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Abstract

:

Specialty crops enhance food security, biodiversity, and economic resilience, relying on high-quality seeds. However, there is a gap in understanding how to enhance seed quality under specific conditions. This study addresses this gap by proposing that optimizing harvesting and drying can improve specialty crop seed quality. A literature review spanning 2000–2023 was conducted, followed by a meta-analysis to measure effect sizes. From an initial pool of 1589 documents, 45 met the criteria for further analysis. The results indicated that harvesting seeds at intermediate times significantly increased the logarithmic response ratio (LRR), with LRRs of 1.7 for germination and 2 for seedling count compared with early harvesting. Regarding drying methods, no significant differences were found between artificial and natural methods. However, optimal drying temperatures (30–60 °C) were identified, ensuring adequate moisture levels (10–20%) for a germination percentage of 50–100%. The variability in these findings was attributed to the twelve diverse species analyzed. Although the results supported the study’s hypothesis, limited and inconsistent data prevented the determination of optimal conditions for each species, indicating a need for further research. Despite these limitations, the study provides insights into optimizing harvesting and drying to enhance seed quality in specialty crops, contributing to emerging science in this domain.
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1. Introduction


Special crops, also known as specialized or niche crops, encompass a wide array of plant species that stand out due to their unique characteristics, specialized applications, or specific cultivation prerequisites. These crops are not only diverse in their nature but also in the roles they play in various aspects of human life and the environment [1].



One of the most significant roles of special crops is their contribution to global food security. These crops provide a diverse range of food sources, which is crucial in reducing dependence on a limited range of staple crops. This diversity in food sources ensures that even if one crop fails due to disease, pests, or adverse weather conditions, others are available to fill the gap, thereby ensuring a steady supply of food [2].



In addition to food security, special crop cultivation plays a vital role in biodiversity conservation. By promoting the growth of a variety of plant species, these crops contribute to the overall health of ecosystems. They support a wide range of fauna, including pollinators and beneficial insects, and help maintain soil health through crop rotation and intercropping practices [3].



Moreover, special crops have a significant impact on the economic resilience of farming communities. These crops often have unique attributes that are highly valued in various markets such as medicinal plants, aromatic herbs, or exotic fruits. By cultivating these crops, farmers can diversify their income streams, reducing their vulnerability to price fluctuations in mainstream crop markets. Furthermore, the cultivation of special crops often requires less intensive farming practices, which can reduce input costs and contribute to sustainable farming [4].



The production of high-quality seeds is a cornerstone in the cultivation of special crops. This process is not a simple task; it requires precision, expertise, and strict adherence to good management practices [5]. Although genetic purity is important, it is the physiological traits of the seeds that often play a more significant role in determining the overall quality of the crops [6,7].



Physiological traits such as the germination percentage, vigor, and yield are directly influenced by the seed production process [8,9], particularly the stages of harvesting and drying. Harvesting is a delicate process that requires careful timing [10]. The point at which the seeds are harvested can significantly impact their quality and flavor. Harvesting too early can result in immature seeds that lack vigor and may not germinate properly [11]. On the other hand, delaying the harvest can expose the seeds to a variety of adverse effects [12].



Following the harvest, the seeds undergo a drying process. This step is essential to reduce their moisture content, which in turn facilitates storage and prevents seed deterioration [13]. Seeds with a high moisture content are prone to fungal and bacterial infections and they may also germinate prematurely. Therefore, proper drying is crucial to maintain the quality of the seeds during storage [14].



The choice between natural and artificial drying methods can also significantly impact the quality of the seeds. Natural drying methods such as sun-drying are cost-effective and easy to implement. However, they may not be suitable for all types of seeds, especially those that are sensitive to elevated temperatures [15]. Artificial drying methods such as oven-drying or freeze-drying offer more control over the drying conditions. However, these methods can be more costly and may require specialized equipment [16].



Researchers have collected and summarized evidence from numerous studies, each aimed at answering specific questions related to improving the quality of seeds from major crops. One area of focus has been the exploration of new market technologies. For instance, the use of nanoscale coatings such as nanoparticles and nano priming has been studied for its potential to enhance seed quality. These technologies can provide protective layers to the seeds, improving their resistance to environmental stresses and enhancing their germination potential [17,18,19].



Another promising technology is the use of Raman spectroscopy. This non-destructive analytical technique allows for the detailed examination of seeds, providing valuable insights into their chemical composition and structure. Such information can be instrumental in identifying factors that contribute to seed quality [20].



Proteomic analyses and the creation of molecular markers have also been highlighted in the literature. These advanced techniques allow for the detailed study of the proteins present in the seeds and the identification of genetic markers associated with desirable traits [21,22]. Such information can guide breeding programs aimed at improving seed quality.



In addition to these advanced techniques, classic methodologies such as the tetrazolium test in a laboratory [23] and various methods of seed-drying (including air-drying as well as fixed and mobile bed dryers) [24] continue to play a crucial role in seed-quality assessment and improvement. However, despite the wealth of information available, there is a notable lack of emphasis on the application of statistics to meta-data to synthesize trends and provide analytical insights. Specifically, how harvest times and drying methods affect the quality of seeds from special crops has not been thoroughly explored.



Therefore, this study’s primary objective was to address the identified gap in the existing literature. To achieve this, a systematic review was conducted to assess the impact of harvest times and drying methods on the quality of seeds in specialty crops. This was followed by a meta-analysis to measure effect sizes, providing both a descriptive and quantitative evaluation of the data.



This paper is structured into five main sections. Section 1 provides an overview of the production of seed quality in special crops. Section 2 delves into the methodology used for the systematic review and meta-analysis. Section 3 and Section 4 present and discuss the main findings from the systematic review and meta-analysis, respectively. Section 5 concludes the study, summarizing the key points and considerations for further research.




2. Methodology


2.1. Systematic Search


The PICO protocol (Table 1) was used to structure and address the research question: Can harvesting and drying techniques improve the physiological quality of seeds in specialty crops?



Adhering to the PICO and Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, Scopus and Web of Science were selected as the primary databases for the literature search. The focus was on peer-reviewed articles published from 2000 to 2023 in Portuguese, English, and Spanish. A “snowball” technique, alongside citation tracking, was incorporated to encompass all pertinent studies (Figure 1).



The search strings were crafted to align with the title, abstract, and keywords, combining Boolean operators, parentheses, truncation (*), and specific database filters to refine the search (Table 2).




2.2. Publication Selection


The retrieved studies from the databases underwent a thorough analysis and preliminary selection based on their title and abstract. The inclusion criteria required that the studies assess the effects of harvesting and drying techniques on seed quality in specialty crops, as indicated by physiological traits. These criteria were refined to include studies that investigated at least one alternative drying method and delineated at least three distinct harvest timings, as defined by the harvest days specified by the authors in relation to the crop cycle. Studies that met the initial selection criteria were advanced to the full-text screening stage.



Throughout the title/abstract and full-text screening processes, two independent reviewers (LMP and BRAM) scrutinized each study. Discrepancies between reviewers were resolved by a consultation with a third reviewer (CCM).



During the title/abstract screening phase, articles were excluded based on the following criteria:




	
Unrelated studies: articles not pertinent to seed quality such as those focusing on plant genetic improvements, nutrition and fertilization, diseases and pathogens, and the effects of herbicides and desiccants.



	
Studies on field crops: research that did not pertain to specialty crops, including soy, cotton, the common bean, peanut, quinoa, rice, and corn.



	
Studies on tree species: articles addressing tree species not classified as specialty crops; for example, star fruit and palm trees.



	
Studies excluding harvest or drying methods: research evaluating seed quality without directly incorporating harvest or drying methods such as those examining the maturation and physiological maturity of seeds as well as storage and seed conditioning (priming).








In the subsequent full-text screening phase, the following additional exclusion criteria were applied:




	
Non-extractable data: Studies that precluded data extraction due to illegible graphical representations such as overlapping points in regression graphs.



	
Yield-focused studies: research presenting yield indicators, including the number of pods per plant, number of seeds per plant, or quantity of seeds per fruit.









2.3. Data Collection


Data extraction from the selected studies was performed using tables, figures, and graphs from within the publications. In instances where direct extraction was not feasible, WebPlotDigitizer software (version 5) facilitated the manual retrieval of values. Organizational structuring of data was accomplished using Excel (Microsoft 365) and categorization with pertinent topics such as “harvest” and “drying.” The extracted data encompassed (1) study identification, including the author, publication year, and digital object identifier (DOI); (2) specifications detailing the crop type, harvest/drying methods, temperature, and duration; and (3) the physiological quality indicators of seeds.




2.4. Statistical Data Analysis


The statistical analysis focused on measuring the impact of harvesting and drying techniques on seed quality in specialty crops while also identifying publication trends. The natural logarithmic response ratio (LRR) was used as a metric to compare alternative treatments with a control. Harvesting was categorized into early, mid, and late. These timings corresponded with the crop’s phenological cycle, as defined by the authors. The initial harvest served as the baseline for the LRR calculations. Drying methods were compared using sun-drying as the control. Mechanical (oven)-drying and shade-drying were the alternative treatments, selected based on the authors’ distinctions. A regression analysis was performed using data from mechanical-drying experiments. This established the relationships between operational temperature, seed moisture, and germination percentage, helping to identify optimal conditions. A Welch test was used to determine significant differences between harvesting and drying groups [25]. A Bayes factor analysis [26] was used to quantify evidence supporting the hypothesis that at least one condition in harvesting and drying could enhance seed quality in specialty crops. Only indicators of physiological quality with sufficient sample sizes were included in the analytical procedures. Tests were not conducted under suboptimal conditions, adhering to strict assumption protocols. Bibliometric data entropy was calculated to reveal trends in the publication, citation, and impact in the field over time. This was based on the probability distribution of studies, as defined by Shannon’s Information Theory [27]. The findings were presented in tables and graphical diagrams such as box and whisker plots. All analyses was performed using R software (version 4.3.2), with packages such as ggplot2 and ggExtra.





3. Results


3.1. Literature Characterization


3.1.1. Dynamic Timeline and Engagement


Out of 1589 publications from across both databases, only 45 studies matched the criteria for inclusion (Table S1) [6,10,11,12,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68]. The literature on harvesting, spanning from 2000 to 2021, consisted of 29 studies, reaching its zenith in 2016. Regarding drying, 13 studies were identified from 2003 to 2021, with the highest concentration in 2008. The number of publications surged from 2006 onwards, peaking in 2021 for both harvesting and drying (Figure 2A). Correspondingly, cumulative citations for harvesting (363) and drying (149) also peaked in 2021 (Figure 2B). Publication entropy for harvesting peaked in 2008 and 2009, then declined in 2021; for drying, it peaked in 2007 before dropping further in 2021 (Figure 2C). Similarly, citation entropy reached its peak in 2007 for both methods, gradually decreasing over the years (Figure 2D). Influence entropy peaked for harvesting in 2012 and for drying from 2009 to 2011, gradually waning until the study’s conclusion in 2021 (Figure 2E).




3.1.2. Most Influential Genres, Species, and Physiological Indicators


The publications included in this study covered 12 genres, with Capsicum spp. (9) and Solanum spp. (5) being the most represented for both harvesting and drying. Abelmoschus spp. (3) and Cucurbita spp. (3) were only represented for harvesting, while Physalis spp. (2) and Carica spp. (2) were dominant for drying (Figure 3A). In terms of the species contribution to the dataset of harvest times, A. esculentus (3) was the most represented, accounting for 9.68% of the total of 12 species found in the studies. This was followed by two studies each for C. annuum, Coriandrum sativum, Cucumis sativus, C. moschata, Daucus carota, Lagenaria siceraria, and Lycopersicon esculentum, each representing 6.45% of the studies found. For drying, C. annuum (2), C. papaya (2), and Physalis ixocarpa (2) were the most represented, accounting for 14.29% of the dataset (Figure 3B). The most common quality indicators found in the studies for harvesting were the germination percentage (28), moisture content (15), and mass of a thousand seeds (14). For drying, the most studied indicators were the germination percentage (14), water content (7), and first count of normal seedlings (5) (Figure 4).





3.2. Impact of Harvesting on Seed Quality


Significant effects of harvesting on key physiological indicators were found. These effects helped identify conditions conducive to high-quality seed production in specialty crops. Notably, moisture content, germination, and the emergence velocity index responded positively to these practices (Figure 5, Figure 6A and Figure 7A, respectively). However, the emergence rate and the first seedling count remained unaffected (Figure 6B and Figure 7B). The LRR indicated a decrease in water content with a progression in harvest time, with values of −0.2, −0.8, and −0.6 for early, mid, and late conditions, respectively. The germination percentage increased until mid-harvest before declining, as reflected by LRR estimates of 0.9, 1.2, and 0.2. The emergence velocity index mirrored this trend, with LRR estimates of 0.65, 0.8, and 0.2. Both these trends were statistically significant. The statistical analysis confirmed the significance of these differences.




3.3. Impact of Drying on Seed Quality


The impact of both shade- and oven-drying on moisture content was positive, resulting in LRR estimates of 7.5e1 and 2.5e−1, respectively (Figure 8A). For germination, shade- and oven-drying had positive and negative impacts; the LRR estimates were 7.5e−1 and −2.5e−1, respectively (Figure 8B). These differences were statistically significant, although the Welch test’s p-value indicated potential inconsistencies for the germination percentage. The natural logarithms of the Bayes factor were 3.6 and 4.9 for the germination percentage and moisture content, respectively, suggesting that the observed data were more likely under the alternative hypothesis than under the null hypothesis. This provided convincing evidence in favor of harvesting and drying techniques to improve the physiological quality of seeds in specialty crops. However, the Bayes factor should be interpreted in the context of the study and was not definitive proof of the hypothesis. Further research and data are needed to strengthen this evidence.



The regression analysis established functional relationships for the impact of drying temperatures on the moisture content and the germination percentage (Figure 9A). The model accounted for 85% of the observed variability in the seed germination percentage, based on the moisture content at drying temperatures ranging from 25 to 100 °C, with 25 °C serving as a reference point for “ambient conditions”. The germination percentage increased up to a certain moisture content threshold, after which it declined as the moisture content exceeded 20%. At a moisture content of 10% and drying temperatures between 30 and 60 °C, the germination percentage reached its maximum value. The specific correlation between moisture content and drying temperature was captured by a linear model, accounting for 70% of the variability (Figure 9B). This suggested a decrease in moisture content with an increase in drying temperature. However, elevated oven temperatures (> 80 °C) were found to be detrimental as they led to a reduction in moisture content to 0%, rendering the seed permanently inactive. The quadratic model derived for the germination percentage, with 75% variability, confirmed that germination exhibited its optimal values (60–100%, depending on the species) at drying temperatures of 25–35 °C (Figure 9C). Temperatures exceeding this range led to a significant reduction in the germination percentage, indicative of seed damage, thereby compromising the physiological quality.





4. Discussion


4.1. Key Learning


4.1.1. Harvesting and Drying Techniques Validated to Optimize Seed Quality


A systematic review and meta-analysis were conducted to evaluate the impact of harvesting and drying techniques on seed quality in specialty crops. It was confirmed that specific methodologies optimized the seed physiological quality, leading to increased germination percentages and better plant development. This validation substantiated the initial hypothesis and provides a foundation for subsequent research in this domain. Despite the advantages of these techniques in optimizing seed quality, certain limitations were identified that necessitate further investigation to advance this emerging field of research.




4.1.2. Declining Trends in Publication Entropy


The observed trend of decreasing influence entropy in harvesting and drying studies suggested a potential stagnation or saturation in the research output and impact in these areas. Influence entropy, which measures the diversity and distribution of influence across various studies, indicates the breadth of innovation and exploration within a field. A decline in this metric could suggest a lack of new research directions in harvesting and drying studies. This trend could limit the generation of fresh insights in these key areas of seed-quality research. However, recognizing this pattern also presents an opportunity to stimulate renewed interest, collaboration, and innovation in these studies.




4.1.3. Uneven Representation of Genres and Species


Although certain genres and species such as Capsicum spp. and Solanum spp. are extensively documented in the literature, others are under-represented. This uneven representation highlights the necessity for research that encompasses the diversity of specialty crops and their unique seed-quality traits [69]. Investigating less-studied genres and species can yield valuable insights and inform species-specific harvesting and drying best practices. For example, Abelmoschus spp. and Cucurbita spp. are predominantly featured in harvesting studies, indicating the potential for further investigations into drying techniques. Conversely, Physalis spp. and Carica spp. are frequently mentioned in drying studies, suggesting a need for research on harvesting techniques and optimization strategies.




4.1.4. Inadequacy of Traditional Indicators to Describe Physiological Quality


Commonly used metrics such as the mass of a thousand seeds, moisture content, and germination percentage provide insights into seed viability and storage potential, but there is a demand for more in-depth studies exploring additional physiological indicators of seed quality. These traditional metrics, while informative, may not provide a holistic view of seed health and performance. For instance, if seed vigor or storage resistance is identified as a critical quality indicator, research and development efforts could concentrate on harvesting and drying methodologies that preserve or enhance these characteristics [70,71].




4.1.5. Effectiveness of Shade- and Oven-Drying


Both shade- and oven-drying methods effectively reduce moisture content in seeds, which is crucial for the prevention of fungal or bacterial growth during storage [62,65]. Shade-drying, often preferred due to its less aggressive and more gradual process, preserves seed integrity and minimizes damage risk, making it ideal for delicate specialty crops. This method facilitates better moisture control and helps maintain seed viability [16]. Conversely, oven-drying, although effective at reducing moisture content, can pose risks to seed viability due to its harsh and rapid conditions. High temperatures and a fast-drying process may lead to seed damage and a reduced germination potential if not carefully managed [67,68].




4.1.6. Impact of Drying Temperatures on Seed Viability


Maintaining optimal drying temperatures of 30–60 °C and moisture content of 10–20% are essential for seed quality and viability as germination percentages reach their peak within these ranges. However, exceeding these ranges can lead to reduced germination percentages and seed viability, with temperatures above 80 °C being particularly detrimental [56]. Understanding the effects of specific drying methods and conditions on seed-quality parameters such as moisture content and germination percentage is vital for seed longevity and storage quality. Precise temperature control during mechanical-drying is necessary to prevent seed damage [68].



Our results demonstrated improvements in seed quality. However, for storage purposes, more precise conditions are necessary. Seed-bank drying conditions typically require temperatures of 10–15 °C and a water content of 5–10% [72]. Drying protocols and the optimal water content for storage vary depending on the storage temperature [71]. Monitoring and adjusting drying temperatures according to the crop species and environmental conditions can help optimize seed-drying outcomes.





4.2. Main Gaps Identified


4.2.1. Insufficient Species-Specific Data


A significant technical gap in the existing literature is the scarcity of data available for analysis at the species or genus level, necessitating the aggregation of results. Although this pooled approach provides a comprehensive overview that is beneficial to users by considering the variability and potential biases in individual studies (as reviewed by Tierney et al. [73] and Zhao et al. [74], it can obscure the unique characteristics of individual crops. This makes it challenging for growers, seed producers, and other stakeholders to replicate results in further studies or apply findings to real-world specialty cropping systems. Additionally, variations in methodologies across studies further complicate establishing clear links between harvesting and drying treatments and their impacts on specific species.




4.2.2. Lack of Detailed Experimental Conditions


Another noticeable gap in the current research is the absence of detailed descriptions of treatments, which complicates the direct extraction of control data. The LRR is a widely used, effective metric in meta-analyses to assess the impact of an alternative treatment compared with a control. However, the precision and reliability of the LRR are heavily dependent on the clarity and specificity of the control conditions described in the studies. Any ambiguity in control conditions such as those related to harvesting or drying can hinder the achievement of accurate and reliable results. This highlights the need for rigorous reporting standards in seed-quality research.






5. Conclusions


A comprehensive review and meta-analysis were conducted to evaluate harvesting and drying techniques, identifying key conditions that enhance seed physiological quality. These findings can guide evidence-based seed production, benefiting growers, seed producers, and other stakeholders. However, methodological inconsistencies and technical gaps were also noted, which warrant further research. The exploration of new physiological indicators for a holistic seed-health and performance assessment is necessary. Factors like seed vigor and storage resistance can enrich the understanding of seed physiology and contribute to reliable quality assessment protocols. Furthermore, species-specific studies are essential when tailoring practices to the unique traits of distinct crops. By considering each crop species’ specific needs, production practices can be optimized, thereby enhancing seed quality and performance.
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Figure 1. Systematic review flowchart. This chart visually outlines our PRISMA-guided review and meta-analysis. Yellow boxes mark the main steps, while green and purple boxes show data sources and process evolution. It traces the process from database definitions and paper filtering to the final selection of analysis-ready samples. 
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Figure 2. Trends in specialty crop seed quality research. This chart incorporates various subplots to illustrate the trends in cumulative publications (A) and citations (B) from 2000 to 2023. It also includes additional subplots that present information entropy metrics related to publication (C), citation (D), and influence (E). The influence metric reflects the impact of papers in terms of their citation frequency, indicating their influence in the field. Each subplot features grey and pale-green stacked areas that represent specific trends for drying and harvesting. Vertically crossed, dotted lines indicate significant transition points in these trends. 
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Figure 3. Distribution of studies by genus and species. This chart uses subplots to display the number of studies according to genus (A) and species (B). The size of each bar corresponds with the number of studies, indicating the influence of an individual genus or species in the field. Within each subplot, the grey and pale-green bars represent the number of studies focusing on drying and harvesting, respectively. 
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Figure 4. Distribution of studies by indicator of physiological quality. This chart integrates subplots to visualize the distribution of studies by the indicator of physiological quality. The size of each bar corresponds with the number of studies, indicating the influence of each individual indicator in the field. Within each subplot, the grey and pale-green bars represent the number of studies focusing on drying and harvesting, respectively. 
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Figure 5. Effect of harvest time on seed moisture content. This figure uses box plots to illustrate how seed moisture content changes with early (purple), mid (green), and late (yellow) harvest times. The y-axis represents harvest times, plotted against the LRR on the x-axis. The origin point differentiates the responses of later harvest times from the first harvest time. A statistical analysis, including Welch’s F-test for a mean comparison and W-square (W2) for effect sizes (0.2 = small, 0.5 = medium, and 0.8 = large), was specifically applied to larger datasets with more than thirty observations (N > 30). A vertical line separates the groups, with the p-value from the Games–Howell pairwise test indicating the probability of significant differences among them (* p-value < 0.5). Confidence intervals (CI95%) are provided for all measurements. 
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Figure 6. Effect of harvest time on seed germination (A) and seedling emergence rate (B). * p-value < 0.5. 






Figure 6. Effect of harvest time on seed germination (A) and seedling emergence rate (B). * p-value < 0.5.



[image: Agronomy 14 01705 g006]







[image: Agronomy 14 01705 g007] 





Figure 7. Effect of harvest time on seedling emergence velocity index (A) and first count (B). * p-value < 0.5. 
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Figure 8. Effect of drying method on seed moisture content and germination percentage. This figure uses box plots to compare the effects of shade-drying and oven-drying on seed germination (A) and seedling emergence rate (B), with sun-drying as the control. A statistical analysis, including Welch’s t-test (* p-value < 0.5) for a mean comparison and Hedges’ g for effect sizes (0.2 = small, 0.5 = medium, and 0.8 = large), was specifically applied to smaller datasets with fewer than thirty observations (N < 30). The Bayesian factor analysis is indicated by LN (BF), supporting alternative hypotheses over null ones, with larger LN (BF) values providing stronger evidence. The posterior distribution mean (dpost) indicates the true group difference, balancing prior knowledge with new meta-analysis information. A vertical solid line separates groups. Confidence intervals (CI95%) are provided for all measurements, suggesting a likely range of values that includes the true population parameter. 






Figure 8. Effect of drying method on seed moisture content and germination percentage. This figure uses box plots to compare the effects of shade-drying and oven-drying on seed germination (A) and seedling emergence rate (B), with sun-drying as the control. A statistical analysis, including Welch’s t-test (* p-value < 0.5) for a mean comparison and Hedges’ g for effect sizes (0.2 = small, 0.5 = medium, and 0.8 = large), was specifically applied to smaller datasets with fewer than thirty observations (N < 30). The Bayesian factor analysis is indicated by LN (BF), supporting alternative hypotheses over null ones, with larger LN (BF) values providing stronger evidence. The posterior distribution mean (dpost) indicates the true group difference, balancing prior knowledge with new meta-analysis information. A vertical solid line separates groups. Confidence intervals (CI95%) are provided for all measurements, suggesting a likely range of values that includes the true population parameter.



[image: Agronomy 14 01705 g008]







[image: Agronomy 14 01705 g009] 





Figure 9. Effect of drying temperature on seed moisture content and germination percentage. This figure uses scatter plots and marginal histograms to dynamically depict the variation in seed moisture content and germination percentage with an increase in oven-drying temperature. Natural drying temperatures (sun or shade) serve as references to compare and visualize the effects under artificial conditions. The subplot on the left (A) illustrates the interaction among these factors. The y-axis represents the germination percentage, plotted against the moisture content on the x-axis. This relationship was modulated by a fluctuating oven temperature, as represented by the regression curve. The subplots on the right offer visuals for individual conditions, demonstrating the response of moisture content (B) and germination percentage (C) to temperatures ranging from 25 to 100 degrees Celsius. This range is indicated on the gradient scale. The “zero” point in the visual representation indicates seeds that had not been dried, serving as a control. This control helped assess the effectiveness of drying in reducing seed susceptibility to abiotic and biotic factors such as microbial organisms, storage insects, and (physiological and biochemical) aging. 
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	Element
	Description





	Problem
	Seed quality in specialty crops



	Intervention
	Harvesting and drying



	Comparison
	Harvest timings and drying methods



	Outcome
	Improvement in physiological traits










 





Table 2. Search strings tailored to bibliographic databases.
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	Database
	Search String





	Scopus
	(“fruit*” OR “nut*” OR “vegetable*” OR “herb*” OR “spice*” OR “medicinal plant*” OR “nurser*” OR “flo*” OR “horticult*”) AND ((“harvest*” OR “dry*”) AND (“seed quality”))



	Web Of Science
	(“fruit*” OR “nut*” OR “vegetable*” OR “herb*” OR “spice*” OR “medicinal plant*” OR “nurser*” OR “flo*” OR “horticult*”) AND ((“harvest*” OR “dry*”) AND (“seed quality”))
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