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Abstract:
Seed corn was harvested at 3 moisture levels, 41.2%, 33.7%, and 27.1%, and each dried at
temperatures of 110°F, 120°F, and 130°f.

The effects on germination of percent moisture at harvest and drying temperature were investigated.
The influence of height of grain in the drying column and the level in the drying column from which
corn was removed were also studied.

The dried seed was subjected to the process of accelerated aging. The effect of aging and the effect of
the various treatments on the germination of the aged seed were then investigated.

With respect to the unaged seed, temperature, percent moisture at harvest and sampling level, all
significantly influenced germination. There was a linear reduction in germination with increase in
percent harvest moisture. Temperature affected germination in a similar manner; the reduction in
percent germination was, however, more pronounced as temperature was increased from 120°F to
130°F.

The temperature effect was also manifested by the influence of sampling level on germination.

The ability to withstand higher drying temperature increased as percent moisture at harvest decreased.
Height of grain in the drying column was found to influence germination at high harvest mositure.

Aging was found to lower percent germination. The general effect of aging as related to each of the
significant treatments was to accentuate, almost similarly, the influence of these treatments in the
unaged seed. 
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ABSTRACT

Seed corn was harvested at 3 moisture levels, 41.2%, 33.7%, 
and 27.1%,and each dried at temperatures of IlO0F , 120°F, and 130°f .

The effects on germination of percent moisture at harvest and 
drying temperature were investigated. The influence of height of 
grain in the drying column and the level in the drying column from 
which corn was removed were also studied.

The dried seed was' subjected to the process of accelerated 
aging. The effect of aging and the effect of the various treat
ments on the germination of the aged seed were then investigated.

With respect to the unaged seed, temperature, percent moisture 
at harvest and sampling level, all significantly influenced germin
ation. There was a linear reduction in germination with increase in 
percent harvest moisture. Temperature affected germination in a 
similar manner; the reduction in percent germination was, however, 
more pronounced as temperature was increased from 120°F to 130°F.
The temperature effect was also manifested by the influence of 
sampling level on germination.

The ability to withstand higher drying temperature increased 
as percent moisture at harvest decreased. Height of grain in the 
drying column wais found to influence germination at high harvest 
mositure.

Aging was found to lower percent germination. The general 
effect of aging as related to each of the significant treatments was 
to accentuate, almost similarly, the influence of these treatments 
in the unaged seed.



INTRODUCTION

Under favorable conditions, most farmers in the United States 

harvest corn which is intended for seed at a moisture content of about 

25% and. rarely above 30%. The corn is dried on the ebb as rapidly as 

possible to less than 14% moisture before being put into storage.

Under these conditions good germination and high quality are 

Obtained if storage conditions are adequate.

Drying of seed is done for the following reasons:

1. To preserve the seed from physical or chemical changes 

brought about or enhanced by the presence of excess moisture.

2. To bring the seed to the standard commercial requirement 

of moisture content.

3. In some cases, to remove the crop from exposure to field 

conditions,that might impair the quality of the seed, Such 

adverse field conditions are shattering, insect infestation, 

precipitation, and frost.

The most widely used method of drying is a unit which provides 

heated air under pressure. The heated air is forced through the seed, 

and, by virtue of its lowered vapor pressure, it picks up moisture 

from the seed.

In the drying of grain intended as feed, temperatures are not 

very critical, but the selection of a proper drying temperature is the 

most important prerequisite in seed drying requirements. While too 

low a temperature will make the drying operation inefficient, too
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high a temperature may exert certain deleterious effects on the seed 

and particularly on the embryo. Since the importance of seeds, unlike 

feed grain,lies in their ability to germinate and grow vigorously 

into normal plants, any impairment of the embryo is to be avoided.

As already indicated, one of the reasons for artificial drying 

of seeds is to remove the crop from exposure to certain undesirable 

field conditions. In many agricultural areas, therefore, corn is 

sometimes harvested at a moisture level far higher than would be 

desired in an effort to prevent total loss of crop due to certain 

field conditions. Thus, in the northern states of the U.S., corn 

might be harvested earlier than usual in an attempt to prevent frost 

injury.

The author is motivated in this study by conditions prevailing 

in Ghana, his home country, where the problem is not one of frost 

injury but rather of precipitation during the time of harvesting and 

processing. In Ghana, traditionally two corn crops are harvested each 

year. The first crop is harvested by early August and the second 

crop is planted early in September.

The seed harvested from the first planting may not necessarily 

be used to plant the second crop, as seed from the previous year's 

harvests would normally be readily available.

Since artificial drying is practiced on a very limited scale
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most of the corn is dried in the sun. Thus, the mature corn remains 

unharvested until dry enough to be hand-shelled. The shelled corn is 

further dried on drying slabs until dry enough to go into storage. 

Therefore, at the time of harvest the corn is generally at a moisture 

content of about lg%.

The second planting follows the first harvest very closely and 

only a short period is available for the harvesting and processing 

of the first crop and the preparation of land and planting of the 

second crop. This short period is also one of intense rainfall and 

cloudiness. The net result of this state of affairs is as follows:

1. Field conditions, both aerial and edaphic become very 

unsuitable for work in the field both with regard to preparation 

of the land for the second corn crop and the harvesting of the 

first in early August.

2. The frequent precipitation and cloudiness cut. down the 

period that the traditional method of drying can be employed.

Some corn may, therefore, eventually have to go into storage 

at a moisture level not suitable for storage, while some may ; 

go moldy on the drying slabs.

3. The greater portion of the second season rainfall falls in 

September and October. Therefore, any delay in planting usually 

exposes the plants to drought conditions at about tasseling stage 

and this may lead to crop failure.
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The foregoing conditions do not pose problems for the ordinary 

peasant farmer whose holding rarely exceeds five acres. But any fair- 

sized farm really does face serious problems. Some farms may try to 

forego a second planting and concentrate on.processing the first crop. 

However, this constitutes an inefficient use of land and other cap

ital investments.

Perhaps a better solution would be to harvest the first crop 

earlier and dry the immature corn by artificial drying so that there 

is time enough to devote to preparation of land and planting of the 

second crop.

The general purpose of the study reported herein, was to deter

mine the suitability of immature corn for seed purposes. The principal 

objectives were as follows:

1. To design and construct a pilot corn drying unit satisfactory 

for drying ear corn to be usted for seed.

2. Using this drying unit, to dry corn harvested at three levels 

of moisture, each being subjected to three temperatures. There

after to determine the effect of both harvest moisture and drying 

temperature on the germination of the dried corn seed.

3. To determine if the level in the drying column at which seed 

corn is dried (referred to in this study as sampling level) has 

an effect on the percent germination.

4. To determine the influence of height of grain in the drying
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chamber on germination.

5. To determine the storability of the various corn samples 

through the technique of accelerated aging.



LITERATURE REVIEW

The suitability of immature porn for seed has been investigated 

by many workers. Soon after■artificial drying became widespread apd 

seed corn could be harvested earlier, it became necessary to know safe 

temperature limits for drying and also any effect drying temperature 

would have on the sped, especially immature one.

Duncan and Marston (I) —^harvested seed corn in different stages 

of maturity, i.e., milk,soft dough and hard dough stages. Samples of. 

all three stages were placed pn the laboratory table and allowed to 

dry at 68°F room temperature. All samples germinated 100 percent.

Similar samples were dried in an oven with a constant temperature 

of 112°F. Soft dough samples were dried for a period of 18 hours and 

hard dough samples wepe dried for a periqd of 24 hours. While this 

treatment did not seem to lower the germination ability of corn in the 

soft and hard dough stages, germination of corn in the milk stage was 

lowered to about 40%.

Howevet, when the milk stage sample was dried with a temperature 

of 95°F for 36 hours the germination was raised t9 90 percent.

Dimmock (4) did extensive investigation into the effect of 

maturity and artificial drying upon the quality of seed corn, He used 

samples ranging from 20 percent to 58 percent moisture at time of 

harvest and dried them at temperatures ranging from 108°F to ISO0P , 

Comparable samples were also air dried as a check.

I/— Figures in parenthesis refer to literature cited on page 46.
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Dimmock observed that immaturity had definite effects upon the 

appearance of the seed, The kernels were small, shrunken, dull,. 

opaqy<=, apd the pericarp wa^ often, blistered, Attificia^ .drying of 

immature seed seemed to increase the blistering of the pericarp and 

the seed took op a bleached appearance. He found that in all arti

ficially dried samples, radicles appeared at a faster rate during 

germination than air-dried .samples. The appearance of radicles in 

the aartificially-dried samples wa$ mpre rapid in the immature samples 

having 48 and 59 percent moisture at harvest. However, twelve hours 

after the first (observations were made,, the more mature samples had 

equalled the count and;, thence, the rate of appearance of radicles 

was the same in all samples, both artificially-dried and airedried.

He found plumules, on the other hand,, to develop, most - rapidity in the 

more mature, low-moisture kernels. ■ in.ttyis case, the immeture 

kernels, especially those artificially dried, had the lowest plumule 

count throughout. Immaturity of seed wps found not only to retard 

development of secondary or lateral roots but also make for less 

vigorous seedlings. Immaturity was also found to retard field emer

gence. This effect was further accentuated by artificial drying.

While the air-dried immature kernels at 48% moisture produced 93% 

emergence in 12' days, it required 14 days to produce 15% emergence 

ip the corresponding artificrallyrdri,ed 'samples. Dimmdck surmized 

from such a wic^e'difference between these two samples that the
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temperature of drying may have been too high for the immature corn, 

resulting in either or all of the following:

1) direct injury to the meristematic cells of the embryo

2) injury to those cells of the scutellum responsible for the 

secretion of diastatic and other enzymes

3) total or partial destruction of the enzymes themselves, or 

lowering of their activity.

Dimmock also found artificial drying to have an effect on germin

ation of mature corn. An air-dried sample which contained 27% moisture 

at harvest required 8 days for 1007= seedling emergence. An air-dried 

327= moisture sample required 9 days for 987= seedling emergence. On 

the other hand, artificialIy-dried samples at the same moisture levels 

required 15 days to attain 987= seedling emergence.

Dimmock concluded from his work that drying at temperatures 

ranging from 130 to I50°F for periods up to 24 hours proved injurious 

to the germination and seedling emergence of well-matured corn which 

had 22.5 to 267= moisture at harvest. He also found that shelled corn 

suffered greater injury than the ear corn at all temperatures and all 

periods of drying.

Harrison and Wright (7) concluded that drying with forced air 

at temperatures between 104®F to 113°F is not injurious to ear corn.

At 122°F ear corn was appreciably damaged and at 140°F5almost all 

germs were damaged while a temperature of 158°F completely killed all
germs.
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Sprague.(12) worked with seed-corn, the moisture percentage of 

which ranged from 83.79 for the first harvest to 23,33 for the last. 

.He planted his germination samples in sand and kept daily records of 

emergence until germination was- completed, He found that the germin

ation .percentages for the samples determined immediately after harvest 

ranged from 0 to 100. The germination percentage, however, improved 

fpr all samples the longer they were kept or the drier they became.

He summarized that after-ripening of immature porp is achieved by the 

loss of moisture. While exhibiting a great variability in time of

gemination immediately after harvest, immature corn, he said, : ..

increases its germination ability and decreases the variability, in 

time of germination, as it dries out. He stated that the moisture 

content of immature seeds must be redyced to approximately 25% before 

normal germination pccurs, Qorn kernels? he noted, require a mini

mum df approximately 35 and 69% moisture in whdle grain and embryo', 

respectively, before germination can occur.

Sprague thought; that the mechanism that is responsible for 

inhibiting germination in freshly harvested corn Is centered in the 

scutellum,

Koshimizu (11) reported in his work that, although it is true 

that a decrease in moisture content brings about germination, he 

disagreed with Sprague as to the inechanism involved. He attributed, 

the effect to a consequent increase in nutrient solution and oxygen•
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He excised embryos of unripe corn.seeds and found that they germinated 

more quickly than intact seeds. He also discovered that endosperm 

juice of upripe seeds inhibited germination. He, therefore, surmised- 

that drying of the seed might change the nature of the inhibiting 

substance so that it no lopger would inhibit germipafiop. '

Walker (13) found that corn harvested 31 days from silk stage 

and older achieved from 90 to 100% germination in 9 days.. He sur

mised that good germination and strong plants can be expected to be 

produced by.immature corn that has been well cured apd carefqlly 

stored.

Wileman.(14) dried samples of corn harvested at mqistnre levels 

ranging from 35% and above down to less than 20%, He used drying 

temperatures ranging from IOO0F to 140°F at "10° intervals•
I

He found that the higher the initial moisture content of the

corn, the lower the drying temperature must be to avoid deterioration,

Corn with an initial moisture content of 35% or more dropped rapidly

in germination when dried at air temperatures as high as 120°F, Corn

with a moisture content of 20 to 25% suffered no appreciable reduction

in germination when subjected to a drying temperature of 1209F. A

temperature of 130°F did not seem to appreciably harm corn with.less 
.

than 20% moisture•

Wilemah also found that drying with low temperatures (about 100OF) 

can lead to fungus growth which will in turn retard germination. This



11 -
is due to the fact that fungus can tolerate low drying temperatures.

Wilepnan tried to determine if there were any differences.in 

heat tolerance between the varieties of cprn that he used, He conn 

eluded from his data that any differences that might exist are too 

insignificant and of no practical consequence within the range of air 

temperatures used r

In his article on heat for control of cereal insects, Goodwin;(6) 

remarked that corn heated to a temperature of 140°F for almost 2 days 

germinated almost as well as an unheated sample from the same lot.

Thfs temperature is very high and his findings in this respept do not 

agree with those by most other workers whose general concensus of 

opinion is that even 130°F will decidedly impair germination of seed 

corn. It seems that his primary objective being the recommendation 

of suitable temperatures for insect control,'He might have been less 

enthusiastic about the effect these temperatures might have on the 

germination of porn seed,

De Ong (3) working with various seeds, also stated that temp

eratures of IOO9F tp 1559F fPr 5 hpurs, 124° tp 154°F for two hours 

and 125°F for eight hours gave germination of 86, 88, and 947= , res

pectively, for the bean varieties• For the grains including corn he 

observed even better germination. He concluded that the effect of 

such high temperature on grains is too small as to be negligible.

It is known, however, that wheat and barley would not be injured by
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temperatures that would seriously affect, corn, the latter being more 

sensitive to heat than either wheat or parley.

As Kienholz (8) pointed out, most of the entomologists did not 

work with carefully controlled temperatures or periods of exposure, 

and they seldom gave details as to the moisture content of the seed, 

thei method of heating, etc. Kienholz noted that the resistance of 

corn to high temperatures varies inversely as its water content at 

the time of heating.

Pe Ong's temperature ranges were too large, and if indeed he 

obtained such high germination percentages, thep it is probable that 

the lower limits of the ranges were operative most of the time.

De Ong1 s results seem to have much njore veracity, however, 

than Goodwin's, De Ong1s periods of drying were short. There is 

a period of heating during which the evaporative cooling of the seed 

is sufficient to offset any injurious effect of high temperatures, 

until a critical stage is reached. This coupled with the chance that 

the lower limits'of his temperature ranges might have been operative 

for most of the time, might explain the results De Ong jiad.

Alberts (I) determined percentage of shrinkage, shelling, and 

germination at different stages of maturity including, early milk 

stage, late milk stage, dough stage, initial glaze stage, and full 

dent stage. Shrinkage, being the reduction in seed weight, was 

determined by taking the difference between the weight of ears at
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the time of harvesting and the beginning of germination test when the 

seed had been dried. Shelling percentage was taken to be the ratio 

of the weight of grain to the total weight of ears,

Alberts found shrinkages as high as 80% in the early milk stage. 

Shrinkage was lowest in corn that was harvested after it was fully 

dented, Shrinkage in this case was as low as 36%. Shelling percent

age increased from 25% in the early milk stage to 85% in the full 

dent stage. There was little difference in shelling percentage 

between the beginning of the glaze stage and the full dent stage.

The same can be said, but to a lesser extent, with respect to shrink

age . However,'withi/respect to germination, all seeds harvested from 

dough stage until full dent stage had equally good germination per

centages, i, e.K, from 96 to 99. Poorest germination was obtained 

with seeds harvested in the early milk stage, 14 and 75% being the 

figures obtained for the two varieties used•

In their investigation into the maturity of seed in relation to 

yielding ability and disease infection, Koehler et, al,,(lQ) found 

that germination was normal in the late milk stage and just slightly 

below normal in the milk stage though the percentage of kernels 

germinating strong was very low; 7,7 and 25.7% for the milk and late 

milk stage, respectively. The percentage increased to around 70 for 

seed harvested in denb, mature and husking stages. They also found 

that the weight per kernel determined at 12% moisture, weight per
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.bushel, and' specific gravity all increased with maturity.

Koehler et. al,, recommended that in case of emergency, corn 

haryesteh in milk stage, when the corn has attained less than 1/3 the 

moisture it would attain if allowed to mature, can be used as seed, 

if handled pfpperly'and as little mechanical injury as possible, is 

inflicted. The.seed coat complex, at this stage, is very susceptible 

to injury. ' They also reported th&t such seed cannot be expected to 

give as good results as mature seed insofar as field stand, disease 

resistance or acre yield are concerned.

Since mature seeds perform the best, they suggest that farmers 

try to plant earIy-maturing- strains that would mature properly 

under their various conditions.

The purpose of drying is to bring the iqoisture content of the 

grain to a level safe enough for storage- There is little or no pur

pose in reducing the moisture content below the safe level. To do so 

would be uneconomical and useless.

It has been demonstrated by many workers that very low moisture 

levels achieved by safe drying temperatures, while not increasing the 

germination ability of corn, do not lower It.

Harrison and Wright (7) dried, corn at 113°F for 120, hours and 

reduced the grain moisture content down to 3-4% -  They obtained a germ 

ination of 95% and concluded that the amount of dessication did not 

affect the germination.
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Kiesgeibacli (9) dried seed corn at a temperature of iQ7PF for 

35 days, and, thereby, reduced the moisture content tp 4,4%. This 

seed germinated 98%, end among his conclusions, he stated that the 

permissible range of moisture for safe processing and storage is 

about 5 to 14%.

It appears from the foregoing that when corn is dried at a safe 

temperature the amount of dessicatipo is of no consequence so far 

as germination is concerned. However, these studies seem not to 

■ have investigated the effeqt of dessication when immature seed is 

used, In this respect, the work done by Dimmock is worthy of note.

Dimmock: (0 found no lowering of germination by the length of 

drying on corn with initial moistqre content of. leas than 35,1%, but 

there was considerable lowering of germination of corn with initial 

moisture content of 44.6%. He dried three samples? A, B , and C? 

having initial moisture contents of 25.2, 35.1 and 44.6%, respectively, 

down to 2%, While this amount of dessication had almost no effect 

on the germination of the A and B samples which had almost I00% 

germination, C 1s germination fell from 100 to between 81 and 71%.

Spme investigators also believe that extreme dessication at safe 
temperatures can induce dormancy in some varieties and alsP increase , 

susceptibility of seed to mechanical damage,

It was a widely held notion that even with safe, temperatures, 

it is not desirable b° dry at a fast rate, but this has been demon
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strated by Harrison and Wright (7) not to be so. Using about 40°C 

they dried, corn to about 12% moisture at a faster rate so that 

drying was completed in 72 to 96 hours. Germination of the corn so 

heated was 95 to 99%. Field emergence was as good as corn dried 

slowly.

There seems to be lack of literature on the keeping quality or 

storability of immature corn and especially immature corn subjected 

to artificial drying. The writer intended to investigate this field 

but owing to the limited time available for this study, he resorted 

to the technique of accelerated aging.

This technique allows for telescoping the time element involved 

in determining the relative life span of seed lots under various 

storage conditions. The physiological processes that take place 

during the deterioration of seed are sirhilar under various conditions; 

the only difference is that,the rate of deterioration varies. Thus, 

ope can subject seed samples to high temperatures and 100% relative 

humidity and obtain a level of deterioration that would normally 

require months to achieve.

The technique used by Charles Baskin (2̂) was adopted. He 

exposed small quantities of seed corn to a temperature of 40-45°C 

and 100% relative humidity for 60 hours. Identical samples were 

stored under open storage at room temperature, His results are shown 

in Appendix table 14. In his study, the reduction in germination as



a result of open exposure to 459c apd 100% relative humidity for 60 

hours was essentially the same as the reduction brought about as a 

result of open storage for 18 months. This means that accelerated 

aging produced "18 month old" corn in 60 hours,



MATERIALS AND METHODS
A pilot-itype electric drier was constructed, consisting of an 

8-inch squirrel cage fan, a sheet metal cage, three metal housings. 

Each housing contained a "Lennox" duct heater, and the three housings 

were connected by a series of ducts to three pairs of wooden drying, 

columns.

The squirrel cage fan, driven by a 1/3 h.p. motor was capable 

of delivering 1000 cubic feet of air per minute from an opening of 

16%" x 15", Riveted to this opening was an 18 inch long cage made 

of 28 gage galvanized metal. The riveted end measured 16" x 15".

The other end? measuring 22" x 16Y was joined to three housings made 

of the same kind of material as the cage,' Each housing was 16" 

high and 7" wide. The three were joined together side to side.

The free end of each housing was sealed with a 16" x 7" metal 

sheet. Two openings, each 6%" x 6%" were cut into each "of these 

sheets to accomodate bak,e off j with one end 6%" x 6%" and the other 

end having a 6" diameter.

An opening was made on top of each housing and a "Lennox" duct 

heater, about 15%" high was lowered through this opening into the 

housing.

The paired wooden drying columns were constructed using 3/4" 

hardwood. Each pair of columns consisted of two boxes each measuring 

on the inside, 8" x 8" cross section and 72" high and the two shared

a common wall.
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An 8" x 8" wire mesh was slatted on the lower end of each box,

12" from the bottom, so.that an air chamber of 8" x 12" was delimited 

at the bottom of each column,

To prevent easier passage of air alopig the corners of the columns, 

a 60" long piece of wood with triangular cross-section was naifed into 

each corner. Each triangular cross-section-was carefully cut to 

provide a good fit. The sides bordering the right angle were 3" each 

so that the effective cross-sectional area of each box was reduced from... 

64 square inches to 46 square inches.

The bottom part of each column was also provided with a thermo

stat to control the temperature of the air entering the column, and a 

thermometer to calibrate the thermostat,

The two 6-inch holes in the lower portion of each column were 

connected by a series of 6 inch ducts to two corresponding take-offs 

■on the housings containing the heaters, Two take-offs from, one heater, 

therefore, connected with one pair of drying columns. Thus, it was 

now possible to blow air over a heater and have the heated air chan

neled through two ducts into two paired columns. Each duct system was 

provided with a baffle so that air flow could be controlled.

A 12-vplt circuit required to operate the three thermostats was 

provided by a 12-vo.lt transformer. Each of the heaters was provided 

with a 240-volt circuit, so wired that in case of overheating as a 

result of fan or thermostat failure, the whole system would switch
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off automatically au4 Tiot restart unless manually reset.

All joints, both in the sheet metal work anh in tfye wooden boxes 

were caulked and/or taped to prevent escape of aif.

Round doors, each 6 inches in diameter, were made at the back of 

each column, just above the wire screen to facilitate removal-of corn 

samples from the bottom.

The columns were designated as and A2, and Bg, and Cg. 

Columns A^, B^, and C^ had thermometers inserted in holes made at 

the 12 inch and the 48 inch levels (measured frpm the top of the wire 

screen). Columns Ag, Bg and C^ had thermometers in holes made at 

the 12 inch and 60 inch levels. This was done so that temperature 

Variation in the columns could be observed throughout the experiment.

The equipment was trial-run without corn to set the temperatures 

and the air flow. The first trial-run showed that the air flow meas

ured by a velometer was about 100 times more than desired. As a 

result, the heaters barely glowed; and the baffles were inadequate 

to reduce this flow to ariy appreciable degree.

It was necessary to reduce the opening through which air was 

drawn into the fan. This was done by riveting two appropriately 

shaped galvanized sheets to the two side openings of the squirrel 

cage fan, These metal sheets were supplemented with pieces from a 

heavy plastic, The result was a reduction in air flow to approxi

mately 8 c.f.m. for each column.
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It was necessary to adjust the air flow to the same rate in all 

the columns so that differences noted in the temperature and moisture 

variations could be attributable to differences in heights of drying 

columns and not to air flow rates. Howevera air flow rates were not 

exactly, the same as slight increases or decreases were necessary to 

make the temperature ip each paired column the same. These minute 

adjustments were accomplished by adjusting the baffles.

Temperature range for the various drying columns were as follows:

Column Upper Limit Lower Limit Mean Temperature

a Ia 2 114°F 106°F IlO0F

BxB2 124°F 116°F 12 0°F

CxC2 134°F 126°F 130°F

Hybrid corn., grown at the Agricultural Experiment Station at 

Huntley, Montana was harvested at three stages of moisture or matur

ity. First, when it had obtained an average of 41.27« moisture, then 

at 33.87« moisture, and finally at 27.17« . .moisture,

Each harvest was handled in the following manner: ears at 

approximately the same stage of maturity were selected in the field 

by visual appraisal, Ears were then dehusked by hand. Represent

ative ears were shelled by hand to obtain moisture portions. Moisture 

content was determined using a Mo tome o Moisture meter. The moisture

at harvest was based on the average of five shelled samples.
Samples fpom the freshly harvested corn were taken to the labor
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atory where germination tests were performed after exposure to room 

temperature for I, 7, and 11 days',

All ears to be artificially dried were manually broken into about 

3 inch pieces to insure good packing of the material in the columns - 

Drying columns and were filled to the 48 inch.mark while

A2> 62» and Cg were filled to the 60 inch mark.

The fan, and then the: heaters,. were switched on, and drying 

commenced.

The equipment was shut down when sampling showed that moisture 

percentage of corn taken from the upper level of column A2 was about 

14%. It was assumed that column A2 receiving the IlO0F and having 

a 60" drying height would be the least dry at the end of the drying 

period.

The following data gives the drying periods for the three runs: 

Moisture at harvest-% ' Drying period-hours

41.2 92

33.8 85

27.1 68

During shut down, the heaters were switched off first and air 

was allowed to blow through the column to cool the corn.

After drying, test samples were taken in the following manner: 

samples representing the upper-most portion of each column was obtained 

by reaching into the column from above and removing 12 cob pieces.
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Samples representing the lower portion were removed through the door 

at the bottom of each column.

A shelled portion of each sample was obtained and its moisture 

content determined by the 1'Motomco" Moisture meter. Each sample was 

then put into a moisture-proof plastic bag to maintain the original 

moisture content. Replicated germination tests of 100 kernels each 

were performed on all samples immediately after drying.

Accelerated Aging. Each sample was subjected to the process of 

accelerated aging as described by Baskin (2) to predict how well 

the various samples would store under open storage. This procedure 

was adopted because the time available for this work was not adequate 

to allow open storage of the samples for any appreciable length of 

time, About 100 grams of each sample were put into a glass dish and 

kept in a chamber with a constant relative humidity of 100% and 

temperature varying between 40° and 45°C for 60 hours, Germination 

tests were performed on these samples after this treatment.

All germination tests were made between paper towels using 100 

kernels. Pfeiffer germination units were maintained at 25°F constant 

temperature. The number of normal seedlings was scored at a final 7 

day count.



RESULTS AND DISCUSSION

The percent germination of freshly harvested, undried corn seed 

was closely related to the number of days it was stored before germin

ation began, Table I. Also, the higher the percent moisture at harvest, 

the greater the decrease in the percent germination, and in association 

with storage time, the greater the variation in percent germination;,. 

These data agnee with findings reported by Spragye (12) . As Spragye 

pointed out, after-ripening is required in corn seed before it germ

inates. This after-ripening is brought about by. loss of mofstyre.

The longer the seed was stored, the drier it became, Corn harvested 

at a lower moisture level required less after-ripening and, therefore, 

was able to attain high germination percentage earlier than corn 

harvested at a higher moisture level.

The time required for drying corn seed to below 14% moisture 

decreased as the moisture percentage at harvest decreased. The final 

grain moisture percentages of all samples at the end of the drying 

period are given in Table 2. It is evident from Table 2 that in all 

the drying columns, th,e lower levels had drier grain than the upper 

levels at the end of the drying period, Tha difference in the final 

moisture percentages of tfce upper and lower levels decreased as the 

moisture at harvest decreased and as drying temperature was increased.

The lower levels were drier at, the end of the drying period 

because they were nearer the source of heat, thus warmer. As the corn 

at the lower level dries, the mositure lost due to evaporation partly
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Table I. Relationship between germination percentage of freshly
harvested seed corn apd days exposed to room temperature 
before germination.

Moisture 
at harvest

Number of days 
kept before germination

Germination
percentage

I 39
41.% 7 87

11 100

I 66

33.8 7 91

'll . 100

27.1
I 88

7 100



Table 2. Percent moisture at 
moisture levels and

the end of drying periods of seed corn harvested 
dried -at three temperatures.

at three

Moisture Drying Percent. moisture at end of drying period
at temperature Samples from 48"1 columns Samples from 60" columns

harvest 7» °E Upper levels Lower levels Upper levels Lower levels

H O 14.1 10.1 . 15.2 10.3

41.2 120 13.2 9.3 14.3 9.1

130 11.1 8.5 13.0 8.7 I

H O 13.9 11.9 14.0 12 ■

33.8 120 13.0 10.6 13.1 H

130 10.8 9.7' 10.8 9.8

H O 13.5 12.8 13.0 12.1

27.1 . 120 12.1 11.7 12.5 11.9

130 9.9 9.0 10.1 9.5
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condenses at the upper levels as the heated air reaches the grain in 

the upper level which is cooler, This moisture will be removed as 

the temperature rises in the upper levels. This explains, in part, 

why the difference in percent moisture between the upper and lower 

levels was greater fqr corn with higher harvest moisture percentage 

and also for drying columns with 60" depth of grain,

Analysis of variance, based on a fixed statistical model (Appendix, 

Table 12) of percent .germination for unaged seed indicates the follow

ing: the main effects, percent seed moisture, drying temperature, and

sample level all significantly influenced germination; height of grain 

in the drying column did not affect germination. Considering the 

interactions among these factors, all the 3-way interactions and the 

4-way interactions-are:, non,-significant. This indicates that when one 

or more factors are considered, the response to levels of one factor 

is consistent when taken over all levels of other factors. The 

height x level and the temperature x height interactions are non

significant; these results are interpreted in the same manner as the 

3- and 4-way interactions,

The moisture x temperature, moisture x height, moisture x 

sampling level and temperature x sampling level interactions are all 

statistically significant. This reflects, respectively, a non-uni

form germination response of moisture levels taken over drying temp

eratures, Figure I, of moisture levels taken over heights of grain in
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column, Figure 2, of moisture levels taken over sampling levels, 

Figure 3, and of drying temperatures taken' over sampling levels, 

Figure 4.

Runs (replications) did not differ, significantly.

Interpreting the main effects, it is apparent that high seed 

moisture percent prior to drying reduced germination in e generally 

linear manner. Table 4. At the 27.YL harvest moisture, germination 

was 96.87», at 33.87», 91.67» and at 41.27» the germination dropped to 

84.2%. A similar pattern of decreased germination is detected for 

the influence of temperature: as temperature increases, percent germ

ination decreases. At a drying temperature of IlO0F , germination over 

all other factors was 957», at 120°F, 92.5% and at 130°F percent germ

ination was 84.27». The effect of temperature is however, not linear; 

the reduction in germination as temperature is increased from IlO0F 

to 120°F is small as compared to the rather big reduction in percent 

germination as temperature is increased from 120°F to 130°F, Table 3.

The significance of sampling level may be explained in terms 

of a temperature differential between the lower level, which was near 

the heat source, thus warmer, and the upper level which was further 

from the heat source, thus cooler. The pattern of variation in germ

ination with reppect to sampling levels fits the response pattern 

discussed above for temperatures.

To interpret the significant interactions it is necessary to
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Table 3. The relation between drying temperature and germination of 
seed cprn,both aged and nnaged.

Drying
'temperature Percent germination.

°F Unaged seed. Aged seed

H O 9 5 ,9 86.8

120 92.5 8 5 .0

130 8 4 .2 79,2

Table 4, The relation 
• germination

between moisture of seed corn at harvest and 
of seed corn, both aged and upaged.

Moisture 
at harvest Percent germination

% Unaged seed Aged seed

41.2 84.2 76.4

33.8 9.16 8 3 ,3

27.1 9 6 .8 9.13
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Table 5'. The relation between sampling levpl apci germination of sepd 
Corni, both aged and unaged,

Sampling
level

Percent germination.
Unaged seed : Aged seed

Upper level 95.2 ' 89,0

. ,Lower: level 86.2 78.3

Table 6, The relation between height of grain in column and germination 
of seed porn, both aged and upaged.

. Height of 
grain in 
column

Percent germination 
Unaged seed . Aged seed

48 inches 91.6 85,0

60 inches 90.1 82.4
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consider specific groups of treatment means, Table 7, In all cases, 

simple interactions involving moisture are significant. Moisture 

interacts with temperature, height of grain in column, (although the 

main effect of height of grain in column is non-significant) and 

sampling level -

' Considering moisture x temperature interactions, the significance

can be explained by the high germination of samples harvested at 

27.1% moisture and dried a,t IlO0F and 120°F, These treatments are 

not significantly different, whereas, percent germination due to all 

temperatures within either 33.8% moisture or 11.3% moisture are signi

ficantly different, Apparently, when moisture is as low as 27,1%,

temperatures ranging from IlO0F to 120°f did not influence germination 
(Figure I).

A drying temperature of IlO0F at 33.8% moisture produced as good 

a germination as either IlO0F or 120°F at 27,1% harvest moisture.

Thus, it is readily seen that the higher the harvest moisture the 

less the ability of the corn to withstand high; drying temperatures.

Corn harvested at 27.1% moisture withstood IlO0F drying temperatures 

with no apparent reduction in viability but germination is appreciably 

lowered at 130°f . At 33.$% moisture git could withstand IlO0F drying 

temperature, but germination is significantly lowered when dried at 

both 120°F and 130°F, At 41.2% moisture, even IlQ0F significantly 

lowers germination.
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e I. Relationships between drying temperature and harvest
moisture as they affect germination of aged and unaged 
seed corn.



Table 7. Mean percent germination of seed corn harvested at 
dried at three temperatures.

three moisture levels and.

Moisture Drying Percent Germination
at temperature Samples from 48" columns Samples from 60" columns

harvest % °F Upper levels Lower levels Upper levels Lower levels

H O 94.0ab* 88.7b 96.3a 82.7cd

Al. 2 120 95.Oab 80.3de 85.7cd 76.3e

130 90.3b 69.7f 84.7c 66.7f

H O 99.0a 95.7a 99.3a 97-7* w.
33.8 120 98.3a 91.7b 95.Oab 88.3bc '

130 94.3b . 69.3f 90.3b 80.3de

H O 100a 100a 99.3a 98.3a

27.1 120 100a 99.7a 100a 99.7a

130 95.3ab 87.3c 96.7a 85.6c

* Means followed by unlike figures are significantly different at the 0:05 level.
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The interaction of moisture and height was caused by the decrease 

in germination in the 60" column at the 41.2% moisture, (Figure 2), 

This may be due to a more rapid, less damaging loss of moisture in • 

the 48" column than in the 60" column at high grain moisture content.

■ With regard to the moisture x level interaction, the possible 

high temperature at the lower level may have caused the pattern 

presented in Figure 3. The effect of temperature in the upper level 

was not as pronounced as the effect in the lower level, thus the 

significant interaction. There was virtually no difference in the 

germination values at all harvest moisture levels in the upper levelsP 

but at the lower levels, there was an almost linear reduction in 

germination from 95% at 27.1% moisture to 77% germination at 41,2% 

harvest moisture. As has already been indicated the influence of 

level may well be just a manifestation of the effect of temperature. 

Thus, it can be seen that the effect of temperature is more pronounced 

in the lower levels as compared with the vety slight temperature 

influence in the upper levels, (Figure 4).

As has previously been explained, the technique of accelerated 

aging was adopted so that approximately I8-month old corn qould be 

produced within a short time. Separate analyses were made of data 

obtained with unaged seed and aged seed. This was done to separate 

out the effects of aging and to avoid confounding moisture, temper

ature, height and level interactions with age of seed. ]Had both
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unaged seed
aged seed100 _

Percent moisture at harvest
Figure 2. Relationships between moisture at harvest and height 

of grain in column as they affect germination of aged 
and unaged seed corn.
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Legend:

unaged seed
aged seed

Percent moisture at harvest
Figure 3. The relationships between moisture at harvest and

level in the drying column from which corn is removed 
as they affect germination of aged and unaged corn 
seed.
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4. The relationships between temperature and the level
in the drying column from which corn is removed as they 
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experiments been pooled, to examine these interactions would have 

required nesting in seed age.

Using the error mean square from each experiment to estimate the 

standard error of difference between means of the two experiments, 

the effect of seed age was tested. Age significantly influenced 

germination by lowering the percent germination.

Analysis of variance of aged seed showed that all the main 

effects and interactions that showed significance in the analysis of 

variance for the unaged seed once again were significant (Appendix, 

Table 13). These were the main effects of harvest moisture, drying 

temperature, sampling level, 'the interactions moisture x temperature, 

moisture x height, moisture x level and temperature X level.

Height of grain in column which was previously non-significant 

became significant and also moisture x temperature x height and 

moisture x temperature x height x level interactions became signi

ficant,

Considering the main effects, it is readily seen that the effect 

of aging was to further lower the percent germination. The high 

temperature and humidity in the aging chamber may have exerted stresses 

on the embryo and caused it to weaken. The effect of aging may also 

have involved denaturation of enzymes in the seed or a lowering of 

their activity.

With respect to the simple interactions, the effects of age were



Table 8. Mean percent germination of seed corn harvested at three moisture levels dried at 
three temperatures and aged under 100% R . Hs and 40o-45°C temperature for 60 hours.

Moisture
at

harvest %

Drying
temperature

0F

-
Percent germination

Samples from 48" columns Samples from 60" columns
Upper levels Lower levels Upper 1-eve I s Lower levels

H O 89.5b* 75.Ocd 93.5ab 78.5c

41.2 120 ' 98.0b 75.5cd 82.5bc 59.5d

130 90.5ab 57.5d 70.5cd 55. Od

H O 90.5ab 76.5c 84.5bc 82.5bc

33.8 120 90.5ab 88.5b 86.Obc 81.5b «

130 81.5bc . 77.0c 89.0b 67. Od

110 . 95.5ab 9d.5ab 98.5a 87.Obc

27.1 120 91.Oab 87.5b 92.5ab 95.5ab

130 92.5ab 86.0b 90.Oab 89.5b

* Any two means followed by unlike letters are significantly different at the 0.05 level.



Table 9. Decreases in germination as a result of aging. Decreases represent differences 
between corresponding values in Tables 7 and 8.

Moisture Drying Decrease in germination as a result of aging.
at temperature Samples from 48" columns Samples from 60" columns

harvest % °F Upper levels Lower levels Upper levels Lower levels

H O 4.5 NS* 13.7 2.8 NS 4.2 NS

41.2 120 6.0- NS 4.8 NS 3.2 NS 16.8

130 -0.2 NS 12.2 14.8 11.7

H O 8.5 19.2 14.8 1 5 .2  ^
 ̂ O

33.8 120 7.8 3.2 NS . 9.0 6.8 NS 1

130 7.8 -0.7 NS 0.7 NS 13.3

H O 4.5 NS 9.5 0.8 NS 11.3

27.1 120 '9.0 > 12.2 7.5 NS 4.2 NS

130 2.8 NS 1.3 NS 6.7 NS -4.5. NS

* Figures followed by NS represent non-significant decreases in germination as a result of 
aging. All other decreases are significant.
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more or less in the same manner as the effect of the single inter

actions alone in the unaged seed, (Table 8), To better illustrate 

this, germination percentages of aged and uhaged seed are presented 

for various treatment combinations in Figures I, 2, 3, and 4. It is 

evident from these graph's., that the effect of aging was to accentuate 

the level of injury brought about by these interactionsj as represented 

by these graphs.

The level of injury was about the same with all treatments. The 

only difference is that samples harvested at 41,2% and dried at 13QdF 

were affected more by aging, and also samples harvested at 41.2% and 

dried at lower levels were also affected more by aging,

The only exception to the pattern described above is illustrated 

in Figure I which reflects temperature x moisture interaction in the 

aged seed. Germination of aged seed from the 27.1% moisture sample 

was nearly the same at all temperatures and this departs from the 

pattern as represented by the corresponding line for the upaged seed. 

Also percent germination 120°F for the 33.8% moisture sample was. 

slightly higher than at IlO0F for the same moisture level. This 

departure from the general pattern might be attributable to error in 

the experiment. This..error might have been avoided if there were 

more replications,

There are two possible explanations for the significance of 

height in the analysis of variance for the aged seed. It could be
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due to error in the experiment due to the few replications that were 

used, A more likely explanation is that the effect of height was 

accentuated by aging the seed, and the aging may have been enough to 

heighten the ipfluejice of height to" a\ point sufficient to show 

significance, A percent germination of 85 was obtained for the 48" 

column as compared to 82.4% for the 60" column. This might be explained 

by the fact that 48" coJLumn allowed a quicker and? therefore, less 

damaging loss of moisture- Although the overall effect of height was 

slight in the unaged seed, it is thought that aging may have accent

uated it to a significant level,

With this explanation, the significance of moisture x temperature 

x height interaction and moisture x temperature x height x level inter

actions is easily explained. Both interactions contain the main effect 

of height. The significance of the main effect of height must have 

been responsible for making these interactions significant.
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SUMMARY AND CONCLUSIONS

1. After-ripening, represented by loss of moisture from the seed, is 

required before seed corn cap' germinate.

2. The higher the percent moisture of seed corn at harvest tfre lower 

the percent germination of the fresh seeds and the more after

ripening required before the seed can attain high percent germ

ination,

3. The higher the percent mdistbre at which corn is harvested, the 

more time required to dry it to a particular moisture level.

4. In the drying of seed corn, corn at the lower levels of the 

drying chamber dries at a faster rate than that at the upper levels 

in one-way forced air driers. This leads to uneven drying at the 

end of the drying period, This uneven drying can be reduced by 

recirculating the drying air or by mixing the seed by some mech^ 

anical means as it is being dried.

5. Because the lower levels dry out faster than the upper levels, at 

the end of drying in a one-way forced air dpier, the corn from 

the lower levels contain less moisture than corn from the upper 

levels. This difference in moisture content increases, the wetter 

the corn is at harvest and the deeper the corn is in the drying 

chamber. This disparity in moisture content can be reduced by 

reducing the height of grain in the chamber, and by increasing the 

volume of air within ecomomic limits.

6. Temperature significantly influences the germination of seed corn,



44 -

Within the range of temperature used, there was a decrease in germ;-- 

fnation as the drying temperature was increased. A;,much more pro

nounced decrease resulted, however, from 120°F to 130°F than from 

IlO0F to 120°F. The temperature effect is also manifested by the 

influence of sampling level on germination.

7. Moisture at harvest influences germination in very much the same 

manner as temperature. The higher the perceqt harvest moisture, 

the lower the germinatiop. However, with harvest moisture, the 

effect was more or jLess linear within the range of moisture levels 

used.

8. The drier the corn is the better it can withstand high drying 

temperatures.. .

9. When corn with high moisture content is dried, depth of grain in 

the drying chamber may affect the germination. The deeper the 

depth of grain the more germination might be lowered. .

10, Aging lowers germination, of seed. Accordipg to the procedure 

. , followed? the amount of deterioration in seed quality produced 

is supposed to represent the deterioration that would result if 

the seed were kept for 18 months under open storage, The general 

effect of aging as related to each of the significant treatments 

was to accentuate almost similarly th,e influence of these treat

ments'in the upaged seed. This aging effect should not be import

ant if the seed is dried fo a safe levpl and stored updpr proper
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conditions of temperature and humidity.

Il1 It can be said that the best quality seed wpuld be produced if" 

corn is harvested at as high a maturity level as .possible apd 

dried at a temperature of not more than 120°F and thereafter 

stoned under proper conditions of temperature and moisture, 

However  ̂ if field conditions do not allow harvest at full matur 

ity, seed corn can be harvested at a moisture level between 30% 

and 40%. At such high moisture levels corn is easily hurt by 

drying temperatures;. Based on this study it is therefore 

recommended that drying temperatures for corn with high harvest 

moisture do not exceed IlO0F.
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APPENDIX



Table 10. Percent germination of seed corn harvested at three moisture levels and dried at 
three temperatures. (Three replications.)

Moisture Drying ____________ _____  Percent germination _____________________
at temperature Samples from 48" columns  ̂Samples from 60" columns

harvest % °F Upper levels Lower levels Upper levels Lower levels

H O 98 90 94 90 88 88 96 96 97 84 83 81

41.2 120 97 96 92 75 79 87 80 89 88 69 78 82

130 89 89 93. 65 75 69 92 80 82 66 67 67

H O 100 100 97 100 95 92 100 100 97 100 99 94 
V̂O

33.8 120 100 99 96 97 90 88 100 95 90 91 89 85 1

130 89 97 97 59 72 77 90- 90 91 80 76 85

H O 100 100 100 100 100 100 100 99 100 98 98 99

27.1 120 100 100 100 100 100 99 100 100 100 100 100 99

130 100 95. 91 87 79 96 97 100 93 82 83 90



Table 11. Percent germination of seed corn harvested at three moisture levels, dried at
three temperatures and aged under 100% R.H. and 40oC-45°C temperature for 60 hours. 
(Two replications.)

Moisture Drying Percent germination
at temperature Samples from 48" columns Samples from 60'i columns

harvest % °F Upper levels Lower levels Upper levels Lower levels

HO .90 89 81 69 90 97 72 85

41.2 120 95 83 71 80 85 80 66 53

130 89 92 60 55 78 63 61 49
I

H O 89 92 80 73 80 89 90
Ln
O

75

33.8 120 91 90 88 89 90 82 84 79

130 89 84 65 89 91 87 73 61

HO 100 91 90 91 98 99 90 84

27.1 120 92 90 90 85 100 85 92 99

130 90 95 83 95 95 85 88 91
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Table 12. Analysis of variance based on germination val.ues .from; 
___________TablelO (Appendix)______________________________ _____

Source of variation

Degrees
Qf

freedom

Sum
of

squares
Mean
square

Total 107 10,515.63

Treatments 35

Harvest moisture (A) 2 2,879.02 1 ,4 3 9 .5 1 * *

Drying temperature (B) 2 2,620.07 1 ,3 1 0 .0 4 * *

Height in column (C) I 59.26 5 9 .2 6  NS

Sample'leyel (D) I 2 ,0 2 8 .0 0 2 ,0 2 8 .0 0 * *

AXB 4 188.54 47.14*

AXC 2 120.68 6 0 .3 4 *

AXD 2 455.39 2 7 7 .70**

BXC 2 46.52 2 3 ,2 6 .NS

BXD 2 662 .89 3 3 1 .45**

CXD I 12.00 12.00 NS

AXBXC 4

OCNr—Im 1 2 .8 0  NS

AXBXD 4 37.39 9.35 NS

AXCXD 2 54.61 27.31 NS

BXCXD 2 57.56 28.78 NS

AXBXCXD 4 127.17 3 1 .7 9  NS

Runs 2 0.91 0 .4 6  NS

Error 70 1,114,42 15.92
NS represents non-significance 
* represents significance at.the'0.05 level 
** represents significance at the 0.01 level

I
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Table 13. Analysis of variance based on germination value's .from,'- 
___________Table .11 (Appendix) (aged seed) _____________________

Source of variation

Degrees
of

Freedom

Sum
of

squares
Mean
square

Total 107 9,577.65

Treatments 35

Harvest moisture (A) 2 ■ 2,689.36 1,344.68**

Drying temperature (B) 2 748.86 374.43**

Height in column (C) I 120.12 120.12* ■

Sample level (D) I 2,058,68 2,058.68**

AXB 4 473.31 118.33*

AXC 2 191.09 95.55*

AXD 2 708.36 354.18**

BXC 2 108.25 54.13 NS

BXD 2 158.86 79.43*

CXD I 6.13 6.13 NS

AXBXC 4 362.91 80.73*

AXBXD 4 157.47 39.37 NS

AXCXD 2 10.74; 5.37 NS

BXCXD 2 43.25 21.63 NS '

AXBXCXD 4 243.76 60.94*

Runs 2 104.70 52.35 NS

Error 70 1,391.85 19.88
NS represents non-significance 
* represents significance at the 0,05 level 
** represents significance at the 0,01 level
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Table 14— Germinative responses of seed corn after accelerated 
aging (45°C and 100% R=H„) and periods of open storage.

Lot number

Initial
germination

%

Germination 
after aging 

%

Germination after 
open storage 

%

I 92 (60 hours) '(18 months) '

2 98 69 64

3 98 96 96

4 96 76 74

; ! /
Data from work by Baskin (2).

\
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