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GRAIN STORAGE 
INVESTIGATIONS 

Introduction of the combine 
resulted in much wheat being 
harvested while too moist for 
safe storage. It is estimated 
that high moisture content 
caused injury to 10 to 25 per- 
cent of the total Kansas wheat 
crop during the latter part of 
the 1920’s and the early 1930’s. 
Work was undertaken at the 
Hays Station in 1929 to study 
whether the type of bin in 
which the wheat was stored 
immediately after harvest 
might influence the extent of 
the damage. Eleven 500-bush- 
el grain bins were erected on 
the Station grounds. The 
storage work was under the 
direction of Prof. F. C. Fenton 

of the Department of Agricul- 
tural Engineering and the 
milling and baking studies un- 
der the direction of Dr. C. O. 
Swanson of the Department 
of Milling Industry of the Col- 
lege. 

The 1929 harvest began 
June 28 when windrowed 
wheat was picked up and 
threshed. The weather was 
hot, dry, and windy, drying 
the grain rapidly. Grain that 
contained 18 percent moisture 
in the morning was down to 
14 percent in the afternoon. 
A second combine was started 
in another field of standing 
grain that was still green in 
low places. This wheat ranged 
in moisture content from 16.2 
to 18.6 percent moisture. 
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Three bins of the mixture of 
the green and ripe wheat 
proved to be the most difficult 
to store without damage. 

While the grain available 
was not sufficiently uniform 
in moisture to permit compari- 
son for the different types of 
bins, it was possible to arrive 
at certain conclusions: 1. Any 
wheat stored with moisture 
content of 15 percent or 
higher is likely to be damaged 
because of heating. 2.  Wheat 
stored in tight-walled bins 
seems more likely to heat than 
that stored in ventilated bins. 
3. Severe damage in damp 
wheat may be prevented by 
moving it as soon as it starts 
heating; this moving will be 
effective to the extent that it 
cools the wheat and removes 
moisture. 4. Power cost of 
m o v i n g  w h e a t  is small, 
amounting to 8 to 15 cents for 
500 bushels. 5. Hot weather 
influences heating of wheat in 
steel bins more than in better 
insulated bins. 6. When the 
outside temperature is low and 
the bin is filled with hot 
wheat, there is a decided con- 
densation of moisture on the 
wheat near the outside walls, 
especially in the steel and 
concrete stave bins; this 
causes the outside 6 or 8 
inches of wheat to mold more 
rapidly. 7. Ventilation ap- 
pears to be an important fac- 
tor in preventing heating of 
wheat in storage. This ven- 
tilation, however, must facili- 
tate air movement sufficiently 
to cool the wheat and remove 
moisture. Ventilators which 
do not accomplish this do 
more harm than good. The 

work in 1929 indicated that 
the material of which a bin 
was constructed was probably 
of less importance than the 
type of ventilation. 

In 1930 work was under- 
taken to determine the best 
methods of ventilation and the 
effect of ventilation upon cool- 
ing, the removal of moisture, 
and the prevention of damage. 
W h e a t  was stored in five 
1,000-bushel bins, each repre- 
senting a different type of 
ventilation. The wheat used 
in the study was combined be- 
fore it was entirely ripe and 
contained enough moisture to 
create a difficult storage prob- 
lem. Each load of wheat as it 
came from the field was di- 
vided equally among the five 
bins. No attempt was made to 
force air through the wheat 
artificially. This study led to 
the following conclusions: 1. 
Wheat with a moisture con- 
tent of 17.5 percent is too 
damp for safe storage in any 
ordinary type of bin in hot 
weather. 2. Cooling wheat by 
transferring it from one bin 
to another is not very effec- 
tive when the weather is ex- 
tremely hot. 3. Ventilation is 
very valuable in lowering the 
temperature in damp wheat in 
storage. 4. Ventilated bottom 
bins proved to be the most ef- 
fective in lowering the tem- 
perature during the summer 
of 1930. 5. A bin with venti- 
lated side walls, a flue in the 
center, and suction cupola on 
top was also effective in cool- 
ing the wheat. 6. Ventilation 
flues of perforated metal were 
of little value in cooling the 
grain; in fact, they might have 
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promoted molding. 7 .  The 
blower type of e l e v a t o r  
cracked much of the grain if 
the moisture content was be- 
low 15 percent. 8. The wheat 
in all the bins was damaged 
from the standpoint of mill- 
ing. 

The studies to this time had 
demonstrated the value of ven- 
tilation in preventing damage 
to damp wheat in storage. 
They had shown that when the 
moisture content was too high 
and the weather hot, no sys- 
tem of natural ventilation was 
effective. It was d e c i d e d , 
therefore, to try methods of 
forced ventilation in 1931 and 
to compare them with those 
methods of natural ventila- 
tion that in previous studies 
had shown the greatest prom- 
ise. Four 1,000-bushel steel 
bins were used having differ- 
ent types of forced and natural 
ventilation. 

Harvest started June 29, 
1931. The moisture content of 
the wheat when stored varied 
from 10.8 percent to 17.23 per- 
cent. The following conclu- 
sions were drawn: 1. Forced 
ventilation was more effective 
than natural ventilation in 
cooling the wheat. 2. The evi- 
dence comparing suction of air 
with forcing of air was limited, 
but indications were that forc- 
ing was more effective. 3. The 
temperature of wheat stored 
in the ventilated bins approxi- 
mated outside air tempera- 
tures more closely than did 
that stored in unventilated 
bins. 

Further experiments in the 
storage of damp wheat were 
u n d e r t a k e n in coopera- 

tion with the Bureau of Agri- 
cultural Chemistry and Engi- 
neering, United States De- 
partment of Agriculture, in 
1936 and continued through 
1937 and 1938. The experi- 
ments embraced work with 
both natural and forced ven- 
tilation and various types of 
bin construction. The follow- 
ing conclusions were drawn 
from these studies: “The re- 
sults seem to indicate that in 
this area wheat can be stored 
safely for several years in 
tight unventilated bins if the 
moisture content is 13 per- 
cent or less. In order to store 
wheat safely that has a mois- 
ture content in the range of 
13 to 14.5 percent, it appears 
necessary to provide ventila- 
tion. This may be accom- 
plished in many ways, but the 
following types of wind-ven- 
tilated bins (in order of effi- 
ciency) have proved effective 
in field tests: (1) Bins having 
a system of horizontal flues 
with a l t e r n a t e  layers con- 
nected to suction and pressure 
cowls and so spaced that the 
maximum air travel between 
the flues is 2 feet. ( 2 )  Bins 
having a suction or pressure 
cowl which is connected to a 
perforated chamber so pro- 
portioned and located in the 
center of the mass of grain 
that the maximum distance 
the air travels through the 
wheat is 3  1/2 feet. These bins 
must have perforated floors 
a n d , preferably, perforated 
walls. ( 3 )  Bins having a suc- 
tion cowl connected to the 
space above the grain in such 
a fashion that the air is drawn 
through a perforated floor and 
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not more than 8 feet of grain. 
( 4 )  Bins having a suction or 
pressure cowl connected to a 
perforated central chimney so 
the air enters through perfo- 
rated walls and passes through 
not more than 6 feet of grain. 
Any of the naturally venti- 
lated types enumerated above 
can be provided with power 
ventilation to prevent damage 
to grain having more than 
14.5 percent of moisture. If 
the weather is favorable for 
drying, wheat at 18 percent 
m o i s t u r e  content can be 
stored in ventilated bins if the 
air travel is very short and 
the blowers have high capac- 
ity.” (36 )  

A complete report of the 
grain storage investigations 
at Hays is contained in the 
following publications : 1. 

Kansas Agricultural Experi- 
ment Station Technical Bulle- 
tin No. 33, December, 1932. 
The Quality of Wheat as Af- 
fected by Farm Storage. 2. 
U.S.D.A. Circular 544,  April, 
1940. Methods of Ventilating 
Wheat in Farm Storages. 

FORAGE INVESTIGATIONS 
Experimental work with 

forage crops began with the 
establishment of the Station. 
Efforts to improve alfalfa, 
bromegrass, and big bluestem 
were attempted. Observational 
plantings of sweetclover and 
various large-seeded annual 
legumes such as soybeans were 
made. A selection of pink 
kafir, made in 1907, led to its 
subsequent widespread distri- 
bution. Not until 1913 when 
a cooperative agreement was 
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initiated with the Bureau of 
Plant Industry of the U.S.D.A. 
did the work become firmly 
established. Under this agree- 
ment the department paid the 
salary of a scientific worker 
stationed at Hays and the Sta- 
tion provided the physical fa- 
cilities and most of the labor. 
From 1937 half of the scien- 
tific worker’s salary was paid 
by the Station to conduct full- 
time r e  s e a r c h  on alfalfa, 
grasses, and sweetclover. Fed- 
eral support for the project 
terminated in 1950. 

The most extensive work at 
the beginning was with for- 
age sorghums, relating to the 
choice of varieties, their im- 
provement, and development 
of the most effective methods 
of culture and utilization. Va- 
rieties of forage sorghum im- 
proved by selection and recom- 
mended for distribution were 
Early Sumac, Red A m b e r ,  
Western Blackhull, and Atlas. 
Although major e m p h a s i s 
prior to 1930 was placed on ex- 
periments with sweet sor- 
ghums, many other forage 
crops were investigated. Stud- 
ies with sudangrass involved 
rate and date of seeding, de- 
termination of o p t i m u m 
growth, and stage of harvest- 
ing for hay. With newer se- 
lections of sudangrass, tests 
were initiated on palatability 
and grazing. In 1951 a sudan- 
grass breeding program was 
initiated, and with the advent 
of cytoplasmic male sterility 
in sorghums efforts were di- 
rected toward the development 
of male-sterile lines, useful in 
hybrid combinations. 

The value of foxtail millets 

was explored. They were 
shown to be less valuable for 
forage than were sorghums or 
sudangrass. Varietal and cul- 
tural studies with v a r i o u s 
large-seeded annual legumes, 
root crops, and miscellaneous 
crops continued through the 
mid-1930’s. 

Drouth that prevailed from 
1932 to 1936 permitted exten- 
sive studies on survival of na- 
tive grasses. Studies were 
made of time, depth, rate of 
seeding, and methods of pre- 
paratory cropping for seeding 
native grasses. It was found 
that protective stubble such as 
sudangrass or close - drilled 
sorghums provided best con- 
ditions for spring seeding of 
warm-season grasses. 

The breeding program for 
improvement of buffalograss 
was begun in 1936. A selec- 
tion that was superior in seed 
production was increased veg- 
etatively in 1942. Pollination 
of this plant with selected 
male plants resulted in a 
strain with superior seeding 
vigor. Seed produced from 
this planting was named Hays 
buffalograss. The use of Hays 
buffalograss and its impor- 
tance in revegetating western 
Kansas is discussed fully in 
another section of this report 
(page 83) .  

With the establishment of 
the Station in 1902 alfalfa at 
once assumed an important 
role on the bottomland of the 
farm. Problems associated 
with establishment and pro- 
duction were studied. Lines 
developed by the breeding pro- 
gram at the College were 
evaluated, including the bac- 
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terial wilt-resistant variety 
Buffalo. Foundation plantings 
of Buffalo alfalfa were made. 
With the a p p e a r a n c e  of 
spotted alfalfa aphids in 1954, 
a n  alfalfa breeding project 
was initiated as  a part of the  
U.S.D.A. interdepartmental co- 
operative breeding program. 
A spotted alfalfa aphid-resist- 
an t  variety, Cody, was released 
in 1959. The program has in- 
creased in scope and is now 
centered on insect resistance 
and breeding of types of al- 
falfa better suited to upland 
conditions and capable of per- 

sisting under grazing in as- 
sociation with grasses. 

No consistently satisfactory 
and reliable method has been 
found for establishment of 
sweetclover. Attention is be- 
ing given to the  possible ex- 
ploitation of large - seeded 
types which appear to be more 
readily established. Madrid 
sweetclover, a selection from 
introductions of sweetclover 
seed from the Madrid Botani- 
cal Garden in Spain, was 
tested extensively both a t  the 
College and the Station and 
released for increase and dis- 
tribution in 1937. 
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