgs.) in Sri 

Lanka (2000-2023) 

According to the figure 2, the tea production in Sri 

Lanka between 2000 and 2023 remained reasonably 

consistent in the early and mid-2000s, ranging between 

300 and 340 million kilos, with a slight peak around 

2010-2014.  

Figure 2: Trend in tea production during 2000-2023. (Source: 

Central Bank Reports of Sri Lanka) 

 

After 2015, output began to fall significantly, reaching 

a low of less than 270 million kg in 2022, followed by 

a minor recovery in 2023. The current reduction is most 

likely due to poor weather, fertilizer shortages, and 

disruptions in labor and input supplies, especially 

during the 2020-2022 economic crisis (Jayasundera, 

2019; Kumari & Malkanthi, 2024). 

Trend analysis of total cultivated area (Ha) of tea in 

Sri Lanka (2000-2023) 

As mentioned in figure 3, between 2000 and 2023, the 

total area under cultivation for tea first climbed, then 

stabilized at 222,000 ha between 2005 and 2013, fell 

after 2014, and then dramatically increased once more 

starting in 2020. Over the course of the time, tea 

production varied, it peaked in 2013 and then 

progressively decreased, reaching its lowest level in 

2022. Overall, the movement of land area and 

production did not follow the same pattern, suggesting 

that productivity factors such as input, management, 

and climate were important in determining output 

(Omer et al., 2025; Edirisinghe et al., 2024) 

 

Figure 3: Trend in tea cultivated area during 2000-2023. (Source: 

Central Bank Reports of Sri Lanka)  

Trend analysis of replanted area (Ha) of tea in Sri 

Lanka (2000-2023) 

 

The figure 4 illustrated the replanted area of tea in Sri 

Lanka varied significantly between 2000 and 2023. 

Replanting increased gradually after a very stable 

period in the first decade of 2000 reaching its highest 

level of 1,851 hectares in 2011, indicating increased 

efforts to revitalize aged plantations. However, the area 

fell dramatically starting in 2014 and reached a low of 

567 Ha in 2023, with only minor returns in a few years. 

All things considered, the pattern shows periodic 

replanting activity, with a recent decline that would 

indicate difficulties maintaining plantation renewal. 
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Trend analysis of cost of tea production in Sri Lanka 

(2000-2023) 

 

As mentioned in figure 5, the cost of producing tea in 

Sri Lanka raised gradually between 2000 and 2023, 

from Rs. 110.64/kg in 2000 to Rs. 638.99/kg in 2022 

and then sharply to Rs. 885/kg in 2023. Growth was 

slow in the early years, but it increased after 2007 due 

to growing labor, input, and operating costs. The sharp 

increase in recent years is probably due to local 

production difficulties, increased global energy and 

fertilizer costs, and economic instability, all of which 

impose increasing pressure on the profitability of tea 

production (Kamburawala, & Abeyrathne, 2024; Hilal, 

2020; Jayasundera, 2019). 

 
 

Figure 4: Trend in tea replanted area during 2000-2023. (Source: 

Central Bank Reports of Sri Lanka) 

 

 

 

Figure 5: Trend in cost of production of tea during 2000-2023. 
(Source: Central Bank Reports of Sri Lanka) 
 

Trend analysis of Colombo auction tea prices (Rs. 

/kg) in Sri Lanka (2000-2023) 

According to figure 6, Colombo auction tea prices in 

Sri Lanka typically increased between 2000 and 2023, 

from Rs. 135.53/kg in 2000 to a peak of Rs. 1,270.5/kg 

in 2022 before slightly decreasing to Rs. 1,188.33/kg in 

2023. Moderate rises occurred in the early years of 

2000 but starting in 2007, growth accelerated due to 

increased demand and influences from the worldwide 

market. The overall trend indicates a significant long-

term gain, reflecting the growing value of tea in both 

domestic and foreign markets, however price variations 

occurred in some years, such as 2011 and 2015, 

indicating market volatility. 

 

Figure 6: Trend in Colombo auction tea prices during 2000-2023 
(Source: Central Bank Reports of Sri Lanka) 

 

Trend analysis of quantities (Mn. Kgs.) sold at the 

Colombo auction in Sri Lanka (2000-2023) 

Figure 7 illustrated that there was not a noticeable long-

term rise or negative trend in the amounts of tea sold at 

the Colombo auction between 2000 and 2023. Sales 

high in 2014 at 326.1 million kilograms, with a low of 

237.6 million kilograms in 2023. Moderate fluctuations 

occurred in the early years of 2000 followed by 

occasional increases from 2010 to 2014. Auction 

volumes consistently decreased after 2015, hitting their 

lowest points in 2022–2023. This suggests decreased 

market throughput, which could be the result of 

decreased output, a shift to direct exports, or changes 

in both domestic and foreign demand patterns. 

Figure 7: Trend in quantities sold at the Colombo auction during 

2000-2023. (Source: Central Bank Reports of Sri Lanka) 
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Trend analysis of exchange rate (LKR/USD) in Sri 

Lanka (2000-2023) 

 

The Sri Lankan Rupee (LKR) depreciated over time in 

relation to the US dollar between 2000 and 2023 as 

mentioned in figure 8. The exchange rate increased 

from LKR 80.06/USD in 2000 to a peak of LKR 

363.11/USD in 2022 before somewhat strengthening to 

LKR 323.92/USD in 2023. Early on, there was a slow 

depreciation, but after 2015, there were more 

noticeable rises due to growing economic difficulties, 

inflation, and problems with external debt. Significant 

volatility and economic instability during the past ten 

years are highlighted by the sharp increase in 2022, 

which points to a period of severe currency crisis 

(Ranasinghe, 2025; Damayanthi & Gunawardhana, 

2021; Gunaruwan & Liyanage, 2024; Siyara & Perera, 

2023). 

 
 

Figure 8: Trend in exchange rates (LKR/USD) during 2000-2023. 
(Source: Central Bank Reports of Sri Lanka) 

 

Trend analysis of export value (Rs. Mn.) of tea in Sri 

Lanka (2000-2023) 

 

According to figure 9, Sri Lankan tea exports increased 

significantly between 2000 and 2023, from Rs. 53,133 

million in 2000 to Rs. 428,292 million in 2023. Growth 

was consistent in the early years of 2000 but after 2007 

it became more noticeable due to increased worldwide 

demand, better quality, and higher global prices. There 

were some swings in 2009, 2015, and 2020, most likely 

as a result of external economic variables or market 

volatility. The notable increase in tea export earnings 

during the time is highlighted by the strong surge in 

2022–2023, which coincides with sharp increases in 

auction prices and exchange rate effects (Rathnayaka 

& Dunusinghe, 2023). 

 

Figure 9: Trend in export value of tea during 2000-2023. (Source: 

Central Bank Reports of Sri Lanka) 
 

Key determinants of export value of tea in Sri Lanka 

In this study, log-transformed and differenced values 

were used rather than raw values to facilitate the 

investigation of the relationship between tea export 

value and its factors. Log transformation minimizes 

skewness and linearizes nonlinear interactions, which 

are common in economic data (West, 2021). This 

approach produces more meaningful and interpretable 

findings while adhering to the regression analysis 

assumptions. 

Correlation analysis of selected determinants to 

export value of tea 

Log-transformed and differenced variables were used 

to produce Pearson correlation coefficients, which are 

correct for skewness, stabilize variance, and facilitate 

elasticities analysis (Table 3). The analysis assists in 

determining which elements are highly connected with 

export performance, as well as providing preliminary 

insights into potential drivers for future regression 

analysis. 

Multivariate assumptions of selected determinants 

As indicated in table 4, the collinearity diagnostics 

show that multicollinearity is appropriate for the 

majority of explanatory factors. Tolerance levels are all 

more than the widely accepted threshold of 0.10, and 

matching Variance Inflation Factor (VIF) values are 

less than the critical value of 10, indicating that the 

model does not contain severe multicollinearity. 

However, these values are still within acceptable 

ranges for OLS estimation. Overall, the findings 

indicate that the calculated coefficients are reliable and 
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that multicollinearity does not significantly alter 

regression result. 

Table 4: Multicollinearity statistics of selected determinant 

Coefficientsa 

Model 

Collinearity Statistics 

Tolerance VIF 

1 (Constant)   

d_in_tea_production 0.174 5.751 

d_in_total_cultivated_area 0.671 1.491 

d_in_replanted_area 0.443 2.259 

d_in_cost_of_production 0.577 1.732 

d_in_Colombo_auction_price 0.467 2.140 

d_in_quantities_sold_at_the_

Colombo_auction 
0.273 3.661 

d_in_exchange_rates 0.354 2.821 

a. Dependent Variable: d_in_export_values 

Regression analysis 

Ordinary Least Squares (OLS) regression analysis is 

used to model export value as a function of all selected 

determinants, providing for an estimate of the amount 

and importance of each variable's effect. This approach 

provides a more thorough understanding of the 

fundamental elements impacting tea export 

performance and makes elasticities easier to interpret 

when differenced log-log models are utilized. 

Model summary 

The regression model explains a significant percentage 

of the variation in changes in tea export value (table 5). 

The R-square value of 0.853 suggests that changes in 

tea production, total cultivated area, replanted area, 

production cost, Colombo auction prices, amounts sold 

at the auction, and currency rate account for roughly 

85.3% of the variation in the dependent variable. The 

adjusted R-square of 0.785 demonstrates that the 

model's explanatory power remains robust after 

accounting for the number of predictors. The model is 

statistically significant (F = 12.470, p < 0.001), 

showing that the explanatory variables together have a 

substantial effect on variations in tea export value in Sri 

Lanka.  

Table 3: Correlation coefficients of key determinants affecting export value of tea 

Correlations 

 EV TP TCA RA COP CAP QSCA ER 

d_in_export_values (EV) Pearson Correlation 1        

Sig. (2-tailed)         

d_in_tea_production (TP) Pearson Correlation -0.043 1       

Sig. (2-tailed) 0.423        

d_in_total_cultivated area (TCA) 
Pearson Correlation -0.164 -0.156 1      

Sig. (2-tailed) 0.228 0.238       

d_in_replanted_area (RA) 
Pearson Correlation 0.181 0.115 0.362 1     

Sig. (2-tailed) 0.205 0.301 0.045**      

d_in_cost_of_production (COP) 
Pearson Correlation 0.171 0.275 0.133 -0.132 1    

Sig. (2-tailed) 0.217 0.102 0.273 0.274     

d_in_Colombo_auction_price 

(CAP) 

Pearson Correlation 0.755 -0.521 0.096 0.220 -0.059 1   

Sig. (2-tailed) 0.000** 0.005** 0.331 0.156 0.395    

d_in_quantities_sold_at_the_Colo

mbo_auction (QSCA) 

Pearson Correlation -0.073 0.761 -0.257 -0.144 -0.029 -0.445 1  

Sig. (2-tailed) 0.371 0.000** 0.118 0.256 0.448 0.017**   

d_in_exchange_rates (ER) 
Pearson Correlation 0.535 -0.566 -0.021 0.306 -0.358 0.665 -0.438 1 

Sig. (2-tailed) 0.004** 0.002** 0.461 0.078* 0.047** 0.000** 0.018**  

**. Correlation is significant at the 0.05 level (two-tailed) 

*. Correlation is significant at the 0.05 level (one-tailed) 

ANOVA table 

According to table 6, the ANOVA findings show that 

the regression model is statistically significant overall. 

The F-statistics of 12.470 with 7 predictor factors and 

15 degrees of freedom for the residuals is significant at 
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the 1% level (p = 0.000), showing that the explanatory 

variables work together to have a substantial effect on 

changes in tea export value. The regression sum of 

squares (0.267) accounts for a significant amount of the 

overall variation (0.313), demonstrating the good 

explanatory power of the model. These findings 

support the use of OLS regression to identify the 

important factors influencing tea export performance 

throughout the research period. 

 

Table 5: Regression model summary 

 

 Change Statistics 

Durbin-Watson Model R R Square 

Adjusted R 

Square 

R Square 

Change F Change 

Sig. F Change 

1 .924a .853 .785 .853 12.470 .000 2.719 

a. Predictors: (Constant), d_in_exchange rates, d_in_quantities sold at the Colombo auction, d_in_replanted area, d_in_total cultivated area, 

d_in_tea production, d_in_cost_of_production, d_in_Colombo_auction_price 

b. Dependent Variable: d_in_export value 

 

Table 6: ANOVA table 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 0.267 7 0.038 12.470 .000b 

Residual 0.046 15 0.003   

Total 0.313 22    

a. Dependent Variable: d_in_export value 

b. Predictors: (Constant), d_in_exchange rates, d_in_quantities sold at the Colombo auction, d_in_replanted area, d_in_total cultivated area, 

d_in_tea production, d_in_cost_of_production, d_in_Colombo_auction_price 

Coefficient table 

The regression results as mentioned in table 7 showed 

that changes in Colombo auction prices and exchange 

rates have a statistically significant and positive effect 

on tea export value. The coefficient for the change in 

Colombo auction prices is positive and highly 

significant (B = 0.548, p < 0.01). This indicates that 

rises in auction prices lead to considerable increases in 

export value. This variable has the highest standardized 

coefficient (β = 0.814), making it the most significant 

predictor of tea export performance in the short run. 

Changes in the exchange rate have a positive and 

statistically significant influence on export value (B = 

0.367, p < 0.05), indicating that depreciation increases 

export revenues. Changes in tea output have a positive 

influence on export value and are marginally 

significant at the 10% level (B = 0.923, p = 0.051), 

showing that production increases contribute to export 

growth, but with a weaker effect than price-related 

factors. The change in production costs also indicates a 

positive but modestly significant connection (B = 

0.350, p = 0.093), which could be attributed to cost 

pass-through effects in export pricing. However, there 

is no statistically significant change in the overall 

cultivated area, replanted area, or amounts sold at the 

Colombo auction, suggesting that short-term variations 

in land usage and auction volumes have no effect on 

export value. Additionally, assuming all explanatory 

variables are constant, the constant term is statistically 

insignificant, indicating that there is no systematic 

change in export value of tea in Sri Lanka. 

DISCUSSION 

Impact of tea production on the export value of tea in 

Sri Lanka 

The findings show that there is a positive correlation 

between tea production and tea export value, which 

means that improvements in tea output typically result 

in higher export profits. According to the computed 

coefficient (B = 0.923), increased production volumes 

encourage export growth by expanding the amount 

available for foreign markets. At the 10% level, the 

relationship is only marginally significant (p = 0.051), 
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suggesting a modest level of statistical support. This 

suggests that while production growth is important, it 

has less of an impact on export value than price-related 

factors such Colombo auction prices and exchange rate 

fluctuations, which have a greater influence on export 

revenues in the short term. The findings are further 

compatible with Lin (2025) and Jagadeesh et al. (2024) 

which highlight the relationship between tea 

production and export is complex, with production 

volume being just one factor influencing international 

market supply and revenue. Therefore, tea production 

is having significant positive impact with the export 

value of tea in Sri Lanka. 

 

Table 7: Coefficients 

Model 

Unstandardized Coefficients 
Standardized 

Coefficients t Sig. 

B Std. Error Beta 

1 (Constant) -0.004 0.022  -0.193 0.850 

d_in_tea_production 0.923 0.434 0.504 2.124 0.051 

d_in_total_cultivated area -0.251 0.213 -0.142 -1.176 0.258 

d_in_replanted_area -0.044 0.070 -0.093 -0.623 0.542 

d_in_cost_of_production 0.350 0.195 0.234 1.795 0.093 

d_in_Colombo_auction_price 0.548 0.097 0.814 5.630 0.000 

d_in_quantities_sold_at_the_Colo

mbo_auction 
0.060 0.278 0.041 0.215 0.833 

d_in_exchange_rates 0.367 0.151 0.405 2.437 0.028 

a. Dependent Variable: d_in_export_values 

Impact of total cultivated area of tea on the export 

value of tea in Sri Lanka 

The findings demonstrate that the value of tea exports 

is not statistically significantly affected by variations in 

the total area under cultivation. Short-term changes in 

cultivated area do not significantly affect export 

revenues, while the calculated coefficient being 

negative (B = −0.251) and the relationship not being 

statistically significant (p = 0.258). This implies that, 

especially in the short term, either increasing or 

decreasing the amount of land used for tea production 

does not directly result in a higher export value. Rather, 

land expansion seems to have less of an impact on 

export performance than productivity-related factors 

like pricing circumstances, management strategies, and 

yield improvements. Similar findings are echoed in 

other studies, which show that increasing cultivated 

areas alone does not guarantee higher export volumes 

(Arbella & Widodo, 2023; Nursodik et al., 2022; Inzani 

et al., 2021; Setiawati et al., 2020). Therefore, total 

cultivated area of tea is not having significant positive 

impact with the export value of tea in Sri Lanka. 

Impact of replanted area of tea on the export value of 

tea in Sri Lanka 

The findings show that the value of tea exports is not 

statistically affected by changes in the replanted area 

(B = −0.044, p = 0.542). This implies that replanting 

operations do not instantly result in increased tea export 

revenue in the short term. Replanting is a long-term 

investment that usually benefits back after a few years 

in terms of improved quality and yield. As a result, the 

negligible short-term impact is anticipated and 

emphasizes the lengthy gestation period linked to 

productivity increases from replanting initiatives. 

Replanting subsidies do not instantly increase tea 

production in the short term, with significant effects 

only after a one-year lag (De Silva & Cooray, 2020), 

and the study did not find a direct significant link to 

export value. Replanted area of tea is not having 

significant positive impact with the export value of tea 

in Sri Lanka in short run. 

Impact of cost of tea production on the export value 

of tea in Sri Lanka 

There is a moderately significant but positive 

relationship between changes in tea production costs 

and export value (B = 0.350, p = 0.093). This suggests 

that higher export values partially reflect increases in 

production costs, perhaps as a result of cost pass-
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through mechanisms or better quality brought about by 

increased input consumption. Nevertheless, there is 

only moderate statistical support for the relationship, as 

it is only significant at the 10% level. This result 

implies that although production costs have an impact 

on export revenues, it is not as strong as those of 

market-driven variables like pricing and exchange 

rates. This relationship is economically justifiable 

because greater production costs frequently result in 

higher Colombo auction prices, which influence export 

revenue. Jayaratne (2011) noted that the Sri Lankan tea 

industry faces challenges from increasing global 

competition and production costs, which are reducing 

export earnings. Kamburawala & Abeyrathne (2024) 

actually noted that Sri Lankan tea competitiveness has 

been declining, suggesting production costs might 

negatively impact pricing. 

Impact of Colombo auction tea prices on the export 

value of tea in Sri Lanka 

Tea export value is strongly and statistically 

significantly positively impacted by changes in 

Colombo auction tea prices (β = 0.814, B = 0.548, p < 

0.01). Price changes at the Colombo auction are the 

most significant short-term influence of export 

revenues, according to this greatest standardized 

coefficient of this variable. The value of exported tea is 

directly increased by higher auction prices, 

highlighting the significance of branding, quality 

enhancements, and advantageous international market 

circumstances in boosting Sri Lankan tea export 

performance. Studies from India and Kenya show that 

auction prices are a key determinant of export prices 

(Hajra, 2021). The Colombo Tea Auction accounts for 

70% of Sri Lankan tea exports, making it a crucial 

price-setting and marketing institution in the supply 

chain. Its prices are heavily influenced by quality, 

grade, and sensory qualities, all of which play 

important roles in determining individual lot values and 

perceived export worth. Quality-based monetary 

assessments and auction prices are crucial for 

preserving Sri Lankan premium posture and earning 

higher unit export prices (Seneviratne & Weerasingha, 

2024; Rodrigo et al., 2025). 

Impact of tea quantities sold at the Colombo auction 

on the export value of tea in Sri Lanka 

The findings indicate that variations in quantities sold 

at the Colombo auction have no statistically significant 

effect on export value (B = 0.060, p = 0.833). This 

shows that fluctuations in auction volumes do not have 

a substantial impact on export earnings. The findings 

show that price changes drive export value more than 

quantity variations, supporting the assumption that 

value addition and price competition are more 

important than volume increase in the tea export 

market. The models highlight that price, rather than 

quantity, acts as the main catalyst for both production 

and export value (De Silva et al., 2014). Also, 

Sankalpana et al. (2018) highlighted that the net 

quantity of tea lots does influence auction price 

formation to some extent but not export value directly. 

Impact of exchange rates on the export value of tea in 

Sri Lanka 

Exchange rate changes have a positive and statistically 

significant impact on tea export value (β = 0.405, B = 

0.367, p = 0.028). This demonstrates that the 

depreciation of Sri Lankan rupee against the US dollar 

boosts export earnings by increasing price 

competitiveness in international markets. The findings 

emphasize the relevance of macroeconomic conditions 

in driving export success and imply that exchange rate 

swings play a significant influence in determining 

short-run volatility in tea export values. When the 

rupee falls, Sri Lankan tea becomes more affordable 

and competitive in foreign markets, driving up demand 

and increasing export revenue in local currency terms. 

The statistical significance underlines the robustness of 

this relationship, which reflects the true economic 

impact of exchange rate variations on tea export 

performance. Recent studies using time-series and 

panel data models confirm that exchange rate volatility 

and depreciation of the LKR are positively and 

significantly associated with higher export earnings for 

tea. This effect is more pronounced in the long run, as 

exporters benefit from increased competitiveness when 

the LKR weakens against the USD (Rathnayaka & 

Dunusinghe, 2023; Rathnayaka & Dunusinghe, 2022). 

CONCLUSIONS 

The determinants impacting tea export value in Sri 

Lanka were investigated using time-series data from 

2000 to 2023 and an OLS regression framework. The 

findings show that tea export performance is 

predominantly influenced by pricing dynamics and 

macroeconomic conditions, specifically Colombo 

auction tea prices and currency rate fluctuations, which 

have strong and statistically significant positive effects. 

Tea production and production costs have moderate 

positive benefits, although total cultivated area, 

replanted land, and amounts sold at the Colombo 
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auction have no substantial short-term impact on export 

value. These data show that raising productivity, 

preserving price competitiveness, and guaranteeing 

macroeconomic stability are more successful ways for 

increasing tea export revenues than simply expanding 

planted area. 

This research is important because it presents a long-

term, comprehensive econometric analysis of the 

fundamental determinants impacting Sri Lankan tea 

export value, emphasizing the dominance of pricing 

dynamics and exchange rate swings over land 

expansion. A significant disadvantage is that the 

research is based on first-differenced OLS, which does 

not capture long-run correlations that could be better 

investigated using ARDL or cointegration techniques. 

According to the findings, governmental initiatives 

should focus on enhancing production efficiency, cost 

management, quality-based pricing at the Colombo Tea 

Auction, and macroeconomic stability in order to boost 

exports. To acquire a better   

understanding of Sri Lankan tea export 

competitiveness, future studies should use ARDL 

models, include quality and climatic variables, and use 

disaggregated export market data. 
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ABSTRACT

Okra (Abelmoschus esculentus) is a globally cultivated economically important crop where weed pressure and 

inadequate agronomic practices often limit its productivity. A field experiment was conducted at the Sri Lanka School 

of Agriculture, Palamunai, during the period from November 2024 to March 2025, with the objective of investigating 

suitable spacing and mulching material for growing okra (Haritha variety) in the dry zone of Sri Lanka. The 

experiment was laid out in a 3×4 factorial RCBD with three levels of spacing (90cm x 60cm, 75cm x 45cm, and 60cm 

x 60cm) as the first factor and four levels of mulching material (polythene, paddy straw, paddy husk, and no mulch) 

as the second factor. Each treatment combination was replicated four times. According to the ANOVA results of the 

experiment, there was no significant interaction effect (p>0.05) observed between plant spacing and mulching 

materials for the measured growth and yield parameters. Therefore, the main effects were analyzed independently. 

Spacing had no significant influence (p>0.05) on plant height, leaf number, pod length, or total yield, although the 

60×60 cm spacing resulted in earlier flowering (31.1 days). With respect to the mulching material used, except for 

the days to 50% flowering, polythene mulch significantly enhanced leaf number (12.8 leaves at 8 WAP), average pod 

length (19.39 cm), and total yield per plant (322.38 g) outperforming organic mulches and the no-mulch control. 

Polythene mulch proved to be the most effective mulching material for improving okra productivity under dry-zone 

conditions. These results emphasize the necessity of adopting optimal mulching practices to maximize crop 

performance and resource-use efficiency. 

Keywords: Okra (Abelmoschus esculentus), Dry zone agriculture, Polythene mulch, Plant spacing

INTRODUCTION 

Okra (Abelmoschus esculentus) which belongs to the 

family Malvaceae, is a highly nutritious and 

economically valuable crop that is popular globally 

among farmers in the tropical and subtropical regions 

(Ibitoye & Kolawole, 2022). The tender pods of okra 

are consumed as a vegetable, and seeds are used for oil 

production (Kumar et al., 2013). Okra grows well at 

temperatures between 20oC and 30oC, and in well-

drained sandy loam soils with pH 6-7 (Benchasri, 

2012).  

Weed growth is a major constraint faced by farmers, 

which significantly hinders crop production, lowering 

yields and reducing economic returns (Mohammadi, 

2012). Weed control using synthetic chemicals is a 

costly method that also brings about harmful effects on 

the environment and human health. Therefore, 

alternative methods such as mulching have been 

practiced by farmers around the world since ancient 

times. Mulching can be done either by using synthetic 

material, such as plastic mulch or by using natural 

materials such as plant residues (Abouziena & Haggag, 

2016). However, there is still a question about which is 

superior in agriculture (Kader et al., 2019), and 

therefore the impact of different mulching materials on 

the growth and yield of crops needs to be a widely 

studied and important ongoing area of agricultural 

research. 

The choice of the correct spacing in okra cultivation in 

a field is an important aspect in the optimum growth 

and productivity of crops. Improperly spaced plants 

may lead to higher or lower plant populations, resulting 

in lower yields and low-quality pods (Maurya & 

Chandler, 2013). Therefore, the present study was 

conducted with the objective of determining a suitable 

spacing and a mulching material to improve the 

productivity of growing okra (Abelmoschus esculentus) 

in the dry zone of Sri Lanka. 

mailto:supipi@uciars.cmb.ac.lk
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MATERIALS AND METHODS 

Experimental location and period 

This study was conducted at the Sri Lanka School of 

Agriculture, Palamunai, situated within the dry zone of 

Sri Lanka, during the period from November 2024 to 

March 2025. The experimental site is located at 

7.2730° N and 81.8538° E, in an elevation of 500m 

above mean sea level. 

Planting material 

Seeds of the okra (Abelmoschus esculentus) variety 

‘Haritha’ were used for the experiment. The seed 

requirement was 4.5kg/ha.  

Treatments and experimental design 

The experiment was laid out in a 3×4 factorial RCBD 

(Randomized Complete Block Design) with spacing as 

the first factor and mulching material as the second 

factor. Three levels of spacing and four levels of 

mulching material were tested. Each treatment was 

replicated four times formulating 12 treatment 

combinations as shown in Table 1. 

Treatments 

Table 1. Treatment combinations of the experiment 

 

Treatment Code 

Description 

Spacing Mulching material 

T1 90cm x 60cm Polythene 

T2 90cm x 60cm Paddy straw 

T3 90cm x 60cm Paddy husk 

T4 90cm x 60cm No mulch 

T5 75cm x 45cm Polythene 

T6 75cm x 45cm Paddy straw 

T7 75cm x 45cm Paddy husk 

T8 75cm x 45cm No mulch 

T9 60cm x 60cm Polythene 

T10 60cm x 60cm Paddy straw 

T11 60cm x 60cm Paddy husk 

T12 60cm x 60cm No mulch 
 

Agronomic practices 

After the completion of land preparation, direct seeding 

of okra seeds was done by planting 2-3 seeds per hill, 

at a depth of 1-2 cm. Later, thinning out was done, 

leaving only one healthy plant per hill. Seeds were 

spaced according to the treatments of the experiment. 

Fertilizer application was done according to the 

recommendation for okra cultivation provided by the 

Department of Agriculture, Sri Lanka. Irrigation was 

done twice a day until germination, and thereafter 

continued based on the soil moisture condition. Weed 

control was achieved through mulching. Different 

mulches were used based on the treatments of the 

experiment. 

Data collection and analysis 

The growth parameters recorded were the number of 

leaves and plant height, at two-week intervals up to 

eight weeks after seed sowing. Days to 50% flowering 

were recorded by counting the number of days from 

seed sowing until 50% of plants from each treatment 

had at least one open flower. The yield parameters 

recorded were the average pod length and total yield 

per plant. Collected data were subjected to Analysis of 

Variance (ANOVA) and mean separation (Tukey’s 

Test) using Minitab 19 statistical software at 5% 

significance level. 

RESULTS AND DISCUSSION  

Effect of different plant spacing and mulching 

materials on growth parameters 

Plant height 

Table 2 shows the analyzed results of the plant height 

measurements taken at 2,4,6 and 8 WAP of okra. At 2 

WAP, plant height showed no significant interaction, 

ranging narrowly from 7.2cm to 7.7cm. This implies 

that spacing and mulching treatments had no apparent 

impact on early seedling development, which might be 

due to the requirement of fewer nutrients during the 

seedling stage (Dulala et al., 2024) and the impact of 

weeds being minimal at this stage. 

Plant height showed significant interactive effects at 4 

WAP and 6 WAP okra. At 4 WAP, the significantly 

tallest plants were observed in T1 and T9 followed by 

T5, all of which used polythene mulch across different 

spacing levels. These treatments performed noticeably 

better than the non-mulched treatments (T4, T8 and 

T12), indicating that polythene mulching promoted 

early vegetative development. The trend continued at 6 

WAP, with T1 and T5 producing the tallest plants 

among the treatments, highlighting the polythene 

mulch's beneficial effects at all spacing levels. In 

contrast, the non-mulched treatments (T4, T8 and T12), 

produced the significantly shortest plants, indicating 

that the absence of mulching lowers plant vigour 

perhaps as a result of higher evaporation, weed 

pressure, and soil temperature variations (El-Beltagi et 

al., 2022). Although plant heights at 8 WAP were not 

statistically significant, the numerical trend remained 

constant, with T1, T5 and T9 being marginally higher 
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than the other treatments, suggesting that polythene 

mulching has long-term advantages, even as vegetative 

development progresses. Similar research conducted 

by Jha et al. (2018), using plastic and organic mulches 

at different levels of spacing also did not produce 

significant interactive effects for plant height. 

However, based on the single-factor analysis, the 

authors noted that plastic mulch produced higher plant 

heights at 45 days and 60 days after sowing okra seeds. 

By producing warmer soil temperatures and retaining 

more soil moisture than bare soil, plastic mulches 

modify the growing environment for the plant (Gordon 

et al., 2010), possibly resulting in higher plant heights. 

In the no-mulch treatment, the absence of a mulch to 

conserve water, and less favourable soil temperature 

conditions might have resulted in comparatively lower 

plant heights among the treatments. A similar result 

was obtained by Shamla et al. (2017) in their 

experiment where the non-weeded plots resulted in 

lower plant heights in okra.  

Table 2. Plant height (cm) of okra at 2,4,6, and 8 WAP 

 

Treatment 

Code 

Plant height (cm) 

2 WAP 4 WAP 6 WAP 8 WAP 

T1 7.70 ± 

0.03 

27.16 ± 

0.02a 

53.87 ± 

0.07ab 

87.16 ± 

0.31 

T2 7.35 ± 

0.03 

23.48 ± 

0.03d 

51.06 ± 

0.07cde 

79.20 ± 

0.22 

T3 7.31 ± 

0.01 

22.74 ± 

0.07e 

50.73 ± 

0.08de 

71.90 ± 

0.19 

T4 7.20 ± 

0.06 

21.28 ± 

0.07f 

49.10 ± 

0.09f 

66.01 ± 

0.22 

T5 7.57 ± 

0.00 

26.56 ± 

0.04b 

54.09 ± 

0.13a 

86.73 ± 

0.21 

T6 7.26 ± 

0.01 

23.76 ± 

0.07d 

51.46 ± 

0.12c 

78.54 ± 

0.19 

T7 7.27 ± 

0.04 

24.71 ± 

0.19c 

51.19 ± 

0.07cd 

71.40 ± 

0.13 

T8 7.24 ± 

0.03 

21.62 ± 

0.03f 

48.83 ± 

0.07f 

65.98 ± 

0.04 

T9 7.49 ± 

0.02 

27.00 ± 

0.05a 

53.40 ± 

0.19b 

87.08 ± 

0.04 

T10 7.27 ± 

0.01 

22.69 ± 

0.03e 

50.63 ± 

0.03e 

78.91 ± 

0.22 

T11 7.26 ± 

0.09 

22.88 ± 

0.09e 

51.11 ± 

0.06cde 

71.80 ± 

0.06 

T12 7.25 ± 

0.00 

21.58 ± 

0.03f 

48.83 ± 

0.04f 

65.88 ± 

0.18 

Significance ns * * ns 

Values represent mean ± standard error of four replicates.  ‘*’ 

represents significant difference and ‘ns’ represents non-significant 

difference at 0.05 level of probability. According to Tukey’s Test, 

means in the same column followed by dissimilar letter/s in 

superscripts indicate significant difference at 0.05 level of 

probability. 

Number of leaves per plant 

There was no significant interaction effect (p>0.05) 

observed between spacing and mulching materials on 

leaf number. Therefore, the individual effect of spacing 

and mulching material was analyzed as shown in Table 

3. 

Table 3. Number of leaves per okra plant 

 

Treatment 

Number of leaves per plant 

2 WAP 4 WAP 6 WAP 8 WAP 

Mulching 

Polythene 5.48 ± 

0.04a 

8.67 ± 

0.03a 

10.55 ± 

0.04a 

12.80 ± 

0.05a 

Paddy straw 5.30 ± 

0.03b 

8.43 ± 

0.06ab 

10.35 ± 

0.03ab 

12.22 ± 

0.10bc 

Paddy husk 5.28 ± 

0.05b 

8.51 ± 

0.08ab 

10.08 ± 

0.15b 

11.87 ± 

0.17c 

No mulch 5.24 ± 

0.04b 

8.42 ± 

0.07b 

10.24 ± 

0.03ab 

12.29 ± 

0.07b 

Significance * * * * 

Spacing 

90cm x 60cm 5.31 ± 

0.05 

8.53 ± 

0.05 

10.26 ± 

0.08 

12.37 ± 

0.15 

75cm x 45cm 5.31 ± 

0.04 

8.53 ± 

0.06 

10.31 ± 

0.08 

12.24 ± 

0.12 

60cm x 60cm 5.36 ± 

0.04 

8.47 ± 

0.06 

10.35 ± 

0.08 

12.27 ± 

0.10 

Significance ns ns ns ns 

Values represent mean ± standard error of four replicates.  ‘*’ 

represents significant difference and ‘ns’ represents non-significant 

difference at 0.05 level of probability. According to Tukey’s Test, 

means in the same column followed by dissimilar letter/s in 

superscripts indicate significant difference at 0.05 level of 

probability. 

According to the analyzed results, the polythene mulch 

produced the significantly highest number of leaves at 

2WAP and 8 WAP compared to other types of 

mulching tested in the experiment. This result is 

consistent with earlier research conducted by 

Ashrafuzzaman et al. (2011), showing that mulching, 

especially with black polythene, enhances 

microclimatic conditions which improve vegetative 

growth producing a higher number of leaves per plant 

in chili crop. Another possible explanation for 

polythene mulch's better performance is that it 

suppresses weeds more successfully than organic 
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mulches (Kader et al., 2019), which lessens 

competition for water and nutrients.  

Except for 6WAP, the no mulch treatment did not 

match the leaf production under polythene mulch, but 

it performed comparably to paddy husk and paddy 

straw at all phases. A similar study conducted by 

Jayaweera et al. (2024) with turmeric produced no 

significant results between the treatments; control (no 

mulching), rice straw mulch, paddy husk mulch and 

cinnamon residue mulch.  

In contrast to mulching, spacing levels tested in the 

present experiment showed no significant effects at any 

growth stage in the present study, confirming that 

differences in spacing of okra plants have no influence 

on the vegetative growth in terms of leaf production. 

Similar results were observed by Jha et al. (2018) who 

observed no significant effects for the leaf number of 

okra grown at different levels of spacing. 

Effect of different plant spacing and mulching 

materials on yield parameters 

Days to 50% flowering 

For days taken to 50% flowering, no significant 

interaction effect (p>0.05) was observed between 

mulching materials and spacing. Therefore, the 

individual effect of spacing and mulching material was 

analyzed as shown in Table 4. The analyzed results 

showed that there was no significance (p>0.05) in the 

days to 50% flowering of okra with respect to the 

different mulching materials used, with all treatments 

showing similar flowering times. However, spacing 

had a significant effect on flowering time, with 60×60 

cm spacing resulting in earlier flowering compared to 

90×60 cm spacing. Increased competition for resources 

may have caused rapid phenological development as a 

stress response, which could explain the early 

flowering seen at closer spacing. In research conducted 

by Jena & Mohanty (2021), testing different levels of 

spacing for chrysanthemum, the first flower bud was 

produced at the closest spacing, suggesting that due to 

the competition for nutrients, water and sunlight, the 

plants enter the reproductive phase sooner. Wider 

spacing, on the other hand, may have caused a delay in 

flowering since there is less competition between 

plants, allowing greater vegetative growth before 

reaching the reproductive stage. 

Average pod length 

There was no significant interaction effect (p>0.05) 

observed between spacing and mulching materials on 

the average pod length. Therefore, the individual effect 

of spacing and mulching material was analyzed as 

shown in Table 4. The significantly longest pods were 

produced by plants grown with polythene mulch, 

outperforming all other mulching treatments. In 

contrast to mulching, spacing showed no significant 

results, indicating that inter-row and intra-row spacing 

between okra plants does not influence pod length 

appreciably. This lack of response could suggest that 

pod elongation is more strongly influenced by plant 

physiological and environmental factors such as 

nutrient availability and moisture content (which are 

directly influenced by mulching) rather than plant 

population.  

Total yield per plant 

There was no significant interaction effect (p>0.05) 

observed between spacing and mulching materials on 

the total yield per plant. Therefore, the individual effect 

of spacing and mulching material was analyzed as 

shown in Table 4. According to the ANOVA results, 

the type of mulching material used had a significant 

effect on the total yield per plant. The highest yield 

recorded was from plants that had polythene mulch, 

followed by those mulched with paddy straw and paddy 

husk. The no-mulch treatment resulted in the lowest 

yield. In contrast, plant spacing showed no statistically 

significant differences in total yield per plant. Similar 

results were observed by Jha et al. (2018) in an 

experiment testing different levels of mulching with 

spacing. The researchers observed no significant 

interaction between the treatment combinations, with 

silver plastic mulch performing best in a single-factor 

analysis. In another experiment conducted by Akhila et 

al. (2018), the use of a black polythene as the mulching 

material in an okra cultivation displayed better growth 

and yield parameters, possibly due to successful weed 

suppression, maintenance of optimum soil moisture 

content and soil temperature. In addition, the 

solarization effect brought about by the plastic mulch 

increases the availability of nutrients leading to higher 

yields (Olabode et al., 2007) as a result of the 

modification of the physico-chemical properties of soil 

(Bahadur et al., 2018). 
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Table 4. Days to 50% flowering, average pod length, and total yield 

per plant of okra 

Treatment Days to 50% 

flowering 

Average pod 

length (cm) 

Total yield 

per plant 

(g) 

Mulching   

Polythene 31.50 ± 0.32 19.39 ± 

0.13a 

322.38 ± 

1.28a 

Paddy straw 31.71 ± 0.32 17.63 ± 

0.16b 

284.11 ± 

1.41b 

Paddy husk 31.54 ± 0.20 16.43 ± 

0.16c 

281.59 ± 

3.14c 

No mulch 31.87 ± 0.27 18.05 ± 

0.18b 

274.26 ± 

1.12b 

Significance ns * * 

Spacing   

90cm x 60cm 32.10 ± 0.25a 17.91 ± 0.33 290.32 ± 

5.00 

75cm x 45cm 31.72 ± 0.20ab 17.84 ± 0.24 289.70 ± 

5.32 

60cm x 60cm 31.14 ± 0.21b 17.88 ± 0.34 291.73 ± 

4.96 

Significance * ns ns 

Values represent mean ± standard error of four replicates.  ‘*’ 

represents significant difference and ‘ns’ represents non-significant 

difference at 0.05 level of probability. According to Tukey’s Test, 

means in the same column followed by dissimilar letter/s in 

superscripts indicate significant difference at 0.05 level of 

probability. 

CONCLUSIONS 

Considering the different levels of spacing tested in this 

experiment, except for the days to 50% flowering, no 

significant effects were observed in the number of 

leaves per plant, average pod length and the total yield. 

Although the 60 × 60 cm spacing promoted earlier 

flowering, yield per unit area was not evaluated in the 

present study. Therefore, further studies incorporating 

area-based yield calculations are needed to arrive at a 

conclusive agronomic suggestion regarding the ideal 

plant spacing for okra farming in the Dry Zone of Sri 

Lanka. With respect to the mulching material used, 

except for the days to 50% flowering, the number of 

leaves per plant (2 WAP and 8 WAP), average pod 

length and the total yield per plant showed significant 

results for polythene mulch compared to paddy straw, 

paddy husk and the no-mulch treatment. Hence, it can 

be concluded that polythene mulch is the most effective 

mulching material for achieving the highest okra yield 

under the conditions of this study. 
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ABSTRACT

Cowpea (Vigna unguiculata L.) is a vital legume crop in the Low Country Dry Zone of Sri Lanka, contributing to 

protein security and sustainable farming under moisture-limited conditions. This study evaluated vegetative growth, 

leaf anatomical traits, and yield performance of three cowpea varieties (MI 35, Dawala, and Waruni) in Batticaloa 

district, Sri Lanka. The experiment was laid out in a randomized complete block design with three replicates of 25 

plants each, cultivated on 30 m² plots with 50 cm row spacing and 30 cm plant spacing. Growth parameters: plant 

height, number of branches, number of leaves, and leaf area index (LAI) were measured at 2, 4, and 6 weeks after 

planting (WAP). Grain yield was recorded at two harvests, and stomatal traits; density, guard cell dimensions, pore 

size, and stomatal ratio were assessed to evaluate varietal differences in adaptation. Data were subjected to analysis 

of variance (ANOVA), with mean comparisons performed at the 5% significance level using Minitab 17 version. 

Significant differences were observed among the cowpea varieties for vegetative growth, stomatal traits, and yield 

(P<0.05). MI 35 exhibited the greatest early vegetative vigor, reaching plant heights of 16.88 ± 0.43 cm at 2 WAP, 

31.01 ± 0.85 cm at 4 WAP, and 17.72 ± 1.92 cm at 6 WAP, with corresponding leaf numbers of 8.90 ± 0.93, 27.12 ± 

1.85, and 36.92 ± 1.99, and LAI values of 12.62 ± 1.59, 12.75 ± 1.62, and 33.00 ± 1.33. Despite this early vigor, 

Dawala produced the highest grain yield, ranging from 1,255–1,525 g/plot in the first harvest and 1,175–1,300 g/plot 

in the second harvest, likely due to its balanced canopy development, moderate stomatal density (2.440 ± 0.021 

stomata/mm²), and conservative water-use traits. The variety Waruni reported the highest stomatal density (2.738 ± 

0.123 stomata/mm²) and largest guard cell length (25.96 ± 1.25 µm), indicating potential for rapid gas exchange, but 

achieved intermediate grain yields of 830–870 g/plot and 915–950 g/plot in the first and second harvests, respectively. 

These findings highlight the importance of integrating vegetative vigor, stomatal functionality, and reproductive 

allocation when selecting cowpea varieties for dry-zone conditions 

Key words: Cowpea, Varietal differences, Vegetative growth, Stomatal anatomy, Reproduction efficiency

 

INTRODUCTION 

Cowpea (Vigna unguiculata (L.) Walp), commonly 

known as black-eyed pea, is an important legume crop 

with significant nutritional, agronomic, and ecological 

value in tropical and subtropical agroecosystems (Walp 

et al., 2024).Cowpea seeds and leaves are excellent 

sources of plant-based protein (20-30%), 

carbohydrates, vitamins, and essential minerals, 

making them crucial in addressing protein-energy 

malnutrition and micronutrient deficiencies in low-

income populations, including rural communities in Sri 

Lanka (Abebe & Alemayehu, 2022). 

Furthermore, the balanced amino-acid profile of 

cowpea complements cereal proteins, improving 

overall dietary quality when consumed with staples like 

rice or maize (Elhardallou et al., 2015).In Sri Lanka, 

cowpea is widely cultivated in dry and intermediate 

zones and is incorporated into traditional cropping 

systems both as a grain and a vegetable (Lanka et al., 

2013).The crop  ability to thrive under water-limited 

conditions and on low-fertility soils enhances its 

suitability for semi-arid regions like Batticaloa, 

characterized by erratic rainfall and frequent drought 

spells (Soujanya & Gurjar, 2024).  

Drought tolerance stems from its adaptive physiology, 

enabling sustained growth and reproduction even under 

soil moisture deficits attributes that are increasingly 

valuable under climate change scenarios (Nunes et al., 

2022).Beyond nutritional security, cowpea plays a 

critical role in sustainable agricultural systems through 

biological nitrogen fixation (Shevkani et al., 

2025).With symbiotic rhizobia in root nodules, cowpea 

can fix atmospheric nitrogen, improving soil fertility 

and reducing reliance on external nitrogen fertilizers 

(Hui et al., 2025).Enhancing soil nitrogen not only 
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improves the productivity of subsequent crops but also 

contributes to soil health and ecosystem functioning, 

particularly in the degraded and nutrient-poor soils 

common in Eastern Sri Lanka (Hui et al., 2025).These 

features make cowpea an essential component of crop 

rotation, intercropping, and sustainable intensification 

strategies designed to support smallholder livelihoods 

(Kim et al., 2025).Despite its importance, yield 

stability and performance of cowpea varieties vary 

spatially due to genotype × environment interactions, 

making region-specific evaluation essential to identify 

varieties that match local agroecological conditions 

(Ndenkyanti et al., 2022). 

Vegetative traits like plant height, branch number, leaf 

number, and leaf area index are key indicators of early 

growth vigor and canopy development that influence 

light interception, biomass accumulation, and 

ultimately grain yield (Abebe & Alemayehu, 2022) 

However, variability in these traits among cowpea 

genotypes has been documented, underscoring the need 

for targeted evaluation for specific regions like 

Batticaloa.  

In Sri Lanka, limited research has investigated the 

variability of cowpea genotypes across diverse climatic 

zones, particularly in the Eastern Province. Most 

studies have focused on drought responses at critical 

growth stages (e.g., flowering) or general cultivation 

patterns rather than comparative performance of 

widely grown varieties such as Dawala, Waruni, and 

MI 35 under local conditions (Camarero et al., 2025). 

Moreover, existing literature often lacks 

comprehensive integration of vegetative growth 

parameters with yield outcomes, creating a research 

gap in understanding how early growth dynamics 
predict final yield performance in drought-prone 

landscapes of Sri Lanka (Unguiculata, 2019).Given 

these gaps, our study aimed to evaluate growth and 

yield performance of three cowpea varieties in 

Batticaloa, focusing on vegetative growth variables 

alongside yield data to determine the best-adapted 

variety for sustainable production in this region. This 

research not only provides empirical insights for local 

variety recommendation but also contributes to climate 

smart legume production strategies critical for food 

security, soil fertility management, and farmer 

livelihoods in Eastern Sri Lanka. 

MATERIALS AND METHODS 

Experimental Location 

The experiment was conducted in the Batticaloa 

District of the Eastern Province, Sri Lanka, which falls 

within the Low Country Dry Zone agro-ecological 

region. The experimental site is characterized by a 

tropical dry climate with distinct wet and dry seasons. 

Rainfall is predominantly received during the 

Northeast monsoon, while the remaining months 

experience relatively dry conditions. The region 

experiences comparatively high temperatures 

throughout the year, with warm daytime conditions 

favorable for legume cultivation. Soils in the area are 

generally sandy to sandy loam in texture and are 

considered low in inherent fertility, which is typical of 

agricultural lands in the Eastern Province. These agro-

climatic conditions make the region well suited for 

cowpea (Vigna unguiculata L.) cultivation and provide 

an appropriate environment for evaluating varietal 

performance and treatment effects under dry-zone 

conditions. 

Planting Materials 

Three cowpea (Vigna unguiculata L.) varieties, MI 35, 

Dawala, and Waruni, were obtained from the Legumes 

and Oil Crops Research Centre, Angunakolapelessa, 

Sri Lanka. 

Experimental Design 

The experiment was conducted in treatment plots of 30 

m² arranged in a randomized complete block design 

(RCBD) with three replicates. Each replicate consisted 

of twenty-five plants, with spacing maintained at 45 cm 

between rows and 30 cm between plants within 

rows,and all experimental units were maintained under 

uniform agronomic and environmental conditions 

throughout the study period (Yala Season). 

Crop Management and Establishment 

Cowpea (Vigna unguiculata L.) seeds were directly 

sown in the field at the recommended spacing during 

the Yala season. Irrigation was applied every four days 

during the first three weeks after sowing and 

subsequently every seven days, with special attention 

given to the flowering and pod-filling stages. All land 

preparation, irrigation, weed, pest, and disease 

management practices were carried out according to 

the recommendations of the Department of Agriculture 

(DOA), Sri Lanka, and were maintained uniformly 

across treatments throughout the experimental period. 

Data Collection 

Growth parameters were recorded at 2, 4, and 6 weeks 

after planting (WAP). Plant height (PH), number of 

branches per plant (NB), number of leaves (NL), and 

leaf area index (LAI) were measured, while yield 

performance was assessed through first and second 

grain harvests. Stomatal characteristics were 
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determined using the clear nail polish impression 

technique. Fully expanded leaves were collected from 

the abaxial (lower) surface of randomly selected plants 

within each variety during morning hours. A thin layer 

of transparent nail polish was applied and allowed to 

dry, after which the impression was carefully removed 

and mounted on glass slides. Stomatal observations 

were conducted under a compound light microscope at 

40× magnification, and the number of stomata per 

microscopic field was recorded (Wu & Zhao, 

2017;Idris et al., 2019). 

Statistical Analysis 

Data was tested for normality to satisfy the 

assumptions of ANOVA. Subsequently, analysis 

of variance (ANOVA) was performed to 

determine significant differences among cowpea 

varieties. Mean separation was performed using 

Tukey’s honestly significant difference (HSD) 

test. Results are presented as mean ± standard 

error (SE), and differences among means were 

considered significant at the 5% probability level 

(p ≤ 0.05). 

RESULTS  
 

Evaluation of Morphological traits  

Plant height  

Plant height differed significantly among the three 

cowpea varieties at 2, 4, and 6 weeks after planting 

(WAP) (p < 0.001; Figure 1). At 2 WAP, MI 35 

recorded the greatest plant height (16.88 ± 0.43 cm), 

followed by Waruni (4.84 ± 1.33 cm) and Dawala (3.68 

± 0.94 cm). This varietal trend persisted at 4 WAP, with 

MI 35 remaining markedly taller (31.01 ± 0.85 cm), 

while comparatively lower heights were observed in 

Waruni (16.48 ± 2.25 cm) and Dawala (11.20 ± 1.04 

cm). At 6 WAP, MI 35 continued to exhibit the highest 

plant height (17.72 ± 1.92 cm), whereas Waruni (13.28 

± 0.98 cm) and Dawala (14.40 ± 1.15 cm) showed 

reduced growth relative to MI 35. The consistently 

superior early and mid-stage growth of MI 35 suggests 

greater vegetative vigor and better adaptation to the low 

soil fertility and moisture-limited conditions 

characteristic of the Batticaloa Low Country Dry Zone, 

indicating its suitability for cultivation under dry-zone 

agro-ecological conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Variation in plant height of selected cowpea (Vigna 

unguiculata L.) varieties measured at 2(A), 4 (B) ,and 6 weeks (C) 

after planting (WAP) 

Number of Leaves 

There was significant variation in the number of leaves 

among the tested cowpea varieties. Across all growth 

stages (2, 4, and 6 WAP) (Figure 2), MI 35 consistently 

exhibited the highest leaf number, recording 8.90 ± 

0.93 at 2 WAP, 27.12 ± 1.85 at 4 WAP, and 36.92 ± 

1.99 at 6 WAP, all significantly higher than Dawala 

(2.52 ± 0.51, 12.40 ± 1.12, 21.28 ± 1.45) and Waruni 

(2.32 ± 0.47, 11.68 ± 1.20, 20.84 ± 1.32) (p < 0.001). 
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Dawala and Waruni did not differ significantly from 

each other at any stage. The consistently greater leaf 

production of MI 35 suggests superior vegetative vigor, 

potentially enhancing photosynthetic capacity and 

supporting better adaptation under the low fertility and 

moisture-limited conditions of the Batticaloa Low 

Country Dry Zone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Variation in the number of leaves of selected cowpea 

(Vigna unguiculata L.) varieties measured at 2(A), 4 (B), and 6 

weeks (C) after planting (WAP) 

Number of branches  

Branch development was not observed at 2 weeks after 

planting (WAP), indicating that the plants were still in 

the early vegetative growth stage. Significant 

differences among varieties were observed at 4 WAP 

(p = 0.006) (Figure 3), with 

 MI 35 producing a significantly higher number of 

branches (2.84 ± 0.37) compared to Dawala and 

Waruni. By 6 WAP, MI 35 maintained a higher mean 

number of branches (4.28 ± 0.67), although the 

differences among the varieties were no longer 

statistically significant (p = 0.122). These results 

suggest that MI 35 exhibits earlier branching, which 

may contribute to enhanced vegetative vigor and 

potential yield advantages under the low fertility and 

moisture-limited conditions of the Batticaloa Low 

Country Dry Zone. 

Figure 3. Variation in the number of branches of selected cowpea 

(Vigna unguiculata) L.) varieties at 4 (A), and 6 weeks (B) after 

planting (WAP) 

Leaf area index 

Leaf area index (LAI) exhibited significant varietal 

differences at 2 and 6 weeks after planting (WAP), 

while no significant variation was observed at 4 WAP. 

At 2 WAP, Waruni recorded the highest LAI (14.86 ± 

2.42), which was significantly greater (p < 0.001) than 

MI 35 (12.62 ± 1.59) and Dawala (12.62 ± 1.59). At 4 

WAP, LAI values were comparable among all varieties 

(p = 0.901).  

By 6 WAP, MI 35 achieved the highest LAI (33.00 ± 

1.33), followed closely by Waruni (32.26 ± 1.39), 

whereas Dawala recorded the lowest value (32.00 ± 

1.42), with differences among varieties being 

statistically significant (p = 0.036) (Figure 4). Higher 
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MI 35 values were observed at later growth stages, 

which may be associated with better plant growth 

performance, which may enhance light interception 

and photosynthetic efficiency, supporting improved 

adaptation to the low fertility and moisture-limited 

conditions of the Batticaloa Low Country Dry Zone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Variation in leaf area index of selected cowpea (Vigna 
unguiculata L.) varieties measured at 2(A), 4 (B), and 6 weeks (C) 
after planting (WAP) 

Stomatal Traits 

Stomatal traits, which regulate gas exchange and water 

loss, showed significant variation among the tested 

cowpea varieties, reflecting differences in potential 

photosynthetic efficiency and adaptation strategies 

(Figure 5). 

Stomatal density, expressed as the number of stomata 

per mm², was highest in Waruni (2.738 ± 0.123), 

followed closely by MI 35 (2.710 ± 0.054) and Bombe 

(2.652 ± 0.113), indicating a higher potential for CO₂ 

assimilation. In contrast, ANKCP1 (2.275 ± 0.215) and 

Dawala (2.440 ± 0.021) recorded lower stomatal 

densities, suggesting a more conservative water-use 

strategy, while MICP1 (2.616 ± 0.095) showed 

intermediate density. 

Guard cell dimensions, a key determinant of stomatal 

opening capacity, also varied significantly among 

varieties. Waruni exhibited the longest guard cells 

(25.96 ± 1.25), whereas Bombay (19.23 ± 0.29) and 

MICP1 (18.79 ± 0.38) had shorter cells. Guard cell 

width varied only slightly (8.558 ± 0.48 µm in Bombay 

to 9.03 ± 0.21 µm in ANKCP1), indicating that length 

was the main contributor to functional differences. 

Larger guard cells in Waruni may facilitate faster 

stomatal opening and increased transpiration under 

favorable conditions, while shorter guard cells in 

MICP1 and Bombay may reduce water loss, 

representing an adaptive response to dry conditions. 

Pore dimensions, reflecting the functional aperture of 

the stomatal complex, showed notable varietal 

differences. ANKCP1 and Waruni had the widest pores 

(4.017 ± 0.25 and 3.960 ± 0.27, respectively), whereas 

MICP1 had narrower pores (3.474 ± 0.27). Pore length 

followed a slightly different pattern, with MICP1 

having the longest pores (13.248 ± 0.57) despite lower 

width, suggesting an elongated, narrow aperture that 

may influence transpiration differently from broader, 

shorter pores. Dawala and Bombay exhibited 

intermediate pore lengths, indicating moderate 

stomatal functionality. These differences highlight 

varietal strategies for balancing CO₂ uptake with water 

conservation, a key consideration in the low-fertility, 

moisture-limited conditions of Eastern Sri Lanka. 

Stomatal ratio further emphasized varietal adaptation. 

The variety Waruni had the highest ratio (2.920 ± 0.17), 

suggesting stomata are concentrated on the abaxial 

surface to reduce direct evaporative water loss while 

maintaining photosynthetic efficiency.  

The variety MICP1 had the lowest ratio (2.102 ± 0.11 

C), indicating a more uniform stomatal distribution, 

which may favor balanced gas exchange under 

moderate conditions. 

The Waruni and ANKCP1 exhibited stomatal traits 

conducive to high gas exchange, with large guard cells, 

wide pores, and high stomatal ratios, potentially 

supporting enhanced growth and stress tolerance. 

Conversely, Dawala displayed traits favoring water 

conservation, consistent with its superior yield 

performance under the Batticaloa Low Country Dry 

Zone. MI 35, while having high vegetative vigor and 
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moderate stomatal density, demonstrated a trade-off 

between early growth potential and final grain yield 

under low-input, dry-zone conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Stomatal characteristics of selected cowpea (Vigna    

unguiculata L.) varieties, A-ANKCP1 B-WARUNI C-BOMBAY D-
MI35 E-DAWALA F-MICP1 

Yield and Productivity 

Yield performance differed significantly among the 

three cowpea (Vigna unguiculata L.) varieties 

cultivated in 30 m² plots arranged in a randomized 

complete block design (RCBD) with three replicates (p 

< 0.001; Figure 5). MI 35 produced the lowest average 

yield per plot, with 400 ± 12 g in the first harvest and 

750 ± 15 g in the second harvest. Waruni exhibited 

intermediate yields, averaging 850 ± 20 g in the first 

harvest and 933 ± 18 g in the second harvest, whereas 

Dawala recorded the highest yields, with 1,390 ± 35 g 

in the first harvest and 1,238 ± 28 g in the second 

harvest, (Figure 6) indicating statistically significant 

superiority over the other two varieties. 

The yield trends are closely linked to vegetative growth 

characteristics. MI 35 displayed superior early 

vegetative vigor, with higher plant height, leaf number, 

and leaf area index. However, its relatively low 

branching and compact canopy likely limited pod 

formation and grain accumulation. In contrast, Dawala, 

which showed moderate early vegetative growth, 

developed a more balanced canopy structure and 

greater branching at later stages, supporting higher pod 

set and grain production. Waruni exhibited 

intermediate vegetative growth and yield performance. 

Similar results were reported by (Muhaijeer et al. et 

al., 2008), who observed significant differences in 

growth and yield among cowpea cultivars grown in 

sandy regosols of Batticaloa, emphasizing the 

importance of selecting suitable cultivars for dry-zone 

conditions. While early vegetative vigor can aid 

establishment under challenging conditions, canopy 

architecture, branching pattern, and pod formation 

capacity are critical determinants of final grain yield. 

For local farmers, Dawala represents a high-yielding 

variety suited to the dry-zone environment, offering 

both improved productivity and resilience under low-

input conditions, which can contribute to enhanced 

food security and farm income in the region. 

Figure 6. Average grain yield per 30 m² plot of selected cowpea 

(Vigna unguiculata L.) varieties in first (A) and second harvests (B)  

DISCUSSION 

This study demonstrated significant varietal 

differences in vegetative growth, stomatal traits, and 

grain yield among selected cowpea (Vigna unguiculata 

L.) varieties grown under Batticaloa Low Country Dry 

Zone conditions. The observed variations align with 

previous Sri Lankan research indicating that cowpea 

performance is highly dependent on varietal 

characteristics and management conditions. 

The present findings are consistent with the results 

reported by (Muhaijeer et al. et al., 2008), who 

observed significant differences in growth and yield 
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among cowpea (Vigna unguiculata) cultivars 

cultivated in the sandy regosols of the Batticaloa 

district. Their study highlighted the importance of 

varietal adaptability to low-fertility sandy soils in 

improving productivity under dry-zone conditions. 

Similarly, in the present study, significant variation 

was observed among the tested cultivars in 

vegetative growth, stomatal traits, and grain yield, 

confirming that varietal selection plays a crucial role in 

enhancing cowpea performance in the Low Country 

Dry Zone of Sri Lanka. 

Consistent with earlier findings on root and 

morphological traits, cowpea varieties exhibit 

substantial differences in early growth and yield 

component traits under stress conditions.(Santos et al., 

2020) reported that root morphology was closely 

associated with yield potential, particularly under 

moisture stress, suggesting inherent varietal 

differences in water and nutrient acquisition strategies 

that influence above-ground growth and productivity. 

In our study, MI 35 exhibited strong early vegetative 

vigor (height, leaf number, and LAI), a trait that may 

be linked to resource acquisition strategies highlighted 

in root trait research. However, MI 35’s vigor did not 

translate into the highest yield, indicating that early 

vegetative investment alone may not guarantee 

reproductive success under dry-zone stress. 

Regarding plant growth performance and yield, 

intercropping arrangement research showed that spatial 

patterns significantly influence cowpea growth and 

yield, underlining the importance of plant growth 

performance and light interception in yield formation 

(Banjara et al., 2022). In our results, Dawala developed 

a more balanced canopy and branching pattern, which 

likely enhanced pod set and grain yield, consistent with 

these earlier observations. 

Stomatal traits play a critical role in balancing carbon 

assimilation and water loss, particularly under dry-zone 

conditions. (Wijayaraja et al., 2023) found that water 

stress during the flowering stage significantly affected 

leaf gas exchange and hydraulic traits, leading to 

reduced yields in cowpea varieties, with some varieties 

like Waruni being more resilient due to maintenance of 

functional leaf traits under stress. Our observation that 

Waruni and ANKCP1 had high stomatal density and 

functional pore characteristics suggests enhanced 

potential for gas exchange, which may support growth 

under moderate stress but could also increase water loss 

under severe dry conditions. In contrast, Dawala 

exhibited comparatively lower stomatal density and 

intermediate leaf anatomical characteristics. This 

conservative stomatal behavior may have reduced 

excessive water loss, thereby improving water-use 

efficiency under moisture-limited conditions of the 

Batticaloa Low Country Dry Zone. Such a strategy 

likely enabled Dawala to maintain better physiological 

stability during the reproductive stage, ultimately 

contributing to superior grain yield. These findings are 

consistent with previous reports indicating that 

varieties with moderated stomatal density and 

improved water-use efficiency perform better under 

dry-zone stress conditions (Wijayaraja et al., 2023). 

Soil fertility and nutrient management have been 

shown to significantly influence cowpea growth and 

yield in Sri Lanka. For instance, (Priyadharshini & 

Seran, 2010) demonstrated that paddy husk ash 

application improved yield components, emphasizing 

the role of potassium in supporting reproductive 

growth. Similarly,  (Lanka et al., 2023) found that 

organic amendments such as cow dung and 

jeewamirtha enhanced vegetative growth and yield, 

illustrating the importance of balanced nutrient 

supplies for optimal performance. These findings 

suggest that varietal differences in nutrient 

responsiveness may also contribute to observed yield 

variation in our experiment. 

Moisture stress research in Sri Lanka has repeatedly 

underscored the need for varieties that maintain gas 

exchange and leaf function under limited water 

availability. (Wijayaraja et al., 2023) emphasized that 

reductions in leaf functional traits directly influenced 

yield parameters under mild stress, reinforcing the 

importance of stomatal and hydraulic traits for 

resilience. The stomatal data support this concept: 

stomatal traits of Waruni variety may support sustained 

photosynthesis in intermittent dry periods, whereas 

Dawala conservative stomatal configuration likely 

contributed to better water retention and higher grain 

yield under prolonged dry conditions. 

Breed improvement and varietal selection studies have 

highlighted the genetic variability present in Sri 

Lankan cowpea germplasm and the potential for 

enhancing adaptation and productivity through targeted 

breeding (Fiscus et al., 2024; Lanka, 2016). The 

significant differences observed in stomatal, 

vegetative, and yield traits in our study underscore the 

importance of germplasm diversity in addressing Dry 

Zone challenges. Genetic variability studies also 

emphasize the value of selecting varieties with specific 

morpho-physiological traits to improve yield stability 

in marginal environments (Begna & Teressa, 2024). 

The practical implications for farmers in the Dry Zone 

are clear. Varietal selection should not only emphasize 

early vigor and fast growth but also focus on traits that 

enhance water-use efficiency and reproductive success 

under moisture stress. Grain yield of Dawala variety 
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under Batticaloa conditions suggests that conservative 

stomatal behavior, balanced canopy architecture, and 

efficient resource allocation are key determinants of 

productivity. This supports the recommendation of 

cowpea varieties that maintain functional traits under 

stress for inter-season cultivation and residual moisture 

utilization, as suggested by earlier Sri Lankan studies 

on moisture stress tolerance in cowpea (Wijayaraja et 

al., 2023). There has been increasing interest in 

sustainable agricultural practices in modern 

agriculture, with many studies exploring the use of 

organic inputs as environmentally friendly alternatives 

(Kasthurirathna et al., 2025; Kumarasena et al., 2025; 

Pushpakumari et al., 2023; Wijesundara et al., 2025; 

Wijesundara et al., 2026). 

Future research should integrate stomatal and root trait 

analysis with physiological assessments of water-use 

efficiency and nutrient uptake dynamics, building on 

existing Sri Lankan findings that link morphological 

traits to yield outcomes. Multi-locational trials across 

dry-zone microclimates would further validate varietal 

adaptability and support the development of region-

specific agronomic recommendations. 

CONCLUSIONS 

The present study revealed significant varietal 

differences in growth, yield, and stomatal anatomical 

traits among the evaluated cowpea varieties cultivated 

under the water limited conditions of Eastern province, 

Sri Lanka. These differences highlight the strong 

influence of genotypic variability on physiological 

performance, assimilate partitioning, and yield 

formation. 

The variety MI 35 exhibited vigorous vegetative 

growth characterized by greater plant height, leaf 

number, and higher stomatal density, indicating high 

photosynthetic potential. However, this did not 

translate into higher yield, suggesting inefficient 

assimilate allocation toward reproductive organs. In 

contrast, Dawala recorded the highest yield, which can 

be attributed to superior reproductive efficiency, 

balanced vegetative growth, and moderate stomatal 

characteristics that favor effective water-use regulation 

and sustained pod development under field conditions. 

The variety Waruni showed anatomical traits 

associated with high gas exchange capacity, including 

larger guard cells, wider stomatal pores, and a higher 

stomatal ratio, suggesting strong physiological activity.  

The integration of growth, yield, and stomatal traits 

indicates that optimal cowpea productivity depends not 

only on enhanced photosynthetic capacity but also on 

efficient assimilate partitioning and balanced stomatal 

regulation. The variety Dawala emerges as a promising 

variety for higher yield under the tested planting 

density and environmental conditions.  
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ABSTRACT

Gamma irradiation has become an important tool in in-vitro propagation, especially for mutation breeding in clonally 

propagated crops. This study investigates the radiosensitivity of Calotropis gigantea plants in in-vitro culture exposed 

to gamma irradiation. The experiment was conducted at the tissue culture laboratory of the University of Colombo 

Institute for Agro-Technology and Rural Sciences under a Complete Randomized Design with 5 treatments and 15 

replicates per treatment.  Mature seeds of C. gigantea were exposed to surface sterilization and germinated in half-

strength MS medium supplemented with 0.5 mg/L BAP. After germination, hypocotyl segments were separated and 

used as explants. Explants were inoculated into induction medium containing 2.5 mg/L BAP and 0.1 mg/L NAA. The 

cultures were exposed to four gamma irradiation doses such as 100 Gy, 125 Gy, 150 Gy, and 175 Gy, with 0 Gy as a 

control, using a Cobalt-60 research irradiator. The effects of gamma irradiation on plant survivability, shoot number, 

and shoot length were recorded over six weeks. The results indicated that gamma irradiation significantly reduced 

the survivability, shoot number, and shoot length in a dose-dependent manner (P≤ 0.05). At the lowest dose of 100 

Gy, survivability decreased to 69.30%, while at the highest dose of 175 Gy, it dropped to 29.84%. Similarly, shoot 

number and shoot length also showed a significant reduction with increasing doses, with the control plants exhibiting 

the highest values. The LD50 value was estimated at 138.2 Gy, suggesting that doses near this threshold are sufficient 

to induce variability without significantly impairing regenerative capacity in-vitro. These findings highlight the 

potential of gamma irradiation in mutation breeding, but also emphasize the need for caution with higher doses. The 

results suggest that for Calotropis gigantea, irradiation doses above 138 Gy may significantly hinder regeneration, 

making lower doses more appropriate for genetic variation. 

Keywords: Calotropis gigantea; Explant; Hypocotyl segments; Gamma irradiation; LD₅₀; Regeneration

INTRODUCTION 

The use of gamma irradiation has emerged as a 

valuable technique in plant tissue culture and in-vitro 

propagation, particularly in mutation breeding of 

clonally propagated crops (Jain, 2010). It offers a way 

to generate heritable genetic variation where 

conventional breeding methods are limited. When 

explants are irradiated under micropropagation 

conditions, mutations can be induced at the cellular 

level, and subsequent plant regeneration enables the 

fixation of desirable variants. This approach is 

particularly valuable for ornamentals such as 

chrysanthemum, where genetic uniformity and 

chimeric mutations are common barriers, and in 

industrial crops such as patchouli, which are 

traditionally propagated vegetatively (Normasari et al., 

2023; Datta et al., 2005).  

The response of explants to irradiation is highly depend 

on dose. In patchouli, leaf explants exposed to doses 

ranging from 15 to 75 Gy showed clear physiological 

stress, including phenolic browning, which intensified 

with dose and reached 100% at 75 Gy after eight 

weeks. Survival was unaffected at low doses (up to 15 

Gy) but declined gradually thereafter, although 

moderate doses, such as 30–45 Gy, still maintained 

relatively high regenerative potential. Shoot formation 

followed a similar pattern: at 15–45 Gy, shoot 

production remained reasonably high, whereas at 60–
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75 Gy, both the number and vigor of shoots were 

substantially reduced. In chrysanthemum ray florets, 

direct organogenesis also declined with irradiation, but 

regeneration was still possible across a range of doses, 

providing a pathway for recovering useful mutants 

(Normasari et al., 2023; Datta et al., 2005).  

An essential step in applying gamma irradiation in 

tissue culture is determining the lethal dose that kills 

half the explants (LD₅₀). In patchouli, this was 

estimated at 69 Gy, providing a benchmark for 

establishing treatment windows. While LD₅₀ defines 

the upper threshold, practical applications often favor 

sub-lethal doses that maintain high regeneration 

frequencies. Interestingly, plantlets regenerated at low 

to moderate doses (15–45 Gy) displayed increased 

vigor compared with controls, with greater plant height 

and improved root development. At 30 Gy in particular, 

plantlets showed enhanced growth characteristics, 

while doses at 60–75 Gy inhibited both shoot and root 

development. This biphasic response, known as 

hormesis, highlights how carefully chosen irradiation 

doses can stimulate desirable growth while 

simultaneously introducing genetic variability 

(Normasari et al., 2023).  

One challenge in mutation breeding is the occurrence 

of chimeras, where mutated and non-mutated sectors 

coexist in a plant. Such instability can result in the loss 

of mutations during subsequent vegetative 

propagation. The use of direct organogenesis from 

single-cell-derived tissues is a key strategy to avoid this 

problem. In chrysanthemum, irradiated ray florets 

regenerated directly into shoots without an 

intermediate callus stage, thereby minimizing 

chimerism. This method produced stable, solid mutants 

that expressed new flower colours and floret shapes 

consistently across generations. The adventitious bud 

technique, which promotes regeneration from single or 

small groups of cells, further enhances the likelihood 

of producing genetically stable mutants (Datta et al., 

2005).  

Beyond phenotypic variation, molecular screening is 

important for confirming genetic changes induced by 

irradiation. In patchouli, simple sequence repeat (SSR) 

markers revealed polymorphisms between irradiated 

and non-irradiated plants. For example, primer Pca1 

exhibited 77.3% polymorphism and Pca2 showed 50%, 

indicating that irradiation effectively generated genetic 

diversity at the molecular level. Such molecular 

markers provide an efficient way to detect and confirm 

variation early in the propagation process, allowing 

researchers to prioritize lines with the greatest potential 

for breeding or commercial exploitation (Normasari et 

al., 2023). 

Gamma irradiation in in-vitro systems is presented as a 

direct and efficient method for generating stable 

mutants in ornamentals. Conventional induced 

mutagenesis often results in chimeras due to 

multicellular apices, but when irradiation is applied to 

in-vitro cultured explants, the process favors the 

recovery of solid mutants. Datta (2023) describes 

experiments in chrysanthemum where ray florets 

irradiated with gamma rays (0.5–1 Gy) regenerated 

into plants showing stable flower colour and shape 

mutations without any chimeric instability. Mutation 

frequencies of 10–20% were recorded, producing 

variants such as tubular florets or novel colour 

combinations, which were immediately fixable in 

culture. This supports earlier work (Datta et al., 2005) 

that showed how in-vitro mutagenesis could bypass the 

lengthy two-step process of field mutagenesis followed 

by tissue culture, offering a shorter route to commercial 

mutant lines. 

The review by Datta, (2023) also stresses the 

advantages of in-vitro mutagenesis over field-based 

methods: larger effective population sizes can be 

handled in limited space, uniform exposure of cells to 

mutagens can be achieved, and regeneration under 

controlled culture conditions ensures survival of 

desirable sectors. In addition, the integration of tissue 

culture with mutagenesis allows simultaneous chimera 

management, as mutated ray florets or leaf explants can 

be regenerated into whole plants that express the 

mutation stably. This has led to the release of several 

new ornamental cultivars with unique flower colours 

and shapes, underpinning the role of gamma irradiation 

in innovation-driven floriculture. 

Gamma irradiation integrated with in-vitro propagation 

enables the induction and fixation of genetic variability 

in clonally propagated species. The process requires 

careful calibration of dose, as low to moderate ranges 

can enhance growth while inducing heritable changes, 

whereas high doses compromise survival and 

regeneration. Avoiding callus stages and promoting 

direct organogenesis reduces the risk of chimerism, 

allowing the recovery of stable solid mutants.  

Misra et al, (2007) investigated the chrysanthemum 

cultivar 'Madam E. Roger', a large-flowered greenish-

white variety, for in-vitro propagation and mutagenesis 
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to induce genetic variability. A protocol was 

successfully standardized for the large-scale 

production of high-quality planting material suitable 

for commercial cultivation. Shoot bud differentiation 

from ray florets was achieved on a medium 

supplemented with 0.5 mg L⁻¹ NAA and 2.0 mg L⁻¹ 

BA. The regenerated shoots were subsequently 

multiplied on the same medium, rooted in the presence 

of 0.5 mg L⁻¹ NAA, and acclimatized for field 

establishment. Furthermore, treatment of freshly 

inoculated ray florets with 1.0 Gy gamma (γ) radiation 

resulted in the development of a stable yellow-flowered 

mutant, demonstrating the effectiveness of in-vitro 

mutagenesis in generating novel genetic variation. 

Molecular markers such as SSRs further validate the 

occurrence of genetic changes. Together, these 

strategies demonstrate that in-vitro mutagenesis with 

gamma rays is an effective approach for generating and 

stabilizing novel variants in both industrial crops and 

ornamentals. 

MATERIALS AND METHODS 

Experimental site 

The experiment was conducted in the research 

laboratory at the University of Colombo Institute for 

Agro-technology and Rural Sciences (UCIARS). 

Surface sterilization  

Mature seeds were collected from healthy mother 

plants after the pods had shattered and transferred to the 

lab. Seeds were sterilized by using 70% ethyl alcohol 

for 10 minutes and 1% NaOCl for 3 minutes. Surface-

sterilized seeds were transferred into culture vessels 

containing 30 ml of half-strength MS medium 

(Murashige and Skoog, 1962), supplemented with 0.5 

mg/L BAP. Glass vessels were labeled and kept on 

racks at 25 °C in the dark for two weeks. Followed by 

a light intensity of 2000 lux for three weeks with a 12-

hour photo period. 

Inoculation of explants into the medium for culture 

initiation 

Standard basal MS salt medium was used as the 

induction medium, supplemented with 2.5 mg/L BAP 

and 0.1 mg/L NAA. 30 ml of the prepared medium was 

poured into each 250 ml glass vessel and autoclaved for 

15 minutes at 121°C.  

After 3 weeks from seed germination, hypocotyl 

segments were excised from the germinated plants and 

used as ex-plants. The hypocotyl segments were treated 

with 20% ethanol for 30 seconds and washed twice 

with Sterilized Distilled Water (SDH₂O) to remove 

residual disinfectant and minimize phytotoxic effects. 

The surface-sterilized Calotropis gigantea ex-plants 

(hypocotyl segments) were inoculated into the 

induction medium under aseptic conditions in a laminar 

flow hood. Then culture vessels were sealed and kept 

on culture racks in the growth room (Temperature was 

25 °C, Relative Humidity was 70% and light intensity 

was 2000 lux for 12 hours per day) for four weeks.  

Proliferation stage 

Proliferation media were prepared by adding two 

synthetic plant growth regulators, 3.0 mg/L BAP (6-

Benzyl Amino Purine) and 0.1 mg/L NAA 

(Naphthalene-Acetic Acid) to MS medium. Cultures in 

induction medium were transferred to the proliferation 

medium in a laminar flow hood and maintained at 25 

°C temperature, 70% Relative Humidity and the light 

intensity of the LED was 2000 lux for 12 hours per day.  

Exposure to gamma irradiation 

Cultured glass vessels were exposed to gamma 

irradiation at the Horticultural Crops Research and 

Development Institute (HORDI), Gannoruwa, Sri 

Lanka, using a Cobalt-60 research irradiator.  Two 

glass vessels containing sprouts were placed in the 

chamber at a time for irradiation. The entire process 

was carried out systematically to ensure consistent 

exposure across all the planting materials. Four gamma 

irradiation doses, such as T1 – 100 Gy, T2 – 125 Gy, 

T3 – 150 Gy, and T4 – 175 Gy, were used as treatments 

with a 0 Gy control. After gamma irradiation, planting 

materials were transferred carefully to the laboratory. 

All glass vessels were carefully cleaned with 70% 

alcohol using cotton. Then, they were arranged in a 

Completely Randomized Design (CRD) with 06 

replicates per treatment. Gamma-irradiated cultures 

were maintained at 25 °C, 70% Relative Humidity, and 

an LED light intensity of 2000 lux for 12 hours for six 

weeks. Survival percentage (%), shoot number and 

shoot length were recorded over the period. The LD50 

value was calculated from survival data.      

Data analysis 

Collected data were statistically analyzed using 

Minitab 19 and SAS statistical software. In Minitab 19, 
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a one-way ANOVA general linear model test was 

performed and the Dunnett and Tukey tests were used 

to ascertain significant differences among treatments at 

the 5% significance level. 

RESULTS AND DISCUSSION 

Effect of gamma irradiation in in-vitro culture of 

Calotropis gigantea 

Effect of treatments on plant survivability  

The results showed that treatments had a significant 

effect on the survival of Calotropis gigantea plants in 

in-vitro culture (P≤0.05). 

Table 1. Effect of gamma irradiation of Calotropis gigantea in in-

vitro culture on survivability 

Treatment Mean Survivable Rate (%) ± SD SE 

0 Gy 99.90a ± 0.14 0.06 

100 Gy 69.30b ± 1.89 0.85 

125 Gy 58.79c ± 3.48 1.56 

150 Gy 41.64d ± 3.49 1.56 

175 Gy 29.84e ± 3.43 1.53 

Sig. *  

Means followed by the different letters in the same column are 

significantly different at 5% probability level. * Represents 

significant at 5% and “ns” represents not significant 

 

At the lower irradiation dose of 100 Gy, survivability 

decreased to 69.30%, a substantial reduction compared 

with the control plants (99.90%). As the irradiation 

dose increased to 125 Gy, the survival rate further 

decreased to 58.79%. This suggests that Calotropis 

gigantea is relatively resilient at lower doses, but its 

survival rate declines sharply at higher doses. By the 

time the dose reaches 150 Gy, the survival rate drops to 

41.64%, and at 175 Gy, it is only 29.84%, representing 

the significantly lowest survivable rate (Table 1). 

This trend of reduced survival with increasing gamma 

irradiation is consistent with the findings of other 

studies on plant species exposed to ionizing radiation. 

For example, in a study on Solanum lycopersicum 

(tomato), irradiation doses of 150 Gy significantly 

reduced germination and growth, effects similar to 

those observed in this study (Mekonnen et al., 2013). 

In another study on Arabidopsis thaliana, a dose-

dependent decline in plant growth and survival was 

also observed under gamma irradiation (Zhang et al., 

2015).  

Mechanisms of Gamma Irradiation Damage 

The observed dose-dependent decrease in survival 

could be attributed to damage from ionizing radiation, 

which leads to oxidative stress, DNA strand breaks and 

apoptosis. At higher doses, plant cells may be unable to 

repair radiation-induced damage, leading to reduced 

overall survival (Ahmad et al., 2012). Moreover, the 

reduction in survival at 175 Gy in C. gigantea is 

consistent with findings in other plant species in which 

high radiation doses caused significant cellular damage 

and reduced regenerative capacity. This finding is 

important for understanding the thresholds beyond 

which Calotropis gigantea becomes vulnerable to 

gamma irradiation in in-vitro culture. 

Estimation of LD50 value of Calotropis gigantea in in-

vitro culture 

LD₅₀ (dose at which 50% of explants survive) was 

estimated using linear interpolation between 125 Gy 

(59%) and 150 Gy (42%), yielding a value of 

approximately 138.2 Gy (Figure 1). 

𝐿𝐷50 = 125 + (
59 − 50

59 − 42
× 25) ≈ 138.2 𝐺𝑦 

 

The results revealed that gamma irradiation of 

Calotropis gigantea in-vitro culture showed a clear 

dose-dependent decrease in survival with increasing 

irradiation dose. The LD50 value calculated from the 

logistic regression model was 138.2 Gy, which is the 

dose at which 50% of the population is expected to 

survive (Figure 1). This represents a significant 

reduction in C. gigantea survival indicating that 

gamma irradiation has a detrimental effect on the 

plant's survival at higher doses. 

Figure 1: Survivability of gamma irradiated Calotropis gigantea 

plants in the in-vitro proliferation 6 weeks after irradiation with LD50 

value 
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According to these findings, gamma irradiation can be 

applied in plant breeding and genetic studies and 

radiation dosages below 138 Gy are better to minimize 

the detrimental effect in in-vitro culture.  

This dose-dependent mortality trend aligns with 

findings in other plant species. For instance, Mishra 

and Swain (2007) reported that in Musa spp., 

survivability declined sharply beyond 40 Gy, with an 

LD₅₀ estimated at 30-40 Gy. Similarly, Apio et al. 

(2024) observed decreased survival in cassava callus 

and nodal cultures at doses exceeding 25 Gy, 

emphasizing the radiosensitivity of tropical species in 

tissue culture. 

Effect of gamma irradiated treatments on the mean 

number of shoots per plant 

The results revealed a significant difference (P≤ 0.05) 

in shoot number across all treatment levels (Table 2). 

Higher doses of gamma irradiation significantly 

reduced the number of shoots per plant. A significant 

dose-dependent decline in mean shoot number was 

observed in Calotropis gigantea in-vitro culture, 

indicating the negative impact of increasing gamma 

irradiation doses on plant development. The results 

clearly indicate that as the gamma irradiation dose 

increases, the mean number of shoots decreases 

significantly. The LD50 value calculated above for 

Calotropis gigantea was 138.2 Gy, corresponding to a 

50% reduction in shoot number. 

Table 2: Effect of treatments on the number of shoots 

Treatment Mean Shoot No. ± SD SE 

0 Gy 16.00a ± 0.56 0.25 

100 Gy 11.70b ± 0.48 0.21 

125 Gy 9.80c ± 0.45 0.20 

150 Gy 5.20d ± 0.17 0.08 

175 Gy 3.00e ± 0.16 0.07 

Sig. *  

Means followed by the different letters in the same column are 

significantly different at 5% probability level. * Represents 

significant at 5% and “ns” represents not significant 

At the lowest irradiation dose of 100 Gy, the mean 

shoot number decreases to 11.70 ± 0.48, a substantial 

reduction relative to the control group (16.00 ± 0.56). 

As the dose increases to 125 Gy, the mean number of 

shoots further decreases to 9.80 ± 0.45, indicating that 

higher doses of gamma radiation have a more 

pronounced negative effect on the plant's ability to 

produce shoots. At 150 Gy, the mean shoot number is 

reduced to 5.20 ± 0.17 and at the highest dose of 175 

Gy, the mean shoot number falls dramatically to 3.00 ± 

0.16. This sharp decline in shoot number suggests that 

Calotropis gigantea is highly sensitive to gamma 

irradiation at doses above 100 Gy with growth and 

development significantly inhibited at higher radiation 

levels (Table 2). 

These results align with previous studies on other plant 

species exposed to gamma radiation. For example, 

Solanum lycopersicum (tomato) exhibited reduced 

shoot and root growth following gamma irradiation, 

with higher doses causing a significant decline in 

growth (Bali et al., 2013). Similarly, a study on 

Arabidopsis thaliana reported a decrease in shoot 

number and overall growth when subjected to gamma 

doses above 100 Gy (Sayed et al., 2014). 

Gamma irradiation, being a form of ionizing radiation, 

can induce significant molecular and cellular damage 

in plants, including the generation of reactive oxygen 

species (ROS), DNA damage, and subsequent cell 

death. These effects can disrupt normal cellular 

processes such as mitosis and cell differentiation, 

leading to reduced shoot formation and growth. At 

higher doses, plant cells may be unable to repair 

damage caused by gamma radiation, resulting in failure 

to produce new shoots (García-Hernández et al., 2015). 

The dose dependent reduction in shoot number 

observed in this experiment can be attributed to 

radiation-induced damage to meristematic tissues 

responsible for shoot development. Additionally, 

oxidative stress from accumulated ROS can cause 

cellular damage, further hindering shoot formation 

(Ahmad et al., 2012). 

Effects of gamma irradiated treatments on mean 

shoot length 

The results of the gamma irradiation experiment on 

Calotropis gigantea in-vitro culture exhibit a 

significant dose dependent reduction in mean shoot 

length (P≤0.05). The results demonstrate a clear 

decrease in shoot length with increasing gamma 

irradiation dose (Table 3). At 0 Gy, the control plants 

had an average shoot length of 5.20 cm. At 100 Gy, the 

mean shoot length decreased to 3.20 cm, followed by a 

reduction to 2.80 cm at 125 Gy. The shoot length 

continued to decline at 150 Gy and 175 Gy, with 

average lengths of 2.00 cm and 1.20 cm, respectively. 

At lower irradiation doses (such as 100 Gy), the 

reduction in shoot length was relatively moderate (3.20 

cm), but this became more pronounced as the dose 

increased. At the highest dose of 175 Gy, the mean 
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shoot length was reduced to 1.20 cm, indicating severe 

growth inhibition. This finding showed the sensitivity 

of Calotropis gigantea to gamma irradiation, especially 

at higher doses. 

Table 3: Effects of treatment on shoot length 

Treatment Mean shoot length (cm) ± SD SE 

0 Gy 5.20a ± 0.08 0.03 

100 Gy 3.20b ± 0.07 0.03 

125 Gy 2.80c ± 0.11 0.05 

150 Gy 2.00d ± 0.14 0.06 

175 Gy 1.20e ± 0.09 0.04 

Sig. *  

Means followed by the different letters in the same column are 

significantly different at 5% probability level. * Represents 

significant at 5% and “ns” represents not significant 

These results are consistent with other studies on plants 

exposed to gamma radiation. For example, in a study 

of Solanum lycopersicum (tomato), gamma irradiation 

at doses of 100 Gy or higher reduced plant height and 

shoot elongation (Bali et al., 2013). Similarly, 

Arabidopsis thaliana showed a significant reduction in 

shoot length when exposed to gamma doses above 100 

Gy (Sayed et al., 2014). The reduction in shoot length 

observed in C. gigantea can be attributed to these 

molecular and cellular damages, which hinder normal 

growth processes. Gamma irradiation also disrupts 

meristematic tissues responsible for shoot elongation, 

resulting in stunted growth and reduced shoot 

development. The increasing severity of shoot length 

reduction at higher doses of gamma irradiation may 

also be due to the inability of plant cells to repair the 

damage caused by ionizing radiation. At higher doses, 

the damage accumulates to a point where it 

overwhelms the plant's repair mechanisms, leading to 

irreversible growth inhibition (García-Hernández et al., 

2015). The results also suggest that Calotropis 

gigantea is particularly vulnerable to higher doses of 

gamma irradiation, as reflected by the significant 

decline in shoot length. 

In summary, gamma irradiation has a dose-dependent 

inhibitory effect on all parameters studied in Calotropis 

gigantea. Treatments above 100 Gy significantly 

reduced shoot multiplication and survivability, with 

125-150 Gy being particularly detrimental. Thus, for 

mutation breeding or optimization purposes, gamma 

doses should be carefully titrated. Doses below or 

around the LD₅₀ (~138 Gy) may be suitable for 

introducing variability induction, however caution is 

advised beyond this threshold due to poor regeneration 

capacity in in-vitro cultured Calotropis gigantea 

plants.  

CONCLUSIONS 

In-vitro cultured Calotropis gigantea plants responded 

to gamma irradiation by decreasing their growth and 

development as the gamma dosages increased. Below 

or around the LD₅₀ (~138 Gy) may be suitable for 

introducing variability induction; caution is advised 

beyond this threshold due to poor regenerative capacity 

in in-vitro cultured Calotropis gigantea plants. 
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ABSTRACT

Ammonia volatilization during storage of single superphosphate (SSP) amended pelletized poultry droppings reduces 

agronomic value by causing significant nitrogen loss and lowering fertilizer efficiency. This study evaluated the effect 

of packaging materials on nitrogen retention and ammonia emission of pelletized poultry droppings amended with 

SSP over six-months, using a completely randomized design (CRD) with three treatments (T1) – black polyethylene 

(300-gauge), (T2) – transparent polyethylene (300-gauge), and (T3) – high-density polyethylene (500-gauge), each 

with 4 replicates. The experiment was conducted at the Faculty of Agriculture, University of Ruhuna, from February 

to July 2025.  Initial pellets contained 2.2% total nitrogen (TN), 10.34% phosphorus, 2.82% potassium, pH 8.4, and 

electrical conductivity (EC) 6.13 mS/cm. TN, phosphorus, potassium, pH, EC, and ammonia emission were measured 

every two months. Data were analyzed using ANOVA in SAS software (version 9.1.3), with mean separation by 

Duncan’s multiple range test at p<0.05. Results showed that a decline in TN was observed in all treatments, with T2 

and T3 showing significantly higher values at 2 months (2.15% and 2.18%), while T3 maintained significantly highest 

TN at 4 and 6 months (2.14% and 2.11%). pH increased in all treatments with significantly higher values in T2 (8.87 

and 9.02) and T3 (8.85, 9.07) at 2 and 4 months, while T3 recorded the significantly highest pH (9.40) at 6 months. 

EC increased over time, with T3 consistently showing the significantly highest values at all sampling intervals (7.59, 

8.81, and 10.22 mS/cm). Ammonia emission decreased during storage, with T3 exhibiting the significantly lowest 

values (5.67, 1.47, and 1.43 mg at 2, 4, and 6 months). These results indicate that high-density polyethylene- 500-

gauge (T3) effectively preserves nitrogen, maintains physicochemical stability, and minimizes ammonia volatilization 

during storage. 

Keywords: Ammonia emission, Nitrogen retention, Poultry droppings, Single superphosphate, Storage

INTRODUCTION 

The rapid expansion of commercial poultry production 

has generated large volumes of manure that require 

effective management to avoid environmental 

pollution while preserving their agronomic value. 

Poultry droppings are widely recognized as nutrient-

rich organic amendments, typically containing 2–4% 

nitrogen, 1–3% phosphorus and 1–3% potassium on a 

dry-weight basis (Agori et al., 2023). They can be 

effectively recycled into crop production systems to 

improve soil health and supply essential nutrients, 

supporting sustainable nutrient management, 

particularly in regions where mineral fertilizers are 

costly or limited. 

Among the nutrients present in poultry manure, 

nitrogen is the most valuable yet most vulnerable 

during processing and storage. Poultry manure is rich 

in uric acid, urea and ammonium, which are rapidly 

mineralized to NH₄⁺ and subsequently volatilized as 

NH₃ under aerobic conditions (Kacprzak et al., 2023). 

During composting, ammonia volatilization is 

frequently the dominant nitrogen-loss pathway, 

accounting for up to 79–94% of total nitrogen loss 

(Zhao et al., 2025), and unamended poultry litter can 

lose 17–60% of its nitrogen as NH₃ alone (Agyarko-

Mintah et al., 2017). Such losses reduce fertilizer value 

and contribute to atmospheric pollution and secondary 

particulate formation, creating both agronomic and 
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environmental concerns. Consequently, considerable 

attention has been given to mitigation strategies such as 

moisture management, aeration control and chemical 

amendments (Chang et al., 2020; Ma et al., 2022; Xue 

et al., 2025; Anderson et al., 2020). 

Phosphatic and acidifying additives have shown 

particular promise in conserving nitrogen during 

manure stabilization. SSP, a mixture of monocalcium 

phosphate and gypsum (Powlson and Dawson, 2022), 

can reduce ammonia volatilization by lowering pH and 

promoting the formation of relatively stable 

ammonium-phosphate complexes (Luo et al., 2012). 

Studies on pig and poultry manures indicate that 

phosphatic amendments can significantly suppress 

gaseous nitrogen losses while improving the 

phosphorus content of the final product (Wu et al., 

2019). However, while the benefits of such 

amendments during composting are increasingly 

documented, far less attention has been directed toward 

nitrogen stability after stabilized materials are 

converted into marketable fertilizer forms. 

Pelletization has become an important upgrading 

technology for organic residues because it improves 

bulk density, flowability and ease of mechanical 

application (John et al., 1996). The process typically 

involves drying to low moisture contents and 

mechanical densification, which can restrict microbial 

activity and slow nutrient transformations 

(Widyowanti et al., 2021; Monaci et al., 2022). 

Nevertheless, pelletized fertilizers are not chemically 

inert, and continued mineralization or volatilization 

during storage particularly under warm and humid 

conditions may compromise nutrient quality prior to 

field application. Pawłowska et al. (2019) 

demonstrated that storage conditions can alter moisture 

content, enzymatic activity and nitrogen status in 

pelletized waste-derived fertilizers, indicating ongoing 

biological and chemical processes during shelf life. 

Packaging and storage environment therefore represent 

critical control points in the post-processing phase of 

organic fertilizers. Materials with high permeability to 

water vapor and oxygen may allow moisture ingress 

and microbial activity, accelerating nitrogen loss, 

whereas dense multi-layer materials can restrict gas 

exchange and prolong shelf life (Pawlowska et al., 

2019).  Despite their importance for 

commercialization, systematic evaluations of 

packaging effects on ammonia emissions and nutrient 

retention in pelletized poultry manure remain scarce, 

particularly in tropical production systems. 

Accordingly, the present study investigates the 

influence of different packaging materials on ammonia 

volatilization, nutrient dynamics and physicochemical 

stability of pelletized poultry droppings amended with 

single superphosphate during six months of storage. 

Identifying storage systems that maximize nitrogen 

conservation and preserve fertilizer quality will 

contribute to more efficient poultry-waste recycling 

and support the development of reliable organic 

fertilizer products for sustainable crop production. 

MATERIALS AND METHODS 

The experiment was conducted at the Faculty of 

Agriculture, University of Ruhuna, Sri Lanka, from 

February to July, 2025.  Storage trials were maintained 

in a cool, dry, and dark environment. Poultry droppings 

were collected from layer hens within seven days and 

5 kg of droppings per pile were used. SSP was added at 

30% of the dry weight of poultry droppings, as 

identified in a previous experiment as the optimum 

level (Sampath et al., 2025). The mixture was 

decomposed for 42 days under a cool, dark 

environment. The piles were turned on the 14th, 28th, 

and 42nd days, and moisture content was maintained at 

55– 60% using water. Moisture content of the 

stabilized material was adjusted before pelletization 

using a die and roller type pelleting machine. Uniform 

pellet size and compression pressure were maintained 

throughout the process. The experiment was arranged 

in a completely randomized design (CRD) with four 

replicates per treatment. Equal quantities of pellets (50 

g per replicate) were sealed in three types of packaging: 

black polyethylene bags (300-gauge), transparent 

polyethylene bags (300-gauge), and high-density 

polyethylene bags (500-gauge). All samples were 

stored for six months, during which nitrogen content, 

phosphorus, potassium, pH, electrical conductivity, 

and ammonia emission were monitored at two-month 

intervals. Pellet pH and electrical conductivity were 

measured in a 1:10 pellet-to-water suspension using a 

pH meter (HANNA) and an EC meter (EUTECH, PC 

700). Ammonia emission was quantified using an 
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enclosure venting method (Yang et al., 2018), total 

nitrogen was determined by the Kjeldahl procedure 

(Bremner and Mulvaney, 1982), phosphorus was 

measured using the Olsen method (Olsen, 1954), and 

potassium was analyzed with a flame photometer 

(Dharmakeerthi et al., 2007). Data were analyzed using 

analysis of variance (ANOVA) in SAS 9.1.3, and 

means were separated using Duncan’s multiple range 

test (DMRT) at p <0.05 

RESULTS AND DISCUSSION 

Immediately after pelletization, the pelletized poultry 

droppings contained 2.2% Total nitrogen (TN), 10.34% 

available phosphorus (P), 2.82% potassium (K), a pH 

of 8.4, and an Electrical conductivity (EC) of 6.13 

mS/cm. 

Available phosphorus and potassium 

Available P and K contents remained essentially 

unchanged (10.34% and 2.82%) during the six-month 

storage period, indicating their stability. 

Total Nitrogen Variation 

Packaging material significantly influenced TN 

retention during storage (p<0.05) (Table 1). A gradual 

decline in TN was observed in all treatments over the 

six-month period. At the 2nd month of storage, TN was 

significantly higher in T2 (Transparent polyethylene, 

300 gauge) at 2.15% and T3 (High-density 

polyethylene, 500 gauge) at 2.18%. By the 4th and 6th 

months, T3 consistently retained the significantly 

highest TN (2.14% and 2.11%, respectively). The 

enhanced TN retention observed in T3 is primarily 

attributed to the thicker and denser high-density 

polyethylene (HDPE) film, which provides an effective 

barrier against gas and water-vapor exchange. This 

may limit ammonia (NH₃) volatilization and potentially 

slow nitrification–denitrification reactions, which 

could contribute to the reduced conversion of organic 

nitrogen into gaseous forms (Manka’abusi et al., 2025). 

In addition, the stable moisture environment and 

reduced aeration associated with HDPE packaging 

suppress microbial activity and nitrogen 

mineralization, preserving a larger proportion of 

organic nitrogen within the pellets (Monaci et al., 

2022). The combination of low permeability and 

microenvironment stability not only reduces nutrient 

losses but also prolongs the shelf life and fertilizer 

quality of the stored pellets. In contrast, black 300-

gauge polyethylene may absorb more solar radiation, 

potentially raising the internal temperatures and 

accelerating the breakdown of organic nitrogen into 

NH₄⁺ and NH₃. The relatively thin and more permeable 

film further exacerbates nitrogen loss by allowing 

greater ammonia diffusion into the environment, 

resulting in the highest observed TN loss among all 

treatments (Qiu et al., 2021) 

Table 1. Total Nitrogen (%) of pelletized poultry droppings under 

different storage packaging over six months of storage 

Treatment  2 months 4 months 6 months 

T1 (Black 

polyethylene- 

300 gauge) 

2.09 ± 0.01 b     1.94 ± 0.02c 1.83 ± 0.01c 

T2 

(Transparent 

polyethylene-

300 gauge) 

2.15 ± 0.04 a 2.07 ± 0.01b 2.02 ± 0.02 b 

T3 (High-

density 

polyethylene- 

500 gauge) 

2.18 ± 0.05a 2.14 ± 0.02a 2.11 ± 0.04a 

Values represent mean ± standard error. Means followed by the same 

superscripts in a same column are not significantly different at 0.05 

probability level according to DMRT at P<0.05. 

pH Variation 

Pellet pH increased progressively during the six-month 

storage period in all treatments (Table 2). At the 2nd 

month, higher pH values were observed in T2 (8.87) 

and T3 (8.85). By the 4th month, T2 (9.02) and T3 (9.07) 

remained higher pH. At the 6th month, T3 recorded the 

highest pH (9.40). The gradual rise in pH can be 

attributed to ongoing microbial decomposition of uric 

acid, urea, and proteins present in poultry droppings. 

Urea and uric acid hydrolysis produce ammonium 

(NH₄⁺) and ammonia (NH₃), both of which contribute 

to alkalinity and increase pH (Buoio et al., 2025). 

Similarly, protein degradation by spoilage 

microorganisms generates amines and ammonia, which 

are basic compounds that further elevate pH during 

storage (Takma and Korel, 2019). The accumulation of 

these volatile basic nitrogen compounds (NH₃ and 

amines) results in an upward shift in pH, a pattern 

commonly observed in stored organic materials 

(Akbari and Mehregan, 2025). The highest pH 

recorded in T3 (high-density polyethylene, 500 gauge) 

can be explained by its thicker and denser film 

structure, which has very low gas permeability. This 

property limits the diffusion of ammonia and amines to 
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the external environment, causing these alkaline 

compounds to accumulate within the packaging and 

thereby increasing the measured pH of the pellets 

(Guzman-Puyol et al., 2022). In contrast, the thinner 

300-gauge films used in T1 and T2 exhibit higher 

permeability, allowing more NH₃ to escape and 

moderating the internal pH increase (Douglas et al., 

2025).  

Table 2. pH of pelletized poultry droppings under different storage 
packaging over six months of storage 

Treatment  2 months 4 months 6 months 

T1 (Black 

polyethylene- 

300 gauge) 

8.72 ± 0.05b 8.87 ± 0.02b 9.02 ± 0.02c 

T2 (Transparent 

polyethylene-

300 gauge) 

8.87 ± 0.05a 9.02 ± 0.04a 9.27 ± 0.01b 

T3 (High-

density 

polyethylene- 

500 gauge) 

8.85 ± 0.02a 9.07 ± 0.03a 9.40 ± 0.02a 

Values represent mean± standard error. Means followed by the same 
superscripts in a same column are not significantly different at 0.05 

probability level according to DMRT at P<0.05. 
 

EC Variation 

Electrical conductivity (EC) increased significantly (p 

< 0.05) over the six-month storage period in all 

treatments (Table 3). T3 consistently recorded the 

highest EC values (7.29, 8.81 and 10.22 mS/cm, 

respectively).   

Table 3. Electrical conductivity (mS/cm) of pelletized poultry 
droppings under different storage packaging over six months of 
storage 

Treatment  2 months 4 months 6 months 

T1 (Black 

polyethylene- 

300 gauge) 

6.00 ± 0.05c 7.52 ± 0.09c 8.93 ± 0.05c 

T2 (Transparent 

polyethylene-

300 gauge) 

6.67 ± 0.04b 8.19 ± 0.08b 9.60 ± 0.01b 

T3 (High-

density 

polyethylene- 

500 gauge) 

7.29 ± 0.06a 8.81 ± 0.06a 10.22 ± 0.02a 

Values represent mean ± standard error. Means followed by the same 

superscripts in a same column are not significantly different at 0.05 

probability level according to DMRT at P<0.05. 

The increase in EC can be attributed to microbial 

degradation of organic carbon and nitrogen compounds 

into soluble inorganic ions such as NH₄⁺, NO₃⁻, PO₄³⁻, 

K⁺, Ca²⁺, Mg²⁺, Cl⁻, and SO₄²⁻. The accumulation of 

these ions increases the ionic strength of the solution 

phase, thereby elevating EC. Similar trends have been 

reported in composts and poultry litter, where EC rises 

during composting due to the formation and 

accumulation of soluble ammonium and other nutrient 

salts as organic matter decomposes (Masin et al., 

2020).  

Ammonia Emission 

Ammonia emission differed significantly (p < 0.05) 

among packaging treatments throughout the storage 

period (Table 4). At two months, the highest emission 

was observed in T1 (Black polyethylene, 300 gauge) at 

7.12 mg, and T2 (Transparent polyethylene, 300 gauge) 

at 6.56 mg.  Although ammonia emission declined at 

four months in all treatments, T1 still showed the 

significantly highest value (3.94 mg), and this trend 

continued at six months, where T1 again recorded the 

highest emission (4.85 mg). Ammonia volatilization is 

primarily governed by the production of ammonium 

(NH₄⁺) during organic nitrogen mineralization and the 

ease with which ammonia (NH₃) can diffuse from the 

material to the surrounding air (Oliveira et al., 2021). 

The superior performance of T3 can be attributed to the 

barrier properties of 500-gauge high-density 

polyethylene, which has low gas permeability. This 

thicker film restricts NH₃ diffusion, allowing a portion 

of the ammonia formed inside the pellets to remain 

within the package, dissolve back into moisture, or 

convert to NH₄⁺, thereby reducing net emission. 

Additionally, reduced water vapor loss in HDPE 

packaging maintains slightly higher internal humidity, 

favoring the ionic NH₄⁺ form over gaseous NH₃ and 

further suppressing volatilization. 

Table 4. Ammonia Emission (mg) from Pelletized Poultry Droppings 

under Different Storage Packaging over Six Months of Storage 

Treatment  2 months 4 months 6 months 

T1 (Black 

polyethylene- 

300 gauge) 

7.12 ± 0.36a 3.94 ± 0.19 a 4.85 ± 0.23a 

T2 

(Transparent 

polyethylene-

300 gauge) 

6.56 ± 0.45 ab 2.54 ± 0.19b 2.37 ± 0.23b 

T3 (High-

density 

polyethylene- 

500 gauge) 

5.67 ± 0.56b 1.47 ± 0.08 c 1.43 ± 0.07c 

Values represent mean ± standard error. Means followed by the same 

superscripts in a same column are not significantly different at 0.05 

probability level according to DMRT at P<0.05. 
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CONCLUSIONS 

Packaging material significantly influenced the 

nutrient retention and ammonia emissions of pelletized 

poultry droppings over six months. High-density 

polyethylene (HDPE, 500-gauge) consistently retained 

the highest total nitrogen, maintained higher pH and 

electrical conductivity, and minimized ammonia losses 

compared with 300-gauge black or transparent films. 

These results indicate that HDPE packaging is the most 

effective for preserving fertilizer quality during 

storage. Practical significance is that using HDPE bags 

can improve nitrogen retention, reduce environmental 

ammonia emissions, and enhance the shelf life and 

usability of pelletized poultry droppings as an organic 

fertilizer. 
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JOURNAL ETHICS 

The formal component of the scholarly communication system, that is to say the publication of an article in a 

peer reviewed learned journal, serves many purposes outside of simple communication. It is a building block in 

the development of a coherent and respected network of knowledge. It is prima facie evidence for the quality 

and impact of the research work of its authors and by extension the institutions that support them. It supports, 

and is itself and example, of the scientific method. For all these reasons and more, it is important to lay down 

standards of expected ethical behaviour by all parties involved in the act of publishing: the author, the journal 

editor, editorial board, the peer reviewers, the publisher and the society for society-owned or sponsored journals. 

Following all the guidelines for ethical publishing keeps the scientific community growing forever. Journal of 

Agro-Technology and Rural Sciences (ATRS Journal) adhere to the notion of ethical practice. Therefore, we 

always try to stop the abuse of scientific research works.    

Authors of reports of original research should present an accurate account of the work performed as well as an 

objective discussion of its significance. Underlying data should be represented accurately in the paper. A paper 

should contain sufficient detail and references to permit others to replicate the work. Fraudulent or knowingly 

inaccurate statements constitute unethical behaviour and are unacceptable. 

Data manipulation, /fabrication/falsification 

Data manipulation, fabrication, and falsification are some of the terms that are common to make it clear how the 

content of the research works is manipulated. It can be done in the text, images or other relevant documents and 

shreds of evidence. It is an unethical practice to fabricate the facts, theories, and results in journal publication. 

To achieve the illusion in the graphics, some parts of the images are cropped and altered so that the copyright 

can be infringed. Thereafter, an attempt is made to reproduce the visual information of scientific knowledge 

with different or personal identity. ATRS journal doesn’t approve of any such practice. Therefore, any change in 

the pictures or text made by the author should be informed by the covered letter at the time of submission.  

Publication Decision 

The editor in chief and editorial board of a ATRS journal are solely and independently responsible for deciding 

which of the articles submitted to the journal should be published, often working in conjunction with the 

relevant society (for society-owned or sponsored journals). The validation of the work in question and its 

importance to researchers and readers must always underwrite such decisions. The editor may be guided by the 

policies of the journal's editorial board and constrained by such legal requirements as shall then be in force 

regarding issues such as libel, copyright infringement and plagiarism/similarity. The editor may confer with 

other editors or reviewers (or society officers) in making these decisions. 

Peer review (blind) 

The editor shall ensure that the peer review process is fair, unbiased, and timely. All the manuscripts received to 

ATRS journal are allocated to a relevant member of the Editorial board, who decides whether the paper should 

go forward to peer review. Those that do not will be returned at this stage; we make every effort to do this as 

quickly as possible (usually within 10 days). Papers sent out for review will, typically, be assessed by at least 

two or three independent reviewers. and where necessary the editor in chief should seek additional opinions. It 

should be double blind review that the authors information must not be declared to the reviewer Authors may 

also nominate potential reviewers, but we do not guarantee that these individuals will be invited to review. 

Maximum 6 weeks are given to revivers to review the manuscript.  

The editor shall select reviewers who have suitable expertise in the relevant field, taking account of the need for 

appropriate, inclusive and diverse representation. The editor shall follow best practice in avoiding the selection 

of fraudulent peer reviewers. The editor in chief shall review all disclosures of potential conflicts of interest and 

suggestions for self-citation made by reviewers in order to determine whether there is any potential for bias. 

Authorship conflict 

There can be a conflict of authorship for the article. It occurs owing to various reasons. Some of the common 

reasons are the dual-authorship, multi-authorship, corresponding author and group authorship. Any conflict of 

authorship can arise at any time either before or during the process of submission of the article. It is the sole and 

collective responsibility of the authors to take it as their obligation to resolve it. The journal editor cannot be 

held responsible for any type of mediation or participation to resolve the conflict. It is not the role of an editor to 
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determine who qualifies or not for the authorship. Therefore, a signed statement from all the authors is requested 

for the listed authors. 

Transparency 

Transparency is an important part of the journal publication which generally remains behind the door. The 

rapport among the authors, peer reviewers and editor make the task of publishing a smooth sailing. Explicit 

disclosure of the findings from the peer reviews and actions taken on those reports by the editor makes it easy to 

remove conflicts. This process of thoroughly analysing the reports helps the author and the publisher to publish 

an effective report on a scientific subject. It often includes disclosing the identity of the peers, their history of 

peer-reviews and the team involved in the process of writing a journal. 

Authorship of the Paper 

Authorship should be limited to those who have made a significant contribution to the conception, design, 

execution, or interpretation of the reported study.  All those who have made substantial contributions should be 

listed as co-authors. Where there are others who have participated in certain substantive aspects of the paper 

(e.g. language editing or medical writing), they should be recognised in the acknowledgements section. 

The corresponding author should ensure that all appropriate co-authors and no inappropriate co-authors are 

included on the paper, and that all co-authors have seen and approved the final version of the paper and have 

agreed to its submission for publication. 

Authors are expected to consider carefully the list and order of authors before submitting their manuscript and 

provide the definitive list of authors at the time of the original submission. Only in exceptional circumstances 

will the Editor consider (at their discretion) the addition, deletion or rearrangement of authors after the 

manuscript has been submitted and the author must clearly flag any such request to the Editor. All authors must 

agree with any such addition, removal or rearrangement. 

Originality of the article  

The authors should ensure that they have written entirely original works, and if the authors have used the work 

and/or words of others, that this has been appropriately cited or quoted and permission has been obtained where 

necessary. Proper acknowledgment of the work of others must always be given. Authors should cite publications 

that have influenced the reported work and that give the work appropriate context within the larger scholarly 

record. Information obtained privately, as in conversation, correspondence, or discussion with third parties, must 

not be used or reported without explicit, written permission from the source. 

Plagiarism and Similarity 

Plagiarism can be defined as presenting someone other’s works with different or personal authorship. It is the 

commonest of all the other malpractices in the journal publication. The authors intentionally or unintentionally 

try to copy the researches from the other authors and thereafter republish them again with their name and 

credentials.  

Plagiarism takes many forms, from ‘passing off’ another’s paper as the author’s own paper, to copying or 

paraphrasing substantial parts of another’s paper (without attribution), to claiming results from research 

conducted by others.  Plagiarism in all its forms constitutes unethical behaviour and is unacceptable. 

ATRS journal is checked the similarity of the all manuscripts will be received to the journal. Journal is accepted 

the manuscript’s similarity less than 20% (except names, scientific names and references). The ATRS journal 

adhere to the guidelines of the Publication Ethics and therefore, never promotes the plagiarism in the journal.   

Duplication text/figure 

ATRS journal object the exercise of duplication of the text as well as figures in any form. It is well 

recommended before the time of submission of the research papers. The authors are required to inform them 

before the submission of manuscripts with sufficient documents. The right to reject or accept the manuscripts 

completely lies with the Editor of the journal. 

Conflict of Interest  

Conflict of interest can be defined as “a divergence between an individual’s private interests (competing 

interests) and his or her responsibilities to scientific and publishing activities, such that a reasonable observer 

might wonder if the individual’s behaviour or judgment was motivated by considerations of his or her 
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competing interests”. These conflicts can be personal, financial or professional. All authors should disclose in 

their manuscript any financial and personal relationships with other people or organisations that could be viewed 

as inappropriately influencing (bias) their work. 

All sources of financial support for the conduct of the research and/or preparation of the article should be 

disclosed, as should the role of the sponsor(s), if any, in study design; in the collection, analysis and 

interpretation of data; in the writing of the report; and in the decision to submit the article for publication. If the 

funding source(s) had no such involvement, then this should be stated. Examples of potential conflicts of 

interest which should be disclosed include employment, consultancies, stock ownership, honoraria, paid expert 

testimony, patent applications/registrations, and grants or other funding. The author must be declared any type 

of potential conflicts of interest at the earliest possible stage.  

Duplicate submission policy 

Duplicate Submission is misconduct in the domain of scientific journals. To increase the frequency of the 

research paper by the authors the same text, images and manuscripts are submitted with a different article-title. 

This is considered as a duplication of the papers. Often many of the researches are rejected by the editors or 

reviewers. Therefore, ATRS journal expects from the authors to submit unique and original researched articles. 
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MANUSCRIPT SUBMISSION GUIDELINES 

The manuscript should be in English and prepared on the following lines: - 

Title: Title should be brief, specific and informative, the scientific name(s) in italics/underlined. 

Authors: Names of authors to be typed, in capitals unaccompanied by their degrees, titles etc. Address: Address 

of the institution where the work was carried out be given below the name(s) of author(s). Present address of 

correspondence should be given as footnote indicating by asterisk the author to whom the correspondence is to 

be addressed. 

Abstract: The Abstract should be informative and completely self-explanatory, briefly present the topic, state 

the scope of the experiments, indicate significant data, and point out major findings and conclusions. The 

Abstract should be in about 250 words. Standard nomenclature should be used and abbreviations should be 

avoided. No literature should be cited. 

Key words: Following the abstract, key words not more than 8 that will provide indexing references should be 

listed and in alphabetical order. 

Introduction: This should be brief and the review of the literature should be pertinent to the theme of the paper. 

Extensive review and unnecessary detail of earlier work should be avoided. 

Materials and Methods: It should inform the reader about appropriate methodology etc. but if known methods 

have been adopted, only references be cited. It should comprise the experimental design and techniques with 

experimental area and institutional with year of experiment. 

Results and Discussion: It should be combined to avoid repetition. The results should not be repeated in both 

tables and figures. The discussion should relate to the significance of the observations. 

Conclusion: In the Conclusion section, state the most important outcome of your work. Do not simply 

summarize the points already made in the body, instead, interpret your findings at a higher level of abstraction. 

Show whether, or to what extent, you have succeeded in addressing the need that stated in research question. 

Acknowledgement: this enable you to thank all those who have helped in carrying out the research. Careful 

thought needs to be given concerning those whose help should be acknowledged and in what order and to avoid 

strong emotive language 

Table and figures: Table numbers should be followed by the title of the table, Line drawings/photographs 

should contain figure number and description thereof. The corresponding number(s) of Tables, Figures etc. 

should quoted in the text. Size of tables and figures should be below 1 MB. 

References: The author should use the author-date format for citations and references (e.g., Hebbar et al. 2006; 

Rao, 2001; Hebbar and Rao, 2011). A List of all the references quoted should be provided at the end of the 

paper. It should be prepared alphabetically with surname of all the authors followed by these initials and year of 

publication in brackets. The titles of the articles should be mentioned. Full journal name should be used and be 

typed in italics. Volume numbers need to be in bold type and pagination in normal type. 

Page/Line Number: Authors are requested to mention Page number and Line number to each line in the MS for 

easy and quick review. Text Alignment, line spacing (1.5), word count, figures, tables etc. must be as per 

format. 

The journal invites full-length articles (not exceeding 6,000 words including references but excluding Tables 

and Figures). 

Send one file only including Text, Tables and Figures. 

All the papers are peer reviewed. Papers sent out for review will, typically, be assessed by two or three 

independent reviewers. The responsibility for any statement in the article rests with the author(s). The 

corresponding author must send a filled and signed manuscript verification certificate that verifying the article 

or its data has not been sent/will not be sent elsewhere for publication. If a manuscript is returned to the authors 

for revision, it must be resubmitted within 20-25 days of its receipt. The article number allotted should 

invariably be referred in all correspondence. 



ISSN: 2792 – 1360                   Journal of Agro-Technology and Rural Sciences            Volume 5, Issue 2; December 2025 

 

 
Published by University of Colombo Institute for Agro-Technology and Rural Sciences  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ISSN 2792-1360  

Copyright 2025 by University of Colombo Institute for Agro-Technology and Rural Sciences, 

Hambantota, Sri Lanka. All rights reserved. 

For further information please contact: 

The Editor in Chief, 

ATRS Journal, 

University of Colombo Institute for Agro-Technology and Rural Sciences, 

Weligatta New Town, 

Hambantota, 

Sri Lanka. 

 

Tel: +9447 2034200 

Fax: +9447 2034261 

E-mail: atrsjournal@uciars.cmb.ac.lk 

Website: uciars.cmb.ac.lk 


