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. DRYING, STORING, AND PACKAGING SEEDS TO MAINTAIN 
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High moisture is the greatest single cause of loss of germination in seeds. For 

this reason we must know about the dangers of high moisture and how to control or 

eliminate these dangers . 

Seed is/ often too high in moisture when it comes from the harvest. Even suffi­

ciently dry seed in storage may gain moisture to unsafe levels during periods of humid 

weather. As more and more seed is being stored or shipped in moisture proof or 

moisture resistant containers it is imperative that the seed be of the proper dryness 

before being put in these containers. Thus we need to know what are safe moisture 

levels, how to dry it to these levels and then how to store or package it to keep it at 

these safe moisture levels. 

Since I am a seed physiologist I will discuss seed moisture in relation to drying, 

storing and p~ckaging from the viewpoint of seed germination and vigor rather than 

from an agricultural engineer's or economist's viewpoint. 

Moisture in Seeds 

If the moisture in the seed is higher than 45-60% then germination takes place. 

However, from this moisture range down to 18-20% respiration is extremely high, both 

seed respiration and respiration of microorganisms. Heating can occur where there 

is little or no aeration. This spontaneous heating can raise temperatures high enough 

to kill the seeds. 

Between 12-14% and 18-20% mold growth may still occur, infecting the seed par-

ticularly the cracked and damaged seed. In addition there is active respiration in the 

.. . Y Dr. Harrington is Associate Professor of Vegetable Crops, University of 
California, · Davis, California 19 59 Proceedings. 
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seed, which causes rapid loss of vigor and eventual loss in germination. One explana­

tion of this loss in vigor is that there is enough present for respiration which uses food 

energy present in the cells but there is not enough moisture for movement of food sto-
! 

rage tissue to these respirating cells. Thus there is a local starvation. These starved 

cells die one by one resulting in loss of vigor of the whole seed when the seed is planted 

and finally death or loss of germination of the seed. 

Insects are often serious pests in stored seed and here if moisture is less than 

8-9% weevils in particular and many other insects cannot breed so they die out in 

storage. 

If the seed are to be stored in moisture -proof containers for any length of time 

then the moisture content must be below 4-8% or deterioration will be faster than would 

occur in open storage. We are not sure of the reasons for this more rapid decline in 

vigor. At higher moisture contents respiration is rapid but in sealed containers there 

is no escape for the end products. These include water, which may increase the seed 

moisture further speeding up, respiration, carbon dioxide, which may be injurious in 

high concentrations, and possibly even toxic substances. In addition, in a sealed at-

mosphere the oxygen is rapidly reduced. This low oxygen may cause anaerobic res-

piration which is toxic to many living tissues. 

Thus the amount of moisture in seeds affects many processes and can be summa-

rized as follows: 

Seed Moisture above 45-60% Germination occurs 

" " 

" 
;,,, 

" :n 

" 

" 

" 

18-20% 

12-14% 

Heating may occur 

Molds grow on and in seed 

below 8- 9% ·----- Little or no inseet: aJCtivity 

4-8% - ---- S;ealed storage is safe 

It should be emphasized again that respiration in seeds is greatly influenced by 

the seed moisture. For example an immature bean on a plant with possibly 85% mois-
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Table I 

Absorbed Moisture Content of Field Seed In Equilibrium With Air Of 
Various Relative Humidities At Room Temperature (Approximately 77IDegreesF) 

(Moisture content wet basis, in per cent) 

Relative Humiditl, Per Cent 15 -.. 30 45 60 75 90 100 

Barley 6.0 8. 4 10.0 12. 1 14.4 19.5 26. 8 

Buckwheat 6. 7 9. 1 10.8 12. 7 15 . 0 19. 1 24.5 

Shelled Corn, Yd 6. 4 8.4 10.5 12.9 14.8 19. 1 23.8 

Shelled Corn, Wd 6.6 8. 4 10.4 12.9 14. 7 18.9 24.6 

Shelled Corn, Pop 6.8 8.5 9.8 12.2 13.6 18.3 23 . 0 

Flaxseed 4. 4 5.6 6,3 7.9 10.0 15. 2 21.4 

Oats 5. 7 8.0 9.6 11. 8 13.8 18.5 24. 1 

Peanut 2.6 4.2 5.6 7, 2 9. 8 13. 0 ------

Rice, Milled 6.8 9.0 10. 7 12.6 14.4 18. 1 23.6 

Rye 7.0 8.7 10. 5 12.2 14.8 20.6 26.7 

Sorghum 6.4 8.6 10. 5 12.0 15.2 18. 8 21. 9 

Soybeans 4.3 6.5 7.4 9.3 13. 1 18 ,8 ------

Wheat, White 6. 7 8.6 .9: 9 11.~ 8 15. 0 19 . 7 26. 3 

Wheat, Durum 6.6 8.5 10. 0 11 . 5 14. 1 19. 3 26. 6 

Wheat, Soft Red Winter 6.3 8.6 10.6 11. 9 14. 6 19. 7 25 . 6 

Wheat, Hard Red Winter 6.4 8.5 10.5 12.5 14. 6 19. 7 25 . 0 

Wheat, Hard Red Spring 6.8 8. 5 10. 1 11. 8 14. 8 19. 7 25.0 
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Table 2 

Approximate Moisture Content of Vegetable Seeds in Equilibrium With Air 
At Different Relative Humidities At Room Temperature (Approximately 77 DegreesF) 

{Moisture content wet basis, in per cent) 

Relative Humidity, Per Cent 10 20 30 45 60 75 

Bean, Broad 4.2 5.8 7.2 9.3 11. 1 14.5 

Bean Lima 4.6 6.6 7.7 9.2 11.0 13. 8 

Bean, Snap 3.0 4.8 6.8 9.4 12.0 15.0 

Beet, Garden 2. 1 4.0 5. 8 7.6 .9N ~4 11. 2 

Cabbage 3.2 4.6 5.4 6.4 / 7:6 9.6 

Cabbage, Chinese 2.4 3.4 4.6 6.3 7.8 9.4 

Carrot 4.5 5.9 6. 8 7.9 9.2 11. 6 

Celery 5. 8 7.0 7. 8 9.0 10.4 12.4 

Corn, Sweet 3.8 5. 8 7. 0 9.0 10.6 12.8 

Cucumber 2.6 4.3 5.6 7. 1 8.4 10. 1 

Eggplant ~· 1 4.9 6. 3 8.0 . 9. 8 11.9 

Lettuce 2.8 4.2 5. 1 5.9 7. 1 9.6 

Mustard, Leaf 1.8 3.2 4.6 6.3 7.8 9.4 

Okra 3.8 7.2 8.3 10. 0 11. 2 13. 1 

Onion 4.6 6. 8 8.0 9.5 11. 2 13.4 

Onion, Welsh 3.4 5. 1 6. 9 9.4 11,8 14.0 

Parsnip 5.0 6. 1 7.0 8.2 9.5 11.2 

Pea 5.4 7.3 8.6 10. 1 11,9 15.0 

Pepper 2.8 4.5 6. 0 7.8 9.2 11. 0 

Radish 2.6 3.8 5. 1 6.8 8.3 10.2 

Spinach 4.6 6.5 7.8 9.5 11. 1 13.2 

Squash, Winter 3.0 4.3 5.6 7.4 9.0 10.8 

Tomato 3.2 5. 0 6.3 7.8 9.2 1'1. 1 

Turnip 2.6 4. 0 5. 1 6.3 7.4 9.0 

Watermelon 3.0 4.8 6. 1 7.6 8. 8 10.4 



e a 
'l) .... 
~ 
~ 

25 

20 

15 

10 

5 

/ 
0 / 

Figure 1. Average Moisture Content of Ten Crops at Different Relative 

Humidities (from S. Nakamura). 
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ture is respiring so fast that in three days it will use up food equal to its own weight 

while if mature bean seeds are dried to 8% moisture a one hundred pound bag of them 

will have only respired three ounces in 10 years. 

We see now that the higher the seed moisture the greater is the danger to the 

seed. But what causes the seed to gain or lose moisture? The moisture content of the 

seed is a function of the relative humidity of the air around it. First let us define rela­

tive humidity or as usually abbreviated R. H. Relative humidity is an expression of the 

amount of moisture actually in the air in relation to the total amount of moisture the 

air can hold. If the R. H. is 45% then the air contains 45% of the maximum amount it 

could hold. As the temperature increases air can hold more moisture so if you heat 

air without changing the moisture content the % R. H. goes down, This is extremely 

important as we shall see when we discuss drying. However, the moisture content of 

a given seed depends on the relative humidity and temperature has little effect on it. 

If the R. H. of the air around the seed rises the seed moisture will rise . Tables 1 and 

2 give the approximate moisture content of different agronomic and vegetable seeds in 

equilibrium with various relative humidities and figure 1 shows a seed moisture curve 

as a function of R. H. Note that there is a straight line relationship between about 30% 

R. H. and about 70% R. H. Above and below these relative humidities the seed moisture 

changes with increasing rapidity with further changes in relative humidity. 

If we look more critically at Tables 1 and 2 we note that although there is con­

siderable variation in moisture content of different crops at different relative humidi­

ties there does appear to be two groups of seeds based on their moisture content at 

a given R. H. The first groups have a moisture content of about 10% at a R. H. of 45%. 

This group includes all the grasses and grains and most of the legumes, (except soy­

bean and peanut). These are all seeds high in starch and low in fat or oil . The other 

group which has a moisture content ranging around 6-7% moisture content at 45 % R. H. 



95 

is of kinds of seeds containing much higher qualities of oil~ Since oil does not absorb 

water the seeds high in oil have a lower moisture content in equilibrium with the same 

%R.H. 

Harvesting and Processing 

The germination and vigor of any seed crop is at a maximum at the moment of 

full maturity. This is of course disregarding dor111ancies that may be present in some 

crops. From the moment of full maturity the germination and vigor of the seed crop 

declines and all man can do is to slow this decline as much as possible. 

If the crop is not harvested immediately, deterioration can occur in the field. 

The high moisture of the seed coupled with high temperature of rewetting due to rain 

can damage the seed as can weathering, insects, and disease. 

Yet, the very acts of harvesting and milling the seed to put the seed in condition 

to be sold can damage the seed by mechanical injury. The amount of mechanical 

injury suffered by the seed is closely related to the moisture content of the seed. If 

the seed moisture is too high or too low then the seed is easily damaged. The proper 

moisture content for safest harvesting and milling varies from crop to crop. The me-

/ Fhanical injury to seeds may result in a serious secondary problem; - - the entrance of 

molds and the resulting damage to germination and vigor. 

Fumigation necessary for control of insects, can also seriously reduce the ger­

mination and vigor of seeds. Both high seed moisture and high temperature increase 

the danger of injury to the seed from fumigation . In the case of methyl bromide fum­

igation there is a cummulative effect and a second fumigation with it may be extememly 

damaging to the seed. 

Thus from the peak of germination and vigor at full maturity of the seed crop 

every step of harvesting and processing necessary for putting the seed in a salable 

condition has to a greater or lesser extent reduced the crop's germination and vigor 
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and one of the major factors influencing the extent of this reduction has been the seed 

moisture content. 

Drying 

First, before we discuss how to dry seed we should decide how dry we want the 

seed. Certainly we want the seed dry enough that mold will not grow so we want it 

drier than 12-14%. Even in sealed storage below 4% is not necessary and extreme 

dryness induces dormancy in some seeds. So we want the moisture content of our seed 

somewhere between 14 and 4% depending on the find of seed, how long we want to keep 

it (the longer the drier it must be) and how we want to store it. For open storage for 

one year 12-14% is satisfactory. For open storage for longer times 8-10% is better and 

for storage in moisture proof containers 4-8% is naressary. 

Seed drying includes two processes. The first is the transfer of moisture from 

the seed surface to the air around the seed and the second is the movement of moisture 

from the inside of the seed to the seed surface. 

The first process, the transfer of moisture from the seed surface to the surround­

ing ai'r, is entirely a function of the gradient in vapor . pressure between the seed sur­

face and the sur.munding air. To put it another way the wetter the seed surface and 

the drier the surrounding air the faster is the movement of moisture from the seed 

surface to the surrounding air. 

If the air around the seed is not moving it gains moisture as the seed surlace 

loses it, the gradient becomes less and less until soon no drying is taking place. So 

for any amount of drying to occur there must be movement of air past the seed so that 

drier air is continually replacing the wetted air around the seed. Up to a point, the 

faster the air moves past the seed the faster drying occurs. It has been determined 

that 150-200 cubic feet per minute per bushel is the maximum efficient flow of air. 

Any additional air flow does very little more drying due to the slowness of the second 

process, the movement of moisture from the inside of the seed to the surface. Also 
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since eight times as much horse power is re'l!ired to double the air flow it becattlm:l 

economically impractical to use too much airflow. 

Another way to increase the gradient between the seed surface and the surround­

ing air is to. heat the air being blown through the seed. The hotter the air being blown 

thro,rugh the seed, the more water vapor it can hold. For example, if the outside air 

having a temperature of 50 degrees F and 75% R. H. is heated to 60 degrees F the R. H. 

will drop to 50% because, although the actual moisture content of the air has not changed, 

the amount of moisture that the heated air could hold has increased thereby decreasing 

the R. H. Likewise, if ~he temperature of this same air is raised to 90 degrees F then 

the relative humidity will drop to 15%. Thus from Table I corn with a moisture content 

of 14. 8% which is in equilibrium with 75% R. H. will not dry in the 50 degrees F 75% 

· R. H. air regardless of the flow of air past the seed. The same seed will dry to about 

11% moisture if the air is heated to 60 degrees F, lowering the relative humidity to 

50% and it will dry rapidly if the air is heated to 90 degrees F (15% R. H.) due to the 

wide gradient and will reach a moisture content of 6. 4% 

Figu·re 2 shows, with eggplant seed, that the rapid drying -occurs when the 

moisture gradient is great but that the amount of drying slows up to a dribble as the 

moisture content of the seed approaches equilibrium with the R. H, of the drying air, 

Figure 2 also shows that the final dryness of the seed is a function of the R.· H. of the 

air and that as soon as the seed moisture approaches this dryness further drying is a 

waste of rn,oney unless the R. H. of the drying air is further reduced. 

Alth9ugh raising the temperature <lowers the relative humidity allowing more 

rapid and more complete drying there is the danger of a too high temperature injt1ring 

the seed. If a lot of freshly harvested and washed onion seed of a moisture content of 

about 25% is divided into two lots and one lot is dried at 120 degrees F while the (}tft(lr 

lot is dried at 90 degrees F until the moistu·r.e bf the seed is below 18%, then 100 deg. F 

until the seed moisture is below 10%, and finally 110 degrees F until the seed moisture 





104 

the driest parts of the U. S. most of the time may have periods of high 

humidity during August and September, the hottest time of the year, with 

rapid decline of germination and vigor of sensitive seeds in open warehouses. 

2. Store in cold storages. 

The problem here is that cold storages have a high R. H., thus the seed 

gains a high moisture content and when it is brought out to warm conditions 

for sale or delivery it rapidly loses vigor and germination. 

3. Store '.in ifehum'fd'ffieo storage. 

This is becoming more common for the storage of breeding material and of 

stock seed but is �u�~�u�a�l�l�y� too expensive for commercial seed. 

4. Store in moisture proof or moisture 'resistant containers. 

If moisture proof or moisture resistant containers are to be used it is ab-

solutely essential that the seed bfl properly dried before being placed in such 

containers. 

We stored some onion seed under tropic conditions (high temperature and high 

humidity), desert conditions (high temperature and low humidity), and frigid conditions 

(low temperature and high humidicy) in five different containers with the following 

results. 

Table 4. Germination of onion seed stored for 6 months in five containerf: under 

three climatic conditions, with an original germination of 75% and a moisture conte' l 

of approximately 11%. 

Climate 
Container Tropic Desert Frigid 

Cotton bag 0% 78 28 

Paper bag 0 77 38 

Asphalt lineu inulthvatl . bag 0 76 72 

Polyethylene lined bag 0 65 74 

Aluminum foil lined bag 0 45 75 



This table _shows that the container has no effect on maintaining germination if tne seed 

moisture is high and the seed is stored at high temperatures as shown under tropic con­

ditions where all the seed was dead in six mOnths.. tlJnder desert conditions seed of 

high moisture rapidly lost the high moisture in bags that allowed an exchange of mois-

ture while the moisture resistant bags kept in the high moisture causing loss in germi-

nation and were harmful. 0n the other hand urider frigid conditions the porous bags 

allowed still further gain of moisture in the onion seed causing a decline in germination 

while the moisture resistant bags allowed little or no entrance of moisture resulting in 

· no loss of germination. Under desert conditions if the onion seed had been originally 

dried to 6% moisture there would have been no decline in germination of the seed in the 

polyethylene or aluminum foil bags because then the seed would have been properly 

dried .for packaging in sealed containers. 

' 
What is the safe storage moisture content for packaging in these sealed containers? 

. . 
The data available indicate that iftlte seed is dried to equilibrium with 15-20% R. H. then 

' 
it is at a safe level for packaging in these moisture resistant containers. This may be 

as low as 4% moisturefor lettuce to 8% moisrure for most grasses and grains and can 

be determined from Tables 1 and 2. 

Actually there are three kinds of containers so far as moisture penetration is 

concerned:' 

1. Completely porous - bulk bins, burlap, cotton, paper. 

2. Moisture resistant - polyethylene, asphalt. 

3. Moisture proof - sealed steel bins, tim cans, laminated fiber-aluminum drums 

with gasket, and aluminum foil laminated with some plastics but not all. 

When using sealed containers with properly dried see'd no in&n- ~ gas nor vacuum 

is ne~ded nor is a dessicant needed. But the seed must first be properly dried or a 

sealed container is worse than one that is porous to moisture and gases. Some of the 

advantages, and disadvantages of these moisture proof and moisture resistant packages 
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are as--follaws: 

Advantages 

1. Maintains vigor and germination 

2. No change in seed weight. 

3. Barrier for insects, rodents , disease . 
(not true of some plastics) 

4. Less chanceforinixtilire~s .. · 

5. Less chance for labeling errors . 

6. Cheaper handling costs at retail. 

7. Carries the producers brand name 
to the consumer. 

8. Handy to use in field . 

Disadvantages 

1. More seed to a pound 
( less water). 

2 . Must have an inventory of 
sizes . 

3. Problems of labeling for 
state laws. 

4. Harder to pile, bulkier. 

5. More expensive package. 

6. Higher shipping costs . 

7 . Disposal of container after 
use . 

Fungicides and Insecticides 

Our research indicate that mercurial fungicides and organic phosphate insecticides 

are injurious to seeds in sealed containers but that materials like araSlln, captan, 

Spergon and dieldrin do not appear to be harmful. 

Summary 

Seeds reach a peak of vigor and germination at the moment of full maturity. Man 

can only attempt to keep them as close to this peak as possible. This can be done by 

proper harvesting and milling and by drying seed to safe moisture levels for storage 

until needed. High moisture is the most important factor causing loss of vigor and 

germination of seeds. If seeds are dried to moisture levels in equilibrium with 15-20% 

R. H. and stored so as to maintain these moisture levels, then the seed may be kept 

threc- years and longer without a significant loss of germination. 
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