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Introduction
Seed germination is the process through which a plant grows from a single seed. Seed germination involves the reactivation of metabolic activity of the seed embryo that results in the emergence of roots and shoots (Steinbrecher & Leubner-Metzger, 2017). There are two types of seed germination, such as epigeal and hypogeal germination. Epigeal germination is where the cotyledon is pushed down to the soil as a result of hypocotyl growth. Epigeal germination occurs in dicotyledon seeds such as onion, mustard, papaya, tamarind and cotton. Hypogeal germination is where the epicotyl elongates to bring the plumule above the soil while the cotyledon remains in the soil. Hypogeal germination occurs on monocotyledonous and dicotyledonous seeds such as maize. Some conditions should prevail to enhance seed germination, such as oxygen, water, temperature and light (Bohra, Waman & Jerard, 2020). In germination, the seed takes up water, activates the enzymes and swells hence softening the seed coat. The radical emerges after some time to absorb underground water and the plumule starts to grow upwards. The seed cells become active metabolically, elongates and grow, resulting in a seedling. This study is about the conditions necessary for seed germination.
Literature Review
Previous studies have been done about seed germination to identify the process of germination and the conditions necessary for seed germination. According to Steinbrecher & Leubner-Metzger (2017), water is an essential requirement for seed germination. Availability of water or moisture is important because it leads to swelling and breaking of the seed coat. Mature seeds need water for the metabolism and growth of the seeds to occur. Food reserves such as proteins and starch are stored in the seeds by most of the plants. These food reserves are significant for the growth of the embryo. Water activates hydrolytic enzymes that help to break down the food reserves into more valuable chemicals (Ali & Elozeiri, 2017). Seeds need enough water to moisten them but not a lot to soak them. If seeds lack moisture or water, they cannot grow.
According to Zhou et al (2019), oxygen is an essential need for metabolism to take place in a germinating seed. Oxygen is found in the soil pores since it is an atmospheric gas. Oxygen or air is used in aerobic respiration for seeds before they grow leaves. If the seeds are buried too deep into the soil, they cannot get enough oxygen. Similarly, if the soil is waterlogged, the seeds would get little or no air necessary for germination. Some seeds are physically dormant because of the impermeable seed coat. Physically dormant seeds need the coat to be broken to allow gaseous exchange and water intake for the seed to germinate. Seeds germinate from a wide range of temperatures and each seed has a specific range of temperature within which if the temperature is higher or lower, it cannot germinate. Some seeds need vernalization, cold temperatures, while others need high temperatures to break dormancy (Xia et al., 2018).
Hypothesis
I developed various hypotheses that I would use to help me in carrying out the study and they include:
1. The effect of water in seed germination
2. How does oxygen affect seed germination?
3. Do light and darkness influence the germination of seeds
4. I expect the seeds to germinate where oxygen is available
5. I expect that the seeds will grow in the presence and absence of light 
Method
Data Analysis
My first independent variable was determining the importance of oxygen or air in the process of seed germination. This study requires that some seeds have access to oxygen while others have no air in their germination environment. The presence of light and darkness for germinating seeds is the second variable. The light is naturally from the sun and no artificial light is provided. Darkness is created for the seeds to determine if they can geminate with the absence of light. The study aims at determining the necessity of external factors in germination. The effect of water in seed germination was my dependent variable in the study. The dependent variable was supposed to provide a favorable or unfavorable outcome for the report.
Materials
To make this study effective, I gathered some materials to help me carry out the research, such as six plastic tins with only one tin having a lid, a box, soil and 12 seeds. The plastic tins were all transparent to help in monitoring the changes in the seeds. I used maize seeds for the study. The box used was opaque to prevent any light from entering inside. I collected loam soil that is nutritious and will support the germination of the seeds. I enquired more information from research stations to ensure that the study was well set and avoid errors that would affect the process of the study. To increase the effectiveness of the study, I used existing data sources. 
Procedure
I filled all the tins half full with soil. I separated the tins into three, with each having two tins and named them as A, B and C, respectively. I planted two maize seeds in each of the tins and covered them with soil. I used two seeds in each tin to increase the effectiveness of the outcome. In group A, I filled only one tin with enough water. In group B, I filled the tins with water and closed one of the lids tightly to prevent more air from entering the tin. In group C, I filled the tins with enough water and put one of the tins inside the opaque box to create a dark environment. I placed all the tins in an area with temperatures ranging between 16 C- 27 C (60-78 F). The research took seven days to ensure that I got the right results. I also collected information from external sources such as research stations and reliable academic articles in the school library.
Results
Tables
	Tin
	

	With water
	Germinated

	Without water
	Did not germinate


Table 1: Group A
	Tin
	Results

	With oxygen
	Germinated

	Without oxygen
	No germination


Table 2: Group B
	Tin
	Results

	With light
	Germinated

	With darkness
	Germinated


Table 3: Group C
After seven days, I terminated the study and came up with various outcomes. In group A, the seed in the tin that had water had germinated. The other tin that had no water, the seed did not show any changes (germination). In group B, the seeds in the tin that I had left open had germinated. The seeds in the other tin that I had closed with a lid had not germinated. The seeds seemed to be swollen but had rotten. In group C, the seeds in both tins had germinated. The seedlings in the opaque box appeared yellowish and thin.
Conclusion
From the study results that I conducted, I realized that seed germination is affected by various external factors. Water or moisture plays a very vital role in the germination of seeds. Water helps the seed coat to soften, which allows the radical and plumule to grow. Seed coats of mature seeds are usually hard and thus, water is needed to soften them. Factors such as oxygen or air and temperature are also necessary for a germination seed (Steinbrecher & Leubner-Metzger, 2017). Light is not necessary for seed germination, but it is helpful for the growth of the seed. Information from research stations and materials from the library was vital because it helped provide the necessary environment for my study. It is important for a seed to germinate to ensure that these external factors, water, oxygen, and temperature, are present. Seed germination can take place in darkness and the presence of light.
Recommendation
The availability of water, air, and temperature are essential to ensure seed germination occurs. Seeds need to be exposed to the right temperature necessary for their germination because seeds germinate in different temperature ranges. Some seeds need high temperatures, while others need low temperatures to germinate. Seeds need to be provided with enough water. Too much water soaks the seeds instead of germinating. Seeds should also be allowed to have enough oxygen by not burying them deep into the soil and ensuring that the coat is permeable. There is a need for research on the causes of seed dormancy which affects the germination of seeds. A study on food reserves in the seed can be conducted to identify how they are used and how they affect seed germination.
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