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INTRODUCTION 

Grain production for food is an important agricultural 

industry and it is equally important to preserve the grain 

in storage in good condition for use at some future time. 

Grain storage, therefore, has developed into a large, modern, 

scientific and complex industry. A view of the grain 

industry as a whole will form a background from which to 

study the many problems relating thereto. 

In the United States the average annual production of 

corn is approximately two and one-half billion bushels, all 

wheat eight hundred and fifty million bushels, oats one and 

one-quarter billion bushels, barley two hundred and fifty 

million bushels, and grain sorghums, in normal years, some- 

what below one hundred million bushels. In all approximately 

six billion bushels of grain are produced and nearly all of 

it enters some kind of farm or commercial storage. 

Grain storage begins on the farm. The grain may be 

stored on the ground with little damage in regions of 

limited rainfall. It may be stored in various types of 

temporary or permanent farm buildings. -fter the grain 

leaves the farm it may pass through the small country 

elevator, the interior terminal elevator, and the large 

modern reinforced concrete terminal elevator at the central 
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held by some that grain sorghums are more sensitive to 

factors affecting the grain in storage than are some of the 

other cereals. These studies were undertaken with the hope 

of adding to our present knowledge of conditions affecting 

the storage of these grains. 

REVIEV1 OF LITERATURE 

Much has been said and written about the keeping 

qualities of the grain sorghums but a search of the litera- 

ture reveals little definite, scientific research. It has 

been the general opinion that grain sorghums are more diffi- 

cult to keep in storage than other cereal grains, yet most 

investigations of a basic nature have been conducted with 

wheat, corn, oats or barley. 

in this review of literature it is assumed that the 

major factors which nay cause wheat or corn in storage to 

deteriorate, similarly affect the grain sorghums in storage. 

it is on this assumption that free use is mode of the litera- 

ture relating to any cereal grains. 

Moisture 

The moisture content of grain is one of first importance. 

Bailey and Gurjar (10) assumed that moisture in grain existed 

as imbibed water in loose combination with the organic 



colloids. These colloids form the principal constituents of 

the wheat kernel and imbibe large quantities of water which 

form elastic gels. It may be seen that moisture is intimately 

associated with the cells of which the kernel is composed. 

The colloid particles which form much of these cells are 

extremely minute and thus expose relatively large surfaces 

for the absorption of water. aost colloids of grain appear 

to be hydrophilic end adsorb water freely. Coleman, Rothgeb, 

and Fellows (1S) say that cereal grains are hygroscopic and 

tend to lose or gain moisture to reach an equilibrium with 

atmospheric conditions. Alberts' (2) inveetiations show 

that with corn the moisture content varies directly with the 

relative humidity of the atmosphere. Bidwell, Bepst, and 

Bowling (15) fcriad a difference in the capacity of kafir, 

milo, and feterita to take up water due to the hardness 

compactness of the grain. Their findings show that the 

interior portions of kafir and milo are harder and more 

glassy than that of feterita. 

There are several factors which have to direct influence 

on the amount of moisture contained in grain in asafe 

storage condition. The official grain standards of the 

United States permit 14 per cent moisture in grain sorghums 

grading Number 1. Bailey (7) reports that wheat containing 

14.5 per cent moisture when stored ander normai conditions 
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in a temperate climate would not heat, but wheat containing 

15.5 per cent moisture was almost certain to heat. The Board 

of Grain Comisz:ioners of Canada (16) report that the highest 

moisture observed in any car of wheat arriving at Port Arthur 

in good condition contained 16.5 per cent. They conclude 

that wheat containing slightly less than 14.7 per cent 

moisture is the limit of safety for sound wheat. 7wanson 

and Penton (59) state that any 'tloat stored with a moisture 

content of 15 per cent or higher is likely to be damaged by 

heating. Humphries and Lurst (29) found that a moisture con- 

tent of 14 per cent for cereal rains, 16 per cent for soy- 

and 11 per cent for flax seed is usually low enough 

for safe storage. 

The effect of harvest conditions has been studied by 

many investigators. rInce "combine" harvesting has become 

popular in ecent years, the moiture content of the grain 

at harvest time has become more important. 'cCalla, Cameron, 

and Sinclair (43) found in Canada there was a gradual re- 

duction in the moisture content of standing wheat from 25.9 

per cent on August 25, to 11 per cent on September 7. In 

cool seasons the moisture content did not decline as rapidly, 

and not as low. 7cCalla, Lamour, Geddes, and :alloch (44) 

state that four to seven days must elapse from the time the 

grain is ready to cut with a binder before it is ready to 
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cut with a combine to obtain straight grade grain. They also 

report an increase in moisture content from 12.7 per cent to 

2t; per cent in four hours due to rain, and the ellsequent 

drying is much sloeer than the wetting. Von Trebra (66) 

working with grain sorghums at aanhattan, Kansas, in 1961, 

found twat "Aestern 31ackhull kafir, when it was considered 

ripe before frost, contained as high as 32 per cent moisture 

on Septeer 18. The moisture gradually declined and reached 

a. minimum about ten days after the first frost. ::4*.ter stand- 

ing longer in the field the moisture content increased 

appreciably. In 1932 the moisture content was much lower 

throughout the season, due to less precipitation during the 

period concerned. Aicher (1) says that at 'ays kiansas, 

sorghum grains baying a moisture content slightly over 13.5 

per cent will keep in bins throughout the winter months, but 

there is danger of heating with the coming of summer tempera- 

tures. Laude and Swanson (36) report that sorghum grain with 

15.9 per cent moisture heated under nay temperature condi- 

tions, and that grain containing 12 per cent moisture can 

generally be stored with safety. Martin et al (40) say 

grain sorghums may contain 11 to 20 per cent moisture at 

harvest and place 13 per cent es the limit for safe storage. 

3aintr (11) reports successful drying of rice with an 

artificial drier, while Conrad and Stirnimen (20) mention 
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the location of many commercial driers in California that dry 

grain sorghums successfully. 

Temperature 

It is possible for grain with high moisture content to 

remain in good condition in storage if the temperature re- 

aains sufficient17 low. During periods of relatively high 

temperature grain may keep in storage if the moisture content 

is low. Bailey and Gurjar (10) made observations on wheat 

containing 14.96 per cent moisture at 4 degrees C. ina up to 

75alegrees C. They found small variation between 4 degrees 

C. and 25 degrees C. but at higher temperatures respiratory 

aetiVity increased greatly, with a aaximum at 55 degrees C. 

Loy3ak is teAperai;uro there was a rapid decline in the 

tivity of the life processes of t1 kernel. Cole: 

othgeb, and Fellows (18) found the rate of respiration was 

approximately two times as high in grain sorghums at 37.3 

degrees C. as at 27.3 degrees C. The difference or ratio in 

respiratory rates recorded was little influenced by the 

moisture content. The increases in respiration due to 

higher moisture content were in all cases approximately pro- 

portional. Schmorl (55) states that safe storage calls for 

low moisture and low temperature. The enzymes react more 

slowly at lower toeperatures and if the temperature is too 
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low this nay interfere with the after-ripening process which 

is beanfieial to tec storage of now crap Grain. 721.erson4 et 

LA. (b4i) conclude thet tao rate of IncracLao In zeidity depoodo 

pri3ariiy upon the toLaporeture of storage. ,m14.4tionl's 

investigations revealed toot whea oio t 60 

degrees were sound up to ' per cunt Aoluture Out at a.b 

degrees i. nearly all aamples aCove .1_1.1 per cent moisture 

suffered damage. hecoacludes that this vows the importance 

of low tcLaporatores la preventing da-,oLge to high moisture 

%lama t. 

Respiration 

e,ccording to Miller (46) resriration is a erocoas of We 

living eell whereby energy 13 released. ';1'fans.on (01) says a 

kernel ot grain is a living organism, en4 tbat rosriration 

a phenomena of livinl organisms and 13 a relosse of energy. 

Jolley 04(10) defines respiration as the reJ.ecse of energy 

through tic bled:I:vomit:ea oxidation of organic compounds as 

accelerated by certain encymee. Coleman, Hothgebr and 

(13) say Volt energy for nnny life processes and 

rcactions is released in the living cell in an exotheruic or 

heat-developing reaction or c suceession of reactions. knom 

collectively se respiration. :Mier (46) says one of the 

utrik remalts of respiration is the lose in weight of the 
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organism and that it proceeds at an ordinary temperature. 

.ccording to McGinnis (45) the formation of 100 grams of 

carbon dioxide required 61.36 grams of carbohydrate material 

and the amount of carbohydrate lost may be calculated as 

61.36 per cent of the carbon dioxide evolved. For wheat this 

gave 10.030 grams of carbohydrate per 100 grams of dry natter 

in 16 days. 

There are two kinds of respiration. tiormal or aerobic 

respiration, also called oxygen respiration, occurs in the 

presence of free or a normal supply of oxygen. Anaerobic 

respiration, sometimes called fermentation and intra- 

molecular respiration, occurs in the absence of a free supply 

of oxygen. Schmorl (53) says the end products of (aerobic) 

respiration or combustion are carbon dioxide, water vapor, 

and heat as shown by the formula: 

06 H10 (1)5 6 ( 

> 6 CO2 s 3 A20 Heat 

Starch > Carbon 
of Oxygen dioxide ater Heat 

kernel vapor 

(46) gives the formula for anaerobic respiration as 

C6 1112 °6 
Glucose 

> 2 C2 H5 OH 2 CO2 
Ethyl 
Alcohol Carbon 

dioxide 

Decomposition of organic compounds may be accomplished by 

rearrangement of atoms within the molecule without the 

supply of additional oxygen. This is sometimes called 
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alcoholic fermentation. 

uolas 

Swanson (60) states that the processes causing damage 

in wheat with high moisture content are usually accompanied 

by mold growth and heating. Gilman and Barron (25) say the 

molds commonly found On stored grain are Aspergillus niger, 

A. flavus, and A fum4gatus. Bakke and Noecker (12) isolated 

from grain in Dewar flasks A. niger, A. flavus, Rhizopus sp., 
Fusartam sp., Penicillium sp., and several species of 

bacteria. turd (30) says Penicillium and Rhizopus are the 

two omnipresent molds which cause much trouble in blotter 

germinations in the laboratory. She also mentions that 

Rhizopus was not found attacking seeds in storage or in the 

soil, and that neither of these fungi wasever found on 

healthy, unbroken seeds. Robak (51) reports Common molds 

which attack corn are Penicillia. Finnell (23) says that 

chalk white seeded varieties of grain sorgbus do not resist 

decay as well as ivory white, nor the ivory white as ell as 

yellow. 

Insects 

Grain infested with insects, according to i,indgren (38), 

probably will go out of condition sooner than uninfested 
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grain. The metabolic water and heat given off by the insects 

no doubt hasten this process and may even initiate it. 

cevil become less active in grain containing less than 14 

per cent moisture and apparently cannot long live in grain 

containing 10 per cent or less moisture. Back and Cotton (5) 

report that aston recorded observations on 15,000,000 

bushels of wheat stored at 13uffalo during war-time by the 

United States Grain Corporation. This wheat carried a 

moisture of 11.5 to 120 per cent and some developed beating 

during the winter. Of 977 bins which were transferred, 374 

were in good condition, 396 contained weevil and beetle 

infestation, and 207 were heavily infested with insects 

Table showing general condition of wheat, average 
moisture, average temperature, for good, slightly 
infested, and highly infested wheat. 

Average Damaged Time of Average 
Condition Moisture Per Cent storage Temperature 

Good, 
no insects 12.6 3.1 105 days 66,2 F. 

Trace of 
insects 

highly 
infested 

11.3 

12.2 

2.9 

2.9 

118 

90 

69.3 

73.3 

Back and Cotton (4) and Back (6) name two weevil as being 

most prevalent in grain in the United States, the granary 

weevil, Sitophilus Zranarius B., and the black or rice 

weevil Sitophilus orya The angoumois moth, Sitotroga 
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cerealelia Oliv., is also a conmon grain post. 

Broken Grains 

it has been generally believed that a large proportion 

of broken grains is an important factor in grain storage. 

:ost writers are in agreement that injured or broken tissue' 

or -rain, respires at a greater rate than healthy tissue, or 

uninjured grain. In order to supply definite data on this 

subject Coleman, Rothgeb, and Fellows (18) made a study of 

the respiratory activity of whole and broken grains of Freed 

sorgo. Their observations indicate little difference at low 

noisture contents and only when the moisture reached 16 per 

cent did the cracked grains show amarked increase in rate 

of respiration. Tashiro (63) says all living seeds are 

metabolically active and respond to injury by giving, off more 

CO 2 on crushing. 
Lartin, Heynoldson, Hothgeb, and nurst (41) 

found that at harvest time kafir contained an average of 7.5 

per cent of broken grains and Alio, an average of 21 per cent. 

Grain harvested with a cobine was found to contain more 

foreirm %Interial and cracked grain than that harvested in a 

different manner. Kafir contained an average of 4.3 per 

cent material classified as "foreign material and cracked 

grains" and 5.7 per cent coarsely broken grain. kilo con- 

tained an average of 3.7 per cent and 17.6 per cent respect- 

ively, 
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Geraina t ion 

The factors Which influence storage conditions of 7rain 

also affect viability of the grain. Simpson (55) found that 

cotton seed containing 8 per cent moisture or less, retained 

viability for four and one-half years. Cotton seed with 

13.78 per cent moisture and stored to prevent loss of 

moisture lost all viability in nine months. Karper and 

Jones (34) observed that 31ackhnil kafir which showed 100 

per cent germination in 1917, showed viability as follows: 

1924 88 72er cent 
1926 79,5 
1927 65.0 
1029 43.0 
1931 34.2 
1933 15.5 
1935 4.0 
1936 0.5 

These authors report Ayyangar and .4.yar of the Agricultural 

Researc institute of Coimbatore, India, found that sorghum 

seed preserved in the head showed about 90 per cent viability 

for three or four years but did not germinate when seven 

years old. Threshed seed stored in bottles showed only 10 

per cent germination at the end el four years. Robertson 

and Lute (52) observed in the climate of Colorado wheat lost 

only 7 per cent germination in 10 years and barley lost 14 

per cent in the sane time. Rosen rye and A.sconsin 'elack 

soybeans lost about 10 per cent germination in five years. 
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black Prober sorghum seed lost only two per cent in six years. 

They make the general statement that seed of small grain 

crops stored in a dry$ unheated room at Fort Collins, retain 

a high pereentac;e of viable seeds when ten years old. 

lonavne (66) shows that the viability of sorghum, wheat, 

maize, cotton, and flax in India at six and seven years is 

considerably reduced, and at ten years sorghum, flax and 

wheat show germination of 7.2, 5, and 0.3 per cent respect- 

ively. Harrington (26) found no qualitative relation between 

water content and germinability. he also says that after- 

ripening progresses at the same time as normal loss of water 

during the curing of grain, but not primarily as a result of 

it. Lafferty (65) states that Ohga reports finding viable 

seeds of the Indian Lotus deeply imbedded in peat deposits 

in tl.nchuria which he believes to be 200 years old. Lwanson's 

(58) data on wheat showed a reduction in germination to zero 

percentage at 20 per cent :eels ure at laboratory tniperutures 

but a continued high germination (above 90) at 20 per cent 

moisture when maintained at low temperatures. eow tempera- 

ture seemed to be the important factor in preventing injury 

to viability. Excluding air had a small detrimental effect, 

even at low temperature. 
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METHOD OF STUDY 

Samples of kafir and milo were placed in glass con- 

tainers and stored in basement rooms. One room was heated 

to normal laboratory temperature and the other room remained 

cool at all times. The first experiment was done during 

iiarch and April when outdoor temperatures were cool. The 

experiment was repeated, with some minor changes, in the 

same rooms in June and July when the warm outdoor temperature 

raised the temperature of the "cool" room thereby reducing 

the difference in temperature. 

Description of Experiment 

The experiment was divided into Part 1 and Part 2. 

Part 1 concerns the study of storage conditions of kafir and 

milo containing moisture from 10 to 22 per cent stored in 

varying temperature conditions, for different lengths of 

time, and with treated seed, as shown in Table I. By 

referring to Plates I, II, III, and ry in connection with a 

study of Table I, the plan of Part 1 of the experiment may 

more eae.,.17 be understood, 



Plate I. 

Kafir. Series 1. Second experiment, warm 

temperature. Increasing ::loisture content 

from left to right. 

Kafir. larilito 2. Second experiment, cool 

temperature. Increasing moisture content 

from left to right. 

Kafir. Series S. Second exaeriment, wars} 

temperature and treated with'Semesen. 

Increasing moisture content from left 

to right. 
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Series 1. Kafir. 

Series 2. Kafir. 

Series 3. Kafir. 



Plate II. 

Zefir. 1;triee 4. Second experiment, warm 

temperature and sealed. Increasing 

content from left to right. 

Kafir. Etries 5A. E:ocond exp rimente 'warm 

teapereture and ramevedfrom the experiment 

at the end oi four wtoks.-Increating :2o1ctre 

content from left to rijzt. 

4efir. aeries 5B. Second exjeriment, warm 

temperature and removed from the experiment 

at the end of two weeks, Increasinr: moisture 

content from left to right. 
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Plate II. 

Series 4. Kafir. 

Series 5A. Kafir. 

Series 5B. Kafir. 



o. Series 1. $000n d ezperim At, warm 

temperature, Increasing moisture Content 

from left to right, 

Milo. Series 2, Second exeriment, cool 

temperature. Increuoin moisture content 

from left to rlzht, 

3-0 Second experiment, wara 

temperature and treated with Zeuesan. 

Increasing moisture content from luft to 

right, 





Plate n. 

Milo. Cerise 4. Second experi ent, warm 

temperature and sealed. Increasing =platers 

content from left to right. 

Milo. Series 5A. seav i czpear sent, 

temperature and removed from the experiment 

tt tl e end of four weeks.,. Increasing moisture 

content from left to right. 

kilo. on es . Second experiment, warm 

temperature and removed from the experiment 

at the end of two weeks. Increasing moisture 

content from left to right. 
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Mi , 

Series 4. Milo. 

Series 5A. Milo. 

Series 5B. Milo. 
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Table I. Flan of experiment, Part 1, 
01.1014101.410., 40.104,011w 

Moisture Series 
Content 1 

Per Cent 'iaria 

Series Series Series Series Series 
2 4 5.. 5 B 

Cool ',;arm arm ',,arm Vjarm 

Treated Sealed Ramoved :emoved 
4 Leeks 2 Veeks 

10 X X X X X 

11 X X X 

12 X X X X A X 

13 X X X 

14 X X X A X 

15 X X X 

16 X X X A X X 

17 X X 

18 X X X X X 

19 X X X 

20 X X X X 

21 X X X 

22 A. X X A A X 

40 leo 

Series 1, 2, and 3 each contained thirteen containers 

with 1000 grams of kafir$ with moisture content increasing 

by single percentages from 10 to 22. Series 1 was stored at 

the warm temperature, Series 2 at the cool temperature and 

in Series 3 the grain was treated and stored at the warm 

temperature, 
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Series 4 contained only four samples with moisture con- 

tents of 12, 16, 20, and 22 per cents. These containers were 

sealed to be used as moisture loss checks and were stored at 

the warm teetperature. 

Series &. and 58 each included samples of kafir with 10, 

12, 14, 13, 18, 20, and 22 per cents. of moisture, and were 

stored at the warm temperature. Series 53 was removed from 

the experiment at the end of two weeks for moisture deter- 

Ainations and to study the time factor in relation to other 

factors. Series 5. was likewise removed at the end of four 

weeks. 

i..11 series as described for kefir were duplicated under 

the same conditions using milo. 11 of Part 1 of the experi- 

ment was repeated in the early summer under slightly differ- 

ent temperature conditions. The warm temperature conditions 

were somewhat similar to those during the first experiment 

but the cool temperature did not remain as low as in the 

previous experiment. This more nearly approached natural 

storage conditions that usually obtain in normal seasonal 

condi ti ons. 

?art 2, as shown in Table Li, was designed to stzd7 the 

effect of different percentages of broken kernels in stored 

grain. The percentages of broken grain in the first experi- 

ment used were 4, 3, 12, 15, 20, and 25. These percentages 



are the same as permitted in the federal grades for grain 

sorghums up to and including 15 per cent. The higher per- 

centages were added to widen the range of study to excessive 

broken grain content. In the second experiment the two 

lower percentages were eliminated as it was believed that 

their importance did not justify their continuance. 

Samples with each percentage of broken grain were made 

up to moisture contents of 10, 12, 14, 16, 18, 20, and 22 

per cent, This part of the experiment was duplicated, one 

group of samples being stored at the warm temperature and 

one group at the cool temperature. This afforded the 

opportunity to observe and obtain data on the effect of both 

the range of moisture and range of broken grains under each 

temperature condition, This part of the experiment was 

repeated during the early summer when Dwarf Yellow milo was 

used instead of kafir. 

Table II. :elan, of experiment. Part 2. 
a-oome. . 

vo. 

Moisture 4% a% 14 15% 2.0$ 25;. 

Content Broken Broken Broken Broken Broken Broken 
?er Cent Grain in Drain Grain Grain Grain 

10 X X X X A X 

12 X X X X X X 

14 X X X X X X 

16 X X X X X X 

18 X X X X X X 

20 X X X X X X 

22 X X X X X X 
a_s S . . 
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hini of containers 

Glass jars of one-half gallon capacity were used. It 

was found that 1000 grams of grain filled these containers 

about two-thirds full, leaving ample space for increase in 

volume of grain when it swelled due eo the addition of water. 

Special metal lids consisting of two parts were used. A hole 

about the size of an ordinary lead pencil was punched through 

the center of each lid, with the exception of the sealed 

series. The holes were plaged with cotton to 'limit the 

entrance of spores but allow free passage of air through the 

cotton. .erobic conditions were thus obtained in all con- 

tainers except the sealed series which approached anaerobic 

conditions. 

Ihe Grain Used 

The kafir used for the first experiment was Lilackhull 

kafir obtained from the .Lgronomy farm where it had been 

torcd for some time. It was slightly immature and had a 

eeight per bushel of 56.2 pounds, a moisture content or 

13.51 per cent, and a germination of 80 per cent. The grain 

was exceptionally clean and bright except for the green 

kernels due to immaturity, and contained no broken grain. 

This kafir was used for both Part 1 and part 2 in the first 



29 

experiment. 

The mil° used in laic first experiment was Wheatland 

which weighed 56.8 pounds per bushel, contained 12,88 per 

cent moisture, and had a _germination of 65 per cent. It 

was stored for some time in the warmed basement of a build. 

ing, which probably accounts for the lower moisture content. 

The mile was run over the 5/64 inch triangular sieve to 

remove the broken grain and contained eight per cent broken 

grain too large to pass through the sieve. 

The kafir used in the second experiment was from the 

same source as that used for the first experiment. The 

moisture had been reduced to 3 49 per cent and the germina- 

tion had declined to 61 per cent. 

The milo used in the second experiment was Dwarf Yellow 

mile, bright, with a moisture content of 7.1',9 per cent, a 

germination of 74.5 per cent, and a weight of 57.6 pounds per 

bushel. ;en ples of 1000 grams each were used in all cases. 

The Addition of 4ater 

The samples of 1000 grams were weighed and the amount 

of water required to bring each sample up to the desired. 

per cent of moisture was calculated an added. The grain 

was thoroughly mixed several times each day for the first 

three days to distriOut;e the moisture es evenly as poslAble 

throughout the mass of grain. 



Conditions of torage 

The series Which are designated as stored at a warm 

temperature were stored in a basement room where the average 

tealperature for the first experiment was 33.2 degrees C. 

(91.7 F.). The series which are designated as stored at a 

cool temperature were stored in a basement room where the 

average te erature was 19.7 degrees C. (67.4 i..). 

The nvixilmm fluctuation in temperature was about 4 

degrees C. above to about 5 degrees C. below the average for 

the warm room, and 4 degrees O. above to 6 degrees C. below 

the average for the cool room. The usual variation in 

temperature was only about two degrees C. from the average. 

The difference between the average warm and the average cool 

temperature was 13.5 degrees C. 

During the second experiment the average warm temperature 

was 33.4 degrees c. (92.1 F.), and the average cool tempera- 

ture was 27.9 degrees C. (32.2 F.), or a difference of only 

5,5 degrees C. The maximum fluctuations from the average 

temperatures were about the same as during the first experi- 

ment except a gradual rise in the average cool temperature. 

This temperature averaged nearly 10 degrees G. warmer during 

the last week of the experiment as compared with the average 

of the first week. 
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rethods of :aking 7oisture Tests 

Auch investigational work has been done to standardize 

methods of determining the amount of moisture in grain and 

other substances. After a study of the electrical resistance 

method (Tag-Heppenstall), the Frown -Duvet method, and various 

oven methods, it was decided to use the electric air oven, as 

approved by the Association of Official gricultural Chemists 

(69) for the moisture tests of the grain in these experiments. 

An electric air oven was maintained at 135 degrees C. 2 

degrees and a sample of approximately two grams was heated in 

the oven for two hours. This method was used in preference 

to the more rapid electrical resistance method as it was 

believed greater accuracy could be obtained in the train con- 

taining high moisture and where the moldy condition of the 

grain made it difficult to obtain uniformity of results on 

the electric moisture tester. 

Duration of the Experiment 

Each experiment was conducted for a period of six weeks, 

with the exception of Series 5B which was removed at the end 

of two weeks, and Series 5A which was removed at the end of 

four weeks. All samples were weighed once each week, the 

total weight being recorded, and the loss in weight celculataL 
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EXPERIMENTAL RESULTS. PART 1 

Zoisture Studies 

As shown previously under methods of study, the plan of 

the experiment WGS to include samples of kafir and milo with 

established moisture contents of 10 to 22 per cent, increas- 

ing the moisture content in the first three series by single 

percentages. The low moistur,J content of 10 per cent was low 

enough to represent dry grain and the upper limit was 

established well above the known limit of moisture for safe 

storage, to study the developments caused by excessive 

moisture. 

The moisture content of kafir and mile has received more 

consideration since the advent of the combine method of 

harvesting It has long been the opinion of many that grain 

sorghums are more difficult to keep in storage than other 

cereal grains. aany reasons for this opinion have been 

advanced, but the most logical ones seem to be the season of 

the year when the grain is harvested and the relatively high 

amount of foreign material such as broken pieces of stalk* 

broken grains, and other foreign material. Grain sorghums 

are harvested late in the season, sometimes after frost, when 

the relative humidity of the atmosphere usually is high and 
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therefore the grain contains a comparatively high amount of 

moisture. Due to cool weather which prevails in the fall and 

through the winter, grain sorghum may keep safely until the 

warm weather of the following spring. heat is usually har- 

vested when the summer temperature is high and the relative 

humidity low, which causes the grain to dry to a low moisture 

content before going into storage. 

Since the kafir used in the first experiment contained 

16.51 per cent moisture and the milo 12.88 per cent, the 

parts of the experiment to have less than these amounts were 

not included in the summaries. gowever the containers were 

filled and the data were used to measure the variability of 

sampling. These data are reported in the tables and may 

serve as an indication of fluctuation or variation in experi- 

mental data, The kafir and mile used in the second experi- 

ment had moisture contents well below the minimum established 

for the beginning. 

Temperature greatly influenced the loss of moisture in 

damp grain. By referring to Table III and Figure 1 showing 

the amount of moisture in the kafir at the end of the experi 

ment, a rather striking difference will be seen to exist 

between Series 2, maintained at a cool temperature, and 

Series 1 and 3 maintained at a warm temperature. At the cool 

temperature there was little change in the moisture content 
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of the grain during the six weeks of the experiment. 22 

per cent original moisture there was an increase of less than 

one-half of one per cent in moisture content in the cool 

series, as compared with an increase of approximately 10 per 

cent in moisture when the grain was stored at a warm tempera- 

ture. This difference in final moisture content was probably 

due in a large measure to the excessive mold development, and 

the respiration of the mold. This is in agreement with the 

moisture content of Series 4, where the grain was sealed and 

no observable mold developed due to the aJsence of free 

oxygen, or anaerobic conditions. The excessive moisture con- 

tent appears to correspond closely with the development of 

molds. This is again shown by comparing the moisture at 

different times during the experiment. The sample containing 

22 per cent moisture at the beginning of the experiment, con- 

tained only 21.16 per cent moisture at the end of two weeks. 

There was a slow development of mold during this time. 

During the period from two to four weeks the mold developed 

most rapidly, and there was almost a maximum growth at the 

end of this period. The moisture content had increased to 

nearly 26 per cent while at the end of six weeks the moisture 

had increased to above 31 per cent. In addition to the 

respiration of the grain, there appeared to be two causes for 

this high moisture content, namely, the continued excessive 
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respiration of the molds, and their consumption of carbohy- 

drates which lowered the weight of the grain. 

It is interesting to note the very small change in the 

moisture content of the grain in Series 4. This series was 

sealed and anaerobic conditions maintained. There was no 

mold that could be observed and the samples lost or gained 

very little moisture. The sample containing 22 per cent 

original moisture had increased to only 22,60 per cent, 

probably due to anaerobic respiration and alcoholic Perms 

tion which was decidedly evident when the container was 

opened ac the alma. et the experiment. 

In general similar results prevailed with mile, as shown 

by Table IV and Figure 2. The moisture content under warm 

conditions was not as high in the 22 per cent moisture 

samples except at the end of the first two weeks, which may 

indicate a quicker development of molds on mile than on 

kafir. It may be mentioned that all results concerned with 

the high moisture samples may lack uniformity. The heavy 

mold growth, and in many instances the extremely bad condi- 

tion of the grain, made it difficult to obtain uniform 

samples for laboratory tests. Table V shows the moisture 

content of kafir at the end of the second experiment. Up to 

approximately 16 per cent original moisture content, Series 

2, with cool temperature, lost consistently less moisture 

nta- 



than either Series 1 or 3 which were maintained at warm 

temperatures. Above 16 per cent original moisture, or et 

about the point of heavy mold development the cool series 

showed less moisture. This in general, compares with the 

amount of mold present, which was greater under warmer condi- 

tions. 

As in the first experiment the moisture content of the 

kafir containing 22 per cent at the beginning of the second 

experiment had increased slightly, or to 22.70 per cent at 

the end of two weeks.. At the end of four weeks, during 

which time there was much mold growth, the moisture had in- 

creased to 27.86 per cent, or nearly as much as at the end 

of six weeks. This shows that the mold became firmly estab- 

lished in the high moisture grain during the first two weeks 

but that the heavy growth occurred during the second two- 

week period. The mold growth at the end of the second two- 

week period had almost reached the maximum as far as com- 

pletely covering the top of the grain vas concerned. The 

results with milo wore similar to kafir in the lower range 

of moisture. The higher moisture content of the cool series 

continued higher than the warm series throughout the nigher 

moisture range. 



Table III, Kafir. Part 1. .->ummary of moisture content at 
end of first experiment. 

....... ------- 

Moisture 
Content 
ior Cent 

Series 
1 

m 

Series 
2 

Cool 

Series 
3 

".,o1rm 

Treated 

Series 
4 
VArm 
sealed 

Series 
5. 

'carm 
:iemoved 
4 i'eecs 

Series 
58 
elrm 

emoved 
2 eeks 

14,32 15.34 14.03 - 16.25 16.22 

13.84 14.79 14.20 

16.13 15.49 14.00 16.84 15.73 15,66 

15.14 15.40 14,17 

15.31 15.46 14.43 15.44 16.36 

15.40 15.96 14.67 

16 16.28 14.98 13.86 16,01 15.84 17.84 

17 15.39 16.60 15.05 

13 17,34 17.12 16,40 19.62 13.50 

19 21,11 17.60 18.53 

20 24.84 19.90 21.17 19.63 20.92 21.69 

21 28.01 22.10 25.29 -..--- ----- 

22 31.18 22.43 33.27 22,60 25.94 21.16 
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Table IV. Milo. Part 1. Summary of moisture content at end 
of first experiment, 

Series Series 
Series Series 51, 5B 

Moisture Series Series 3 4 karm Varm 
Content 1 2 farm warm Removed Removed 
Per Cent 'flirm Cool Treated Sealed 4 eeks 2 ..eeks 

10.15 11.32 10.90 12.70 12.72 

12.32 11,09 10.97 

12 11.04 11.85 9.91 11.91 12,5.6 12.88 

13 10.98 12.39 9.51 

14 11.98 12.25 11.74 13.93 13.85 

15 13.60 13.81 11,84 46" 

16 15.28 14.23 13.09 17,09 16.15 15.95 

17 15,65 15.74 16.22 

18 17.95 15.77 17.53 18.95 19.06 

19 24.45 18.87 21.73 

20 27.64 20.34 24.23 20.74 23.31 21.95 

21 25,35 21.17 29.93 

22 28.29 22.61 29.59 22.33 24.61 25.21 

M* .. 
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Table V. Lear. Part 1. Summary of moisture content at 
end or second experiment. 

4114144 ......P.41.0.1.011.1.. ...41/.1.1440.0.1... 4 0.0.0,011.0.0WOMOW4/0.10*ql.VP40404,04111.40AM 

Moisture 
Content 
Per Cent 

Series 
1 

Warm 

Series 
2 

Cool 

Series 
3 
Warm 
Treated 

Series 
4 
Warm 
Sealed 

Series 
54). 

Warm 
Removed 
4 weeks 

Series 
6B 
Warm 
Removed 
2 weeks, 

10 8.23 10.33 8.84 8.87 9.60 

11 10.13 11.12 11.40 ---..- - --- -- - -- 

12 

13 

10.81 

12.20 

12.02 

13.27 

10.98 

12.20 

2.80 1423 11.19 

.0.W 4.041011.0 

14 3.2.35 13.04 13.11 13.71 14.53 

16 14.78 .13.40 14.48 -0m.... ..-",.. 

16 10 18.04 15.48 15,26 10.61 18.04 

17 10018 14.80 10.24 ....... -,-... ....... 

10 24461 10.78 19.18 AO .4111.... 21.13 18.78 

19 22.10 22.48 22,17 0,.- 18.114.0.4 

20 24.68 23.93 24.86 18.14 26.43 21.26 

21 25.13 24.52 24.82 ..... --.0.- ....- 

22 30.19 8402 20426 20.02 27.80 22.70 

Mill.r.flOW410411.*WAFIOW,00104100,4006,.1.0*.......110,..041WW*41,10.0. 4.1.41 
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Table VI. Milo, Fart 1. Summary of moisture content at end 
of second experiment, 

0111041111.411 
.....1110.11110, 

as 0.1.0 10.411041F*. 111040,* M. 

Moisture 
Content 
Per Cent 

Series 
1 

Warm 

Series 
2 
Cool 

Series 
3 
Warm 
Treated 

Series 
4 

` =arm 
Sealed 

Series 
Sit 

warm 
Removed 
4 Weeks 

Series 
5B 
.rm 

Removed 
2 eeks 

10 6,38 11,10 7.23 9,04 9.58 

11 7.63 12.69 9,40 - --- 

1.2 8.51 13.98 10.22 9,40 11.61 10,94 

13 9.73 14.84 10.49 41. OW 

14 11.21 16.05 11.75 ..... 13,51 13,10 

15 12.72 17.47 12.91 ...J. ORAIY11.10+0 ..... 

16 14.58 18.98 14.04 13.23 15.98 15.67 

17 16.96 20.06 18.86 - ---- ..... 

18 19.05 21.13 19.01 ----- 21.79 19.43 

19 21.14 23.67 20.80 ..... - ....... 

20 23.07 27,70 21.50 17,05 22.41 19.80 

21 23,62 30,53 25.43 - ---- 
22 24.93 27,42 25.32 18.15 27,80 26.13 
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Temperature 

Temperature is always a factor to be considered in 

storing grain containing high moisture. Eafir and mils when 

stored with a high moisture content may keep safely through 

the cold weather but as soon as there is a rapid rise in 

temperature for a few days there is danger of heating. It 

may happen so quickly that much grain is claAged before its 

heating condition is observed. 

A high temperature increases respirational activity of 

the grain. Bailey end Ourjar (10) found that about 55 

degrees C. (131 degrees F.) was the optimum temperature for 

respirational activity of wheat, Coleman, Rothgeb, and 

Fellows (18) found that the rate of respiration of mild was 

about twice as great at 37.8 degrees C. as at 27.8 degrees C. 

The decided influence of temperature on germination in 

these experiments is given in Table VII and Figure 5, which 

Showed that kafir in Series 2 of the first experiment with a 

temperature 13.5 degrees C. (24.3 degrees F.) lower than 

Series 1 and 3, had a much higher viability and that the 

power of germination was even carried into the highest 

moisture range. This was also shown for mild in a lesser 

degree in Table VIII and Figure 6. 

In the first experiment there was a consistent difference 
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in moisture content at the end of the experiment due to the 

effect of the temperature. By consulting Table III and 

Figure 1 for kafir, and Table IV and Figure 2 for milo, 

these differences easily can be observed. In 3cries 2, the 

cool series, there is a consistently higher moisture content 

in the lower moisture range and a consistently lower moisture 

content in the higher moisture range in both kafir and mile. 

In this series the amount of moisture in the samples contain- 

ing the maximum of 22 per cent original moisture, had 

increased less than one per cent, while in :series 1 and 3, 

the warm series, the moisture had increased from six to nine 

per cent. 

The differences during the second experiment were 

similar but less pronounced for kafir, while milo gave a 

reverse result in the higher moisture range of the cool 

series. The smaller differences in moisture may be explained 

by the smaller differences in temperature. 

Germination 

-Examination of the literature shows that viability of 

seeds is affected by many things of which age, moisture, and 

temperature appear to be the major factors. 

Table Vii. and Figure 5 show the germination of kafir in 

the first experiment. This table shows an average 
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germination in :eries 2, stored at an average temperature of 

36.2 degrees C. (91.7 degrees F.) much higher than either 

Series 1 or Series 3, stored at an average temperature of 

19.7 degrees C. (67.4 degrees F.). eries 3 which was 

treated with Ceresaa had a slightly higher germination than 

the untreated grain stored at the same temperature, except 

when the moisture content was high where there was slight 

difference in favor of the untreated seed. 

Six samples of kafir containing the same amount of 

moisture had an average germination at the end of the first 

experiment of 79 per cent when stored at the cool toaperature, 

37 per cent for untreated grain and 49 treated grain 

stored at the warm temperature. 

The exclusion of air had a slightly harmful effect on 

germination of kafir containing high moisture as shown in 

:Series 4, which was sealed and stored at the warm tempera- 

ture. 7Milo showed the same trend in viability as kafir when 

subjected to the same conditions, as is shown by Table VIII 

and Figure 6. The germinat;ion was much higher in the cool 

series in the grain containing high moisture. 

The average germination for the samples of mile contain- 

ing the same amount .of moisture was 57 per cent for the cool 

series as compared with 51 per cent for the untreated grain 

and 47 per cent for the treated grain stored at warm 
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temperatures. In this instance the treated grain had a 

slightly lower germination than the untreated. There was a 

decided difference in the sealed series and the viability of 

the mile was more affected than kafir " excluding air. The 

germination at for moisture content was greatly reduced, the 

grain containing 16 per cent moisture germinated only 2 per 

cent and at higher moisture contents the seed had lost all 

germinative power. 

The germination of kafir at the beginning of the first 

experiment was 80 per cent and at the beginning of the 

second experiment was only 61 per cent for the saiae lot. 

No doubt the rather large amount of immature grain was 

largely responsible for this decline in viability. It will 

be seen by an examination of the tabular data that some of 

the samples germinated higher than 61 per cent and this was 

probably due to the small number of samples originally tested. 

In the second experiment a decided decline in viability 

began at 13 and 14 per cent moisture. There was not a con- 

sistent difference between Series 2 and eeries 1 and 3, due 

to the fact there was so little difference in the telaperature. 

The outstanding feature of the second experiment as shown in 

Tables IX and X and Figures 7 and 3 is the low germination 

in the samples from 14 to 13 per cent moisture. The grain 

in series 5e at the end of two weeks had a higher 
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germination than in Series 5A at the end of four weeks, and 

there was a further decline at the end of six weeks in the 

grain containing 14, 16, and 18 per cent moisture. All 

grain containing 20 per cent or more moisture time dead at 

the end of two weeks. 

Table VII. Kafir. Part 1. Summary of average per cent 
germination at the end of the first experiment. 

Moisture Series Series 
Content 1 2 
Per Cent :';arm Cool 

Series i 8 
Series Series 5A 53 

3 4 Eyarm arm 
Warm ;$.2.m Removed Removed 
Treated sealed 4 :seeks 2 ':seeks 

35 

39 

33 

38 

82 

81 

83 

79 

64 

48 

49 

49 

rr 

44 

56 

as 

as 

6'7 

00. 

53 

10000 

40 74 35 57 

37 76 49 .00 00 =la 

16 46 81 34 47 51 

17 37 61 35 .40 

18 26 54 8 37 56 

19 8 49 5 .00 

20 7 47 3 25 29 

21 0 32 ,) a as ow. .00 

0 24 0 0 1 8 
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Table VIII, Milo. Part 1. Summary of average per cent 
germination at end of first experiment. 

........ .0..oisrog* 

Moisture Series Series 
Content 1 2 
Per Cent ,4, Cool 

'-rias 
3 
are 

Treated 

Series 
4 

Warm 
Sealed 

... 
Series 

V4 arm 
Removed 
4 ',leeks 

. .. . 
Series 
55 

W arS2 
Removed 
2 Weeks 

46 47 42 51 57 

57 58 52 

52 66 48 2? 48 54 

13 64 46 52 -- -- -- 

14 59 63 -- 46 55 

15 37 67 43 .... -- -- 

16 9 50 12 2 19 26 

17 8 28 7 -- -a* -- 
18 4 15 2 -- 10 12 

19 5 ' 15 4 -- -- -- 

20 0 15 0 0 11 7 

21 0 7 0 -- -- 

22 0 0 0 0 0 1 

.. ....... 
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Table IX. Kafir. Part 1. Summary of average per cent 
germination at end of second experiment. 

wisomor.40. 

Moisture 
Content 
Per Cent 

Series 
1 

warm 

Series 
2 
cool 

Series 
3 

:;:arm 

Treated 

Series 
4 

Warm 
Sealed 

Series 
5A 

warm 
Removed 
4 'ieeks 

Series 
5B 

warm 
Removed 
2 Weeks 

10 66 71 73 -a 70 70 

11 61 60 71 

12 44 64 64 43 51 50 

13 14 29 28 

14 4 11 2 aa 5 24 

15 1 4 0 -- ..- -- 

16 0 4 0 0 22 38 

17 2 7 0 as 

13 0 4 0 2 18 

19 0 1 0 

20 0 0 0 0 0 0 

21 0 0 0 .40 *am OPs 

22 0 0 0 0 0 0 
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Table X. Milo. Part 1. Summary of average per cent 
germination at end of second experiment. 

Series Series 
Series Series 5A 513 

Moisture Series Series 3 4 Larm Lam 
Content 1 2 arm ,:arm iiemoved Removed 
Per Cent Warm Cool Treated Sealed 4 Leeks 2 Leeks 

10 84 80 79 -- 78 72 

11 73 76 :77 ,... -- -- 
12 67 71 69 40 70 67 

13 36 42 32 -- -- -- 

14 2 11 2 -- 0 17 

15 1 3 1 
: -- -- -- 

16 0 4 0 0 9 13 

17 0 0 -- -- -- 

18 0 0 0 -- 0 20 

19 0 0 0 -- -- -- 

20 0 0 0 0 0 0 

21 0 0 0 -- -- 

0 0 ,,s 0 0 0 0 0 0 

4127.4.4. 
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Figure 8. Comparison of germination 
of Dwarf Yellow milo when stored at 
cool and warm temperatures and when 
treated with Semesan and stored at 
a warm temperature. 
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lold spores appear always to be present on stored 

grain. Their growth and development occur only when there 

are favorable conditions, such as optimum temperature and 

moisture. The presence of Aolds affect practically all 

factors which determine the condition and grade of commercial 

grain. The presence of a all amount of mold will L-part a 

musty odor to the grain, which eliminatc it from any of the 

regular market grades and places it in sample grade. ;-ecord- 

ing to the official grades for grain sorghums, "ample grade 

shall include Grain sorghums of any class or sub-class which 

do not coo within the rcquirenents of any of the grades 

fro 4c). 1 to Ao. 4, inclusive; or which are musty, or 

sour, or heating, or hot; U 

Conn (19) defines molds as fungi of considerable size 

and visible to the naked eye, but not forming a scientific 

group. They are at first usually fluffy masses, usually 

white, or :lay become blue, green, brown, black, or rad, as 

they become older and form spores. They develop in a few 

days under optimum conditions. 

The most commonly observed molds on grain are various 

species of Aspergillus, Ahizopus, and Fusartum 

but any others may frequently be found. Thom and Church 
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(64) recognize 66 species of Aspergillus and over 600 

species of Penicillium (65). iienrici (28) says 265 species 

of .olds have been isolated from the soil and names them in 

the order of the frequency in which they occur as 

agorrhynehus, Penicillium, Trichoderma, Fusarium 

spergillus, and Rhizopus. Identification is difficult and 

laborious except by an experienced mycologist. 

The same kind of mold spores may be found growing on 

many different substrates. Hurd (30) statee. that Penicillium 

and ithizopus are the two omnipresent molds which mPy occur in 

blotter germinations. Gilman and Barron (25) found A. flavus 

A. niger and A. fumigatus commonly present on oats, wheat, 

and barley. Read (49) reports that Herter and Fornet found 

these molds growing on bread: A. Indulous, A. Flaucus, 

L. niger, A. cunigatus, A. glaucum, and others. 

The molds found growing on kafir and milo in these 

experiments were identified by Dr. C. la. Lefebvre of the 

Department of Botany, Kansas state College, as various 

species of Aspergilli, with A, niger and A. nevus predomi- 

nating in the warm series, and Cephalothecum roseum, Cda. 

predominating under lower temperature. 

In the first experiment the mold began to be observable 

at the end of one week in all samples of kafir stored at 

warm temperatures and containing 18 per cent and more 
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moisture, The amount of mold growth increased as the 

moisture content increased. aples containing 17 per cent 

and less moisture remained in good condition. in the cool 

series the mold was only slightly observable. The condition 

of the milo was, in general, similar to that of the kafir, 

except mold development frequently began at about 2 per cent 

lower moisture content. During the second week the mold 

seemed to develop suite rapidly in the waree series but 

lowly at cool temperatures. 

The :old development on milo at the end of t weeks 

c shown In Figure 9, at the end of four weeks in Figure 10, 

and at the end of six weeks in Figure 11. 

It can be observed in Figure 9 that in the sample at 

the right containing 22 per cent moisture, the mold growth 

was so rapid on the top surface of the grain it formed a 

heavy mass of mold which almost sealed the loge portion of 

grain away from the free air cominc through the opening in 

the lid of the container, The next container to the left, 

containing 20 per cent moieture, had mold extending more 

uniform1:1 about two-thirds to the bottom of the grain. The 

next container with 13 per cent moisture had comparatively 

little mola development and it was distributed more evenly 

from top to bottom of the grain. There was much variation 

in mold growth and distribution in the different containers, 
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Yigure 9. Series.5.73. Milo. Mold development at 
end of two weeks. Moisture content increases 
from left to right. 

Figure 10. Series-5A. Mlo. Mold developmomt mt 
end of four weeks.' Moisture content incremome 
from left to right. 

Figure 11. Series 1. Milo. Mold develoAment at 
end of six weeks. Moisture content increases 
from left to right. 
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but in general the growth was very similar under like 

conditions. ::eries 4, which was sealed, had no observable 

mold growth but much evidence of fermentation in grain of 20 

and 22 per cent moisture content. 

Lilo appears to be more susceptible to mold attack 

kafir. Figure 12 shows three samples of kafir contain- 

15, 16, and 17 per cent of moisture and three samples of 

nilo containing like amounts of moisture. 

MILO ---# 

Figure 12, Comparison of mold growth on kafir and 
silo under similar conditions. Ijoisture content 
increases from left to right. 

The samples of 'Ala, particularly the middle one cbn- 

taining 16 per cent moisture show greater amount of mold 

growth than kafir. llo has a softer grain and is more 

subject to seed coat injury during threshing and handling, 

which probably permits an earlier and more vigorous attack 

of mold spores. 

series 3 was treated with .Aaresan in the first 

experiment and with Semesan in the second. The recommended 
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quantity of each was mixed with the grain in a barrel mixer 

which was turned for two minutes. The treated grain was then 

placed in a metal container, covered, and left for twenty- 

four hours before being used in the experiment. 

Uoth of these mercuric dusts seemed to retard all mold 

growth for a few days and certain molds appeared to be 

retarded more than others. AsperQillus niger was one of the 

first to appear and was the dominant mold in the treated 

grain. Other molds were much delayed except in the hither 

moisture ssmples where white and greenish-yellow mold soon 

began to appear and become dominant. When Geresan was used 

in the first experiment, black mold A. niger, began first to 

appear under high moisture conditions and as time progressed 

the black mold appeared at lower moisture contents. Figure 

13 shows mile in the treated series of the first experiment. 

Figure 13, Aspergillus niger appearing 
the first experiment. Moisture content 
from left to right, 

n mile in 
nereases 

A slightly black condition can be seen in the mile with 
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16 per cent moisture. The samples containing 17, 18, and 19 

per cents moisture contained so many black spores that the 

whole inside of the container became clouded upon shaking. 

The spores were first observed when the containers were 

shaken. At first the grain would appear clear but after 

being egitated the black spores clouded the entire nass of 

grain as well as the space containing air. In the samples 

of 20 per cent moisture, white and other molds had grown to 

the extent that the block was largely overcome. In the 

samples containing 21 and 22 per cent moisture, there was 

just a small proportion of black mold showing, other molds 

having become dominant, When Semesan ms used in 3,eries 3 

in the second experiment, the results were sozewhat differ- 

ent.. Semesan like Ceresan had a retarding effect on all 

mold groth, The bleok clouds of spores which developed 

whea,Careean was used did not appear when Semesan was used, 

but the black molds appeared more like they did in the 

higher moisture samples of the first experiment. In neither 

instance did these mercuric duets es used in these experi- 

eents, prove effective in preventing mold growth. They had 

slight inhibitinG effect on niger, and a greater 

inhibitinG effect on other molds. Such treatment may be of 

some value in delaying mold groeth on seed sown in the soil 

so germination can take place before being hindered by the 

molds. The behavior of kafir under like ciredmstances 
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vas similar to that of milo. 

Insects 

NO weevil or insect infestation occurred during the 

first experiment. During the second experiment insects 

appeared in some of the samples in fart 2 and a discussion 

of their activities will be found there. 

eight per ii.ushel 

It is well known that an increase in moisture content 

decreases the weight per bushel of grain. 4afir and ;Ilo, 

going out of condition and becoming moldy, declined rapidly 

in weight per measured bushel. This may be explained by the 

swelling of the grain due to the adsorption of water by the 

hydrophilic colloids and to the loss of carbohydrate material 

consumed in the process of respiration and by the parasitic 

fungi. The rapid decline of weight per bushel as shown by 

Table XI and Vigure 14 for kafir, and Table XII and Figure 15 

for milo in the first experiment, began when the grain had 

reached a condition where it became moldy. It was difficult 

to obtain satisfactory samples for the ,:;eight per bushel 

test of grain with high moisture because it became badly 

caked and lumpy and had to be broken apart to remove it from 

the containers. Therefore the results of this test in the 

high moisture range lacked uniforlaity. In Leries 4 where 
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mold development was prevented by anaerobic conditions the 

weight per bushel declined much less in the high moisture 

samples than where the grain had an available oxygen supply 

and molds developed freely. In grain sorghums containing 16 

per cent or less moisture, the weight per bushel in most 

instances was lower in the sealed containers as the grain 

retained the moisture with very little loss throughout the 

duration of the experiment. however the actual moisture con - 

cnt not fully account for the difference. There seemed 

to be less change in the condition of the grain in the sealed 

series which probably accounted in part for the lower weight 

of the grain in the low moisture range. 

The temperature at which the grain is maintained affects 

its biological activity, and the activity of the fungi which 

grow upon it. In general, the higher temperature results in 

more favorable conditions for biological activity of the 

grain and the parasitic growth. In comparing the grain which 

was maintained at a cool temperature with that stored at a 

;;arm temperature, there generally was a higher weight per 

bushel in the cool series. In the second experiment this 

difference is not as pronounced as the differences in temper- 

ature were not as great. It will be seen by the examination 

of the data of the second experiment that the weight per 

bushel a:14 y not be lowest in the samples containing the 
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highest amount of moisture as is generally true in the first 

experiment. An explanation of how the samples were handled 

during the two experiments will aid in understanding these 

differences. In the first experiment the added water was 

not as thoroughly mixed with the grain during the two days 

immediately after the water was added. In the warm series 

where excess moisture was present, the germination began 

so rapidly that the grain began to mat together near the 

bottom of the container. A greater amount of moisture 

accumulated near the bottom of the mass of grain to accele- 

rate the activity. It was found necessary to open some of 

the containers and again mix the grain thcr:ughly. The 

grain in the first experiment was thoroughly mixed each week 

by shaking and rotating the containers at the time of weigh- 

ing. This kept the molds from forming a solid covering over 

the top of the grain, or if it did form, it was broken by 

the mixing each week. 

In the second experiment the grain was mixed very 

thoroughly several times each day for the first four days in 

an attempt to have uniform moisture conditions in the mass of 

grain in each sample. It was found that the transfer of 

moisture from wet to dry grain in bulk, was a slow process 

and required much attention and frequent mixing. This slow 

equalization of moisture is in agreement with the findings 
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of Humphries and Hurst (29). After the grain was thoroughly 

mixed during the first week of the experiment and at the 

weighing period at the end of the first week, no attempt was 

made to mix the grain during the remainder of the experiment. 

This permitted the mold growth in the high moisture samples 

to form a cover over the top of the grain which in some 

instances formed an air-tight or near air-tight seal. Thus 

it appeared that free oxygen was eliminated, or nearly so, 

and the mold development was very much retarded in the lower 

half of the containers. In some instances the grain in the 

lower part of the containers appeared almost free from mold 

attack and in Noparent good condition. in making the test 

weight, the proportion of this grain affected the results and 

had a determining influence on this test. 

Generally the mold growth was much more evenly distri- 

buted throughout the lower half of the containers containing 

17 or 13 per cent moisture than in the samples containing 20 

or 22 per cent moisture. In the samples which contained 17 

or 18 per cent moisture the early development of the mold was 

not so rapid and continued to a _;reater depth in the mass of 

grain before the top became sealed off by the more rapid 

growth, as was the case in the higher moisture range. This 

is excellently shown in ilates I, II and 



Table XI. Kafir. Part 1. Summary of weight per bushel at 
end of first experiment. 

...10M0* MAIWONWOM 
0041.10404.0WW4w ..... 

Moisture 
Content 
er Cent 

Series 
1 
arm 

Series 
2 

Cool 

Series 
3 

,,arm 

Treated 

Series 
4 

Warm 
Sealed 

Series 
5A 

Nerd 
Removed 
4 Weeks 

Series 
53 

Viarm 

Removed 
2 Weeks 

54.8 55.3 54.8 54.9 55.0 

54.7 55.5 55.5 ---- - ---- 

54.5 55.3 55.2 53.5 55.0 55.5 

54.4 55.2 55.3 ---- ---- - - -- 

54.4 55.2 55.4 ---- 55.4 55.4 

54.4 55.4 55.3 ---- ---- -- -- 
16 54.2 53.6 55.3 54.5 55.4 54.8 

17 54.1 54.9 54.9 ---- ---_ - - -- 
18 53.4 54.8 53.6 -- -- 53.G 54.1 

19 49.4 54.3 51.5 ---- ---- - --- 
20 45,8 52.6 46.5 52.5 50.5 50.3 

21 44.4 48.3 46.0 ---- -___ - --- 
22 43.4 45,5 45.7 51,2 46.2 42.7 

0.14,0W4W.01.14.0611.001.0 
001,0104WWW.low. 

433 
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of Blackhull icafir when stored at cool and wa 
temperatures and when treated with Ceresan 
and stored at a warm temperature. 

Series 1. warm 
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Series 3. warm and treated ------ 
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Table XII, Milo, Part 1. Summary of weight per bushel at 
end of first experiment. 

Series Series 
Series Series 5A 58 

Moisture Series Series 3 4 Warm warm 
Content 1 2 iiarm arm ftmoved Removed 
i'er Cent warm cool Treated Sealed 4 Weeks 2 Weeks 

56.1 56,3 5640 ---- 56.2 56,1 

56.2 56.3 56.4 ---- ---- ...-- 

56.1 56.2 56.2 58.0 56.2 56.0 

13 56.0 56.3 56.2 --.. ....... ---- 

14 55.9 56.2 56,4 *-.... 53.1 56.1 

15 55.8 56.1 56.2 

16 54.6 55.4 55.7 54.7 54.7 54.8 

17 53.5 54.8 53.8 

18 51.9 54.1 50.5 ---- 52,5 52.4 

19 45.7 52.4 46.1 --... ---- -_-_ 

20 45,0 50.8 44.2 52,6 49.5 50.0 

21 44.6 49.4 44.2 ---- ---- ---_ 

22 45,3 46,0 42.5 51,7 47.2 41.5 
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Figure 15. Comparison of weight per 
bushel of Dwarf Yellow milo when 
stored at cool and warm temperatures 
and when treated with Ceresan and stored 
at a warm temperature. 

Series 1. warm 
Series 2. Cool 
Series 3. Warm and treated ----- 
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Table i 4afir. Part 1. Sum,aary of weight per bushel 
at end of second experiment. 

Moisture 
Content 
Per Cent 

Series 
1 

Series 
2 
Cool 

Series 
3 

Warm 
Treated 

Series 
4 

,;arm 
Sealed 

Series Series 
5A 58 
Warm Warm 
Removed Removed 
4 weeks 2.Weeks 

10 55,8 55.5 54.6 ---- 55.4 55,5 

11 55.6 55.4 54.7 ---- .--- - - -- 

12 55.4 55.1 54.6 55.2 55.0 55.2 

13 55.1 54.7 54.4 ---- vow... - - -- 
14 54.8 54.6 54.2 ..--- 54.3 54.7 

15 53.7 54.4 53.7 --.. ---- ---- 

16 52.1 53.2 53.3 51.8 53.0 54.0 

17 49.6 49.6 50.0 - - -- - --- 

18 43.6 47.0 46,5 .... 47.4 53.3 

19 44.3 45,7 43.5 

20 41.8 44.2 43.0 52.0 4G.5 50,C 

21 43.9 44.2 43.4 _ Mt.** 

,30 11.5 42.9 5 bl 

**0MA.A.O*** 
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Figure lq Comparison of weight 
per bushel of Blackhull kafir 
when stored at cool and warm 
temperatures and when treated 
with Semean and stored at a warm 
temperature. 

Series 1, 
Series 2. 
Series 3. 

Warm 
Cool 
warm and treated ----- 



Table XIV. Milo. Fart 1. 1;-omrmpry of weight per bushel at 

... 
end of second experiment. . .. 

' Series Serles 
Series Series 5A 

' 5B 
Moisture Series Series 3 4 Warm 'arm 
Content 1 2 - Warm Warm Removed removed 
Per Cent warm Cool Treated Sealed 4 leeks 2 oelcs 

10 57.1 57.1 56.5 57.1 57.4 

11 57.1 57,1 56,5 .11100.11111110.1 

12 56.8 560,*; 56.0 56.5 56.6 56.8 

13 56.2 56.2 55,9 

14 55.0 84.8 55.7 ---- 55.3 55.9 

15 52.2 53.5 54.8 .--- - - -- 

16 46.3 48,1 53.7 55.1 50.4 54.6 

17 43.2 46.1 44.5 a ow es AO 

18 43,8 44.9 43.9 ---- 45.6 51.2 

19 44.2 45.1 44.6 .... ---. 

20 42.3 44.8 44.3 53,0 44.5 48.6 

21 43.3 43.3 45.2 News.* 

22 43.4 45.8 44.4 52.4 44.0 49.4 

.. .. . .... wom.w . . .. .... ..... apP.W.W.00 
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Loss inoig 

Ihe were weighed once each week, the weight 

recorded, and the loss in weight calculated. Table XV and. 

Figure 18 show the loss in weight of kafir and Table :WI and 

Viure 19 show the loss in weight for milo during the first 

experiment. There is a consistent correlation between loss 

in weight when the warm and cool temperatures are compared. 

The loss in weight in Series 2, the cool series, is approxi- 

mately one-third of the loss in the warm series, and this is 

true of both kafir and ailo. The loss in weight in Series 

513, which was stored at a warm temperature and removed at 

the end of two weeks, was approximotely equal to the loss in 

weight in Series 2, stored at a cool temperature for the full 

period of six weeks. 

In the second experiment the loss in weight in the cool 

series approached the loss in weight in the warm series in 

approximate relationship to the two temperatures. Toward 

the end of the experiment the cool temperature so nearly 

approached the warm temperature that the difference in loss 

in weight is not significant. See Tables XVII and XVIII and 

Figures 20 and 21. 

LOSS in weight of a given volume of grain is usually 

aiL'Lributed to reduction in moisture content. That may be 
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largely true for grain with low moisture, but loss in weight 

as a rule is greater tbgla the weight of the ;ioisture lost. 

When molds are present there is normally a loss is weight 

but en increase in moisture content. This loss in weight 

may be largely attributed to the consumption of the carbohy- 

drates by the processes of respiration of the grain and 

molds. The increase in moisture may likewise be attributed 

to the respirational activity and the reduction of the base 

weight because carbohydrates have been consumed. aormal 

respiration of the grain consumes carboh7drates in proportion 

to the amount of carbon dioxide given off. iAGinnis (45) 

says that with Marquis wheat the formation of 100 grams of 

carbon dioxide will require 61.Z55 grams of carbohydrate 

zaaterial. 
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Table XV. Kafir. Part 1. Summary of loss in weight in per 
cent at the end of the first experiment. 

Series Series 
Series Series 5A 5B 

Moisture Series Series 3 4 larm 'arm 
Content 1 2 warm Warm Removed Removed 

Per Cent :,arm Cool Treated Sealed 4 ,ieeks 2 ",seeks 

1.21 .34 1,08 ---- .84 .45 

1.26 .33 1.16 ---- ---- ---- 

1,32 .40 1.25 .13 .76 .41 

1.15 .39 1.16 ---- ---- - --- 

1.24 .36 1.04 ---- .75 .37 

1.19 .40 1.18 ---- ---- - - -- 

16 1,17 .38 1.08 .06 .73 .59 

17 1.16 .38 1.14 ---- ---- - - -- 
18 1.57 ,51 1.30 ---- 1.08 .60 

19 2.27 .63 1.41 ---- ---- - - -- 

20 3.04 .72 2.78 .34 1.84 1,16. 

21 4.39 1.01 3.82 ---- ---- - - -- 

22 4.69 1,47 3.85 .56 3.81 1.53 
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Table XVI. Pt 1. :,iammary of loss in weight in per 
cent at end of first experiment. 

Series Series 
Series Series 5A 53 

iloisture Series Series 3 4 Warm Warm 
Content 1 2 ;arm 1arm Removed Removed 
Per Cent Mr2. Cool Treated Sealed 4 "eeks 2 'j;eeks 

68 .48 

.82 .27 f 

ry --- -Ora 

.72 .22 .67 .02 .52 .26 

13 .72 a .79 --- 4181.1. .100010* 

14 .88 .27 .93 .62 .23 

15 .95 39 1.09 --- 4111101.40, 

16 1.14 .40 1.19 .34 .85 .51 

17 1,80 .46 1.36 

18 2,03 .56 1.91 WO* MOO A* 1.39 1.03 

19 3.05 .83 2.54 --- 011,41.. 

20 3.92 .82 4,04 .36 2,77 1.39 

21 4.69 1.16 4.36 --- as S 0.4.* 

22 4,70 2.04 4.88 .44 3.82 1.33 

NIP 
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Table XVII, 4arir, Part 1. Surmary of loss in weight in 
per cent at end of second experiment. 

Series Series 
Series Series 5A 513 

Moisture Series Series 3 4 :;arm "Lau 
Content 1 

,, 3 taarm iarm Removed Removed 
Per Gent Warm Cool Treated Sealed 4 ,eolze 2 -colts 

10 .22 .11 .22 --- .13 .15 

11 .39 .21 .38 --- --- -_- 

12 .51 .35 .19 .-- .32 .25 

13 .55 .36 .30 --- --- 001._ 

14 .73 4,59 .70 --- .52 0 1.. .33 

15 .34 .68 .39 --- --- - -- 

16 1,12 .98 1.11 ,20 .G6 .13 

17 1.47 1.02 1.28 ---- --- - -- 

18 2.93 1.53 1.63 --- .94 ,,-. 
.-.3 

19 3.69 2.77 2.99 --- --- --- 

20 4.43 3.49 3.72 .43 2.46 .37 

21 3.88 3.62 4.51 - -- --- - -- 
22 4,73 3.72 4.16 .47 3.23 1.21 

0...*WWW40,4410W0pimm04/1 
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cent when stored at different 
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Table ;VIII. Milo, Part 1. SlimmAry of loss in weight in 
per cent at end of second experiment, 

Dloisture 
Content 
Per Cent 

Series 
1 

'Alm 

Series 
2 
Cool 

Series 
3 

':ratan 

Treated 

Series 
4 
Warm 
Sealed 

Series 
a, 

Warm 
Removed 
4 Weeks 

Series 
53 

Warm 
Removed 
2 Weeks 

10 .31 .10 .10 --- .22 .05 

11 02 .22 .44 --- ...... - -- 

12 .50 .31 .33 --- .29 .12 

13 .53 .41 .67 -... --- - -- 

14 .76 051 .71 --- .17 .20 

15 1.23 .69 .97 ..- --- -*OW 

16 2.15 1.09 1,14 .17 ._:,,, .53 

17 3.51 2.08 2.16 --- .0000. - -- 
13 4.57 2.98 2.92 --- 1.93 5,.1. 

19 4.25 4.46 3.65 --- --- .0 00N am 

20 4,86 3.93 4.53 .59 2.94 1.15 

21 4.91 4.34 4.48 --- 000.00 - -- 

22 4,29 4.42 4.36 .69 3.61 1.17 
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Volume 

volume study of kafir and milo might well include 

information relating to the size' shape, and structure of 

the grain in order to have a better understanding of the 

adsorption of moisture which is largely responsible for the 

change in volume of a given count of grain. By referring 

to the various Figures presented, it may be observed that 

there is a constant relation between the amount of moisture 

in the grain and its volume. In all containers shown in 

these Figures, there was placed an equal amount of grain, 

1000 grams at a given moisture content. 2.fter the grain was 

weighed and placed in the containers, water was added to 

bring the moisture content of the grain up to the desired 

percentage. The grain was Ifiixed thoroughly to distribute 

the water as equAlly as possible and within 24 hours had 

increased in volume in general, in direct relationship to 

the emount of water added. There may have been some increase 

in volume after the first 2 hour period, but the largest 

part of this change in volume due to the added moisture 

occurred during this short early period. 

Ball (13) gives data on a large number of samples of 

kafir and mile, and gives the weight per 1000 kernels of 

mile as 36.1 grams, Dwarf milo 31.4 grains, Blackhull kafir 



21.6 grams and Dwarf 131e.ckhull 16.6 grams. Coleman et al 

(13) give the weight per 1000 kernels for mil() as 37.8 grams 

and white kafir 23.9 grams. They also give the volume per 

1000 kernels as 28.75 cc. for milo and 18.75 cc. for white 

kafir. Bidwell (14) and Bidwell et al (15) give the weight 

of one 1000 kernels of Dwarf Blackhull kafir at 23.5 grams 

and milo at 33,9 grams. These authors give the average size 

of grain sorghums as follows; 

Average Average Average 
Thickness Width Length 

ma. um, 

Kafir 2.46 3.33 3.90 

Milo 2.86 4.47 4.42 

Feterita 2,76 4.13 4.39 

The proportion of different parts of the sorghum grains 

are shown.with a comparison with corn, 

Kafir 

Milo 

Peterita 

Corn 

Bran 
Per 
Cent 

6.1 

5.5 

6.6 

7.4 

Germ 
Per 
Cent 

Eudesperu 
Starchy 
Per Cent 

Horny 
Per Cent Per Cent 

10.0 

11.1 

7.3 

11.5 

35.0 439 83.9 

83.4 

86.1 

81.1 

Zink (6.8) gives the specific gravity of yellow m.ilo as 

1.22, Blackhull kafir 1.26, Tarkey wheat 1.60, Harvest iJaeen 

wheat 1.32, Manchu soybeans 1.18, and Aason soybeans 1.13, 
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In a study of the structure of the seeds of the various 

sorghum grains, 6anson and Getty (57) describe the seed 

coats of feterita, hegaris and kaoliang as revealing upon 

microscopic examination, a thick starchy layer they call the 

mesocarp, measuring from 60 to 30 microns in thickness, They 

place kafir and mil° in another group with this layer 

measuring 35 to 45 microns in thickness. In Red Amber sorgo 

and broom corn this layer measures only about 10 microns. 

The thickness of this layer, they say, seems to have some 

relationship to the water absorbing capacity of the seed, as 

their tests show feterita absorbed about 45 per cent more 

water in a two hour period than Red Amber sorgo or Blaekhull 

kafir. The hypodermal and epidermal layers of the pericarp, 

lying directly above the mesoderm, differed in thickness, 

texture, and luster, in the different sorghums. Those of 

feterita were thin and chalky and about 15 microns in thick- 

ness, while those of kafir and milo were hard and glossy and 

approximately 45 microns in thickness. 

A.though these investigators place kafir and mile in a 

group containing similar structural characteristics, our 

results show some difference in time required to germinate. 

A.lo began germination sooner than kafir, yielded to mold 

attack sooner, and appeared to increase in volume somewhat 

faster upon the addition of water. 
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EXPERIMENTAL RESULTS. PART 2 

The Influence of grokeri Grain o. Aeeping duality 

The relation of the amount of broken grain in grain 

sorghums is important. It has been the judgment of nearly 

ever' one interested in the keeping qualities of grain 

sorghums that the percentage of broken grain prenent greatly 

influenced the keeping qualities. In order to add to our 

knowledge on this subject, this part of the experiment was 

conducted according to the outline as shown in Table 2. 

Blackhull kafir, of the same lot used in Part 10 was used in 

the first experiment. That grain contained 16,51 per cent 

moisture ad the tabulations include the results of all 

samples, but the samples which contained less than 16,51 per 

cent moisture are used only for checking results of duplicate 

samples. In the second experiment mile containing 7.59 per 

cent original moisture was used and all data can be con- 

idered in full accordance -with the outline of the experiment. 

It was thought advisable to use mile in one of the experiments 

as the amount of broken kernels is usually much greater in 

mile than in kafir. 
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iloisture 

There is no definite correlation between the moisture 

content of the kafir at the end of the first experiment and 

the percentage of broken grain present, There is a striking 

contrast in the final moisture content in both the warm and 

cool series, as compared with the kafir in Part 1. The 

moisture content in samples containing 16, 18, and 20 per 

cent moisture in most cases contained less moiture than at 

the beginning of the experiment. The samples in Part 1 in 

this moisture range usually contained more moisture than at 

the beginning of the experiment. This may have been caused 

by the greater exclusion of air due to the closer packing of 

the grain containing broken kernels and consequently less 

mold growth. However there was no increase in the correla- 

tion as the percentage of broken grain increased. 
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Table X imerage moisture content of four samples of 

kafir in the first experiment containing the same 
amount of original moisture, for each per cent of 
broken grain and compared for warm and cool temp- 
eratures. 

Broken Grain 
Per Cent 

ioisture Content at Lnd 
of Experiment 

WarzA cool 

4 13.24 13.54 

a 14.45 14.20 

12 13.79 12.99 

15 13.95 14.69 

20 13.52 13.59 

14.03 14.66 

The atove table shows that neither broken grain nor 

temperature difference appeared to form any correlation 

with the moisture content of these samples. In the second 

experiment rano was used the analysis at the end of the 

experiment showed higher moisture content than in the kafir 

of the first experiment. There was comparatively little 

difference in the temperature of the cool and wam series and 

also little consistent difference in final moisturc content. 

The cool series showed a slightly higher moisture content on 

the average. The amount of broken grain present and the 

final moisture content showed no correlation. 



Table XX, Kafir. Part 2, Series 1. Summary of moisture 
content at end of first experiment after 
maintained at a warm temperature. 

Original Moisture Per Cent of Broken Grain 
Content Per Cent 4 8 1Y IS- 2(5- ES 

12.51 14.53 14.48 13.6.3 12.38 13.92 

13.22 14.01 13.70 14.92 13.16 13.32 

13477 13.76 13.49 14.20 13.87 13.77 

13.47 15.52 13.51 13,11 14.20 15.21 

13.29 15.52 15.64 14.94 15.04 15.36 

21.49 19.75 18.74 19.44 21.52 20.74 

23.15 21.18 21.19 22.07 22.78 21.83 

16 

18 

20 

22 

..... ........ . . . .. . ....... 
Alf 

Table XXI.. Kafir. Part 2, Series 2. Summary of moisture 
content at end of first experiment after being 
maintained at a cool temperature. 

Oriinal I4oisture Per Cent of Broken Grain 
Content ter Cent 4 

6 
12 1 20 25 

13.25 12.88 12.40 14.66 13.76 14.38 

14.09 14,91 12.97 14.91 13.51 13.80 

13.19 14.50 12,96 15.16 13,06 13.75 

16 13.60 14.53 13.63 13.44 14.05 16.71 

18 15.35 16.54 14.18 17.06 14.09 15.37 

20 17.66 17.57 13.71 19.47 16,79 17.30 

22 22.64 21.39 28.37 25,00 23.06 23.39 

-a 
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Table XXII. Milo. Part 2, Series 1. Summarg of moisture 
content at end of second experiment after being 
maintained at a warm teAperature. 

Original Oisture 
Content P r Cent 

'er Cent of 3roken Grain 
12 15 25 

10 8.32 9.80 8.55 10.39 

32 10.32 10.49 10.82 12.68 

14 11,68 13.81 12.50 15.05 

16 16.78 16.91 16.08 17.17 

18 19.82 20.28 23.58 22,11 

20 24.31 24.51 26.03 25.95 

22 24,98 29.21 27.49 29.30 

Table X CIIT. Milo. Part 2, Series 1. Summary of moisture 
content at end of second experiment after being 
maintained at a cool temperature. 

Original Moisture 
Content Per Cent 

Per Cent of Broken Grain 
12 15 2 

10 8.85 9.24 10.27 3.82 

12 10.84 10.84 12.81 10.24 

14 12.63 13,80 13,51 13.03 

16 16.06 16.04 16.82 17.10 

18 22,56 21.27 22.12 23,22 

20 28.57 23.79 26.35 24.71 

22 28.64 30.94 28.11 28.95 

93 
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mination 

The records of the first experiment showed no correla- 

tion between the percentage germination and the percentage 

of broken grain. See Tables XXVI and XXVII. However a 

difference in viability was found in relation to both 

temperature and moisture as shown in Table XXIV. 

Table XXIV. Effect of temperature and moisture on germina- 
tion of kafir in the first experiment. Average 
of all percentages of broken grain. ....... ...... . . .... ... ... .. 

iiverage Per Cent Moisture 
Temperature 16 18 gn 22 
Degrees C. Per Cent 4ermiriation 

Cool 
Series 

Air= 
Series 

19.7 65.1 43.1 22.3 0 

32.1 18.1 4.6 0 

..................... ... ......... 
Table XXV shows the results of the second experiment 

in which rale was used. The cool temperature so nearly 

approached the warm temperature during the last half of the 

time that the influence of temperature was negligible. 
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Table XXV. Effect of temperature and moisture on germination 
of mild in the second experiment. average of all 
percentages of broken grain. 

Average 
Temperature 10 
Degrees C. Per en -en ion 

la* 
.11.10.1* 

Per Cent Moisture 
12 14 1G 12 20 

Cool 
Series 27.9 73.2 64.2 10.7 3.2 0 0 0 

'arm 
Series 33.4 78.0 67.5 12.0 1.0 0 0 0 

Table XXVI. Kafir. Part 2, Series 1, Summary of average 
per cent germination of first experiment after 
being maintained at a warm temperature. 

Original bioisture Per Cent of Broken Grain 
Content Per Cent 4 3 il: 15 20 25 

27 46 27 60 44 27 

29 36 24 30 40 35 

41 50 34 23 25 29 

16 28 27 25 48 33 32 

18 23 17 19 20 18 12 

20 7 
G 6 6 1 0 

22 0 0 0 0 0 0 

aaso.4.110.1. 
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Table XXVII. Part 2, Series 2, Summary of average per cent 
germination of first experiment after being 
maintained at a cool temperature. 

---------- ----- 
Original loisture 
Content 1er Cent 

----------- -------- --- ---------- 
Per Cent of 3roken Grain 
8 14 15 20 5 

51 56 53 73 63 66 

67 53 67 51 45 78 

64 56 63 74 71 81 

16 60 65 56 73 69 68 

1S 49 36 45 39 38 50 

20 33 14 20 24 21 22 

0 0 0 0 0 0 

AIN MO 

Table ilo. kart 2, 1. Sumxiary of average 
per cent germination of second experiment 
after being maintained at a warm teiaperature. 

----- _________-__ 
Original i,loisture 

Content Per Cent 

------ ------ ----- ------ ---------- 
2er Cent of 3roken Grain 

71 20 

10 76 76 30 30 

12 72 67 74 57 

14 30 6 10 2 

16 2 1 0 0 

18 0 0 0 

20 0 0 0 0 

2A7 0 0 
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Table 1.1o. Part 2, eries 2. Summary of average 
per cent germination of second experiment after 
being maintained at a cool temperature. 

WO MOO 

Original iioisture 
Content Per Cent 

Per Cent of Jroken Grain 
12 15 20 25 

10 70 70 80 '73 

12 69 66 69 r4-4 
,,,,,, 

14 14 13 9 7 

16 4 0 4 5 

18 0 0 0 0 

20 0 0 2 1 

22 0 0 0 0 

Temperature 

The effects of temperature are in general the same as 

in Part 1, and the amount of broken grain present appeared 

not to be of any particular influence. 

The amount of mold growth present appeared to be less 

in the presence of broken grains. Respiration of broken 

grains is greater than that of whole or uninjured grain 

according to Cole an et al (18), and mold growth usually 

occurs only on grain whici has an injured or broken seed 
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coat (Hurd 30). It would therefore seem that grain with a 

high percentage of broken kernels would be a decidedly 

favorable place for heavy mold growth. It appeared however 

that due to the partial exclusion of air by the close packing 

of grain containing a high percentage of broken grain, there 

is a reduction of the supply of free oxygen, which liAts or 

retards the activity of the molds. While this was notably 

true in general, no consistent differences were observed in 

mold growth between mllo containing 12 per cent broken 

kernels and miler containing 25 per cent broken kernels, as 

can be seen by comparing Figure 22 and Figure 23. 

Insects 

o insects Lffecting grain were found in the kafir dur- 

ing the first experiment. In the second experiment in which 

mile was used and surer conditions were present, insects 

appeared in several samples. Identifications of these 

insects were !acid° by ?rof. George A. Dean, liead of the 

Department of Entomology, Kansas State College. The insects 

found were identified as the saw-toothed grain beetle, 

surinamensisp**0, the square-necked grain 

beetle, Silvanus zemellatus, Duv., and the flat grain beetle, 

2Eutplestes kusillus, chon. 

Alot without exception, the insects appeared in 

saplcs containing 14 per cent moisture. This agrees with 



kliLO 

Ficure 22. Mold growth on (silo containing 
12 per cent broken grain. Moisture content 
increases iron left to right. 

Figure 23. Mold growth on male ow* 
25 per cent broken grain. loisture 
increaece frua left to right. 

99 
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the conclusions of Lindgren (58) that insects affecting 

grain become less active in grain containing less than 14 

per cent moisture and that they cannot long exist in grain 

with 10 per cent or less moisture. The milo used in Part 2 

of the second experiment was considerably molded at 16 per 

cent moisture which may account for the absence of infesta- 

tion in grain. of higher moisture content. A number of active 

insects were transferred to containers of moldy grain and 

after a few days only one or two live insects could be found, 

indicating that aoldy grain may create a lethal condition for 

these insects. 

eight per Bushel 

Broken kernels affect the weight per bushel of kafir 

or milo according to the amount predent, At the beginning 

of the first experiment, the weight per bushel was recorded 

after different percentages of broken grain had been added. 

These weights and the final weight made from samples contain- 

ing the sane amount of moisture, for the cool and warm series 

are compared in Table XXX. 
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Table L. Weight per bushel of kafir as affected by 

different percentages of broken kernels at the 
beginning of the first experiment, and at the end 

......... 
Broken 
Grain 
Per Cent 

after staring at warm and cool temperatures. 

Average ';';eight per Bushel 
Beginning 
Experiment 

of En. pfEXperiment 
Cool V:arm 

0 56.2 55.2 54.7 

4 55,6 t.,5.2 54.7 

8 55.3 54.5 54.3 

12 54.7 54.3 53.6 

15 54.4 53.5 53.4 

20 53.9 53.0 52.9 

25 53.0 52.0 51.9 

Figure 24 shows graphically the effect of different 

percentages of broken kernels on weight per bushel. The 

presence of molds also affected the weight and caused a 

definite decline in weight per bushel as the amount of mold 

increased in the samples having the higher moisture contents 

as shown in Table XXXI. In the second experiment in which 

silo was used, the original weight was 57.6 pounds per 

bushel and the reduction in test weight with the addition of 

broken grain and with added moisture was similar to kafir in 

the first experiment. 
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Figure 24 Effect of different percentages of 
broken grain on weight per blishel of kafir at 
beginning of first experiment. 
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Table itsfir. Part 2, Series 1. Summary of average 
weight per bushel at the bef;inning of the first 
experiment* and at the end when maintained at a 
warm temperature. 

a__s_se seas sea .. 
Original Moisture 
Content Per Cent 

.. 
Per Cent of Liroken Grain 

10.01.1. 

4 ti 12 lb 20 

54.9 54.4 53.7 53.4 53.1 51.9 

54.5 54.4 53,7 53.4 52.7 52.0 

54.8 54.4 53.6 53.3 52.8 51.9 

16 54.9 54.3 53.5 53.8 53.0 51.8 

18 54.4 53.6 53.1 52.8 52.2 51.0 

20 45.1 45.9 47.5 48.6 43.4 44.1 

22 44.4 44.4 44.5 43.0 43.7 44.6 

Original weight 
per bushel 55.6 55.3 54.? 54.4 53.9 55.0 

. ... 
S. .6...111..............0.1.0.04106.0.1100...11.11.M.t.. 
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Table XXXII, Kafir. Part 2, orie& 2, Summary of average 
weight per bushel at he beginning of tho first 
experiment, and at the end vhen maintained at 
a cool temperature, 

.11.,.....OW!.0.W.P.M.4.1.1SinoW0.400.1WW4MINOD*WM0140!..0.4111.6 

Original Moisture 
Content Per cent 

r Cen , 
.16 

54.8 

65,5 

55.4 

16 65,4 

18 54.8 

20 

22 47.0 

53.4 

54 54* 83,8 62.9 

54,0 54.4 53,7 52,0 52.4 

54.5 54,3 54,0 534 51.9 

64.4 54.2 63,9 53,3 52.4 

54,2 54,9 63,2 52.5 51,4 

50,5 51,2 61,3 61.0 

46.1 46 45 7 4" 

52,6 

Original weight 
per bushel 55.6 55,6 54,7 64,4 53.9 53,0 

OW" 40111110401101011046.11010110,111.1141.1N41.10 ......40.10.0.11.4 .111.4.0.111.001MINOWNOWOWIr 01.....04110.011111.40.1.1140.0.1111.00.1.40e,g14 
0.004.411.4.1111011010.406.1.000.1411* 0* AP. .VP 04 00 01.10101404.0.0.0.1000160.01111,01.16.4,0001.0411.100404 040.10110111.10400.11014411N011.111. **011.41.410 



Table XIII. Milo. Part 2, Series 1. 3uxary of average 
weight per bushel at the end of the second 
experiment when maintained at a warm tempera- 
ture. 

Original Moisture Per Cent of roken Grain 
Content Per Cent 12 20 25 

10 57..2 

12 .56.8 

14 55.7 

16 48,6 

13 43.3 

20 46 4 

oo 

57.;5 

56.8 

49.1 

43.2 

46.2 

45.2 

45.9 

57.3 

56.2 

55.0 

48.5 

42.0 

45.4 

46.1 

56.9 

56.8 

54.6 

46.5 

44.3 

45.6 

45.7 

Table Part 2, Series 2. Summary of average 
weight per bushel at the end of the second 
experiment when maintained at a cool tempera- 
ture. 

Original Ziolsture 
Content Per Cent 12 

105 

.-or Cent of 3roken Grain 
15 0 25 

10 57.2 

56.5 

14 55.0 

1. 5 .0 

13 44.4 

20 44.7 

22 45.0 

57.2 

56,7 

55,6 

48.8 

43.3 

43.7 

46,6 

57.1 55.4 

56.4 56.3 

54.4 54.6 

47.3 46.3 

43.5 13.7 

44.3 45.2 

47.1 46.8 

.0 .0 
0.00110 011.0.0.10.0.1.41001.0040. 0.1000 00.11.1011000.001.01.411.0. 



106 

Loss in height 

The samples were weighed each week as in Part 1 of the 

experiment. Tables XXXV and XXXVI show the loss in weight 

in per cent for the first experiment. The first four 

samples contained the same amount of moisture, and they were 

averaged for each percentage of broken grain. In the series 

stored at the warm temperature there was the greatest per 

cent loss in weight in the grain containing the greatest 

amount of broken grain, while in the cool series the largest 

percentage loss in weight was in the grain containing the 

least amount of broken grain and the loss in weight decreased 

as the percentage of broken grain increased. Therefore no 

correlation was shown between the percentage of broken grain 

present and the per cent loss in weight for either tempera- 

ture. The percentage loss in weight was nearly three times 

as great in the warm series as in the cool series. The loss 

in weight increased rapidly with the increase in moisture 

content. 

In the second experiment the loss in weight is shown 

in Tables XXXVII and XXXVIII. There is little consistent 

difference in the loss in weight between the warm and the 

cool series due to the converging temperature levels, but 

the loss in weight increases consistently in both series 



with increase in moisture content. In tills test all 

original moisture contents from 10 to 22 per cent were in 

accordance with the plan for the beginning of the experiment. 

Table XL(V. Kafir. Part 2, Series 1. Summary of loss of 
weight in per cent at end of first experiont 
after being maintained at a warm temperature. 

Sriria1 Iioisture Cent of 3roken Gr 
Content ')er Cent 

1.01 .84 .97 .84 1,01 1.14 

1.06 .96 1.03 1.01 .95 1.12 

1.15 .92 94 .90 1.09 1.16 

16 1.21 1.1 .88 .88 1.04 1.21 

18 1.30 1.23 1.12 1.37 1.35 1.28 

20 3.04 2.97 . 2.52 1.94 3,66 2.68 

22 4.97 4.50 4.47 4.94 4.82 4.29 

--- 



Table XXXVI. Kafir. Part 2, Series 2. Summary of loss of 
weight in per cent at end of first experiment 
after being maintained at a cool temperature. 

noodwor. . wa, .. . 
Original Moisture 
Content Per Cent 

.... .. .. mwommrAloommew sass------ rtr-s-rrrr 
Per Gent Of 4roken Grain 

4 8 12 S5 20 25 

.44 .44 .33 .33 .33 .32 

.37 .40 .42 .29 31 .26 

.42 .37 .30 .31 .33 .25 

16 .40 .39 .37 .32 .30 .26 

13 .47 44 .37 .55 .45 .33 

20 .03 .95 .63 .56 .65 

22 .97 1.44 1.75 1.12 1.19 .90 

.. .... 
0. .1.00.0.10411.0.0 

Table XXXVII, Milo, Part 2, Series 1. Summary of loss of 
weight in per cent at end of second experiment 
after being maintained at a warm temperature. . . sws ssrrssssrsssssas 

Per Cent of Broken Grain Original Moisture 
Content Per Cent 1C :20 

10 .15 .17 .13 .33 

12 .41 .45 .45 .35 

14 .65 75 .76 .87 

16 1.59 1.91 1.76 2.59 

13 4.44 3,69 4.19 446 

20 4.49 4.01 5.67 4.84 

22 5.16 4.72 ,,,,,,,),) 

108 
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Table Nilo. Part 2, Series 2. Summary of loss of 
weight In per cent at end of second experi- 
ment after being maintained at a cool temp- 
erature. 

1.-Iginal Aoisture 
Uontent Per Cent 

Per Cent. of 3roken Grain 
"IT- 20 25 

10 .01 .20 .27 .29 

12 .39 .49 .54 .54 

14 .57 .61 .61 .76 

16 .97 1.44 1.76 1,90 

18 3.28 3.02 3.30 3.79 

20 4.46 4.62 4.76 3.69 

22 4.42 4.55 4.35 5.08 

10__s55 # ...... . - 0110 NO AV 04 

.******400W0.41**40.4.0011100.0.0. 00.000.0.0.0 004 .. . 44.4.00407001.00.10 . . 001.00,* .0.00 .1.1640.01.41.10.10y 

AND CONCLUSIONS 

Moisture and temperature appeared to be the most 

important factors in grain storage. Kafir and mile may be 

stored successfully with high moisture content at low 

temperatures, or with low moisture content at relatively 

high temperature, but not with both high temperature and 

high moisture content. 

In general, grain sorghums stored at 33.2 degrees C. 

(91.7 degrees F.) lost moisture when the grain contained 

below 16 per cent moisture at the start, and gained moisture 
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as the experiment progressed when the grain contained above 

16 per cent moisture. The gain in moisture content from the 

original 22 per cent at the beginning to as high as :53 per 

cent, was attributed largely to the development and respira- 

tion of molds. 

Grain sorhurns stored at 19.7 degrees C. (67.4 degrees 

P.) varied AUCII less from the original moisture content as 

the experiment progressed. There was a gain in moisture only 

when the original moisture content was 20 per cent or more 

and this gain was insignificant. 

The change in moisture content was small during the 

first two-week period, but during the second two-week period 

the change was generally very greet with some additional 

change in the third two-week period. 

The weight per bushel of kafir and mile declined slowly 

as the moisture content increased from 10 to 15 per cent. 

There was a rapid decline between 16 and 19 per cent moisture 

with a slower decline as the moisture content was further 

increased. 

:emperature caused greeter decline in weight per 

bushel than cool temperatures us the moisture content 

increased. 

Grain stored under anaerobic conditions declined less 

in weight per bushel than when stored under aerobic con- 

ditions. 
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In most instances the decline in weight per bushel 

occurred largely during the first two weeks. 

It was difficult to obtain uniform samples and therefore 

uniformity in test weight per bushel of grain containing high 

moisture content and in which a badly weldeL condition 

existed. 

The loss in weight during the first experiment was 

approximately one-third as much when stored at 19.7 degrees 

C. (67.4 degrees F.) as when stored at 33.2 degrees C. 

(91.7 degrees F.) 

The loss in weight increased slowly when the grain con- 

tained 10 to 15 per cent moisture end increased rapidly an 

the moisture increased above 15 per cent. 

eiold spores were naturally present on kafir and mile 

used in these tests. 

;ale was more susceptible than kafir to the attacks of 

molds which affect grain, 

Under more favorable conditions of moisture and temp- 

erature mold growth started in a few days and the 'eaximem 

development usually occurred during the second week. 

Mold growth occurred on kafir and mile with a moisture 

content as low is 11 or 12 per cent, but usually began at 

13 to 14 per cent moisture. The point at which grain 

sorghums begin to deteriorate coincides closely with the 
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point at which molds begin to develop. 

In these experiments the predominating molds were 

identified as Aspergillus aiger, A. flavus, and Gephalothecum 

rose= Cda. This last named mold is pi lc and occurred 

laro:ely on grain stored at cool temperatures. 

idold groath in the high moisture sails increased 

respiratory activity sufficient to increase the moisture 

content from eight to ten per cent in many of the samples. 

Treatment with Ceres= or 6emesan as used in these 

experiments retarded but did not prevent mold growth on 

kafir and milo. liter molds once began to grow on treated 

grain they seemed to spread moe uniformly throughout the 

mass of grain tbk-kn in the untreated series. 

Lilo appeared to begin germination sooner than kafir 

under like conditions. 

There was a consistently higher per cent of germination 

of both kafir and Milo after storage under cool conditions. 

Kafir in the cool series of the first experiment germinated 

unusually high in the higher moisture contents. The per 

cent of germination declined in the higher moisture ranges 

approximately in proportion to the amount of Avoid growth 

present. 

The per cent of germination in the sealed series 

declined in approximate accord with the apparent amount of 

alcoholic fermentation. 
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The volume of kafir and mile increased, in general, in 

approximate relationship to the moisture content of the 

grain. 'hen water was added the change in volume occurred 

largely in the first twenty-four hours, with mile increasing 

in volume slightly faster than kafir. 

The amount of broken grain present had an appreciable 

effect on germination. 

The amount of mold gr Ith was in inverse proportion to 

the amount of broken grain except when only small amounts 

were present. It appears that the more broken grain present, 

the closer the grain will pack and more air is excluded from 

the central portion of the mass and that there is less mold 

growth. 

The insects appearing in the mile in the second exper- 

iment were the saw-toothed grain beetle, the square-necked 

grain beetle, and the flat grain beetle. They appeared 

almost entirely in mile containing 14 per cent moisture. 

There was a definite correlation between the percentage 

of broken grain present and the weight per bushel. There was 

also a consistently higher weight per bushel of kafir kept 

at a cool temperature than when stored at a warm temperature, 

although the difference was not great. 

The critical point in the moisture range in kafir and 

milo, as shown in Figures 25 to 2B inclusive, appeared 
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generally to be between 13 and 15 per cent. It appears that 

kafir will carry slightly more moisture than milo and keep 

safely. Storage difficulties may occur at 13 per cent and 

less moisture and under certain circlimgtances with cool 

temperature these grains containing more than 15 per cent 

moisture may be safely stored. 

Tabular summations of the condition of the grain at the 

end of the treatment in the several experiments are given in 

Tables XXXIX to XLII inclusive. 



Table XXXI Kafir. Part 1. Summary of condition of grain 
at end or first experiment. 

eries Series 
Series -eries r* 5B 

oisture Series Series 3 4 Varm Viarm 

Content 1 0 '-arm arm :iemoved Removed 
Per Cent Warm Cool Treated Sealed 4 V:eeks 2 Yeeks 

10 Good Good Good Good Good 

11 Good Good Good 

12 Slightly 
musty 

Good Good Good Good Good 

13 Yusty God Good 

14 Very 
musty 

Good Good Slightly 
musty 

15 Good Good 

I I Good Good Good Very 
musty 

Good 

1'7 lightly 
musty 

Good 

18 Very 
moldy 

Very 
musty 

Foggy with 
black spores 

7oldy Musty 

19 Moldy Moldy 
black fog 

20 Very 
moldy 
caked 

Moldy Moldy Odor 
black foc fermen- 

tation 

Very 
moldy 

noldy 

23. Very 
moldy 
caked 
solid 

Very 
moldy 

If 

4.44410141.410- 

n Strong Very Moldy 
odor moldy 

fermentation 
VOW.. 1041*400040.4,0 40.110 

1111..../0 = . 



Table XL. Milo, Part 1. Summary of condition of grain at 
end of first experiment. 

.0060* ........ ... ..... 40. .... ..... 
Series Series 

Series Series 5A 513 

Moisture Series Series 3 4 Warm Warm 
Content 1 2 :.arti farm emoved Removed 
Per Cent "Arm Cool Treated Sealed 4 Yieeks 2 ''iselz.s 

10 Good Good Good Good Good 

11 Good Good Good 

12 Good Good Good Good Good Good 

13 Good Good Good 

14 Good Good Good Good Good 

15 Stale Good Good 
odor 

16 Musty Stale Stale Good Musty Good 
odor odor 

17 Very Musty Musty 
musty 

18 Very Foggy- Moldy Musty 
musty black 

Mold spores 

19 ci 

20 Badly Moldy Voggy- Odor Very oldy 
molded black and fer- moldy 
caked brovmmoA menta- 

spores tion 

21 ii 

it 

Very Very 
moldy moldy 

not caked 

tt Very Strong Very 101dy 
moldy odor moldy 
coked fernen- 

tation 

116 
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Table XLI. Kafir. 
at end 

Part 1. Summary of condition of grain 
of second experiment. 

... 10,4,4 110. 00.* 

'eries "eries 
..1r' Series Series , k. 5B 

Series 3 4 larm arm 
2 If;arm iarm removed emoved 

Cool freated Sealed 4 :;eeks eek 

Uoisture eries 
Content 1 S 
Per sent -n= 

10 

11 

12 

1 

14 

15 

1G 

16 

19 

20 

21 

22 

Good Good Good 

Good Good Good 

Good Good Good 

Good Good Good 

Stale Good Good 

Slightly Slightly Stale 
musty musty 

Moldy .::usty Musty 
through- 
out 

Badly Badly o1dy 
molded molded through- 

out 

it 

0 

fl 

ii 

it fl 

Good 

:Oldy 

Odor 
fernen- 
tation 

Strong 
odor 

fernen- 
tation 

Good 

Good 

Trace 
musty 

Musty 

Moldy 
through- 
out 

Very 
moldy 

Very 
moldy 

Good 

Good 

Good 

Musty 

Moldy 

1dy 

_oldy 



XLII. Alo* Part I* Su=ary of condition of grain at 
end of second experiment. 

8111"01, OM ANY 

Series Series 
Series Series 5A 513 

loisture Series Series 3 4 Warm Warm 
Content 1 2 warm warm Removed Removed 
Per Cent Warn Cool Treated Sealed 4 Weeks 2 'eeks 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22, 

Good 

Good 

Stale 
odor 

Trace 
musty 
odor 

Musty 

Moldy 

tf 

tt 

Good 

Good 

Good 

Trace 
musty 
odor 

laisty 

.oldy 

rP 

IP 

U 

ft 

Good 

Stale 
odor 

Trace 
musty 
odor 

Slightly 
musty 

Musty 

Musty= 

Moldy 

ff 

11 

fP 

P1 

Good 

Good 

Odor 
of fer- 
ments- 
tion 

Strong 
odor 
ferrnen- 
tation 

Good 

Slightly 
musty 

Musty 

Moldy 

Very 
moldy 

Very 
moldy 
caked 

Very 
moldy 
caked 

Good 

Good 

Good 

rusty 

Moldy 

Yoldy 

... 
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Two weeks 
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at end of two, four and 
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