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TABLE NO. i 

0REGOI C0Rì iECEUTS 

Received in l92 
Month Busae1 
January 
Peruary 70,L39 
March 71,176 
Aprii 77,483 
May 39,594 
June 90,890 
July 88,781 
August 122,725 
Seteraber 95,868 
October 108,167 
November 22,994 
December 69,588 

Total 909,100 

Received in last ten years 
Year Bushel 

1922-1923 650,866 
1923-1024 453,310 
1924-1925 503,862 
1925-1926 836,8C8 
1926-1927 1,030,857 
1927-1928 1,131,868 
1928-1929 1,126,900 
1930-1931 850,083 
1931-1932 828,678 

Totci 8,543,859 



1. 
INTRODUOTION 

The corn acreae in Oregon during 1929, according to 

the 1929 U.S. Department of Commerce census, was 63,206 

acres. Of this amount 24,860 acres were allowed to mature 

and were harvested for grain, 22,105 acres were cut for si- 

lage and 16,241 acres were pastured. The comparatively 

small producing acreage may be (i) attributed to the erron- 

eous idea that corn cannot be grown satisfactorily in Ore- 

gori, (2) abundance of other grains for which production and 

harvest machinery was available, (3) distaste for a crop 

requiring intertillage, and (4) difficulty in curing late 

maturing or unsuited varieties in.some sections. The idea 

of unsuitability may be correct for unadapted varieties, 

but early maturing varieties which can be matured in Ore- 

gon are available. 

The main producing region in Oregon is the Willamette 

Valley. Of the 63,206 acres in Oregon, in 1929, 46,394 

acres, or 73.40 percent was grown in this region; 804 acres 

or 1.27 percent in the North Oeratral District; 2,135 acres, 

or 3.38 percent in the North Eastern District; 11,216 acres 

or 17.74 percent in the South Western District; and 2,655 

acree or 4.20 percent in the Central and South Eastern 

District(see fig. i). 

More corn is shipped into Oregon from the corn belt 

and foreign countries than is harvested for grain in the 

state. C.W. Wright, Chief of the Division of' Grain Inspec- 
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tion o± the Oregon State Department of Agriculture, Port- 

land, Oregon in Table i gives the bushels of corn import- 

ed into Oregon in 1932 according to months, and the year- 

ly importation from 1922-1933. 

Corn should be considered not only as a cash or feed 

crop due to the development of the poultry and dairy in- 

dustry in Oregon, but also as an important intertilled crop 

in the rotation. The chief intertilled crops are potatoes 

and beans, root crops and corn. Over production of pota- 

toes and beans result when they are grown in acreages of 

60,000 and 20,000 acres respectively, Hyslo(34), while the 

root crops acreae is always small. Corn, an imported crop, 

should be of greater importance than the over produced 

potatoes and beans for the intertilled crop on most Oregon 

farms. 

Corn is an annual crop which necessitates harvesting 

during the early autumn months and a time when the rainy 

season starts. Because of the intertilled nature of the 

corn crop it provides an easily prepared seed bed for fall 

planted grains, but if this practise is followed early 

harvesting of the corn is necessary. Early harvesting corn- 

bined with the rainy season results in the corn having a 

high moisture content which must either be dried artific- 

ially or stored in a manner which will allow natural dry- 

ing. These unusual harvesting conditions and the prevail- 

ing idea that Oregon corn is inferior in quality to mid- 
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western corn offers many problems for the corn grower. The 

corn growers problems led to the investigations reported 

herein on cribbing, shocking, field curing, sacking, and 

drying of Oregon corn and chemical analyses of Oregon and 

mid-western corn. 



4. 
REVIEW OP LITERATURE 

Corn as affected by Moisture and Humidity 

The grading factors for shelled corn, as developed by 

Duvel and later compiled by Boerner(6) are based on test 

weight, moisture, foreign material and cracked corn, and 

damaged corn. The chaffy nature of dried soft corn, accord- 

Ing to Kennedy(36), reduced the test weight to 51 pounds 

per bushel. 

Coleman and Pellows(ll) stated that each increase in 

relative humidity was accompanied by an acceleration in the 

rate of increase of hydroscopic moisture in grain. 

Shelled corn stored in a wooden hopper, as studied by 

Duvel and Duvel(18) was observed to Increase in weight and 

decrease in shrinkage with increased relative humidity. 

The moisture in shelled corn, according to Alberts(l), 

was practically independent of temperature, but that it 

varied with the relative humidity. With high relative hum- 

idity and high temperature moisture content was highest 

and with low relative humidity and low temperature moisture 

content was the lowest. 

The moisture content of 12 sacks of shelled corn at 

Rhodesea was found by Blackshaw(4) to vary 3.72 percent 

during storage from October 1912 to July 1913. The low- 

est average was in October and tI highest in April. 

Hughes, Burnett, Giese and Bakke(31) found in Iowa 

that as much as 5,000 bushels of shelled corn containing 
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17.5 percent moisture could be stored in a screen bin from 

November until June with slight heating. 

Respiration of shelled corn according to White(64) arid 

Bailey(3) was more active with high moisture content. The 

former also found that cracked kernels respired more rapid- 

ly than did normal kernels. Unpublished investigations 

by Hyslop indicate that the presence of much cracked corn 

or sorghum is considered a heating hazard by experienced 

elevator men and grain shippers. 

Feeding Value of Soft Corn 

It was found by Culbertson, Wallace and Maynard(22) 

in six swine feeding experiments where one lot 0±' No. 4 

corn containing 18 percent moisture, two lots of dried 

corn containing 12.35 and 13.60 percent moisture, and 

three lots of lage containing 29, 33, and 37.9 percent 

moisture were fed the greatest gain occurred with the 

dried corn, 1.72 and 1.66 per day as compared to .87 

pounds for silage. 

Waite(63) by experimental feeding 0±' kiln dried crack- 

ed corn observed that it was perfectly wholesome and 

palatable for chickens. 

The dry matter content of soft corn according to 

Brown(7), Richey(54), Park(45), Laible and Smith(39) and 

Rusk and Snapp(55) was equal to that of mature corn. 

Feeding trials by Kennedy(36) shows steers fed corn 
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containing 35 percent moisture required 9.77 pounds of corn 

and 3.9 pounds of hay per pound of gain while those fed mat- 

ure corn required 9.36 pounds of corn and 3.4 pounds of hay 

per pound of gain. The cost per pound gain with soft corn 

valued at 30 cents per bushel was 7.92 cents while the cost 

per pound gain with mature corn, valued at 50 cents per 

bushel was 10.95 cents. 

Wilson and Bushy(69 observed that it took .52 pounds 

more soft corn than mature corn per pound gain for two 

yearling stears. 

Ground corn according to Gerlaugh(26) was a cheaper 

feed for six 250 pound calves than was unground corn, but 

and Williams(67) showed that there was no ad- 

vantage in grinding corn for yearling steers. 

Hog feeding trials for two years by Oliver(45) with 

Oregon dried corn and mid-western undried corn showed 

minor differences, which were in favor o± the mid-western 

corn. The differences was not sufficient to be significant. 

The coeficient of digestibility of dent corn according 

to Henry and Morrison(27) varies with the composition of 

the corn. They consider that protein has the same energy 

value as does carbohydrates and that fat contains 2.25 

times the energy value o± carbohydrates. The digestibil- 

ity of corn protein is 74 percent, corn fat 93 percent and 

corn carbohydrates 94 percent. 
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Chemical Analyses 

Perkins(49) stated that the protein of corn kernels 

decreased while stored in the silo. The protein collected 

in the juices was not a true protein but a protein hydrol- 

ysis product. 

The protein in plants was said by hitson and Stod- 

dart(66) to vary considerably, and that it was dependent 

upon the conditions of growth, in which the fertility of 

the soil was an important factor. 

There was according to Pendleton(48) no significant 

difference In the total nitrogen content of grain fim 

different plots in so far as difference in treatment was 

concerned. 

Prom the genetic standpoint East(l9) said chemical 

composition was influenced by hybrid vigor. High protein 

corn could be developed by selecting high protein seed and 

selfing the plants. Through selection Showalter and Carr 

(57) increased the protein content of corn to 18.43 percent 

and decreased it to 7.6 percect. Winters(70) increased the 

protein content 50 percent and decreased it 23.3 percent 

and Increased the oil 109.8 percent and decreased it 67.9 

percent. Winters noticed continued increases in the high 

protein and oil selections, but that low protein strains 

had varied but slightly during the last 18 years. During 

33 years of selection for high and low protein and fat 

Woodworth and Mumm(7l) had increased the protein to 20.24 



percent and decreased it to 7.8 percent and increased the 

fat to 12.1 percent and decreased it to 1.28 percent. 

After making chemical analyses on samples of corn 

throughout the country Richardson(53) made the followLng 

statement, "There is apparently the same average amount 

of ash, oil, and albumitaoids in corn wherever it is grown 

with the exception of the Pacific slope, where as with 

wheat, there seems to be no facility for obtaining or 

assimilation nitrogen." He found the carbohydrates and 

fat to be higher and protein lower in Oregon corn. 

Corn grown in North Dakota was reported by Ince(35) 

not to have as high a protein, fat or carbohydrate content 

as New York corn, nor did these substa'ices increase as 

rapidly. Maximui yields were obtained in North Dakota 

during the glazed stage while the maximum yield in New 

York was at the mature stage. 

Extreme differences according to Hopper(30) did not 

occur in composition of varietal groups of early, late 

and medium varieties. Fraps(23) checked Hopper's work and 

also found that different varieties grown in the same 

locality gave approximately the same mineral analyses, 

but that varieties grown in different localities showed 

differences in mineral and protein content. He also found 

a correlation ol' -.576± .072 between rainfall and protein. 

Corn from Northern Visconsin was reported by Deli- 

wiche and Tottingham(16 to have a higher protein content 



than that from Southern Wisconsin, but from the stand- 

point of feed value the difference was not significant. 

Fat content according to Hume, Champlin and Loomis 

(32) increased with maturity of the plant. The fat con- 

tent increased from 3.27 percent on August 15 to 4.98 per- 

cent on September 4 and to 5.52 percent September 19. 

Some Illinois Experiment Station workers(17) admit- 

ted that chemical analyses indicated practically the same 

amount of various nutrients in soft and mature corn, but 

that they do not prove that the quality of the two are 

similar. 

The total nitrogen of soft and mature corn according 

to Bushy(9) and Spetzer, Carr and Epple(59) was practi- 

cally the same and that the chief difference was found in 

the high amide and low zeit content of soft corn while 

the mature corn had a low amide and a high zeit content. 

Spitzer, Carr, and Epple thought that perhaps the amide 

changes to zein on maturity. 

High protein corn was observed by Showalter and Carr 

(57) to contain mostly zein and globulins, while the low 

protein corn contained larger amounts of amides, albumen 

and glutein. The zeit varied from 57.24 percent in the 

high protein corn to 31.85 percent in the low protein corn. 

Corn as Affected by Drying Shocking and Cribbing 

The loss by insect pest infestation of snapped corn 

was reported by Connor(12) to be so small that practically 

no loss had occurred in 10 mouths, while in the field run 
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samples there was a loss of 31 percent. 

IcClelland(42) found that 98.8 percent of the corn 

with ordinary husks was affected by ear worms, while 93.5 

percent was affected when the husks extended four inches 

beyond the ear. The results indicated that long tight 

husks offered no important worm protection, although they 

protected against, weevil, wet seasons, and molds. Phil- 

llps(5l) disagreed with LcClelland's work, believing that 

husks extending five inches beyond the ear and tightly 

wrapped offers great protection from ear worms. 

Cooke(l3) working at Vermont, found that small 

shocks lost more dry matter than did large shocks. The 

loss in both cases was heaviest with the nitrogen free 

extract. 

Drying by forced unheated air was found by Burlison, 

Lehman, and Kelleher(8) to be an expensive an slow pro- 

cess especially when the temperature was low and the hu- 

midity was high. 

Drying studies carried on by Lehmann, Kelleher, Bur- 

lison and Dungun(41) showed that no advantages were re- 

ceived by drying with temperatures above 170 degrees fah- 

renheit. The most economical temperature varied with the 

nature 0±' the dryer, the kind of fuel, and the power used. 

Storage investigations by Kyle(38) showed 95 percent 

more weevil infestation in corn with poor shucks than in 
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corn with good shucks. The benefit of shucks depends 

upon the nature or tightness of the husks. 

The fact was emphasized by Richey(54) and Evvard(20) 

that corn should be sorted according to moisture content 

before eribbin. The latter stated that a six or seven 

foot crib excels an eight foot crib, while Richey con- 

cluded that 30 to 35 percent corn should not have a corn 

column exceeding two feet from free moving air. 

Corn having 25 percent moisture was considered by 

Park(46) to be at the upper limit for safe cribbing un- 

der Iowa conditions. 

Growers were adviced by Cunningham(14) to sell 

their corn at harvest time if the value was within 25 

percent of the future possible price, because crib 

shrinkage would equal that amount. 

The loss of dry weight of Silver King corn under 

Illinois conditions according to Gaines(24) was 5.08 per- 

cent dry weight in the silo and 2.25 percent in the crib. 

Curtis(l4) stated that the temperature of corn in 

the cribs throughout the winter was at least 10 degrees 

higher than the outside air. This condition made for 

considerable shrinkage. 

Many workers including Smith(58), Park(46), Gauxn- 

flitz, Wilson, and Bassett(25) and Holden(29) agreed 

that the shrinkage in corn depends upon the original 

moisture percent. In Michigan, Smith reported a shrink- 
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age of 30 percent from October 3 to February 13. Park 

reported that in Iowa the average shrinkage was 16 per-. 

cent most of which occurred during April and May. Hol- 

den on shrinkage studies with various varieties found 

a mature variety lost 4.93 percent while an immature 

variety lost 17.49 percent. 

A total weight shrinkage of 20 percent was report- 

ed on corn by Atkinsoti(2) under Iowa conditions. The 

loss by four three month periods were as follows: Oct- 

ooer to January nine percent, January to April 5.5 per- 

cent, April to July three percent and July to October 

2.7 percent. 

The greater percent 0±' moisture in dry and damp 

corn according to Wilson(68) was retained until after 

March and that after August there is an increase of 

4.17 percent moisture, the maximum increase was in 

February and April. 

Detailed shrinkage studies were made by Hume and 

Oenter(32) under Illinois conditions. Here cribs were 

built in such a manner that they could be lowered on 

large wagon scales for weekly weighings. It was deter- 

mined that shrinkage was a variable thing, but that 

by far the most noticeable shrinkage of the ear corn 

in cribs occurred during the months of April and May. 

Ten Eyek and Shoesmith(60) reported on shrinkage 
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at Kansas, where wooden ventilated crates were built 

which would hold 4,000 pounds 0±' ear corn. These 

corn filled crates were weighed each month. The 

shrinkage was 3.26 percent during the first four months, 

5.16 percent for six months, 6.8 percent for eight 

months, and 8.62 percent for 12 months. 



TABI$ NO. 2 

Weather data April 1932-March 1933 
Corvallis, Oregon 

TEIERATURE RAINFALL 
Date Mean Maximum Minimum Normal 

Mean Current Average 

April 51.3 74 33 50.3 2.36 2.39 
May 56.1 78 36 55.3 2.24 1.85 
June 64.8 92 42 60.5 .24 1.18 
July 63.8 90 42 65.7 .61 .30 
August 67.6 99 46 65.9 .83 .42 
September 64.0 89 39 61.3 Trace 1.65 
October 56.8 90 35 53.0 3.99 2.90 
Noember 48.4 6 32 4.2 4.89 6.85 
December o7,2 57 9 40.2 8.09 6.72 
January 39.0 58 19 39.1 7.93 6.82 
February 38.9 58 11 42.0 5.14 5.17 
March 46.4 66 31 45.7 4.03 4.17 
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CRIB STUDIES 

Experimental Work 
14. 

The work reported herein was carried on at Corvallis, 

Oregon during the winter of 1932-1933. The climatic con- 

ditions during the winter were more severe than usual. The 

temperatures were lower and the rainfall was higher during 

the period from October to April than during the 43 year 

average (1890-1933). (See Table 2 and Figure 2). 

The investigational work was divided into two main 

parts as follows: 

(i) Storage methods, including cribbing, shocking, 

standing in field, sacking and drying studies, and 

(2) Chemical analyses where different varieties of 

Oregon corn were compared to mid-western corn. 

Crib Description 

The crib used in these studies was built at the 

Granger Experimental Farm, six miles north-east of Cor- 

vallis. It was located where no interfering action would 

be offered by neighboring buildings. It faced north and 

so the best possible use was made of the prevailing winter 

winds. 

The crib designated as an "Oregon Type" crib was 

supported on 8- 6"x6"x12" posts each of which was placed 

on a lO"xlO"x8" concrete block. The crib was 4.5 feet 

wide at the bottom, six feet wide as the plate, eight 

feet from the floor to the plate and twenty feet long. 

A solid floor was made of 6 inch shiplap which was support- 
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ed every 2 feet on 2t?x6tt floor joiets. These joists were 

toe-nailed to 4"x6" sills which in turn were toe-nailed 

to the posts previously mentioned (See Illustrations 1 and 

2). 

The sides and ends of the crib were covered with 1'x 

3" spaced one inch apart. The side boards were nailed on 

the outside of 2tx4t studding which were spaced at two 

foot intervals. At each end of the crib there was a 

3 x 6.5' door. (See Illustration i). 2"x4" supporting 

ties secured the studding at the top of the crib. A 

shingle roof with five inch shingle exposure on 1"x4'1 

sheathing with three inch spaces was built on 2"x4" rafters. 

The roof extended over the sides and ends oÍ' the crib two 

feet. The crib when completed had a capacity of 832 Cu. 

ft. or 333 bushels of ear corn. 

Partitions 

The crib was divided by cross walls every four feet 

into five separate units, which are designated as Cribs 

1, 2, 3, 4, and 5. These cross walls were l"x3" spaced 

one inch and nailed to opposite studs and braced in the 

center by a 2"x4" studding which was fastened to the floor 

and to the cross tie above. The partitions permitted the 

removal o± corn from one unit without disturbing the 

adjoining one. 

Crates 

The loss of weight on crib storage or shrinkage has 



Illustration No. 1. End view of "Oregon Type" 

Corn Crib erected in the fall of 1932 at Corvallis, 

Oregon for studies of crib storage. 





Illustration No. 2. Side view cí' crib 

showing open tunnel and filled crate in the 

fore ground. Corvallis, Oregon. 1932. 
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always been an Important factor in corn cribbing. Ten Eyck 

and Shoesinith(60), Hume and Center(32) and Atkinson(2) 

devised cribs which could be weighed weekly or monthly on 

large wagon sca1e. This was deemed unnecessary for this 

experiment and ten small crates were designed which could 

be weighed at intervals and the amount of shrinkage de- 

termined. The crates were made of 11Tx3" covered by one- 

quarter inch mesh wire and had an outside dimension of 

18"xl8"xl8T'. This small wire prevented the loss of shell- 

ed corn. The crates were equipped with leather handles 

to facilitate removal from the crib. (See Illustration 2). 

Two crates were placed at different heights in each 

crib one from 1.5 to 3 feet and the other from 4.5 to 

6 feet. The lower crates were removed by means of special- 

ly built tunnels which extended past the center of the 

crib and allowed the center of the crate to be at the 

center of the crib. 

The tunnels were made by nailing two 2x4's across the 

crib at the desired height. The tops and side were made 

by nailing l"x3" to the 2"x4". The tunnels, when corn- 

pleted, were 20 inches square leaving two inches between 

the crates and the tunnel, which was filled with corn. 

The placement 0±' the crates in every case was arrang- 

ed so that no crates would be in contact with the adjacent 

crate. In order to accomplish this it was necessary to 
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cut out the stud o the center unit and put in false 

studs so that the crate could be placed directly in the 

center of the unit. The opening of the tunnels was 

closed during the experiment by nailing l"x3" every four 

inches. This made the tunnel openings appear as one 

continuous unbroken wall (See Illustration 2). 

The crates placed at the 4-i- to 6 foot level were 

removed through the top 0±' the crib. The surrounding 

corn was prevented from rolling down while the crates 

were being removed by guards made of 2 inch mesh wire 

fastened from one tie to the adjacent tie and supported 

by a braced l"x3" on one side and fastened to the divid- 

ing partition on the other side. The top crates like 

the bottom ones were allowed to rest on the corn. The 

spaces between the crates and the guards were carefully 

packed with corn following every weighing. 

Crib Filling 

The cribs were filled by shovelling the corn through 

side openings whi3h were later nailed u. Cribs i and 2 

were filled October 19 with husked corn of 35.5% moisture. 

Crib 2 had the addition of three eight inch slatted hori- 

zontal ventilators, placed at two, four and six foot 

levels. Cribs 3 and 4 were filled October 29 with corn 

of 27% moisture. Crib 4 was filled with snapped corn and 

crib 3 was filled with husked corn. Crib 5 was filled 
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October 29 with husked corn which had been field sorted 

and had an average moisture o 43.6%. 

When the cribs were filled the respective crates 

were also filled with similar corn, to a total weight of 

92 pounds each except those placed in crib number 4 which 

contained 71 pounds each. The wire tops were nailed on 

and the crates were placed in the cribs. After the crates 

were in place the tunnels were filled with corn and the 

outside boards were nailed in place. The shrinkage which 

occurred made it necessary to make additions of corn to 

fill the bottom tunnel after each sampling. This corn 

was removed from the top of the same crib and in every 

case was placed on the outside next to the opening. 

Samplin. and Weighing 

Samples were taken for moisture testing at the time 

the cribs were filled and approximately every four weeks 

thereafter throughout the season. 

The sample for moisture testing consisted of 30 ears 

from each unit of the crib, 10 of which were selected 

from the one foot level, 10 from the four foot level and 

lo for the seven foot level. In selecting the samples 

care was exercised in order that the samples would 
repre- 

sent the corn in the particular crib. 

The same day ïn which the samples were removed 
from 

the crib they were taken to the laboratory and shelled 

using a Black Hawk hand corn sheller. The shelled corn 
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was immediately placed in air tight cans and kept from 

i to 24 hours, until the moisture test could be made as 

outlined by Colemand and Boerner(1O) on the Brown-Duvel 

Moisture Tester, The moisture tests were made in dupli-. 

cate and when they varied more than .3% the tests were 

repeated. 

Immediately after the grain was removed, the cobs 

were weighed and placed to dry in a small 110 volt 6 amp. 

oven for 24 hours at 100 degrees centigrade. 

Test weight studies were made because of the excess 

moisture and chaffy condition of the corn. After the 

corn was shelled and a portion put in the air tight cans 

for moisture tests the remainder was run over a 12/64 

seive to remove some of the fine material and to fach- 

itate the removal of small pieces of cob. After the 

foreign material was removed the test weight was obtain- 

ed on the March and April samples. 

The grade was determined on 2000 gram samples. These 

were cut down by means of the Boerner Sample Divider to 

over 200 grams and the damaged kernels separated from 

this amount. 

The germination tests were made by counting two series 

of 100 kernels each, using only the sound kernels, and 

by placing them between two moist blotters which were 

later placed in a standard germinator at room temperature. 



TABLE NO. 3a 

Moisture content, grade and grading factors of 
corn in crib 1 as determined at intervals. 1932-33. 

Moisture percent 
Part of Oct. Nov. Dec. Jan. Feb. Mar. Apr. 
Crib 19 26 24 21 18 18 15 
Top 

Grain 35.5 28.6 25.5 22.1 20.0 18.2 14.0 
Cobs 55.0 43.4 41.2 31.4 28.2 21.8 13.5 

Center 
Grain 35.5 31.0 26.9 25.2 23.0 20.8 15.6 
Cobs 5o,5 48.0 41.7 40.0 32.9 28.4 13.7 

Bottom 
GraIn 35.5 31.8 27.0 24.6 22.0 19.8 15.2 
Cobs 5o.5 49.5 44.7 40.2 31.8 26.8 15.1 

Av. Moisture 35.5 30.5 25.6 23.9 21.2 19.6 14.9 
Wt. per Bu. ---- ---- ---- -------- 50.0 53.0 
Total Damage --- ---- -------------- 3.05 
Grade sample sample sample sample 5 5 2 

TABLE NO. 3b 

Shrinkage of corn stored in crates In crib 1 as 
determined by periodic weighings. 1932-33 

Shrinkage 
Part of 
C rib 
Top 
Period Percent 6.32 6.97 4.44 3.79 1.89 6.96 
Accumulated Percent 6.32 13.29 17.7321.52 23.41 30.37 
Bottom 
Period Percent 6.87 8.13 3.75 3.75 3.10 5.65 
Accumulated Percent 6.87 15.00 18.75 22.50 2b.60 31.25 
Av. Period percent 6.59 7.55 4.10 3.77 2.50 6.30 
Av. Accumulated perceLat 6.59 14.77 18.89 23.03 26.81 32.18 



TABLE NO. 4a 

Moisture content, grade and grading factors for 
corn in crib 2 as determined at intervals. 1932-33 

Moisture percent 
Part of Oct. Nov. Dec. Jan. 'eb. Liar. .pr. 

Crib 19 26 24 21 18 18 15 
Top 

Grain 35.5 29.9 24.3 22.4 20.8 19.2 14.3 
Cobs 55.5 44.3 38.0 33.9 27.1 22.7 L.8 

Center 
Grain 35.5 33.1 30.0 28.3 27.5 22.2 15.6 
Cobs 5.5 50.7 49.0 40.9 38.7 30.0 l..2 

Bottom 
Grain 35.5 33.8 27.6 26.8 23.1 20.5 16.4 
Coos 52.6 43,7 42,9 34.2 ¿7.3 17,5 

Av. Moisture 35.5 2.3 25.8 23.8 20.6 15e4 
Wt. per Bu. ---- ---- ---- ---- 48.0 52.0 
Total Damage ---- ---- ---- ---- -------- 7.57 
Grade sample sample sample sample sample 5 4 

TABLE NO. 4b 

Shrinkage of corn stored in crates in crib 2 as 

determined by periodic weighings. 1932-33 

Shrinkage 
Part of Nov. Dec. Jan. Feb. Mar. Apr. 

Crib 26 24 21 18 18 15 
T op 
Period P ercent 6.91 7.55 4.45 4.51 3.79 5.70 
Accumulated percent 6.91 14.46 18.91 23.42 27.21 32.91 
Bottom 
Period percent 8.80 6.29 3.76 3.78 3.76 5.04 
Accumulated percent 8.80 15.09 18.87 22.65 26.41 31.45 
Av. Period percent 7.85 6.92 4.12 4.14 3.78 5.37 
Av. accumulated percent 7.85 14.77 18.89 23.03 26.81 32.18 



TABLE NO. 5a 

Moisture content, grade and grading factors of corn 

in crib 3 as determined at intervals. 1932-33. 

Moisture percent 

Part of Oct. Nov. Dec. Jan. Feb. Mar. Apr. 

Crib 19 26 24 21 18 18 15 

Top 
Grain 27.0 25.3 23.2 22.0 20.6 18.9 14.0 

Cobs 46.2 39.8 37.9 30.3 24.1 23.3 13.0 

Center 
Grain 27.0 27.8 22.2 21.8 22.7 19.7 15.3 

Cobs 46.2 41.9 35.1 35.2 3.4 26.1 15.3 

Bot tom 
Grain 27.0 27.2 22.4 22.0 20.6 19.2 15.0 

Cobs 46,2 43.2 35,5 32.3 29.3 22.1 12.8 

Av. Moisture 27.0 26.4 22.6 21.9 21.3 19.3 14.8 

Wt. per Bu. ---- ---- --- ---- 52.3 5.1 
Total Damage ---- ---- ---- 1.5 

Grade sample sample 6 6 5 4 2 

TABLE NO. 5b 

Shrinkage of corn stored in crates in crib 3 as 

determined by periodic weighings. 1932-33. 

Shrinkage 

Part of Nov. Dec. Jan. Feb. Mar. Apr. 

Crib 26 24 21 18 18 15 

Top 
Period P ercent 1.88 4.44 2.55 2.53 1.80 5.78 

Accumulated percent 1.88 6.32 8.87 11.40 13.20 18.98 

Bottom 
Period percent 1.88 5.71 2.54 2.53 1.80 4.52 

Accumulated ìercent 1.88 7.59 10.13 12.66 14.46 18.98 

Av. Shrinkage percent 1.88 5.07 2.55 2.53 1.80 5.15 

Av. Accumulated percent 1.88 6.95 9.30 12.03 13.83 18.98 



TABLE NO. 6a 

Moi$ture content, grade and grading factors of 
corn in crib 4 as determined at intervals. 1932-33. 

- 
Moisture Percent 

Part o± Oct. Nov. Dec. Jan. Feb. Mar. Apr. 
Crib 19 26 24 21 18 18 15 
Top 

Grain 27.0 28.0 28.0 25.2 22.1 20.7 17.4 
Cobs 46.2 43.4 40.4 37.2 31.8 28,2 20,5 

Center 
Grain 27.0 27.8 26.4 25.4 26.0 25.0 22.0 
Cobs 46.2 45.8 38.2 37.8 37.0 35.5 27.7 

Bottom 
Grain 27.0 29.7 25.2 25.9 25.0 22.0 19.2 
Cobs 46.2 46.8 36.3 39.2 40.3 32.0 23.6 

Av. Moisture27.0 28.5 26.5 25.o 24.3 22.6 19.5 
Wt. per Bu. ---- ---- ---- ---- ---- 49.5 49.7 
Total Damage---- ---- ---- ---- ---- ---- 16.16 
Grade sample sample sample sample sample samplosample 

TABLE NO. 6b 

Shrinkage 0±' corn stored in crates in crib 4 as 
determined by periodic weighings. 1932-33. 

Shrinkage 
Part of Nov. Dec. Jan. Feb. Mar. Apr. 
Crib 26 24 21 18 18 15 
Top 
Period Percent 2.56 3.42 3.51 3.45 1.71 6.03 
Accumulated percent 2.56 5.98 9.49 12.94 14.65 20.68 
Bottom 
Period percent 1.72 2.78 4.99 3.45 2.57 5.17 
Accumulated percent 1.72 4.50 9.49 12.94 15.51 20.68 
Av. shrinkage percent 2.14 3.10 4.25 3.45 2.14 5.60 
Av. acumu1ated percent 2.14 5.24 9.49 12.94 lo.08 20.68 



TABLE NO. 7a 

Moisture content, grade and grading factors of 
corn in crib 5 as determined at intervals. 1932-33. 

Moistuxe percent 
Part of Oct. Nov. Dec. Jan. .eb. Mar. Apr. 
Crib 19 26 24 21 18 18 15 
Top 

Grain 43.6 33.9 27.5 24.0 21.8 19.3 14.3 
Cobs 59.2 56.5 47.3 32.9 27.5 21.8 13.0 

Center 
Grain 43.6 38.3 28.6 28.3 24.4 20.2 16.0 
Cobs 59.2 *62.3 48.8 46.9 36.0 25.9 14.0 

Bottom 
Grain 43.6 33.0 25.8 24.0 23.2 19.4 14.6 
Cobs 59.2 52.9 42.8 36.5 34.2 23.2 14.6 

Av. Moisture 4.6 36.0 27.3 25.6 23.1 19.9 15.0 
Vit. per Bu. ---- ---- ---- ---- ---- 49.4 50.3 
Total Damage ---- ---- ---- ---- ---- ---- 9.37 
Grade sample sample sample sample sample 5 5 

* Charred in drying 

TABLE NO. 7b 

Shrinkage of corn stored in crates in crib 5 as 
determined by periodic weighings. 1932-33. 

Shrinkage 
Part o± Nov. Dec. Jan.Peb. Mar. Apr. 
Crib 26 24 21 18 18 15 

Top 
Period P ercent 5.06 8.14 5.71 5.15 6.75 4.63 
Accumulated percent 5.06 13.20 18.91 24.06 30.81 35.44 
Bottom 
Period percent 6.96 9.49 4.44 5.70 3.78 5.07 
Accumulated percent 6.6 16.45 20.89 26.59 30.37 35.44 
Av. shrinkage percent 6.01 8.81 5.08 5.42 5.27 4.85 
AV. accumulated percent 6.01 14.82 19.90 2D.32 30.59 35.44 



TABLE NO. 8 

Summary table showing average moisture content and 
grade of shelled corn and the monthly and total shrinkage 
of ear corn in cribs in the winter 0±' l932-35. 

Crib Oct. Nov. Dec. Jan. Feb. Liar. pr. 

Number 29 26 24 21 18 18 15 
Moisture Percent 

i #35.5 30.5 26.6 23.9 21.2 19.6 14.9 
2 32.3 27.3 25.8 23.8 20.6 15.4 
3 27.0 26.4 22.6 21.9 21.3 19.3 14.8 
4 27.0 28.5 26.5 25.5 24.3 22.6 19.5 
5 43.6 36.0 27.3 2o.6 23.1 19.9 1.O 

Shrinkage percent per month 
1 0 6.59 7.55 4.10 3.77 2.50 6.30 
2 0 7.85 6.92 4.12 4.14 3.78 5.37 
3 0 1.88 5.07 2.55 2.53 1.80 o.lo 
4 0 2.14 3.10 4.25 .45 2.14 5.60 
5 0 6.01 8.81 5.08 5.42 5.27 4.85 

Average O 4.89 6.29 4.02 3.86 3.09 5.45 
Total Shrinkage 

1 0 6.59 14.14 18.24 22.01 24.50 30.81 
2 0 7.85 14.77 18.89 23.03 26.81 32.18 
3 0 1.88 6.95 9.50 12.03 13.83 18.98 
4 0 2.14 5.24 9.49 12.94 15.08 20.68 
5 0 6.01 14.82 19.90 25.32 30.59 35.44 

Grade 
1 sample sample sample sample 5 5 2 

2 sample sample sample sample sample 5 
4* 

3 sample sample 6 6 5 4 2 
** 

4 sample sample sample sample sample sample samp1 
5 sample sample sample sample sample 5 5 * 

* Grade account 
Grade account 
Grade account 

# October 19 
Grading facto 

of 7.57i,tota1 damage 
o' l6.l6 total damage 
of 9.37, total damage 

r is moisture unless indicated 
otherwise 
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The counts were made on the 5th day. 

Presentation of Data 

The data for Cribs 1, 2, 3, 4, and 5 are present- 

ed in Tables 3a, 3b, 4a, 4b, 5a, 5b, ôa, 6b, 7a, and 

7b. The moisture content of the grain and cobs from 

near the top, center and bottom of the crib is shown. 

The amount of shrinkage as determined by periodical 

weighing of crates located near the top and bottom 

of the crib is expressed in percent for each sampling 

period and for all the sampling periods. The grade 

is shown for each sampling period, the weight per bu- 

shel for the last two sampling periods, and the total 

damage for the last sampling period. 

Discussion of Results 

The moisture percent as shown in summary Table 8, 

decreased consistantly from the time of cribbing, Oct- 

ober 29, until the end of the experiment, April 15. 

Cribs 1 and 5, which are located at op::osite ends of the 

large crib show the extreme value of good ventilation. 

Both of these cribs were reduced in moisture percent 

more rapidly than the adjoining crib which contaitied 

corn with a similar or smaller moisture content (See 

Figure 3). 

Cribs 1 and 2 were filled October 19 with corn 

containing 35.5 moisture, the only difference between 

the two cribs were the end location of crib 1 and the 
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addition of three 8 inch ventilators at two, four and 

six foot levels in crib 2. The results show that from 

the first sampling November 26th through the entire per- 

iod, crib 1 had 1% to 2% less moisture than did crib 2. 

This difference was probably due to the end position 

which afforded over one-third more exposure than was 

provided by crib 2. The exact value of the ventilators 

could not be determined as there was no crib containing 

corn with the same moisture percent which did not have 

the end position. 

Cribs 3 and 4 were filled with husked and snapped 

corn containing 27 percent moisture on October 29. The 

corn in crib 3 differed from that in crib 1 and 2 by 

the slower loss of moisture. This may be accounted for 

in part because it went Into the crib with 8.5 less 

moisture. prom October 29 to March 18 there was a de- 

crease of 7.7%, but during the last month there was a 

drop of 4.5 leaving the moisture percent of 14.8 on 

April 15th. It may be significant that crib 3 an inter- 

br crib dried as rapidly as crib 1 after they reached 

the same moisture content about February 18. The two 

outstanding points of crib 4 are; (1) The increase in 

the moisture percent of the grain as shown by tests Nov- 

ember 26, and (2) The high moisture content of the April 

15th sample. The reason for the increase of 1.5 percent 
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moisture in Novern1er may be the result o± the husks pre- 

venting the moisture from evaporating after it has been 

drawn from the cob, or the difference could be due to 

non-representative $amples or variation in testing. The 

high moisture content, l9.5, on April 15th was probably 

due to husk action because the crib was as favorably lo- 

cated as crib 3 which had 14.8% moisture on April 15. 

Crib 5 which was filled October 29 with corn con- 

taining 43.6% moisture shows the greatest decrease of the 

five cribs. The greatest single moisture loss 8.7% 

occurred in crib 5 from November 26 to December 24. 

The shrinkage results, as shown in Table 8, agree 

with the findings of Smith(58), Park(46), Gaurnnitz, 

''Ti1son and Bassett(25) and Holden(29) in that the 

shrinkage of corn depends upon the original moisture 

percent. The shrinkage varied from l8.98 in crib 3 to 

35.44% in crib 5. 

The greatest average shrinicage for the five cribs 

was from November 26 to December 24. The shrinkage 

during this time was 6.29% which is undoubtedl: due to 

the low temperature shown in Table 2, which was accompan- 

ied by drying winds. These data do not correspond with 

the findings of Hume and Ceuter(32) who reported the 

greatest shrinkage for April and May which is character- 

istic of corn belt conditions. 

The shrinkage in cribs 2 and 4 did not check with 
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the changes in moisture content o the grain. Crib 2 

shaied.5% more moisture in the grain than crib i and 

1.37% more shrinkage. This difference may be due to 

more active respiration caused by higher temperature and 

which resulted in losses other than moisture from the 

grain and cobs. The actions of crib 4 are harder to 

explain than those of crib 2. Here the moisture percent 

of grain was 4.7% higher than in crib 3 and the shrinkage 

was 1.7% greater. This difference may be due to the 

moisture in the husks which was lost and was recorded by 

the weight studies in shrinkage and not shown by the 

Brown-Duvel Loisture Tester. 

The grades, as determined bi laboratory inspection 

on the corn samples at different periods from the 
diff- 

erent cribs, are summarized in Table 8. The 35 samples 

graded as follows; 23 sample grade, two No. 6, six No. 5, 

two No. 4, and two No. 2. Moisture was the grading factor 

for 31 samples, establishing 21 sample grades, two No. 6 

grades, five no. 5 grades, one No. 4 grade and two No. 2 

grades. Total damage which consisted of kernels showing 

discoloration and external and internal mold 
was the 

grading factor on four samples establishing two 
Sample 

Grade, one No. 5 and one No. 4 grade. 

The U.S. corn standards as giving the maximum limit 

for moisture in No. 6 corn as 23.0%. This automatically 
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places the samples from all five cribs ori October 2) and 

November 26 as Sample Grade. Crib 3 containing 22.6% 

and 21.9% moisture for December 24 and January 21 respec- 

tively was graded U.S. No. 6 while the other four cribs 

were still above the maximum moisture tolerance for this 

grade. The samples from crib 1 and 3 on February 18 con- 

tamed 21.2% and 2l.3 moisture respectively and graded 

No. 5. The maximum moisture allowed in this grade is 

21. 5%. 

The samples from all five cribs on March 18 were 

below the maximum tolerance for moisture in grade No. 6. 

Crib 4 at this time was graded Sample Grade because of 

excess total damage not definitely determined until 

after the April sampling. The samples of grain from 

cribs 1, 2, and 5 contained 19.6%, 2O.6, and 19.9% 

moisture respectively and graded No. 5, and the sample 

from crib 3 with 19.3% moisture graded No. 4. 

On April 15 total damage was the grading factor 

ou cribs 2, 4, and 5. The sample from crib 1 containing 

14.9% moisture, 3.05% total damage and a test weight of 

53 pounds was graded No. 2 which has a maximum tolerance 

for moisture of 15.5%, four percent for total damage 

and a minimum test weight of 53 pounds. The sample 

representing crib 2 contained 7.57% total damage and 

graded No. 4 which tolerates a maximum of eight percent 
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total daraage. 

Crib 3, according to the samples, graded No. 2 be- 

cause of 14.8% moisture. The sample contained 1.5% total 

damage. This small amount would not be a grading factor 

for No. i which tolerates 2% total damage. Table 5 shows 

this sample to contain a test weight of 55.1 pounds. 

This also comes within the requirements of No. J. which Is 

55.0 pounds. 

The sample representing crib 4 contained 16.16% 

total damage which is greater than the total damage tol- 

erance for No. 6. Therefore, Sample Grade was placed on 

crib 4. Crib 5 represented by a sample containing 9.37% 

total damage graded No. 5, which tolerates io.o% total 

damage. 

Shrinkage in vo1ue of cribbed corn determined by 

measurements from the original level on October 29 to 

the corn level on Aprii 15 checks roughly with the begin- 

ing moisture percent, the moisture losses, and the shrink- 

age as determined weighing the crates of ears. On April 

15 crib i which had 35.5% moisture at cribbing time show- 

ed 30.81% shrinkage by weight and 15 inches or 15.62% 

shrinkage by height. Crib 2 containing 35.5% moisture at 

cribbing time showed a total shrinkage of 32.18% by weight 

and 15 inches or 15.62% by height on April 15. Crib 3 

showed a shrinkage of l8.98 by weight and of 11 inches 

or 11.45% by height from the original 27.0% at cribbing 
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time and showed a shrinkage of 20.68% by weight and 9 

inches or 9.37v by height. The reduced shrinkage in 

height over crib 3 can be attributed mainly to the 4.7 

higher moisture content on April 15 and in part to the 

loose nature of the corn in crib 4 because of the pro- 

sence of the husks. It is probable that the apparent 

inconsistancy 0±' greater moisture loss for both grain and 

cob and smaller loss in weight for crib 3 than for crib 

4 is due to loss of dry matter resulting from deterior- 

ating factors which caused the large amount of total 

damage in crib 4. Crib 5 from the 43.O moisture at 

cribbing time showed a 35.44% shrinkage by weight and 

19 inches or 19.79% by height. 

An indication of the condition of the corn in re- 

gard to molds and sprout damage can be obtained from 

Illustrations 3 and 4. Illustrations No. 3 represents 

the condition 0±' the corn ou January 21. The numbers 

to correspond to the cribs previously discussed and. 

number 6 is a sample from poorly ventilated indoor crib 

belonging to the Agricultural Engineering Department. 

Ears num'oered one show a small amount of mold while the 

ears of number 5 showed more mold and a damaged darkened 

tip. One ear showed 1003e shrunken kernels which indì- 

cates immaturity. 

Illustration No. 4 shows three ears from each crib 

on April 15. The group number on the ears corresponds 



Illustration 1ro. 3. Corn samples taken 

from cribs January 21. The numbers 1 to 5 

correspond to crib numbers used in this study. 

(Note the small amount o± mold in No. 1 and 

No. 5.) No. 6 shows two ears from a poorly 

ventilated indoor crib. 
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Illustration No. 4. ars from cribs 

April 15. The numbers 1, 2 and 5 show some 

molds. No. 4 (snapped corn) shows a brighter 

appearance if moisture content is not too 

high at time o cribbing. 
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to the crib number. The ears numbered i show molds in 

small amounts while the ears representing 2 and 5 show- 

ed larger patches o mold, a few dark damaged kernels 

and number 5 shows tip damage. 

The moldy ears which were present in the cribs were 

not numberous enough to cause the samples to he graded 

down because o objectionable odors. The damage was con- 

fined to individual wet ears. Richey(54) and Evvard(20) 

have shown that corn should always be sorted and the 

highest moisture corn should be fed and not cribbed. 

The various molds which were found on this corn 

included Rhizopus, Pusaritim and Diplodia and were ident- 

ified by Professor C.. Owens. 

The samples selected from crib 4 containing snapped 

corn were the onl samples which graded "sample" through- 

out the cribbing period. The findings of LicClelland(42) 

that husks offered protection from molds is somewhat 

contradictory to the observation in crib 4. The ears 

which were fairly mature when cribbed showed a brighter 

appearance (Illustration No. 4) than the other ears, but 

the ears with high moisture suffered more than where the 

husks were absent. This is indicated by the l6.l6> total 

damage for crib 4 and the l.5 total damage for crib 3. 

Germination tests made on the cribbed corn at 

various months check with the findings of Keisselbach(37) 

in that the freezing injury depended upon the moisture 
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and the duration of the low temperature. 

Germination of samples drawn April 15th by cribs 

Crib No. 1 2 3 4 5 

Germination 
Percent 39 42 64 40 24 

Germination of composite samples drawn at 
intervals durin the storage period 

Oct. Nov. Dec. Jan. Feb. Mar. Apr. 
Date 29 25 24 21 18 18 15 

G-ermivati on 
Dercent 93 95 51 44 43 39 38 

The increased germination ability of samples from 

crib 3 may be attributed largely to the lower moisture 

content and to the additional protection offered by its 

central location in the crib, while the lower germination 

of 1 and 5 may be attributed to a combination of high 

moisture content and the more exposed location of the 

end of the crib. 

The increase in germination percentage from October 

29 to November 25 may be attributed to increased germina- 

tion after a dormant period or to experimental variation. 

The decrease from 95% germination November 25 to si% on 

December 24 may be attributed to the low temperature re- 

ported for December 10. 
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STUDIES O' CORN STORED IN SHOCKS 

Shocking corn is a common method o storage in some 

regions. Cooke(13) at Vermont found that corn could be 

stored in shocks auring the winter and that the loss 

in dry matter varied with the size of the shock. The 

smaller shocks showed greater losses. 

The corn shocking reported herein was carried on 

at the Granger farm. Because of necessity for removal 

of the corn from the field, the site for the shocks was 

a fenced farm lot. The corn was hauled from the field 

and sorted. Green stalks and those which did not con- 

tain ears were discarded and bunches of twenty five 

desirable stalks were tied together with binder twine. 

Replicate shocks were made containing 200 stalks, 250 

stalks, 300 stalks, 350 stalks, 400 stalks, 450 stalks, 

and 500 stalks. The stalks had become wet before shock- 

ing took place and consequently the interiors of the 

shocks were wet to begin with. The shocks were tied 

according to the method described by Wallace and Bress- 

man(65), Montgomery(44), and Hartly(28). The method in- 

volved the setting the bundles in an upright position 

with the butts firmly on the ground and bracing with 

bundles on all sides. The tops were then compressed 

by a rope with a ring in. the end until they could be 

tied with binder twine. 



TA.BI NO. 9 

Moisture content 0±' Oregon corn stored in various 
sized shocks. Winter 1932-3Z. 

Moisture 
No. o± stalks Oct. Nov. Dec. Jan. Feb. 
per shocks 20 18 19 14 11 Average 

200 
Grain 43.0 36.6 36.3 37.0 40.6 37.1 
Coos 57.4 56.3 54.4 53.1 46.0 53.4 

250 
Grain 4.O 38.2 33.6 37.5 39.4 38.3 
Cobs 57.4 57.5 53.6 47.4 48.9 54.9 

300 
Grain 43.0 36.5 36.0 35.6 39.3 38.9 
Cobs 57.4 60.0 58.1 53.8 '45.6 55.0 

350 
Grain 43.0 36.8 33.7 36.5 41.1 38.2 
Cobs 57.4 56.9 52.6 53.5 55.0 

400 
Grain 43.0 37.6 36.4 40.1 38.6 39.1 
Cobs 57.4 58.0 57.7 54.6 48.8 46.6 

450 
Grain 43.0 37.1 35.9 39.0 38.9 38.7 
Cobs 57.4 56.4 56.9 53.7 49.6 54.8 

500 
Grain 43.0 37.5 35.6 38.0 41.1 39.0 
Cobs 57.4 55.8 52.2 52.3 ** 54.4 

Average Grain 43.0 37.4 3o.3 37.6 39.8 

Average cobs o7.4 57.2 5.0 52.6 47.8 

- Percentage low as cobs were charred in drying. 
- Cobs destroyed in drying. 
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The sampling consisted of selecting 10 ears from 

various parts of each shock at four week intervals. The 

ears were husked arid brought into the laboratory where 

shelling, and moisture tests ou corn and cobs were de- 

termined as described in the crib discussion. 

The grain and cobs at the time of shocking, October 

20, contained 43.0 and 57.4 percent moisture, respective- 

ly. Table 9 shows the moisture percent of the corn and. 

cobs from October 20 to February 11, and also the aver- 

age of each shock for the five sampling periods as well 

as the average of all the shocks for each sampling time. 

The average for the sample from each shock during 

the five sampling periods shows only 1.9% difference 

between the moisture content of the grain of the 

small shocks containing 200 stalks and the large shocks 

containing 500 stalks. The small difference is not 

significant as this amount may be due to sampling. It 

was noticeable that ears on the exterior of the shocks 

were in better condition than those taken from the in- 

tenor. 

The averages of all the shocks for each sampling 

period showed a slight decrease until the January 14 

sampling, at that time there was an increase in the 

moisture content of the grain but a continued decrease 

in the moisture percent 0±' the cobs. This increase 

in moisture content may be due to the rainfall during 
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December and January which was 8.09 and 7.93 inches 

respectively. 

The shock studies were discontinued after February 

sampling. At that time the shocks showed heating and 

moldiness and the ears were covered with various molds. 

Undoubtedly the wet condition of the corn at shock- 

Ing time did much to prevent drying and to foster 

spoilage. It is recommended that in any future experi- 

ments of this sort, that the corn be shocked when the 

plants are free from exterior moisture. 
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STUDIES OP CORN L'T STAEDING Iii FIELD 

The studies of corn standing in the field were made 

at the Avenu farn one mile east of Corvallis. A square 

block o± corn containing approximately 500 stalks was 

left for this study. The samples consisted o± ten ears 

selected at random every four weeks commencing October 

20. The experiment was discontinued after February 11 

because Pheasants consumed the corn and samples were no 

longer available. The samples were husked and taken to 

the laboratory for moisture tests. 

The Dercent of moisture in grain and cobs and per- 

centage germination are presented in Table lOa. 

The moisture decreases in the corn agrees with the 

report of Richey(54) in that late harvesting of corn, 

December, was better than early harvesting. The moist- 

ure content, shown in Table lOa, decreased from 39.2% 

in October to 24.0% in February. 

The value of late harvesting with respect to moist- 

uro content is shown in Table lOb. Shocked corn although 

containing more moisture at shocking time showed practic- 

ally the same moisture percent loss for November and Dec- 

ember as did the field standing corn, but from December 

to February there is an increase of 4.5, in the moisture 

content of the shocked corn and during the same riod 

field corn decreased 7.1% making a total loss of 15.2% 
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moisture. 

Snapped cribbed corn, containing 27 moisture in 

October showed an increase of 1.5 for November. Prom 

November to February there was a moisture reduction o± 

4.2% or a total moisture difference between October and 

February of 2.7%. 

Crib 2, containing husked corn with 35.5% moisture 

in October showed moisture losses somewhat similar to 

field standing corn. In November this crib lost 3.2% 

moisture and during the saine period the field corn lost 

5.7%. In December crib 4 and the field standing corn 

had lost 8.2% and 8.1%, respectively. The field stand- 

ing corn in January had lost 10.3% moisture and crib 2 

had lost 9.7%. In February the field standing corn 

contained 24% moisture and had lost 15.2% and crib 2 

corn contained 23.8% and had lost 11.7% moisture. 

The possibilities of leaving the corn in the field 

for late harvesting depends upon the farming practices. 

1±' fall grain is to be planted on the corn ground the 

corn should be harvested during late October, but if 

spring planting is to be made late harvesting may be 

practiced if the soil and field location is of a nature 

which will allow harvesting while it is wet. If late 

harvesting is followed, there may be considerable loss 

of grain due to Chinese Pheasants and stray animals. 
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The germination percentage show a drop from 89% Oct- 

ober 20 to 4% December 19. This may be attributed to the 

low temperatures previously mentioned. The low tempera- 

ture and high moisture content caused a darkening of the 

germs and as a result the February 11th samples contained 

9.6% total damage. 

Corn harvesting while possible later than November 

In the Willamette Valley does not appear satisfactory 

because of the late fall rains and the damage due to the 

Chinese Pheasants. 





TABLE NO. 11 

Weight arid moisture content of shelled corn as 
affected by rainfall and relative humidity. Corvallis 
1932-33. 

Weight Removed Percent 2Werage rei- Total in- 
Date pounds for Mois- Mois- ative humid- ches rain- 

ture Test ture. ity in per- fall per 
Pounds cent per wk. week 

Dec.20 87.00 --- 12.8 -- 

Dec.28 88.00 .7o 13.0 86 3.54 
Jan. 4 87.oO .75 14.0 84 3.45 
Jan.11 87.00 .75 l.6 80 .51 
Jan.18 86.00 .75 14.2 79 1.00 
Jan.25 *8600 .75 14.7 82 1.04 
Feb. 1 84.00 .75 15.5 86 2.64 
Feb. 8 83.50 .75 15.0 75 .10 
Feb.15 83.50 .75 lo.2 70 1.49 
Feb.22 83.50 .75 15.3 76 1.60 
Mar. 1 82.50 .75 15.0 71 1.89 
Mar. 8 81.25 .75 14.9 54 .72 
Liar.15 80.50 1.00 15.0 64 .87 
Lar.2 80.00 .75 1c.0 68 .62 
Iiar.29 79.00 1.00 lo.2 58 .86 
Apr. 5 *77.00 1.00 14.1 40 .85 
Apr.12 *70.00 1.00 14.2 59 1.35 
Removed 13.00 
Differ- 

ence 11.00 
Total Rainfall 22.59 

*weighed on different scales. 
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SACK STORAGE OF ShELLED CORN 

These sack corn storage trials were conducted to 

determine the change In moisture content of shelled 

corn during the winter. 

A sack of shelled and dried corn containing 12.8% 

moisture was obtained from the Agricultural Engineer- 

Ing Department. The corn was stored in the open Farm 

Crops shed. Weighings of the sack were made at weekly 

intervals and small samples were removed for moisture 

tests which were made immediately. 

The weight and moisture percent of the corn at 

each sampling period as well as the weekly rainfall 

in inches and the average relative humidity from one 

sampling period to the next are shown in Table 11. 

The rainfall and relative humidity data were obtained 

from the records of the Soils Department. 

The moisture percent of the corn increased from 

12.8% December 20 to 14.Ov on January 4. This increase, 

at a time when the relative humidity and moisture de- 

creased, was due to the low moisture content of the 

corn at the beginning of the experiment. 

The rainfall, relative humidity, and moisture con- 

tent of the corn decreased during the week from Jan- 

uary 4 to 11 (See Fiure 4). Prom the low point, 

reached January 11, the moisture content increased to 
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15.5% on February 1. During this same period t'ne re- 

lative humidity increased to 86 and the rainfall in- 

creased to 2.64 inches. The week from February 1 to 8 

showed a marked decrease in relative humidity and rain- 

fall and a decrease of .5% moisture in the corn. 

The moisture content of the corn from February 1 

to 2. showed slight variations from l5Vo, but the rela- 

tive humidity and rainfall was not as uniform. 

The period from March 2 to April 5 showed a 

marked decrease of l8 in relative humidity and l.1 

moisture of the corn. From April 5 to 12 the following 

increases were observed; relative humidity 19.0%, rain- 

fall .5 inches and moisture content of corn one-tenth. 

That the grain increases in moisture content and in 

weight until about or shortly after February first was 

also proved by L.N. Jeffers who investigated small 

grain standardization at Portland, Oregon some years 

ago. 

hese findings also agree with those of Colemand 

and Fellowsdl) in that with each increase in relative 

humidity there was an increase of the hydroscopic 

moisture in the corn. The moisture content of the 

samDies was not influenced by the temperature to the 

same extent as by the relative humidity. Table 2 shows 

that the lowest temperature during the sack study occur- 

red during February while during this same period 
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the samples show the highest moisture contents. These 

fthdings check with work of Älberts(1) who found that 

the moisture content of shelled corn is practically in- 

dependent o the temperature but varies with the rela- 

tive humidity. 

The moisture content of the grain was shown to 

vary 2.7,, l2.8 moisture on December 20 to 15.5% 

moisture ebruary 1. This variation agrees, in part, 

with the findings o Blackshaw(4) on 12 sacks of shell- 

ed corn stored from October to July. He reported a 

variation of 3.72o with highest moisture content in 

April and the lowest in October. 

The weighings at the weekly periods, recorded in 

Table 10, indicate an increase of two pounds during the 

experiment but the results are not conclusive because 

only one sack of corn was used, the scales would not 

weigh accurateli in amounts smaller than .5 pounds, and 

allowances were not made for changes in the weight of 

the sack. Disregarding the criticisms offered, the 

results check with those of Duvel and Duvel(l8) in that 

increases in weight and decreases in shrinkage accompany 

the increases in relative humidity. 

It is significant that the gain in moisture content 

and weight is quite pronounced and also that dry corn 

gaining moisture content as much as 2.7 arid reaching a 

moisture percentage oi l5.5 was safe for storagep.rposes. 
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SHELLING CORN WITH HIGH MOISTURE CONTENT 

Oregon corn, to be ready for early season marketing, 

requïred drying. The problem of drying shelled or ear 

corn depends chiefly upon the possibilities of' shelling 

corn containing a moisture content ranging from 25-40%. 

Five samples of about 25 pounds were selected from 

a pile of soft corn belonging to the Farm Crops Depart- 

ment and one sample was selected from corn owned by the 

Agricultural Engineering Department. The corn was shell- 

ed in a Stover five horse power electric sheller and the 

grain and cobs were collected and taken to the labora- 

tory for further study. 

Moisture determinations were made on the grain and 

cobs according to methods previously described. The Sam- 

ples were then run over a 12/64 inch screen which removed 

the small cracked pieces and chaff and also made it 

easier to remove the larger pieces of cobs. The samples 

were dried uniformly at room temperatures. 

Test weight was made on the sample and the broken 

kernels which had not passed through the 12/64 screen, 

were removed by hand and their percent determined. 

Table lia presents the moisture content of the grain 

and cobs, the percent of broken kernels caused by shell- 

ing and the test weight per bushel when dried at room 

temperature. 



Sample No. 1, containing 27 percent moisture, contain- 

ed only 8.85 percent broken kernels and when dried gave a 

test weight of 55.6 pounds which makes it No. i corn. 

Sample 2 contained 32.0 percent moisture at shelling time, 

had 12.5% broken kernels and a test weight o 55.3 pounds 

which also makes it ITo. 1 corn. Sample No. 3 contained 

32.5% moisture and had 17.31% broken kernels. This large 

percentage of iroken kernels helped to reduce the test 

weight to 52 pounds per bushel and, grade No. 3. 

Sample 4, when shelled, contained 34.0% moisture. 

The shelled sample contained 12.12% broken kernels and 

gave a test weight of 53.0. It graded No. 2. Number 5, 

when shelled, contained 35% moisture, 14.68% broken ker- 

nels and had a test weight of 52.8 pounds which graded the 

sample No. 3. The sixth sample selected from the igrie- 

ultural Engineering Department's corn contained 35.4% 

moisture, and after shelling had 14.88% broken kernels 

and a test weight of 50.6 pounds which made it No. 4. 

The number and size of the shelled samples did not 

furnish sufficient data to draw specific con2lusions, but 

the samples with lower moisture percent and smaller am- 

ounts of cracked kernels gave a higher grade than did 

any other combination of moisture and cracked kernels. 

The main point of importance in this work is that corn 

containing 35.4% moisture can be shelled satisfactorily 
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while the low test weight may be due to sorne factor other 

than cracked kernels. 



TABLE NO. lia 

Moisture content and percentage of broken kernels in 
soft corn shelled before drying and weight per bushel 
after drying. 1932-33 

Sample Moisture Percent Percent Test 
Number Grain Cobs Broken Weight 

Kernels 

1 27.0 51.5 8.85 55.6 

2 32.0 49.9 12.50 55.3 

3 32.5 53.5 17.31 52.0 

4 34.0 64.7 12.12 53.0 

5 35.0 43.2 14.68 52.8 

6 35.4 52.5 14.88 50.6 

* would not pass through 12/64 screen 

TABLE NO. lib 

The weight per bushel of the component parts of 
soft corn which had been shelled and dried. 

1932-33 
Kernel Percent in 
Description Test Weight original 

s am le 

Unseparated 51.8 100.0 

Cracked 45.1 13.8 

Chaff attached 51.8 49.3 

Chaff free 54.5 36.8 
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TEST VEIGHT OF SILL DRIED CORN 

A common commercial practice of the Eastern Corn Belt 

states which is gaining in importance among Oregon growers 

is the shelling of corn before drying. This was prac- 

ticed by F.E. Price of the Agricultural Engineering Depart- 

ment in 1932-33 but after the corn was dried the test 

weight was so low that the corn was put into grade 3 or 4. 

A sample of shelled dried corn was separated into 

cracked kernels, kernels with chaff attached at the tip, 

and kernels which shelled free of chaff. The test weights 

of the unseparated, cracked, chaff attached and chaff 

free kernels as well as the percent of each of the above 

are presented in Table llb. 

The original sample had a test weight of 51.8 pounds 

per bushel. Cracked kernels, which made up 13.8% of the 

sample, had a test weight of 45.1 pounds per bushel. 

Kernels with chaff attached to the tips had a test weight 

the same as the original sample, 51 pounds, and made up 

49.3 percent of the sample. Kernels which were free of 

chaff had a test weight of 54.5 pounds per bushel and 

comprised 36.8% of the sample. 

The data indicates that a method which could be em- 

ployed to reduce the amount of cracked kernels and clean 

the attached chaff from the kernels would in part solve 

the problem of low test weight of shelled dried corn. 



TABLE NO. 12 

Ear and shelled corn drying at 170 degrees Fahrenheit 

and 14% relative humidity. Hour1 weights o ear corn, 

shelled corn and cobs and hourly moisture percents o 

shelled and ear corn. 

Sheridan.0reon. 1931 

.ar uenea Loes ar tieea corn 
Hour earn earn lbs. Oorn Weight Original 

lbs. lbs. *Tray i2ray 

Start 40.0 37.5 12.5 33.0 33.0 33.0 

1 37.5 33.0 10.5 32.0 ---- 27.2 

2 35.0 31.5 9.0 30.5 24.0 

3 33.0 29.5 8.5 27.6 

4 31.0 29.0 8.0 27.6 16.6 

5 30.0 28.0 7.5 24.0 ---- 11.0 

6 28.5 27.0 7.5 24.0 16% 8.0 

7 27.5 27.0 7.0 17.0 12 8.0 

8 26.0 26.0 6.5 15.0 8% 7.5 

* Sam1es taken from weighing tray to see effect 
of stirring when sample was taken 

** Not representative sample. 
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IRATE OF DRYIIG EAR AND SHELLED CORN 

Corn drying in Oregon, previous to 1932, was chief- 

ly with ear corn. Stockton Bros., Sheridan, Oregon, 

used a two tunnel prune dryer for drying ear corn. They 

developed conveyors from the storage hopper to a traying 

table where the ears were placed in a single layer on 

prune trays. 20 trays were stacked on a small truck 

which was placed in the dryer. The moisture was reduced 

from 35.0 to 12.0% in 12 to 14 hours of continuous 

drying at 170 degrees fahrenheit and 14% relative hum- 

idity. 

The rate o±' drying o± shelled corn and ear corn 

reported herein was done at the Stockton Bros. dryer. 

Double checks were planned on the trials one by weighing 

the trays at the start and at each hour during the dry- 

ing time, and the other by moisture tests determined 

on the Brown-Duvel moisture tester. Two trays of ear 

corn, two trays of' shelled corn and one tray of cobs 

made up the series to be dried. One tray of shelled and 

ear corn provideiì samples for the Brown-Duvel moisture 

test and the other trays of shelled corn, ear corn and 

cobs were weighed hourly. The five loaded trays were 

covered with an empty tray to prevent the top tray 

from having better circulation than the others. 



43. 

The samples for the Brown-Duvel moisture tests were 

gathered by selecting 3 ears from the ear corn tray, the 

shelled corn samples were obtained by scooping out about 

a pound from the center of the tray. The samples which 

were taken from the weighing shelled corn tray were weigh- 

ed accurately and their weight added onto the weight of 

the tray. 

The original weight of the trays, the hourly loss in 

weight of shelled corn, ear corn, and cobs, as well as, 

the moisture percent of ear and shelled corn at each hour 

during the eight hour drying period are given in Table 

12. 

The ear corn reduced from 40 pounds at the start 

of the drying period to 26.0 after eight hours. This 

shows a loss of 35 part of which has come from the cobs 

and part from the grain. The drying rate during the 

first four hours equalled 64% of the loss during the 

eight hour drying period. 

The shelled corn reduced from 37.5 pounds at the 

begining to 26.0 in eight hours, 69% of this loss occur- 

ring during the first three hours. The drying rate 

from the fifth hour to the eight hour was very slight 

as there was only one pound loss during the 3 hour per- 

iod. The weight studied on drying and chocked by the 

Brown-Duvel Moisture Tester gave a fair idea of the 



drying action. The changes in drying of shelled corn on 

the weight basis showed a loss of 30.6% and a moisture 

test at the end of the drying periodshowed the dried 

sample to contain eight percent moisture. The 8% con- 

tamed by the grain plus the 30.6% loss, according to 

weight determinations, makes a total possible moisture 

of 38.6, but the original sample contained only 33% 

moisture. There had been an escape, therefore, of some 

volatile substance. This loss may be accounted for by 

Shephard(56) who states that for every one percent moist- 

ure driven off in kiln drying corn one-quarter to one 

percent o± the corn oils are lost. 

The cobs dried from 12.5 pounds to 6.5 pounds in 

eight hours. The loss of weight in the cobs was rather 

consistent. After the two pounds loss during the first 

hour there was .5 pound loss each hour, excluding the 

6 hours in which no loss was reported. 

The moisture content of ear corn as determined by 

the Brown-Duvel Moisture Tester did not show the steady 

consistent losses like those obtained by the weight 

studies. This was due to the difficulty in selecting 

ears with moisture content which were representative of 

the tray. The moisture had decreased from 33% at the 

beginning of the experiment to 15% after eight hours. 

The loss according to the samples was more rapid during 
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the last part of the drying. This was in direct contrast 

to the studies made on the weight basis. 

The shelled corn dried much more rapidly than the 

ear corn. The original tray, showed a reduction from 33% 

at the start to 7.5,o after eight hours. The loss during 

the last two hours was only .5%. The five hour drying 

period was sufficient to place the corn in grade No. 1. 

The weight tray was the one used for hourly weigh- 

ings. Samples were selected from this tray at the fifth, 

sixth, and seventh hour to determine what effect the 

slight stirring from selecting the sample for the moist- 

ure test might have on the rate o drying. The moisture 

content o±' the tray which had not been disturbed by 

sampling contained twice as much moisture at the fifth 

hour as did the tray from which the samples had been 

taken. This moisture content decreased rapidly during 

the next two hours and at the eight hour period the 

moisture content of the two trays was practically the 

same. 



TABLE NO. 13 
Cbemical analyses, grade, and total digestible nutrients of Oregon dent corn 

determinations made on iioisture free sample which were grouped by counties. 

1'.,!o1st- 
No. Description Grade ure Protein Fat Ash Fiber T.D.N.* 
Benton Co. 
i Minnesota 13 1 yellovr 10.38 12.42 4.8 1.64 2.22 94.78 
2 Wilson's Pink Dent i mixed 9.80 11.38 5.11 1.50 1.94 95.56 
Douglas Co. 
3 Busenback Bros. Roseburg i yellow 11.54 8.69 4.70 1.36 2.05 95.60 
4 Geo. Shanibrook, Timpqua i yellow 10.90 10.78 5.00 1.64 1.97 95.23 
5 Geo. Wilson, Yoncalla i mixed 10.83 10.44 5.58 1.53 1.88 96.19 
Lane Co. 
6 Golden Glow, Goshen 2 re1low 14.82 11.09 3.58 1.60 1.87 93.69 
7 Golden Glow, Eugene 3 yellow 16.85 10.90 2.98 1.49 1.93 93.73 
e Learning Yellow Dent, Eugene 2 yellow 15.51 11.10 3.68 1.57 1.76 93.26 
9 Minnesota 13, Junction City i y11ow 12.24 11.26 5.27 1.37 2.06 95.93 
10 Minnesota 13, Junction City 4 yéllow 17.92 13.63 5.09 1.66 2.12 94.77 
11 Minnesota 13, Junction City 1 yellow 13.03 11.87 4.86 1.76 2.05 94.79 
12 Minnesota 13, Junction City i yellow 13.62 10.85 5.10 1.71 1.71 95.44 
13 Ross Yellow Dent " " 3 yellow 16.11 9.98 3.73 1.70 2.01 93.84 
14 Ross Yellow Dent " 

tt 3 yellow 1t3.52 11.23 3.24 1.53 1.93 93.32 
Liìin Co. 
15 Minnesota 23 1 mixed 10.51 11.53 4.82 1.67 2.07 95.8.3 
16 Yellow Dent, Albaiy 4 yellow 18.41 11.49 2.56 1.81 1.96 92.20 
17 Go1dn Glow, Brownsville 4 yellow 18.18 11.00 3.26 1.45 2.12 93.38 
18 Pearl White Scie 5 white 20.25 7.99 2.10 1.46 2.11 92.64 
19 Albany 4 yellow 18.?3 8.61 2.40 1.46 1.85 92.97 
20 Minnesota 13 Albarij 3 yellow 17.24 11.63 2.73 1.63 1.98 92.53 
21 Albany 5 yelThw 19.73 9.81 1.69 1.82 2.10 91.48 

* T.D.N. -- Total digestible nutrients 

continued 



TADiE NO.13 continued 

ivic i s t - 
No. Descrptio Grado ui-e Protein Fat sh Fïor 
Malheur Co. 
22 ------------- ig Bend 1 white 11.76 8.26 4.19 1.58 2.12 94.85 
23 ------------- Nyssa 3 yellow 16.80 10.67 2.24 1.48 1.R1. 92.7 
2 --------------------- I yellovi 13.00 10.14 4.41 1.36 1.95 94.81 
Marion Co. 
25 Golden Glow, Dried Dajtonl je11cw 9.71 11.63 4.73 1.67 1.88 94.84 
26 Gclden Glcw Nob dried " i yEllow 10.62 14.54 4.74 1.75 2.15 94.09 
27 ------------ Dayton i ixed 13.46 10.69 3.80 1.66 2.00 93.93 
28 ** ---------- Datoii 6 yellow 13.01 13.01 - -- 1.42 2.30 -- -- 
29 Golden Glow Gervais 4 yellow 19.41 12.56 3.22 1.83 2.16 92.66 
30 Golden Glow, Silverton 3 yellow 16.62 10.72 3.30 1.68 2.12 93.27 
31 Golden Glow Gervais 4 yellow 18.33 12.40 2.60 1.93 2.06 91.92 
Polk Cc. 
32 Minn. 13, Dried, Sheridani yellow 11.90 10.78 4.13 1.52 1.99 94.50 
33 Mirn. 13 (flinty) i yellow 11.63 7.78 5.19 1.35 1.91 96.42 
34 Minn. 13 (ground corn) 13.14 11.37 5.28 1.79 2.17 95.45 
35 Minn. 13 (Jp1and) 2 yellow 16.61 10.86 2.72 1.63 1.94 92.69 
33 Minn. 13 (Riverbotton) 1 yellow 13.53 10.02 4.80 1.56 2.38 95.16 
Average of Oregon corn 14.55 10.90 3.90 1.60 2.02 94.04 

* T.D.N. -- Total digestible nutr±ent 
** - Sample moldy 



TABLE NO. 14 

Chen1ca1 anaises, grade and. total digestible nutrients in samples of mid-Nestern corn 

samples obtained from the Board of Grain Grade Review, Bureau of Agricultural concmics 

United States Department of Agriculture, Portland, Oregon. 

No. Description Grade Moisture Protein Fat Ash Fiber T.D.N.* 
3)7 Mid-western i yellov 13.67 12.52 3.36 1.65 1.96 93.23 

38 Holyoke Colorado i yellow 11.45 12.43 4.4 1.67 1.87 94.21 

39 id-western 2 yellow 11.95 10.72 4.66 1.44 1.94 95.13 

40 Mid-western 2 yellow 10.94 11.93 4.31 1.59 2.05 94.30 

41 Mid-western i yellow 10.77 12.32 4.07 1.60 2.0'? 93.89 

42 Mid-western i yellow 10.43 10.33 3.10 1.50 2.17 93.76 

43 Mid-western. 2 yellow 10.87 13.18 4.12 1.73 1.94 93.63 

44 Mid-western 3 yellow 12.03 9.52 4.63 1.30 1.65 95.58 

45 Mid-western 1 yellow 11.17 12.52 4.10 1.17 2.21 94.28 

46 Mid-western 1 yellow 11.48 12.72 3.93 1.74 2.05 92.41 

47 Mid-western S yellow 10.88 10.80 4.87 1.47 1.93 95.34 

48 California 6 ,e11ow 11.55 11.87 3.48 1.39 2.16 93.52 

49 Mid-western 2 yellow 10.62 12.30 4.52 1.60 2.25 94.42 

50 MId-western 3 yellow 10.22 10.57 4.66 1.40 1.63 94.39 

51 Boat form N. Orleans2 yellow 8.32 10.85 4.30 1.43 1.91 95.32 

52 Boat from L.A.Calif. sairle 8.18 10.59 4.53 1.38 2.08 95.01 

53 Boat shipment 3 yellow 8.24 10.12 4.56 1.37 2.08 95.11 

54 Boat (heating) sample 8.01 10.42 4.53 1.57 1.92 94.87 

55 Boat fron N.Orleans 2 yellow 8.35 10.00 4.68 1.54 1.98 95.20 

56 Boat sample 8.33 10.27 3.90 1.51 2.02 94.26 

57 oat(heating) sample 8.55 10.77 4.59 1.39 2.05 95.03 

58 Boat 3 e11ow 7.85 10.26 4.73 1.44 2.07 94.09 

Average 10.17 11.23 4.28 1.50 2.00 94.53 

*T.D.N. -- Total digestible nutrients 
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CHEMICAL ANALYSES OP OREGON AIrD MID-WESTERN CORN 

The samples representing Oregon corn were obtained from 

growers through the assistance of county agricultural 

agents and those representing mid-western corn were in- 

spection samples provided by the Board of Review, Bureau 

of Agriculture Economics, U.S. Department of Agriculture, 

at Portland, Oregon. 

The original samples were divided and 400 grams were 

furnished to the Agricultural Chemistry Department for 

nitrogen, fat, crude fiber, and ash, analyses according 

to the L'iethods of Analysis of the Association of Official 

Agricultural Chemists. The other portion of the sample 

was retained for future study. 

The grade, moisture percent at the time of analysis, 

protein, fat, ash, fiber and total digestible nutrients of 

36 Oregon corn samples grouped according to counties are 

presented in Table 13. The same data for 22 samples of 

mid-western corn are shown in Table 14. 
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The average chemical composition of the 36 Oregon 

and 22 mid-western corn samples based on dry weight basis 

is shown in the following tabulation: 

Average moisture and chemical composition o' 36 

samples of Oregon corn arid 22 samples of mid- 

western corn. 

Moisture Protein Fat Ash Fiber T.D.NS 
Oregon corn 14.55 10.90 TO iTO 2.02 94.04 

Mid-western 
corn 10.17 11.23 4.28 1.50 2.00 94.53 

The mid-western averages was .33 higher in protein, .387o 

higher in fat, .10% lower in ash, .02% lower in fiber 

and .49% higher in total digestible nutrients. 

High protein feed has long been known to be extreme- 

ly valuable for growing birds and animals arid for milk 

arid egg production. In a ectiou as abundantly supplied 

with forage and pasture rich in protein,high protein 

grains are somewhat less significant. 

Richardson(53) made chemical analyses of only one 

sample, a white corn from Oregon, with the average of 

several mid-western samples as shown in the following 

tabulation: 



Richardson's chemical analyses of' one esmple of 

Oregon white corn and the average of several 

samples o: mid-western corn. 
Protein Fat Fiber sh 

cf 6/ 

Oregon white corn 8.37 7.08 1.26 1.46 

Mid-western corn 10.62 4.97 2.22 1.43 

From these analyses representing so little of Oregon corn 

he concluded that the composition of corn throughout the 

country was fairly uniform, with the exception of the 

Pacific Slope where sorne factor prevented the assimila- 

tion or retention of protein. It is apparent that 

the lone Oregon sample was not typical of corn now 

being grown in this state. 

The protein content of Oregon corn is extremely 

variable, according to the data presented in Table 13. 

This coincides with the findings of Whitson and Stodd- 

ard(62) who state that the amount of protein in the 

plant varies considerably and is dependent upon the con- 

ditions of growth, particularly erti1ity of the soil. 

The protein content of the Oregon samples varied 

from 7.78 to 14.42>" while the protein in mid-western 

corn varied from 9.52 to 13.18% as shown in Tables 13 

and 14. The number of samples of Oregon and mid-western 

corn grouped ac3ording to ranges in percent of protein 

are shown in the following tabulation: 
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Number of samles of Oregon and Mid-western corn 

Falling within certain ranges of protein percentage 

Range in percent 
of protein 7-9 9.1-11 11.1-13 13.1-15 

No. No. No. No. 

Oregon corn 5 14 15 2 

Mid-westein corn 0 13 8 1 

This tabulation shows that 53 of the Oregon sam- 

pies analyze below 11% protein, and 47/ above 11% 

Mid-western corn has 59% of its samples below 1J pro- 

tein and 41% above n% protein. 

The conclusions of Hoper(3O) and Fraps(23), who 

state that extreme dilfereiaces in varieties do not occur 

when grown under similar conditions cannot be checked 

because the actual growing conditions are known only 

for samples No. 1 and 2 which are different varieties 

grown on the College Plots. These varieties, Minne- 

sota 13 and Víilson's Pink Dent showed only .58% differ- 

ence in protein. 

Samples 9, 10, 11, and 12 indicate the extent of 

variations which occurred in the Oregon samples. The 

four samples were Minnesota 13 growu at Junction City, 

Lane County. The protein content was as follows: 

sample 9, 11.26%, sample 10, 13.63%, sample il, 11.87% 

and sample 12, 10.85%. The extreme variation between 

the four samples was 2.78%. 
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Two white samp1e, No. 18 from Linc County and No.22 

from Malheur County have an average protein content of 

8.22% this was .15 lower than the sample analyzed by 

Richardson(53) upon which he based his criticism of Ore- 

gon corn. 

The protein content o± the samples from the differ- 

ent counties showed wide differences. The average pro- 

tein percent based on the number of samples for each 

county is as follows; Marion County seven samples, 12.42, 

Bouton County two samples, 11.90, Lane County nine Sam- 

pies, 11.31, Polk County five samples, 10.28, Linn County 

nine samples, 10.29, Douglas County three samples, 9.97 

and Malheur County three samples, 9.69. It would be 

interesting to know whether the longer growing season of 

IIalheur and Douglas counties leads to a lower protein 

content than Willamette valley corn. However, from the 

small number of analyses involved it should not be con- 

cluded that ali Malheur and Douglas county corn has low 

protein content and that all Marion county or Willamette 

Valley corn has high protein content. 

The fattening and working animal should have a pre- 

dominance of energy producing feed. Henry and Morrison 

(27) determined the digestible portions o± carbohydrates, 

protein and fiber to have equal energy value. They 

assumed that fat gave 2.25 times the equivalent energy 
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of carbohydrates. Therefore fat was multiplied by 2.25. 

They also report the various nutrients to have a digest- 

ible coeffecient as follows; protein 74, fat 93%, fiber 

57,a and carbohydrates 94%. 

The total digestible nutrients were calculated bi 

adding the protein, fat, fiber and ash and subtracting 

the product from 100, thus obtaining the carbohydrates. 

The carbohydrates, protein, corrected "at value, and 

fiber were multiplied by their respective coefficients 

of digestibility and the products added to give the 

total digestible nutrients. 

The total digestible nutrients like the proteins 

showed more variability in the analyses of Oregon corn 

than in mid-western corn reported in Table 13 and 14. 

The variations and numbers in each group are as follows: 

Number of samples of Oregon and Lad-western corn 

falling within certain ranges of total digestible 

nutrients percentage 

Ranges in total 91.0 92.1 93.]. 94.1 95.1 96.1 
digestible nutri- to to to to to to 

ents 92.0 93.0 94.0 95.0 96.0 97.0 

Oregon corn 2 7 8 8 8 2 

Mid-western corn - 1 5 8 8 - 

The above shows that 48,a of the Oregon samples had a 

total digestible nutrients content below 94 and 52% 

had more than 947e total digestible nutrients. The 



TABLE NO. 15 

Scatter diagram and correlation figure between fat 
and protein in Oregon corn of 1931 crot. 

P at 
1.5 2.1 2.6 3.1 3.6 4.1 4.6 5.1 
to to to to to to to to 

Protein 2.0 2,5 3.0 35 4.0 4.5 5.0 5.5 
7.5-8.0 1 1 

8.1-8.5 1 
8.6-9.0 1 1 
9.1-9.5 
9.6-10.0 1 1 

10.1-10.5 i i a. 

10.6-11.0 2 1 2 1 1 1 1 
11.1-11.5 1 1 2 2 1 
11.6-12.0 1 2 

12.1-12.5 1 1 1 
12.6-13.0 
13.1-13.5 1 
13. 6-14.0 
14.1-14.5 
14.6-15.0 1 

Correlation .202 ± .111 
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mid-western samples had 27% below 94% total digestible 

nutrients and 73, above this amount. 

The scatter diagram and correlation figure between 

fat and protein in Oregon corn, Table 15, showed a cor- 

relation and large probable error indicates that no sig- 

nificant correlation exists between the fat and protein 

in Oregon corn. Also these data show that a sample 

high in fat is not necessarily low in protein or vice 

versa. 

The fat content, like the protein and total digest- 

ible nutrients o± Oregon corn, is more variable than in 

the mid-western corn. The groupin of the Oregon and 

mid-western samples according to fat content shows the 

following: 

Number of samples of Oregon and mid-western corn 

falling within certain ranges of fat percentage 

Range percent 
of fat i - 2 2.1 - 3 3.1-4 4.1-5 5.1-6 

Oregon corn i 8 8 12 6 

Mid-western corn - - 5 17 - 

The tabulation shows that 48% of the Oregon samples 

have less than four percent fat and 52% have more than 

four percent fat. Twenty three percent of the mid- 

western samples have a fat content less than four per- 

cent and 77% more than four percent, however, all the 
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samples over 5 are from Oregon grown corn. 

The highest percent of fat, 5.58, was in an Oregon 

sample, No. 5. The lowest fat content, 1.69, was in 

sample No. 21. This sample of Linn County corn also 

contained the lowest total digestible nutrient of the 

57 samples. 

Sample No. 33 was the lowest in protein content 

of the 57 Oregon and mid-western samples but second in 

fat. This sample, because of the close relationship 

between fat and total digestible nutreints, leads the 

list of total digestible riutreints. 

Variations in fat content may be observed between 

samples No. 35 and 36. These samples were Minnesota 

13 and grown on adjoining farms. No. 35 was rown on 

Upland soil and No. 36 was grown on iverbottom soil. 

The chemical analyses were as follows: 

Comnarison of Upland and lUverbottom groan corn 

Protein Fat Fiber Ash T.D.1. 
No. 35 Upland 

corn 10.86 2.72 1.94 1.63 92.69 
No. 36 Riverbottorn 

corn 10.02 4.80 1.56 2.38 95.16 

The most outstanding difference is the 2.O8,1 more in fat 

content. 

The kernels of this lot of upland grown corn were 
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noticeably larger than those of the 1t of river bottom 

grown corn. There were 1479 kernels per pound for the 

upland corn and 168ß kernels per pound for the corn grown 

on river bottom soil. The germs 0±' the riverbottom 

grown corn were practically as large as those grown on 

the upland soil, and the kernels were smaller. This 

probably amounts for the higher fat content of the 

smaller grained bottomland corn. 

Both the fiber and the ash content in Oregon and 

mid-western corn are nearly the same. There wa .02% 

more fiber and .1 more ash in the Oregon samples. The 

ranae of fiber in Oregon corn was from 1.17 to 2.38 and 

in mid-western corn 1.63 to 2.25. The range of ash 

in Oregon corn was 1.35 to 1.93 percent and in rLid- 

western corn from 1.17 to 1.74%. 

The chemical composition of Oregon corri might be 

improved by planting corri of' known high protein content. 

East and Jonee(19) stated that chemical composition is 

influenced by hybrid vigor. Woodford and Muirm(71), 

Winters(70) and Showalter and Carr(57) have increased 

the protein content up to 20.0% by selection. The 

former also increased the fat content to 12.1%. Such 

high increases may not be practicable under 
field 

conditions, but there is an excellent opportuniti to 



increase the protein content of corn. 

However, investigations at Illinois have shown that 

there is a distinct relationship between available soil 

nitrogen, protein content of corn and yield, and that 

high protein content of grain often results in a lower 

number of bushels of corn per acre. 
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CONCLUSI ONS 

Corn growing in Oregon, because of the dry cool 

sunmiers and wet rainy harvesting season offers problems 

which are different fronì those in the large corn growing 

area. There is no doubt, however, that ordinary corn stor- 

age methods can be applied to Oregon, if the proper pre- 

cautions are taken. Some o± these factors have been 

worked out and recommendations given herein. 

The storage method which to be followed by Oregon 

farmers will depend upon the use to be made of the crop. 

If the corn is to be sold as shelled corn soon after it 

matures the problem will be one of artificial drying. 

rtificial drying of corn may be done either by 

shelling the corn and drying the ;rain or by drying the 

ear corn and shelling later. The former method is the 

cheaper and faster. However, shelling of corn with 

high moisture content is often impracticable. It results 

in chaffy and broken kernels which require cleaning to 

improve the weight per bushel and resulte in a cleaning 

loss in actual weight of salable grain. 

Artificial drying of corn may be done from the field 

or from some form of storage. 

Drying from the field is sometimes practicable but 

as the drying process must often extend over several weeks, 
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the delay in harvest and losses as by Chinese Pheasants 

and stray animals may necessitate other procedure. 

Drying from the field may delay fall planting of 

crops on the corn stubble but the data show that the 

corn standing in the field lost moisture from the grain 

almost as rapidly as that stored in the crib. 

Corn stored in shocks while the stalks are wet is 

subject to molding and heating. When wet corn is shock- 

ed the fodder should not be left in the shocks over two 

or three weeks before it is utilized and the grain should 

be dried or cribbed. It is probable that corn shocked 

while dry would keep much better. 

Corn cribbing is important for the Oregon corn 

growers because; (1) The expense involved in building a 

corn dryer for small acreages, (2) The large losses of 

fodder and ear corn when shocked under ordinary Oregon 

conditions, and (3) The probable necessity of place for 

storing corn while waiting for the u3e of commercial 

drying facilities. 

Corn storage in narrow, well ventilated cribs offers 

the most suitable storage method for natural drying, 

feeding or later chelling for commercial drying or market- 

ing. Before putting the corn in the crib the soft and 

immature ears should be sorted out either at husking or 
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snapping time or while the ears are being scooped or 

elevated into the crib. These soft ears may be fed at an 

early date, but i± they are cribbed with the mature 

corn they mold quickly and are a source of contamination 

for the adjoining dry ears hioh otherwise would be 

sound. The dry matter of soft corn is equal to the dry 

matter of mature corn. The soft corn may be fed as ear 

corn or in some cases it may be shelled and fed as shell- 

ed corn. Shelled soft corn is unsafe for storage in 

large amounts. 

A well ventilated crib offers an excellent tern- 

porary storage place for later drying. The crib can be 

either filled with snapped or husked corn. VTith either 

practice the corn should not ie cribbed while it has 

free surfce water due to rain. Cribbing snapped corn 

may be practiced when later artificial drLling is planned. 

Snapped corn required more crib space than does husked 

corn, but often it may be necessary to harvest the corn 

hurriedly in order that fall planting can be made. In 

this event the corn can be cribbed as snapaed corn and the 

husks later removed by machinery before the corn is dried. 

The cribbing practice often receives criticism 

because of loss from shrinkage. This loss should not be 

considered of great importance because it is chiefly a 
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moisture loss and occurs under either field or artificial 

drying. Corn boit farmers are often advised to sell 

their corti at harvest time because the shrinkage will be 

more than the increase in once. This is not true of 

Oregon corn because the moisture is exceedingly high 

and there is no market or such corn. 
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s U MARY 

Storage conditions for the Oregon corn crop oÍ' 1932 

were studied. Satisfactory results wore obtained when 

sound corn varying from 27% to 43% moisture was stored 

during mid-October to November in a narrow, well ventil- 

ated crib. This corn was reduced to l5 moisture by 

April 15. 

Viet corn stored in shocks did not prove satisfactory. 

Corn left standing in the field reduced in moisture 

content from 392 to 24% in four months, but Chinese 

Pheasants and low temperature caused considerable damage. 

Shelling with high moisture content is possible, 

but results in cba±'fy kernels which require cleaning 

after drying to increase the weight per bushel. 

The moisture content of dried Oregon corn increased 

from 12.8 to 15.5% when stored in an open shea. through 

the winter months. 

Shelled corn drying of Oregon corn was more rapid 

than ear corn drying. 

Drying at 170 degrees Fahrenheit apparently causes 

loss o± volatile substances. 

Chemical analyses o 36 sample of Oregon and 22 of 



61. 

mid-western corti showed lower average coritetit 0±' 

moisture, fiber and ash for the mid-western samples 

and a slightly higher average content of protein, fat 

and total digestible nutrients than for the Oregon sam- 

pies. Oregon samples, however, were more variable in 

protein, fat, and total digestible nutrients than the 

mid-western samples and in all cases the samples showing 

maximum percentages of protein, fat, and total digestable 

nutrients were from Oregon corn. In general these tests 

would indicate little difference in feed value between 

Oregon and mid-western corn of similar 
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