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Germination:	The	breaking	of	dormancy
The	growth	of	the	embryo	and	its	penetration	of	the	
seed	coat

Break down of barriers
Abrasion of seed coat
Decomposition of seed coat 
Cracking of seed coat (fire)

Change in physical state -
rehydration

Destruction and dilution of 
inhibitors

Light, temperature, water
Production of growth 
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Successful	
Vegetable	Seed	
Germination

• Temperature,	Water,	Oxygen and	Light
• Germination	Chambers
• In-ground/media	germination
•Managing	early	seedling	growth
• Pre-transplant	management	of	seedlings



Germination Temperature
1. The effect of soil temperature on sown seeds.
2. Percentage of Normal Vegetable Seedlings Produced at Different Temperatures.
3. Sowing seeds indoors.
4. Sowing seeds outdoors.

The discussion in this article is not about stratification methods or temperatures. The removal or destruction of germination inhibitors is well described in other articles.

The effect of soil temperature on sown seeds.

The chart below displays the relationship between soil temperature, days to emergence,  and the percentage of  sown seeds to germinate:

As you might expect, the percentage of any seeds to germinate is maximum at the optimal temperature for that species.  As the temperature declines or advances from the
optimal temperature, two things happen at the same time. While the percentage of seeds to germinate decreases, the number of days to germination increases.  That is the
fundamental relationship between germination and temperature.

For every species of seed, there is an optimal soil temperature for germination, and at that temperature, the maximum number of seeds will germinate and in
less time than at any other temperature.

You can sow onion seeds at 32ºF and get 90% germination.  So, why don't we do that?  The answer is in the following table.

Percentage of Normal Vegetable Seedlings 
Produced at Different Temperatures*  **

Numbers in ( ) are the days to seedling emergence.  Number in red = optimal daytime soil temperature for maximum production in the shortest time.
Crops 32ºF 41ºF 50ºF 59ºF 68ºF 77ºF 86ºF 95ºF 104ºF

Asparagus   0   0  61(53)  80(24)  88(15)  95(10)  79(12)  37(19)   0
Beans, lima   0   0   1  52(31)  82(18)  90(7)  88(7)   2   0
Beans, snap   0   0   1  97(16)  90(11)  97(8)  47(6)  39(6)   0
Beets   0  53(42)  72(17)  88(10)  90(6)  97(5)  89(5)  35(5)   0
Cabbage   0  27  78(15)  93(9)   0(6)  99(5)   0(4)   0   0
Carrots   0  48(51)  93(17)  95(10)  96(7)  96(6)  95(6)  74(9)   0
Cauliflower   0   0  58(20)  60(10)   0(6)  63(5)  45(5)   0   0
Celery   0  72(41)  70(16)  40(12)  97(7)  65   0   0   0
Cucumber   0   0   0  95(13)  99(6)  99(4)  99(3)  99(3)  49
Eggplant   0   0   0   0  21(13)  53(8)  60(5)   0   0
Lettuce  98(49)  98(15)  98(7)  99(4)  99(3)  99(2)  12(3)   0   0
Muskmelon   0   0   0   0  38(8)  94(4)  90(3)   0   0
Okra   0   0   0  74(27)  89(17)  92(13)  88(7)  85(6)  35(7)
Onions  90(136)  98(31)  98(13)  98(7)  99(5)  97(4)  91(4)  73(13)   2
Parsley   0   0  63(29)   0(17)  69(14)  64(13)  50(12)   0   0
Parsnips  82(172)  87(57)  79(27)  85(19)  89(14)  77(15)  51(32)   1   0
Peas   0  89(36)  94(14)  93(9)  93(8)  94(6)  86(6)   0   0
Peppers   0   0   1  70(25)  96(13)  98(8)  95(8)  70(9)   0
Radish   0  42(29)  76(11)  97(6)  95(4)  97(4)  95(3)   0   0

Seed	germination	has	an	optimal	temperature	– a	
temperature	when	germination	is	highest.		As	
temperatures	increase	or	decrease	from	the	

optimal	temperature,	the	percent	seed	
germination	will	decrease.
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Soil Temperature for Vegetable Seed Germination 
Minimum 

32°F (0°C) 40°F (4.4°C) 50°F (10°C) 60°F (15.6°C) 65°F (18.3°C) 
Endive 
Lettuce 
Onion 
Parsnip 
Spinach 

Beet 
Broccoli 
Cabbage 
Carrot 
Cauliflower 
Parsley 
Pea 
Radish 
Swiss chard 
Celery 

Asparagus 
Sweet corn 
Tomato 
Turnip 

Bean, lima 
Bean, snap 
Cucumber 
Okra 
Pepper 

Eggplant 
Muskmelon 
Pumpkin 
Squash 
Watermelon 

 
Optimum 

70°F (21°C) 75°F (24°C) 80°F (26.7°C) 85°F (29.4°C) 95°F (35°C) 
Celery 
Parsnip 
Spinach 

Asparagus 
Endive 
Lettuce 
Pea 

Bean, lima 
Carrot 
Cauliflower 
Onion 
Radish 
Tomato 
Turnip 

Bean, snap 
Beet 
Broccoli 
Cabbage 
Eggplant 
Parsley 
Pepper 
Sweet corn 
Swiss chard 

Cucumber 
Muskmelon 
Okra 
Pumpkin 
Squash 
Watermelon 

 
Maximum 

75°F (24°C) 85°F (29.4°C) 95°F (35°C) 105°F (40.6°C) 
Celery 
Endive 
Lettuce 
Spinach 

Bean, lima 
Parsnip 
Pea 

Asparagus 
Bean, snap 
Beet 
Broccoli 
Cabbage 
Carrot 
Cauliflower 

Eggplant 
Onion 
Parsley 
Pepper 
Radish 
Swiss chard 
Tomato 

Cucumber 
Muskmelon 
Okra 
Pumpkin 

Squash 
Sweet corn 
Turnip 
Watermelon 
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Optimal	Temperatures	for	Seed	
Germination



Percent	germination	at	varying	temperatures	
(numbers	in	parenthesis	are	days	to	

germination)
Crop 32 41 50 59 68 77 86 95 104

Snap	Beans 0 0 1 97	(16) 90	(11) 97	(8) 47(6) 39	(6) 0

Beets/Chard 0 53	
(42)

72	(17) 88	(10) 90	(6) 97	(5) 89	(5) 35	(5) 0

Cucumber 0 0 0 95	(13) 99	(6) 99	(4) 99	(3) 99	(3) 49

Eggplant 0 0 0 0 21	(13) 53	(8) 60	(5) 0 0

Lettuce 98	
(49)

98	
(15)

98	(7) 99	(4) 99	(3) 99	(2) 12	(3) 0 0

Onions 90	
(136)

98	
(31)

98	(13) 98	(7) 99	(5) 97	(4) 91	(4) 73	(13) 2

Pepper 0 0 1 70	(25) 96	(13) 98	(8) 95	(8) 70	(9) 0

Spinach 83	
(63)

96	
(23)

91	(12) 82	(7) 52	(6) 28	(5) 32	(6) 0 0



Water/Oxygen



effect of compaction can be even greater.

Water Holding Capacity

Establishing a balance between the water holding capacity of a medium, aeration and drainage is a key to
optimum plant growth. The cost of irrigation often forces growers to utilize a medium that holds excessive
amounts of water. This frequently results in increased crop time, reduced root growth, and poor plant quality.

The amount of water a medium holds is dependent on the components used, pore size and distribution, as
well as the shape of the container. Most soilless mixes should hold approximately 60% to 70% water after
drainage.

Putting Them All Together

Developing an effective plan for irrigation management requires a careful match between the needs of the
plant and the growing medium. Although growers are most frequently concerned about the lack of water in
the medium, research now indicates that the potential hazards from over-watering may be much greater.

Aeration is an essential factor for optimum plant growth, and requires careful consideration when developing
a growing medium. However, the pressure to conserve water is forcing growers to use mixes that hold large
volumes of water. An understanding of the relationship between growing medium, air and water can be
extremely helpful in developing sound management practices.

Table 1. The effect of container size and
medium compaction on air and water.

Degree of Compaction
Container Size

4-inch 6-inch 1 gallon
Light compaction

Available water 52 48 45
Air space 19 23 25

Medium compaction
Available water 53 50 48
Unavailable water 21 23 24
Air space 12 17 22

Heavy compaction
Available water 49 45 42
Unavailable water 29 31 28
Air space 8 12 19

A 2:1 v/v bark:sand medium was used for this example.

Aggie Horticulture®
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Oxygen	availability

Molar Weights

Oxygen - O2 : 31.9988 g/mol
Nitrogen - N2 : 28.0134 g/mol

Partial fraction in Air

Oxygen - O2 : ~ 0.21
Nitrogen - N2 : ~ 0.79

Oxygen dissolved in the Water at atmospheric pressure can be calculated as:

co = (1 atm) 0.21 / (756.7 atm/(mol/litre)) (31.9988 g/mol)

= 0.0089 g/litre

~ 0.0089 g/kg

Nitrogen dissolved in the Water at atmospheric pressure can be calculated as:

cn = (1 atm) 0.79 / (1600 atm/(mol/litre)) (28.0134 g/mol)

= 0.0138 g/litre

~ 0.0138 g/kg

Since air mainly consists of Nitrogen and Oxygen - the air dissolved in the water can be calculated as:

ca = (0.0089 g/litre) + (0.0138 g/litre)

= 0.0227 g/litre

~ 0.023 g/kg

Calculating the air dissolved in water for some other pressures at temperature 25oC (77oF) can be summarized to:

Pressure, abs (atm) 1 2 3 4 5 6

Dissolved Air in Water (25oC) (g/kg) 0.023 0.045 0.068 0.091 0.114 0.136

Dissolved Oxygen in Fresh Water

Deaeration
For maximum deaeration the water should be heated up to 212 oF (100 oC) at atmospheric pressure. This is common in steam systems where fresh water is supplied to the system through a heated
deaeration tower on the top of the condensate receiver tank.

It is also common to install deaeration devices on the hot sides of heat exchangers in heating distribution systems to force the dissolved air out of the system.

Note! Since the maximum deaeration is limited by the minimum static pressure and maximum temperature in the system - the best deaeration result is achieved in positions at the hottest and highest
levels of the systems - and/or at the suction side of pumps.

Sponsored Links

Related Topics

Material Properties - Material properties for gases, fluids and solids - densities, specific heats, viscosities and more

Minneapolis, MN: This Brilliant Company Is Disrupting
A $200 Billion Industry



Container	Depth	Versus	Aeration
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In rivers and streams, dissolved oxygen concentrations are dependent
on temperature.

Minimum dissolved oxygen requirements of
freshwater fish

byproducts, respiration, re-aeration, accrual
from groundwater inflow and surface runoff
¹³.

Saltwater holds less oxygen than freshwater, so oceanic DO concentrations tend to be lower than those
of freshwater. In the ocean, surface water mean annual DO concentrations range from 9 mg/L near the
poles down to 4 mg/L near the equator with lower DO levels at further depths. There are lower dissolved
oxygen concentrations near the equator because salinity is higher ¹⁶.

Dissolved oxygen levels at the ocean’s surface: (data: World Ocean Atlas 2009; photo credit: Plumbago; Wikipedia Commons)

Some states have Water Quality Standard Acts, requiring minimum concentrations of dissolved oxygen; in
Michigan, these minimums are 7 mg/L for cold-water fisheries and 5 mg/L for warm-water fish ; in
Colorado, “Class 1 Cold Water Aquatic Life” needs 6 mg/L, and “Class 1 Warm Water Aquatic Life” requires
DO levels of at least 5 mg/L . In order to mimic ideal environmental systems, freshwater tanks ideally
need around 8 mg/L DO for optimum growth and marine tank requirements range from 6-7 mg/L DO
based on the salinity level ¹⁸. In other words, dissolved oxygen should be near 100% air saturation.

Examples of Freshwater Organisms and Dissolved Oxygen Requirements

Coldwater fish like trout and salmon are most affected by low
dissolved oxygen levels . The mean DO level for adult
salmonids is 6.5 mg/L, and the minimum is 4 mg/L ¹². These fish
generally attempt to avoid areas where dissolved oxygen is less
than 5 mg/L and will begin to die if exposed to DO levels less
than 3 mg/L for more than a couple days ¹⁹. For salmon and
trout eggs, dissolved oxygen levels below 11 mg/L will delay
their hatching, and below 8 mg/L will impair their growth and
lower their survival rates. ¹⁹ When dissolved oxygen falls below 6
mg/L (considered normal for most other fish), the vast majority
of trout and salmon eggs will die. ¹⁹

Bluegill, Largemouth Bass, White Perch, and Yellow Perch are
considered warmwater fish and depend on dissolved oxygen
 levels above 5 mg/L . They will avoid areas where DO levels are
below 3 mg/L, but generally do not begin to suffer fatalities due
to oxygen depletion until levels fall below 2 mg/L . The mean
DO levels should remain near 5.5 mg/L for optimum growth and
survival ¹².

Walleye also prefer levels over 5 mg/L, though they can survive
at 2 mg/L DO levels for a short time.²⁴ Muskie need levels over 3
mg/L for both adults and eggs ²⁵. Carp are hardier, and while
they can enjoy dissolved oxygen levels above 5 mg/L, they easily
tolerate levels below 2 mg/L and can survive at levels below 1
mg/L ²⁶.

The freshwater fish most tolerant to DO levels include fathead minnows and northern pike. Northern pike
can survive at dissolved oxygen concentrations as low as 0.1 mg/L for several days, and at 1.5 mg/L for an
infinite amount of time ²⁷. Fathead minnows can survive at 1 mg/L for an extended period with only
minimal effects on reproduction and growth.

As for bottom-dwelling microbes, DO changes don’t bother them much. If all the oxygen at their water
level gets used up, bacteria will start using nitrate to decompose organic matter, a process known as
denitrification. If all of the nitrogen is spent, they will begin reducing sulfate ¹⁷. If organic matter
accumulates faster than it decomposes, sediment at the bottom of a lake simply becomes enriched by the
organic material. ²⁸.

Examples of Saltwater Organisms and Dissolved Oxygen Requirements

Saltwater fish and organisms have a higher tolerance for low dissolved oxygen concentrations as
saltwater has a lower 100% air saturation than freshwater. In general, dissolved oxygen levels are about
20% less in seawater than in freshwater ³.

This does not mean that saltwater fish can live without dissolved oxygen completely. Striped bass, white
perch and American shad need DO levels over 5 mg/L to grow and thrive ⁵. The red hake is also extremely
sensitive to dissolved oxygen levels, abandoning its preferred habitat near the seafloor if concentrations
fall below 4.2 mg/L ²⁹.
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Basics Of Bait Tank Aeration

To understand what is really needed for proper aeration, think about your own oxygen needs If you were in a large airtight room you would be able to breathe for several
hours before using up all the oxygen. If you were in an airtight closet, the oxygen would be used up a lot quicker. If you put a bag over your head the oxygen in our lungs
would be used very quickly. Without adding oxygen you would suffocate. In any case you could breath indefinitely, if you had a source of outside air 
Aerators are that outside source of oxygen for contained water.
Aerators increase the area of contact between air and water increasing  Dissolve Oxygen in the Water.

Same principle with fish:
If we put a fish in a sealed gallon jar it would not survive for long before using up all the oxygen. If we enclosed the same fish in
a 50 gal tank  the oxygen would be used up slower. Without additional oxygen in either case the fish would eventually die. It
would not matter about the size of the tank. If an aerator can provide enough oxygen in the water for the fish to breathe, it
doesn't matter how much water surrounds the fish.

Size And Amount Of Air Bubbles

Whenever air bubbles are in contact with water, through natural or artificial means, a transfer of oxygen from the air bubbles to
the water takes place until the water becomes saturated. Watch the air bubbles produced by your aerator. If they large and
quickly rise to the surface they provide little aeration or oxygen transfer.

The smaller the air bubble produced the better the oxygen transfer. Smaller bubbles provide more surface area for oxygen absorption and float to the surface slower. You
can obtain 10 times the oxygen absorption efficiency simply by reducing bubble size from 1/8" bubbles to 3/10".  Air bubbles as they float up through water have the
ability to put oxygen into the water and also absorb CO2. When bubbles pop to the surface CO2 is released into the atmosphere. The smaller the bubble, the longer it
remains in contact with the water to exchange oxygen and absorb CO2. The process of oxygen moving from an area with a high oxygen concentration to an area with a
low oxygen concentration is known as diffusion and there are two basic types of Diffused Aeration Systems.

Water Temperatures

The warmer the water, the less oxygen it will hold.
Fish will deplete the oxygen quicker as the water warms up.

The proper dissolved oxygen content must be present for fish to survive it is more important than water temperature. Use a thermometer to keep track of water
temperature. Never change water temperatures over ten degrees when exchanging shad into different tanks, 5 degrees is preferred

Oxygen in Water

Oxygen in water is known as dissolved oxygen or DO. Oxygen is constantly entering and leaving water, but there is a certain amount of oxygen in water at all times.  This
is because water has a natural attraction to oxygen.  When oxygen comes in contact with the surface of water, the oxygen enters the water, becoming dissolved oxygen.

The amount of attraction between oxygen and water depends on the amount of oxygen already in the water.  If there is very little oxygen in water, then the water is very
attractive to oxygen.
But when water has a high concentration of DO, then the water is saturated, meaning that the water contains as much oxygen as it can hold. 

Fish take in oxygen from the water through their gills.  Fish with large gills compared to their body size are have a large surface area to mass ratio,  these fish can take up
enough oxygen to survive even in water with a low oxygen content. 

A fish's metabolism also helps determine the amount of oxygen which a fish needs to survive.  Fish with a high metabolism are fast moving but also require a great deal
of oxygen to survive.  Fish with a slow metabolism are more sluggish and require less oxygen.

Carp and trout are examples of the two extremes of fish oxygen requirements.  Trout have a small gill area and a high metabolism, so they like moving, cooler waters
where the oxygen levels are high.  Carp, in contrast, have a small gill area and a slower metabolism, so they can withstand low levels of oxygen and 
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Light	and	Temperature	
Fluctuations











Successful	
Vegetable	Seed	
Germination

• Temperature,	Water,	Oxygen and	Light
• Germination	Chambers
• In-ground/media	germination
•Managing	early	seedling	growth
• Pre-transplant	management	of	seedlings





Germination	Chamber

• Temperature
• Heating	pad	(tray),	small	electric	heater	(room)

• Water
• Mist/Soak	tray,	Humidifier/Tray	cover,	vermiculite	cap

• Oxygen
• High	media	porosity,	air	exchanges,	not	overwatering

• Light
• Fluorescent	lamps	or	red	LEDs.		Do	not	use	incandescent	
lamps!		Do	not	cover	light	requiring	seed	much!		
Temperature	fluctuations	may	be	beneficial.









Light systems

Ø Avoid incandescent

Ø‘Cool white’ fluorescent

Ø Hang lights low

ØRemove covers after
germination



Priming seed

4 hours is usually sufficient to imbibe seed

Not beans/corn!

“convinces” seed that moisture conditions o.k.

Discard water




