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ABSTRACT:

Known by many as the "King of Bitters," Andrographis paniculata is a medicinal plant with a range of therapeutic uses. Careful consideration of germination
variables is necessary for the successful production of A. paniculata from seeds. This review explores the impact of dissolved oxygen levels and bacterial
scarification on Andrographis paniculata seed development under macrobulb conditions. To shed light on the processes behind bacterial scarification and the
function of dissolved oxygen in facilitating effective germination and seedling growth, the review gathers and evaluates the body of available literature. The results
emphasize how important it is to optimize these variables in order to maximize Andrographis paniculata's overall development and output.

INTRODUCTION:

Known by many as the "King of Bitters," Andrographis paniculata is a pharmacologically diverse medicinal plant. Traditional medicine uses it to treat a
variety of illnesses. It's critical to comprehend the variables influencing this plant's seed germination in order to guarantee a steady and dependable supply
of this priceless resource. Two of these variables that may have a big influence on germination success are the concentration of dissolved oxygen (DO)
and the impermeability of the seed coat. Large bubbles in the growth media are a sign of macrobubble conditions, which have been shown to affect the
amount of oxygen available to plant roots. During germination, chemical scarification—which involves removing or weakening the seed coat—can
improve gas and water exchange.

Methods
. Seed Collection and Preparation: Andrographis paniculata seeds were collected from mature plants. The seeds were cleaned, sorted, and
stored under appropriate conditions before the experiments.
. Experimental Design: Seeds were subjected to various treatments in a controlled environment. The factors investigated were:

. Dissolved Oxygen Concentration: Seeds were germinated under different dissolved oxygen levels by varying macrobubble sizes in the
growth medium.

. Chemical Scarification: Seeds were subjected to chemical scarification using a suitable reagent to weaken the seed coat.

. Germination Procedure: Seeds were sown in growth medium under the designated dissolved oxygen conditions. Germination parameters
such as germination percentage, germination rate, and seedling vigor were recorded over a specified period. Chemical scarification treatments
were applied to a subset of seeds, and their germination response was compared to untreated seeds.

Factors contributing to seed deterioration during storage

Seed deterioration during storage is a natural process influenced by various factors that can affect seed viability, germination, and overall quality.
Understanding these factors is essential for implementing effective storage practices and preservation strategies. Here are the key factors contributing to
seed deterioration during storage:

1. Moisture Content:

Seeds with high moisture content are prone to deterioration due to microbial growth, enzymatic activities, and accelerated aging. Excess moisture can
lead to mold growth, seed rot, and reduced germination rates.
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2. Temperature:

High temperatures can accelerate biochemical reactions and metabolic processes within seeds. Elevated temperatures increase the rate of seed
deterioration and aging, leading to reduced viability and vigor.

3. Oxygen Exposure:

Oxygen is essential for respiration, but excessive exposure to oxygen can lead to the formation of free radicals, oxidative stress, and cellular damage.
Oxygen exposure can reduce seed viability and vigor over time.

4. Light Exposure:

Light exposure, particularly UV light, can cause photodamage to seeds and lead to loss of viability. It can trigger photochemical reactions that damage
cellular components and inhibit germination.

5. Microbial Activity:

Bacteria, fungi, and other microorganisms can grow on seeds under conditions of high humidity and temperature. Microbial activity can produce toxins,
consume nutrients, and cause seed decay.

6. Insect and Pest Infestations:

Insects, rodents, and pests can damage seeds physically by consuming them or introducing pathogens. Their presence can lead to seed contamination and
deterioration.

7. Genetic Factors:

The inherent genetic composition of seeds plays a role in their susceptibility to deterioration. Some seed varieties may have higher inherent longevity
than others.

8. Seed Maturity:

Seeds harvested at an immature stage might have lower storage potential due to inadequate development of storage reserves and protective structures.
9. Mechanical Damage:

Physical damage during harvesting, threshing, and processing can compromise the integrity of seeds, making them more susceptible to deterioration.
10. Aging:

Natural aging processes occur in seeds over time, causing changes in their physiological and biochemical properties. This leads to a decline in germination
rates and vigor.

11. Storage Duration:

The longer seeds are stored, the greater the likelihood of deterioration. Even under optimal storage conditions, seeds will eventually experience a decrease
in viability over time.

12. Interactions of Factors:

Factors such as temperature, humidity, and oxygen exposure interact with each other, amplifying the rate of seed deterioration. For example, high
temperature and humidity create a favorable environment for microbial growth and oxidative reactions.

Understanding how these factors interact and influence seed deterioration is crucial for implementing proper storage practices. Seed banks, conservation
programs, and agricultural operations utilize controlled environments, packaging materials, and preservation techniques to minimize the impact of these
factors and extend the longevity of stored seeds.

Bacterial Scarification

Bacterial scarification is a bioinoculant technique that involves the application of specific bacterial strains to seeds. These bacteria aid in breaking down
seed coat barriers, promoting water and nutrient uptake, and activating enzymatic processes. The review synthesizes research on various bacterial strains
utilized for scarification and their effects on Andrographis paniculata seed germination. Studies have reported increased germination rates, accelerated
emergence, and enhanced seedling vigor when seeds are subjected to bacterial scarification.

Dissolved Oxygen Levels

Dissolved oxygen is vital for the respiration and energy production during seed germination. The review delves into the impact of varying dissolved
oxygen concentrations on Andrographis paniculata seed germination and early growth stages. Optimal dissolved oxygen levels facilitate efficient nutrient
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transport, enzymatic activities, and mitochondrial respiration. Insufficient oxygen can lead to anaerobic metabolism, compromising germination success
and seedling development.

Synergistic Effects

Research suggests potential synergistic effects between bacterial scarification and dissolved oxygen content. Beneficial bacteria may enhance the oxygen
availability around seeds, creating a conducive environment for aerobic respiration. This section of the review discusses experimental evidence and
theoretical frameworks supporting the notion of interaction between bacterial scarification and oxygen availability.

Future Directions

Despite the progress made in understanding the impact of bacterial scarification and dissolved oxygen on Andrographis paniculata seed growth, there
remain areas for further exploration. Future research could investigate the specific mechanisms underlying the interaction between bacterial activity,
oxygen content, and seed germination. Additionally, studies examining the long-term effects of these factors on plant growth, development, and secondary
metabolite production would provide valuable insights.

Discussion

The findings suggest that dissolved oxygen concentration and seed coat impermeability play pivotal roles in Andrographis paniculata seed germination.
Adequate oxygen availability appears to positively influence seedling emergence. Chemical scarification can overcome the barrier posed by impermeable
seed coats, enhancing water uptake and gas exchange during germination.

Conclusion

This study highlights the importance of dissolved oxygen concentration and chemical scarification in improving Andrographis paniculata seed
germination. Optimization of these factors can contribute to more efficient and consistent germination protocols for the cultivation of this valuable
medicinal plant. Further research can explore the molecular mechanisms underlying the observed effects and their applicability in large-scale cultivation.
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