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More Knowledge 
About Sorghums. 

Chinch bug damage is a major obstacle to full develop­
ment of the sorghums as a basis for agriculture in areas where 
corn yields are uncertain. Breeding of varieties to withs,tand 
chinch bug attacks would be greatly speeded up if the resistance 
Of parent stock and first-generation hybrids COUld be determ­
ined by a chemical test. Some years ago it seemed this might 
·be possible, so Station chemi3ts began a series of analyses of 
resistant and non-resistant varieties. 

To date, no positiv·e relationship between chemical compo­
sition and chinch bug injury has been found. But the analyses 
have eliminated some theories from consideration and thereby 
narrowed the search. The data obtained provide the basis for 
a more intensive search in the future. They also provide 
hitherto unavailB!ble information on the nutritive value and 
other chemical characteristics of young sorghum plants. Most 
previous research dealt only with plants at the heading stage 
or later. This bulletin thetefore was prepared to make the 
informaton obtained avaHable to other re.seareh workers and to 
those interested ·in rthe use of sorghums for 'fe·eding and lindus­
trirul processing. 
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Chemical Composition of Sorghum Plants at Various 
Stages of Growth, and Relation of Composition 

to Chinch Bug Injury 

By JAMES E. WEBSTER, JOHN B. SlEGLINGER, 
and FRANK DA VI·ES * 

The data reported in this bulle•tin were secured in the 
course of an effort to determine: 

(a) If gross chemical diff.erences between sorghum vari­
eties could be correlated with resistance to chinch bug 
injury, and 

(b) If there were differences that could explain why some 
varieties recover from such injuries more readily than 
do others. 

At the time this work was begun or shortly thereafter, most of 
the commoner varieties of sorghum had been classified roughly 
as to chinch bug resistance. Great differences in resistance 
had been noted, and it was known that these differences are 
most pronounced when the plants are small. 

A survey of existing literature indicated very little had been 
published regarding the composition of immature sorghum 
plants, and in that which had been published varietal compari­
sons had not been stressed. The data reported in this bulletin 
wer·e secured to furnish research workers with information re­
garding the basic chemical changes that occur in young sorg­
hum plants as they grow, and to find if these changes could 
be correlated with the known differences in chinch bug resist­
ance. Little hope was held that a knowledge of these changes 
would finally solve the pmblem, 1but the data obtained should 
serve as a basis for future and more intensive researches on 
the subject. 

In preliminary analytical work with Atlas and Milo plants 
(21), several differences were found which it seemed might be 
correlated with resistance. These varieties, however, are quite 
dissimilar in growth characteristics, and many of the observed 
differences were undoubtedly correlated with differences asso­
ciated with large- and small-seeded plants (2) and dwarf- and 
tall-,growing varieties, rather than with inse·ct resistance. 

• Respectively, Associate Research Chemist; Agronomist (SOrghums) ; and Associate 
Agronomist (Sorghums) • 

[5] 
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The present study included several varieties of grain sorg­
hums of widely differing growth characteristics. Some vari­
etie3 used are very resistant to chinch bug injury as determined 
at the earlier stages of growth. Others are moderately so, and 
some are quite suscepti,ble. 

Also included in this bulletin are some studies of root exu-
dates and of sap viscosities. · 

REVIEW OF LITERATURE 

Plant Protection by Martin (8) and the article on "Re­
sist~ance of Plants to Insect Attack" by Snelling (17) are useful 
general references. A review article (18) whicllappeared while 
this bulletin was being written discusses in detail the chemical 
factors associated with insect resistance. 

Nearly all of the published work relating to the composi­
tion of the sorghum plant, 1for example the paper by wmaman 
( 22), deals With the plants· after the panicles have appeared. 
Miller (10 and 11), however, made studies of sorghum leaves 
that covered their moisture content; and in one paper their 
carbohydrate content at various stages of growth commencing 
when the plants were about one foot in height. A more recent 
paper (6) reports remits of sugar determinations run every 
14 days during growth. iri it totaJ sugars are reported to in­
crease up to seed formation, with glucose predominating in 
young plants and sucrose in' the mature plants. 

EXPER~MENTAL METHODS 

Location of Plantings, Soil, and· Cultural Methods 

The field plantlngs were chiefly made on the Perkins 
Agronomy farm 9 miles south of StiUwater, Oklahoma, except 
the f.irst year, wh.en the crop was grown on the U.S. ·Field 8ta­
tion at Lawton, Oklahoma. !Some limited plantings were made 
at rStillwate:r and result3 for these plantings are covered in 
Tables VI, VII and VIII. · Some of the latter discussions are 
rbased, upon samples grown at. Stillwater. Greenhouse plant­
ings akso were made at Stillwater in a typical composited green­
house soil. 

'The Agronomy far~ soil is classified as Chickasha very 
.fine sandy loam. 'The sorghums were grown in a crop rotation 
of corn, cotton, and· grain sorghum. The rows were planted 
3% feet apart and seed was sown very thickly in the rows to 
provide a large number of plants for samples ·While the plants 
were small. Later the plants were thinned to a stand of 8 to 12 
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inches apart. The soil was cultivated as often as necessary to 
keep it free from weeds until the plants were too large to be 
cultivated. Usually the plants were grown in two-row plots, 
100 to 200 feet long, and varieties were alternated, first a resis­
tant and then a susceptible variety. No fertiliz,er or special soil 
treatments were used. 

Growth conditions at Lawton were similar to those on the 
Agronomy farm. 

Varieties of Sorghum 
Many strains and selections of the various sorghums exist 

and for this reason a detailed des~ription of the varieties used 
is necessary. The same strain has been used throughout for 
all of the varieties wibh one exception. Two strains of Dwarf 
Yellow Milo were in use ·at the time these tests were run, and 
as a result both the Finney and Texas Milo were used at one 
time or another. These are both true Dwar·f Yellow Milos and 
lthe'ir indiscriminate use shou~d not significantly alter the 
results. For convenience in wri:ting and twbulating only the 
commoner names are used in the ta'bles and discussions that 
follow. 

The sorghum varieties used in these tests, and their r·ecord 
numbers were: 

S:Jrgo: 
Atlas 
Kansas Orange 

Kafir: 
Blackhull 
Reed 
Sharon 
Olub 
Kafir <Woodiward) 
Kafir <Woodward) 

Feterita: 
Feterita 

Feterita and kafir deriva.tives: 
Ohiltex 

Milo: 
Dwal'lf Yellow, Finney 
Dwarf Yellow, Texas 
Day 

Milo derivatives: 
Whiea.tland 
Kansas Orange x Dwarf 

Yellow Milo (K~mSBS) 
Club x Day, Lalw.ton 

Othel'l varieties: 
Quadroon 
Dar so 
Pig-Nose Durra · 
Corneous Durra 

c. I. 899 
F. C. 9108 

c. I. 71 
C. I. 628 
c. I. 813 
C. I. 901 
60-50-49-21 
58-515-46-19 

C. I. 182 

c. I. 874 

C. I. 1089 
T. S. 338 
C. I. 959 

C. I. 918 

'24-136 
38-65 

F. C. 16181 
C. I. 615 
C. I. 696 
C. I. 695 
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Collection and Preparation of Samples 

Samples for analyses were secured by cutting the stalks 
just above the mrface of the soil. The plants were placed in 
paper bags and transported to the laboratory where they were 
measured (height and diameter) and then cut into % inch 
pieces in a hand ensilage chopper. The time required for this 
stage of the sampling occupied about one hour. Two proced­
ures were follolwed after this stage: (1) from the beginning 
through 1938, the samples were stored in a refrigerator and as 
quickly as possible they were ground through a power meat 
grinder and samples taken at once for pressing to secure juice 
or for alcoholic storage; (2) from 1939 on, the chopped samples 
were mixed with dry ice in sacks and placed in a freezing cham­
ber over night. The frozen samples were thawed the next day 
as needed and ground through the power grinder as before. 
This freezing step permitted the .samples to be secured in the 
afternoon and then worked up conveniently the following day. 

:Some of the samples were cut in the morning at 7:00a.m., 
others were cut at 12:30 p. m., and others were cut at 3:30 to 
4:30p.m. The later samplings were taken because sugars have 
been found to reach their maximum percentage at about this 
time (21) and sucrose was one of the constituent3 of particular 
interest. This time of cutting also permitted a whole day after 
freezing for working up the samples. The number of plants 
used varied from a hundred or more when the plants were small 
to as few as five or six at the last sampling period. These sam­
ples were selected from various places in the row to reduce as 
far as possible any error due to soil heterogeneity. Samples 
taken when the plants were quite small were often contami­
nated with sand which could not readily be removed from the 
5talks without loss of soluble material. 

Leaves and stalks were not separ>aJted 'because during the 
earlier stages of growth the stalk is made up quite largely of the 
!basal portions of the leaves, and even when the plants are 
quite large the insects apparently secure an appreciable part of 
th·eir nutrients from the portion of the 1leaves surrounding the 
stalk. 

After grinding through the power grinder, the samples were 
thoroughly mixed to secure an homogenous sample and por­
tions imm~diately weighed out for moisture, nitrogen, and any 
other determination requiring the whole material, and for pre­
servation in 80 percent alcohol. Where juice analyses were 
made, the large cage of a Carver hand press was filled with the 
ground tissue and the juice immediately expressed to the ca-
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pacity of the press. This juice was then centrifuged in large 
cups for 10 minutes and determinations run using the super­
natant liquid. 

For preserving samples in alcohol, duplicate 50 g. aliquots 
were weighed out and placed in 500 mi. wide mouth Erlenmey­
ers, covered with 95 percent redistilled alcohol, and boiled for 
10 minu:tes. After ·cooling, enough a~cohol was added to g·ive a 
final alcohol concentration of 80 to 85 percent by volume. Ex­
traction of the preserved samples was completed in large 
soxhilets, running unti'l the perco1a.te was dear (16 to 30 hours). 
After a short eXJtracti:on, the original alcohol in the somlets 
was replaced with fresh alcohol, thus preventing a prolonged 
heating of concentrated extracts. 

Chemical Methods 

Solids: Values for solids were secured by drying the sam­
ples over nighit in an oven held at 105° C. If this did not give a 
·constant weight the samples were 8/gain dried •for 4 to 6 hours 
and .finally brought to constant weight. No appreciaJble cara­
melization occurred rwith this procedure, therefore drying in a 
vacuum oven was not deemed necessary. 

Ash: Figures given for ash represent the residue left after 
the solids samples were incinerated at low red heat (600° C.) 
for at least one hour. All solids and ash determinations were 
run in platinum dishes. 

Mineral A1Ullyses (Cl, K, P, Ca): Determinations of Ca, P, 
and K were run according to the di~·ections in the 011icial and 
Tentativet Methods oj Analyses •(1), in the sec·tion on plant 
analyses. Chlorides were run according to the voiumetric pro­
cedure in this same section, except. that samples were not ashed 
separaJtely; in:s.tead, the determinations were run on the ash 
determination residues. 

Titratable Acidity: Titrations were run on 5 ml. samples 
of the centrifuged juice after diluting to 300 ml. with distilled 
water. One mi. of phenolphthalein solution was used as an 
indicator. In the ta.bles, the results are expressed in the num­
•ber of mi. of Nj'10 al1kali required to titrate 100 mi. of the centri­
.fuged juice. 

Hydrogen-ion Concewtration: The Youden quinhydrone 
set-up was used for the earlier pH determinations. Later de­
terminations were run with a Coleman glass e}ectrode set-up. 

Astringency: Tannins tand rela.ted substa!llces were de­
termined ooing >the Loewenrthal-'Procte~r method as ldesc,ribed in 
the text by Griffin ( 4). This is essentially a method for tan­
nins and the results eXIpressed as total astringency and non-
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tannins are of value only for comparison becau.se they are cal­
culated as tannins. They include any plant substance easily 
oxidized by KMn04 solution. The results for non-tannins were 
secured by subtracting the tannin figures from the total 
astringency values. 

Sugars: Sugars were run by the Shaffer-Hartman proced­
ure as outlined in the laboratory manual 1by Morrow (13). 
Samples of the juice were clarified with neutral lead acetate, 
and the excess lead was removed with solid neutral potassium 
oxalate. Aliquots of the clear filtrate were then used for the 
determination of REDUCING SUGARS, which were calculated 
as invert :sugars. TOTAL SUGARS values were secured by in­
verting an aliquot of this cl·eared juice with HCl (1). Thd:s was 
accomplished by allowing the acidified sample to stand over 
ni,ght and then neutralizing it with solid Na2C03 • Reducing 
sugars were run on this neutral solution as before. The values 
reco·rded in the tables are the values secured in the actual de­
terminations and were not secured by adding together the re­
ducing and sucrose values, 'as is often done. SURCROSE values 
were secured by subtracting the reducing sugar percentage 
from the total sugar percentage and multiplying the result by 
the factor .95. Sugars were ·run on alcohol-preserved ma,te­
rial as follows: (See sampling methods for preparation of 
the extract). 100 ml. aliquots of the extract were transferred 
to 250 ml. evaporating dishes and the alcohol was removed by 
repeated concentrations of the liquid, care being taken to 
keep the sample from going to dryness. The concentrated ex­
tract was then diluted with water and cleared with lead acetate 
as previously described. Sugars were then determined as de­
scribed for the fresh juice. 

Nitrogen: All nitrogen determinations were run by the of­
ficial Kjeldahl method using the Gunning modification (1). All 
total nitrogen determinations were run on either the mixed 
ground samples or the centrifuged juice after it had been 
evaporated to dryness on a steam bath (1 ml. of concentrated 
H 2S04 was added lbe'fore evaporation was ·begun). Soluble ni­
trogen values are given only for ~the S~amples preseTVed !in ai­
cohol,and they Tepresent that •fraction of the nitrogen soluble in 
80 percent alcohol. AUquots of l~he alcoholic eXitract were acidi­
fied with H~04 and evaporated to near dryness 'before begin­
ning the digestion. Where given, the insoluble nitrogen values 
were secured by subtracting the soauble percentages from the 
total nitrogen percentages. · · 

Hydrocyanic Acid: The procedure used for determining 
hydrocyanic acid was essentially that described in the paper by 
Menaul and Dowell (9). · 
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Enzymes: CATALASE was run on 10 ml. of neutralized 
juice following the procedure outlined ·by Davis (3). The iodi­
metric method of Guthrie (5) was used for OXIDASE determi­
nations and PEROXIDASE determinations were run essentially 
as outlined in the paper by Miller (12). 

EXPERIMENTAL RESULTS, AND DISCUSSION 
OF INDIVIDUAL CONSTITUENTS 

The ta'bles include much of the data secured over a period 
of years on the gross composition of various sorghum varieties. 
Attention is called particularly to the time of day at which 
samples were secured, since earlier publications have shown a 
marked diurnal fluctuation. 

Tables are arranged so the most susceptible vS~rieties come 
first and the most resistant last, using as a basis the classifica­
tion given by Snelling et al. (15) and the observations of the 
authors rut Stillwater. Many fS~ctors may al<ter this :absolute 
listing, such as age of plants, climate, soil and degree of infes­
tation. It should in no case be considered as a positive listing, 
·but rather as a tool for discussing resistance. 

Composition of Juice and Plants 

EXPRESSED JUICE 

Solids: There was a tendency in all varieties for the solids 
to decrease somewhat from an initial high point when plants 
are small and then increase as heading time is approached. 
The low point seems to correspond generally to the place where 
accelerated growth begins (2). Juice from late plantings runs 
somewhat higher in . .solids than does that from earlier plant­
ings (Table I), which may be due to better all-round growth 
conditions. Juice from plants grown in the greenhouse is lower 
in solids than juice from outdoor plants of the same· approxi­
mate height (Table II). There are a few differences that are 
consistent year after year. Sap from the dwarf varieties, 
Dwarf Yellow Milo and Wheatland for example, always runs 
higher than the average, while Atlas and Kansas Orange a·re 
consistently lower. l:p. teres tingly enough, the Kansas ·Orange 
X Dwarf Yellow Milo cross much more resembles the milo in 
composition than it does Kansas Orange. There is little ap­
parent correlation between chinch bug injury and the solids 
content of the juices, for the jui·ce fTom Feterita, a very sus­
ceptible variety when the plants are small, is just as low as are 
Atlas and Kansas Orange. · 
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Ash: The ash percentages usually vary in much the same 
direction as the solids while the plants are small. Later, the 
ash percentages decrease or remain s~tationary while the solids 
percentages increase. As with the solids, the two sorgo vari­
eties consistently remain low in ash. The comparative ash 
percentages vary with the type of growth in that there was a 
marked de·cre·ase when the tall varieties !began to .grow rapidly. 
This stage is beyond the usual point where chinch bug resist­
ance differenc•es are most pronounced and seems without any 
special signiricance. The dwarf varieties or dwarf g1rowth of 
tall varieties were comparativ,ely higher in ash percentages. 

Titratable Acidity: There was little difference between 
varieties as regards initi·al and final values for titraJtabloe acid­
ity, but there was considerable variation during intermediate 
struges. Some varieties decreased for a time and then in­
~creased; othe·rs increrused 'for a time, then decreased, and 
finally increased again. There was no apparent correlation be­
tween th~s value and chinch bug resistance. 

Hydrogen-ion Concentration: The different varieties are 
probably more nearly alike in pH than in any other respect. 
Nearly all of the values fall into the range pH 5.00 to 5.30, with 
most in the narrower range of pH 5.1 to 5.25. An exception 
was the crop grown in the greenhouse (Table II), where the 
rucidity was considerably ·le.s.s. There rwas definitely no correla­
tion between pH and chinch bug resistance as shown by the 
figures in these tables. 

Astringency, Tannins and Related Substances: Determi­
nations of tannins and rela·tled substances were made chiefly to 
find if there was any relation between the tannin content and 
insect resistance. In most vari•eties there was a steady de­
crease in amounts of tannins until head:ing began. This was 
most pronounced, perhaps, in the susceptible varieties; how­
ever, as 'With many other constituents, the ·ohanges occurred 
only after the period when varying susceptibility is greatest. 
Total astringency values were quite similar for all varieties 
and showed a gradual decline as the plants ag.ed. Plant.s 
grown in the greenhouse are relatively low in total astringen­
cies and tannins, a ·char8!Ctteristic prdbaJbly associated with a 
lack of greenness and lush growth. It does not seem that tan­
nins a·re a major contributing factor in resistance, although 
at heading ltime •the susceptible v·arieti,es are :generally much 
lower in tannin:s but not in non-tannin astlringencies. Whole 
plants when smaH contain tannins in about the same amounts, 
yet they show wide variations in resistlance. This is in con­
formity with widely held views regarding the !"elation of tan­
nins to dis·ease resistance in .plants (14). 
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Sugars: There was a gradual increase in percentages of 
sugars as the season progressed, with the increase being greater 
for surcrose than for reducing suga·l.'IS. The sorgos are an ex­
ception in thaJt up until heading time very little sucrose was 
ever present. It is interesting to note that the Kansas Orange 
X Dwarf Yellow Milo seems :to have acquired 1the sugar charac­
teristics of Milo sinc.e it always contained sucrose in appreci­
a,ble amounts. In an ea,rlier 'bulletin (21) it was noted thaJt 
one of the greatest apparent differences between Milo and 
Atlas was in the amount of sucrose present, particularly in the 
}ate afternoon. 'The hope that this might prove of value in 
classi:fying plants ·in relation to resistance has not been ful­
filled, as ·Clan 'be seen by 'l'eference to the ta·bles. All of the vari­
eties except the sorgos contained large amounts of sucrose at 
all stages of growth including, as noted, the h~ghly resistant 
Kansas Orange cross. It is 'to be noted that statements regard­
ing the differences in sweetness of matur·e varie,ties are not 
valid when applied to younger plants in that there is very little 
over-all difference in the percentages of sugar in the juices 
from the dtfferent varieties 'before heading. 

While the plants are developing before heading there is a 
steady increase in the propovtion of total solids that is sugars. 
When the plants are first analyzed, sugars make up about 35 
perc·ent of the solids, while at heading time often 60 to 65 per­
cent of the solids are sugars. 

Nitrogen: As with many other constitutents, the socgo 
family is different from the other sorghums in nitrogen. There 
was usually a decrease in ru.trogen percentages ·in sorgos as 
the plants neared the heading stage. A part of this was un­
doubtedly due 'to the rapid growth of these varieties, but a part 
was probably due to varietal differnc•es. It would seem that 
there is only a Hmited amount of nitrogen available to the 
plants, and if rapid growth takes place (sorgos) the percentages 
decrease, while if the increas·e in size is slow (dwarf varieties) 
the nitrogen percen'tages increase. On the basis of amounts 
present it would :seem ltha,t the total nitrogen content of the 
juice is not a factor in chinc•h 1bug resistance. Pe11haps, as in­
dicated in a previous paper, the distribution between forms 
(19) may be a factor. 

Chlorides: Analyses for chlorides were made in only one 
y·ear, and they do not seem significant in relation to chinch bug 
resistance. 

Enzymes:. The anMyses for enzymes as given in Tables I 
and II are not very extensive and they fail to show any signifi­
cant difference unless it is the catalase values recorded in Table 



14 Oklahoma Agricultural Experiment Station 

II. These analyses are of greenhouse plants, and unpublished 
data on field samples as well as the data in Table I fail to show 
these differences. 

WHOLE PLANTS 

Solids: With the e:x:ception of the fir.st samphlng when the 
percentages of solids' are unifo.rmly high because of entrapped 
sand, the percentages remained generally the same or increased 
somewhat as growth continued. Most of the vari·eties con­
tained about the same percentages while the plants were 
small. Tall-growing plants increased less in percentage of 
!SOlids •than did the dwarf •forms. 

Ash: Percentages of ash fluctuated more than the solids 
percentages, and the values for the filrst sampling are highly 
erroneous because of the sand present. Relativ·ely, the ash 
percentages remained about the same as the plants grew, most 
tall-growing forms remaining somewha)t lower in percentages. 
Previous work had shown some differences in the chloride con­
tent of varieties and the analysis was repeated on the larger 
number of varieties. As with most of •the other analyses, no 
correlation could be found with chinch bug resistance. The 
chlorides percentages rise for a time and then dec·rease as 
heading time is approached. 

Sugars: Reducing sugars percentages uniformly increase 
as the plants matured, with all varieties starting at about the 
same general level. Most of the varieties at the first sampling 
time contained about ·the same percentage of ·sucTo:~e a·s of re­
ducing sugars, but Atlas and Kansas Orange varieties are no­
table exceptions. Sucros·e percentages generally increased 
faster than did the reducing sugars and rapidly exceeded the 
amounts of reducing sugars present in nearly ail varieties ex­
cept Atlas, which again is a notable exception. There is little 
evoidence of any correlwtion between chinch bug resistance and 
either the total amounts of sugars present or classes or sugars .. 

Nitrogen: It is generally recognized that increased sup­
plies of nitrogen to p1ants often. increase their susceptih!iUty 
to insect injury. ·For this reason the nitrogen content of the 
plants was examined at considerable length (19). However, 
the data in this publica!tion fail to show any positive correla­
tion of the nitrogen content, eithe·:J:' total or soluble, with the 
known chinch bug resistance of the plants. The percentages 
decrease i•vregularly in most varieties; some few, however, 
show increases. All that can be said abou:t the soluble nitrogen 
percentages is that they vary in no predictruble manner. 
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Hydrocyanic Acid: Another factor that has been men­
tioned as having a possible relrution to chinch bug resistance 
is the presence of cyanogenetic glucosides. The data in 
Tables I and II indicate about the same rela'tive amounts of 
HCN in the plants irrespective of their chinch bug resist­
ance. Certainly, no variety was lacking in HCN nor did any 
one variety show excessive amounts. 

Mineral Analysis: The data in Table VIII show the 
more important mineral elements found in sorghums. None 
of the comparisons appears to have significant relation to 
chinch bug damage. 

Composition of Genetically Related Species 

An earlier, preliminary discussion of the results indi­
cated that there was little hope of finding consistent vari­
ations in chemical composition when such widely dissimilar 
varieties were compared. Therefore, two varieties of sorg­
hum each having two strains of differing chinch bug re­
sistance wer·e selected for further testing. These four strains 
we·re grown for two years at Stillwater an:d results secured 
one year are given in Tables VI and VII. Results for the 
other yea;r are quite comparable and so are not included !in 
the tables. Generally, the results failed to show any differ­
ences that could be correlated with varying resistances; in 
fact, 'they are characterized more by their close agreement 
than by disagreement. Tannin analyses were repeated on 
these strains, but the differences were negligible. 

Other Chemical Tests in Relation to Resistance 

RooT ExuDATES 
The fact that sorghums severely infested with chinch 

bugs bleed freely and are always gummy and sticky raised a 
question concerning the amount of sap supplied by the roots 
to :these plants as compared tg resistant plants. Further 
interest in this question was stimulated by the suggestion of 
Snelling et al. (16), that injury may be due to the "exuda­
tion of plant fluids from punctures left open after the feeding 
of the insects, with possible attendant interference with root 
pressure and translocation." Therefore, root exuda:tes were 
collected over a period of two years from several varieties of 
sorghums, using the technique descrilbed in ·the bulletin by 
Lowry et al. (7). Detailed ·figures ta•re not presented for these 
data because of the great individual variations and irregular 
time of :sampling. The amounts O'f exudate increased with 
the age of the plants, but in no regular way. When the plants 
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were 6 to 10 inches high, from 2 to 12 ml. were usually col­
lected in a 24-hour period. As much as 200 mi. was collected 
from older plants. The data are very erratic. A certain 
variety might yield 40 ml. of juice one day and only a few 
milliliters a few days 1a•ter. Certain varie1ties consistently 
yielded only small volumes, others yielded larger volumes, and 
nowhere can there be found any corelation with resistance. 
For example, both Atlas and Feterita regularly yielded small 
'VOlumes of exudate although one is very susceptib1le, .the other 
very r·esistant. 

In addition to measuring the volume of exudrute, some 
anaryses were made for chlorides, phosphates and solids (by 
the refractometer). No qualitative dif,ferences were found. 
The amount of solids in the exudate gradually increased from 
around 1.2 percent when the plants were 6 to 8 inches tall to 
about 1.55 per·cent when heading had begun. 

VISCOSITY OF EXPRESSED JUICE 

Some questions had be·en raised concerning the ease 
with which sap flowed from the various varieties when they 
were punctured by ~chinch bugs, and also as to whether or not 
some saps from some 'V•aJrieties might congea[ more read!ily 
than saps from other varieties. To answer these questions, 
juice was expressed from six of the varieties and the viscosity 
determined w!,th a Stormer viscosimeter. The data secured 
from these s:tudies fail •to :show any ·correlations with resist­
ance. The viscosity of all juice changed on standing, but 
the changes were similar for all varieties and no positive re­
lationships to resistance could be obtained. 

SUMMARY AND CONCLUSIONS 

Many differences between mdividual varieties have been 
found and record·ed, but none of these has proved to be cor­
related with chinch bug resistance when a large number of 
varieties is compared. 

It has been demonstrated that some of the existing 
theories do not adequately e~lain the known differences in 
resistance. The amounts of tannins and hydrocyanic acid 
present apparently are not important factom in resistance, 
nor are the amounts of sugars or of total acidity. 1)t also 
seems very doubtful if ·the relation between reducing sugars 
and sucrose has 'any significance. Bleeding does not seem to 
be an important factor in resi>tance, because several of the 
more susceptible varieties furnish much larger amounts of 
eX!udate :than do the chinch bug resistant varieties. 
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The results reported h·ere thus have eliminated from con­
sideration some factors that might hav·e expla'ined differ­
ential chinch bug resistance, but they give little indication 
of any factor with a positive correlation for resistance. It 
is possible that a variety of factors may be concerned. 
However, it is perhaps not too much to hope that fur.ther work 
may reveal some one factor that can be positively corre~ated 
with resistance. 

The more important results secured from this study can 
be briefly summarized as follows: 

1. Ch·emical analysis for solids, ash, certain minerai ele­
ments, sugars, nttrogen, tannins, hydrocyanic acid and 
certa;in enzymes were made of sev·eral sorghum vari­
eties over a period of years. 

2. These analyses give a continuous picture of the 
changes that occur in sorghum plants and expressed 
juice of the plants from 'th·e time they begin to grow 
until heading begins. 

3. No over-all chemical differences were found that can 
be correlated with 'Chinch bug re.sis•tance when a num­
ber of varieties is considered. Differences can be 
found between selected resistant and susceptible vari­
eties, but th·ese always disappear wh•en a greater num­
ber of varieties is compared. 

4. Tannlins and hytdrocyanic a'Cid contents showed no cor­
relation with chinch bug resistance . 

. 5. The classification of sorghum plants as saccharine or 
non-saccharine a't time of maturity fails to extend to 
the young plants; there was little over-all di'fference 
in the total sugar content of immature plants up until 
heading began. In fact, :some of those classed as sweet 
sorghums were lowest in sugar when immature. 

·6. A chemical study of two varie•ties each having a resist­
ant and a moderately susceptible strain fa;iled to show 
any materi•al dHferences. 

'7. A ~tudy of root e~udates failed to show differences in 
flow that could account for serious injury to plants 
even •when some losses occur >from bleeding. 
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TABLE I.-Composition of Expressed Juice From Whole Sorghum Plants at Different Stages of 
1\:) Growth; Lawton, 1936.* c;::, 

Astringency Sugars Enzymes 

Date Non- Cata- Peroxi- Oxi- HCN** N** 
Av. Rt. Solids Ash Total '11annin '11annin Red. Total Sucrose lase dase dase 

in. % % gfl gfl gfl % % % o/o % 0 
~ 

Dwarf Yellow Milo .... 
!;:l 

June 1t 4-6 4.53 1.33 4.999 2.409 2.590 0.85 0.87 .02 1.2 22.0 21.4 .208 03' 
0 

July 15 6 5.63 1.41 2.910 2.1216 .784 1.26 1.43 .16 1.2 19.7 .0084 .219 ~ Boney 
:t.. June 1 7 4.33 1.10 5.161 2.825 2.336 1.02 1.02 .00 2.1 17.9 17.0 .0091 .205 IQ 

July 15 8 5.91 1.50 3.388 2.723 .565 1.62 1.80 .17 1.2 22.0 .0087 .203 "i .... 
(') 

Feterita ~ 
June 3 9 4.49 1.24 4.136 2.735 1.401 .97 .97 .00 2.0 30.9 18.1 .0074 .183 <'+ 

~ 
July 15 5 6.28 1.49 3.554 3.030 .524 1.51 1.86 .33 1.1 .0070 .230 ~ 

Sharon Kafir .... 
June 1 8 4.16 1.40 3.831 2.789 1.042 .73 .83 .00 37.6 21.6 .0013 .201 l>\1 

H 
July 15 8 5.93 1.46 3.845 2.598 .24'1 1.53 1.53 .00 1.5 .0108 .235 't3 

(b 

Blackhull Kafir "i .... 
June 1 8 4.38 1.11 4.926 2.700 2.229 .73 .73 .00 2.4 31.3 21.3 .0074 .209 ~ 
July 15 4 8.25 1.74 5.583 4.213 1.370 2.69 2.69 .00 .0099 .274 

(b 

~ 
Kansas Orange <'+ 

t'll June 2 11 3.83 1.04 3.849 2.735 1.1J.4 .94 .94 .00 1.2 22.3 29.3 .0010 .192 <'+ 

July 15 8 5.05 1.67 3.596 3.060 .536 1.70 1.70 .00 1.0 .230 
!;:l 
<'+ ... 

Atlas 0 
~ 

June 2 5 4.38 1.29 4.818 2.609 2.209 .96 .96 .00 1.2 21.1 22.5 .0056 .208 
July 15 4 7.53 1.53 5.009 3.824 1.185 2.22 2.43 .20 .0002 .275 

Kansas Orange X Dwarf Yellow Milo 
June 2 7 4.48 1.11 4.296 2.663 1.633 .97 .97 .00 1.0 19.7 18.8 .0021 .197 
July 15 5 5.65 1.46 3.868 2.841 1.027 r 1.60 1.60 .00 1.5 .0096 .225 

• Samjpled at 6:00 a. m. t Early and late plantings of the same variety. 
• • !Percentage of whole plants. 



TABLE 11.-Composf:Uon of Expressed Juice From Plants Grown in The Greenhouse.* 

Acidity Astringency Sugars Enzymes C:l 
N1m1e <:I' 

Non- oata- Peroxi- .Oxi- HCNt Nt (1) 

Solids Ash Tit.•• pH Total Tannin Tannin Red. Total Sucrose lase dase dase ~ .... 
% % f' gfl gjl gfl % % % % % 

(",) 

~ .... 
A. Grown 9/20 to 12/15, 1935 C:l 

Dwarf Yellow Milo 7.97 .88 58.4 5.61 1.359 .761 .598 1.93 5.54 3.43 1.2 4.0 .0028 .272 0 
~ Honey 5.65 .84 31.4 5.56 1.083 .599 .484 3.15 3.62 .45 1.6 4.75 .0043 .152 't3 
0 

Kansas Orange 8.77 .85 50.4 5.38 1.544 .923 .621 2.48 6.47 3.79 .9 4.45 .0032 .223 "" .... 
Atlas 5.93 1.09 43.6 5.65 1.476 .900 .576 2.85 3.22 .35 .9 6.25 .0025 .185 ""' .... 

0 

B. Harvested 5/8/36 <:$ 

Plants around 2 feet tall ~ 
Dwarf Yellow Milo 3.18 1.09 26.6 5.31 1.303 .819 .484 .44 .44 .00 3.93 20.4 3.1 .0012 .102 t'l:l 

0 
Honey 3.10 1.04 28.7 5.31 1.420 1.160 .260 .58 .58 .00 14.90 15.6 3.0 .0000 .107 ~ 
Atlas 2.37 .98 23.6 5.33 .878 .657 .216 .22 .22 .00 33.60 20.4 3.6 .0000 .094 <:I' 
Kansas Orange 2.44 .96 22.5 5.36 .900 .711 .189 .38 .38 .00 32.25 .0000 .116 ~ 
Kansas Or·ange X Dwarf "tl ..... 

Yellow Milo 2.72 .98 25.6 5.26 1.070 .890 .180 .34 .34 .00 15.35 19.2 .0006 .097 ~ 
<:$ 

• Sampled e.t 1:00 p. m ~ 
•• Ml. :1''/'10 alkali per 100 mi. juice. 
t Percentage of Whole plants. 

~ ..... 
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TABLE Ill.-Composition of Expressed Juice and Whole Plants at Different Stages of Growth; 
Perkins, 1938.* 

Juice Wihole Plants 

.Age Acidi.ty Astringency Sugars 0 .... ..... 
Non- Tan- Ohlor- Nitro- !:) 

Av. Ht. Solids Ash Tit •• . pH Total Tannin nin Red. T.ot.al Sucrose N ides Solids Ash gen ~ 
0 

days in. % % gjl gjl gjl % % % % % % % % ~ 
Dwarf Yellow Milo 

!:) 

;:... 
41 8 5.76 1.35 62.4 5.10 3.183 2.423 .760 1.64 1.9'7 .31 .174 .013 17.14 2.56t .441 <1::! 

""! 
55 18 4.87 1.03 50.4 5.18 1.704 1.211 .493 1.37 1.78 .39 .186 .014 14.98 2.37 .419 .... 
67 23 6.36 1.35 51.4 5.22 1.507 1.115 .392 1.60 3.08 1.41 .202 .022 16.27 1.49 .503 

(':> 

~ 
76 39tt8.78 1.41 59.8 5.20 1.465 1.382 .080 2.14 5.32 3.03 .181 .016 20.54 1.56 .610 ..... .... 

~ 
Feterita ""! 

!:) 

45 9 6.00 1.25 70.0 5.10 3.429 2.'751 .678 2.04 2.13 .07 .160 .004 17.40 1.74 .573 ..... 
56 12 4.92 1.08 48.2 5.14 2.014 1.350 .664 1.30 1.81 .48 .191 .o18 15.53 2.35t .435 t>J 

H 
68 24 5.45 .94 46.0 5.14 1.465 1.115 .354 1.98 2.75 .73 .178 .02:7 15.04 1.30 .492 'ti 
87 4ott 7.16 .86 52.2 5.25 1.450 1.321 .029 2.22 4.44 2.11 .154 .037 18.09 1.31 .440 (I) 

""! .... 
Honey ~ 

45 10 5.03 1.38 62.4 5.10 2.9&7 2.320 .637 1.63 1.63 .00 .139 .014 15.30 1.83 .462 
(I) 
;::! 

56 22 5.03 1.26 47.0 5.22 1.661 1.059 .602 1.6'3 1.83 .19 .192 .016 14.51 2.06t .401 .... 
68 35 5.35 1.19 43.8 5.19 1.238 1.032 .206 2.05 2.50 .43 .141 .018 12.96 1.35 .412 fll .... 
'77 55tt 7.36 1.27 48.0 5.28 1.424 1.362 .062 3.35 4.57 .16 .120 .023 16.70 1.22 .260 !:) .... 

Wheatland 
.... 
0 

42 9 ·5.22 1.42 62.4 5.22 3.019 2.423 .596 1.34 1.42 .08 .178 .017 !1.5.70 2.20t .490 
;::! 

55 17 4.84 1.20 48.2 5.14 1.807 1.294 .513 1.17 1.46 .27 .185 .014 15.66 3.12t .454 
67 22 6.20 1.42 53;6 5.26 1.527 1.053 .474 1.30 2.50 1.14 .260 .026 16.23 1.73 .609 
76 213tt ·8.29 1.53 73.0 5.15 1.465 1.465 .475 2.12 4.39 2.16 .260 .026 20.09 1.73 .610 



TABLE III, Continued. 

Juice Whole Plants 

Age Acidity Astringency Sugars 
Nitro-Ohlor-

Non- Tan- N Ides Solids Ash gen C) 
Av. Ht. Solids Ash Tit.•• •PH Total Tannin nln Red. Total Sucrose <:!' 

<II 
dl\ys ln. % % gfl gfl gfl % % % % % % % % ~ .... 

Blackhull Kafir (";) 

~ 
45 12 5.00 1.44 60.2 5.20 2.75/a 1.951 .801 1.45 1.45 .00 .170 .012 15.95 1.80 .518 .... 
56 21 4.58 1.23 44.8 5.21 1.557 1.225 .332 1.14 1.38 .23 .196 .019 14.67 . 2.35t .425 C) 

0 
68 32 5.26 1.22 48.7 5.20 1.321 1.032 .289 1.34 2.07 .69 .181 .021 14.89 1.47 .492 ~ 77 38 6.65 1.46 60.0 5.28 1.631 1.403 .228 2.27 4.13 1.77 .179 .085 17.63 1.74 .407 'g 

Atlas Co .... 
55 20 4.15 .94 44.8 5.13 1.519 1.088 .431 1.61 1.62 .01 .141 .007 13.04 1.78 .344 <"1-.... 
67 33 5.08 1.13 42.6 5.20 1.754 .949 .805 2.52 2.61 .09 .145 .013 13.34 1.21 .432 0 

76 50 7.19 1.04 48.0 5.15 1.445 1.176 .269 4.28 4.38 .ro .120 .012 16.23 1.14 .398 
~ 
0 

Kansas Orange ...... 
42 8 5.21 1.25 58.0 5.14 3.655 2.711 .944 1.77 1.77 .00 .168 .017 17.20 2.2lt .470 t'll 

0 
56 20 4.76 1.08 46.0 5.20 1.495 1.184 .311 2.07 2.07 .00 .185 .018 12.68 1.77 .330 "'t 

IQ 
68 37 5.08 .94 38.2 5.15 1.094 .888 .206 2.78 2.78 .00 .111 . 020 12.13 u.o .369 <:!' 
78 61tt7.16 .86 57.0 5.25 1.094 .826 .268 4.88 5.50 .59 .088 .020 15.27 .96 .289 ~ 

Kansas Orange X Dwarf Yellow Milo ~ 
41 8 5.54 1.38 61.2 5.10 3.697 2.834 .863 1.5-2 1.85 .31 .156 .018 16.66 2.34t .452 "'c:l .... 
55 21 4.69 1.16 49.2 5.10 1.643 1.273 .370 1.43 1.73 .28 .155 .021 14.18 2.33 .386 ~ 

~ 67 40 5.45 1.16 48.2 5.12 1.073 .949 .124 1.88 2.79 .86 .118 .017 14.50 1.31 .399 <"1-

76 OOtt 8.59 1.40 60.0 5.10 1.548 1.321 .227 2.27 5.24 2.82 .142 .025 20.19 1.46 .407 
Co 

• Sam,pled at 12:30 p. m. 
• • MI. N/10 Na.QH per 100 mi. juice 
t .Ash {percentage is high because of &and contamination. 

tt Plants heading; heads not included In sample. t\:1 
~ 
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TABLE IV.-Composition of Whole Sorghum Plants at Different Stages of Growth; Perkins, 1940* 

Sugars Nitrogen 
Av. 

Age Ht. Diam. Solidst Asht Red. Total Sucrose Tota-l Sol. Chlorides 0 
days in. ln. % % % % % % % % ?;' 

~ 
Finney Milo {Dwarf) ~ 

0 
34 6 % 19.21 7.68 .55 1.09 .51 .468 .109 .016 ~ 43 11 'h 18.10 2.08 .94 2.43 1.~ .5121 .085 .021 
50 14 %, 24.23 6.70 .91 3.06 2.15 .748 .243 .023 ~ 
62 16 1 19.53 3.08 1.10 2.75 1.52 .557 .168 .017 CCl 
70 20 18.87 1.76 1.23 3.16 1.83 .503 .147 .021 :::t 

(') 

Day Milo ~ ..... ..... 
34 51h 5/16 20.9'7 9.24 .47 1.04 .54 .481 .110 .015 ~ 

""'I 
43 10 'h 16.38 2.16 .72 2.o7 1.28 .495 .082 .025 ~ 
50 15 % 18.81 3.64 .89 2.53 1.56 .577 . 145 .033 

..... 
l"'l 62 18 %, 18.83 2.22 .74 1.99 1.19 .513 .137 .011 ~ 

Feterita ~ 
(II 

34 5/16 22.16 .501 .104 .008 
""'I 

5 9.27 . 69 1.42 .69 .... 
43 8 'h 18.08 1.83 .94 2.90 1.86 .471 .084 .018 ~ 

(II 
50 18 %, 18.01 2.07 .91 2.87 1.86 .496 .119 .028 ;! 
62 25 1 17.20 1.30 1.18 2.56 1.3'1 .346 .077 .007 ..... 
70 30 1 19.93 1.15 1.55 4.00 2.36 .316 .067 .015 fll ..... 

Chiltex ~ ..... .... 
34 6 5/16 23.67 11.61 .61 1.33 .68 .520 .102 .018 0 

43 13 'h 15.90 1.93 .70 2.02 1.25 .529 .088 .026 
;! 

50 20 %, 16.85 2.86 .73 2.27 1.46 .557 .142 .036 
62 30 1% 15.57 1.72 .00 2.36 1.36 .429 .097 .011 
70 34 1% 20.16 1.59 1.36 3.60 2.13 .468 .131 .021 



TABLE IV, Continued. 
Sugars Nitrogen 

Av. 
Age Ht. Diam. Sol1dst Asht Red. Tota-l Sucrose Total Sol. Ohlorldes 

days ln. ln. % % % % % % % % 

Quadroon 
34 6 % 19.96 8.61 .63 1.36 .69 .484 .145 .013 {') 
43 13 9/16 1'5.33 1.80 .77 2.09 1.39 .448 .079 .02~ ;;:,-
50 18 ~ 17.36 2.35 .93 2.60 L59 .500 .131 .034 (I) 

62 27 %+ 19.12 1.85 1.12 3.00 1.78 .410 .099 .024 ~ .... 
70 32 %+ 20.68 1.78 1.29 3.06 1.68 .421 .124 .030 0 

~ ..... 
Wheatland {') 

34 6 % 19.38 8.25 .39 1.07 .65 .4!61 .108 .017 ~ 43 13 7/16 16.69 2.08 .68 2.17 1.42 .477 .073 .021 
50 19 ~ 18.65 2.37 .83 2.90 1.917 .575 .129 .024 ~ 

0 
62 25 1 17.76 1.90 .93 2.80 1.02 .426 .100 .009 C".<> .... 
70 25 1 22.12 2.06 1.05 3.34 2.18 .393 .007 . 016 ..... .... 

0 
Reed Kafir ~ 

34 6 * 24.10 12.69 .52 1.24 .68 .476 .114 .016 ~ 
43 17 ¥.!- 14.63 1.65 .59 2.01 1.42 .411 .062 .021 t"l:l 
50 21 ~ 15.17 2.19 .69 2.17 1.41 .443 .083 .026 0 
62 32 1 17.64 1.53 1.06 2.33 1.21 .340 .062 .016 """! 

~ 
70 43 1 18.25 1.48 1.45 3.34 1.79 .304 .065 .014 ;;:,-

Blackhull Kafir ~ 

~ 
34 6 % 23.20 11.34 .46 1.25 .75 .521 .076 .0'14 ., 
43 13 ¥.! 18.34 1.86 .59 1.72 1.07 .447 .088 .021 ..... 
50 23 % 14.83 2.01 .69 !1.97 1.22 .477 .094 .008 ~ 

~ 
62 32 1+ 15.68 1.76 --- --- .376 .079 .017 ~ 
70 38 1* 20.53 1.66 1.28 3.06 1.69 .378 .077 .028 

Duso 
34 5 % 22.18 9.11 .75 1.32 .56 .567 .114 .014 
43 12 % 17.42 1.68 .78 2.04 1.20 .437 .001 .000 
50 17 % 17.53 2.09 .87 2.30 1.36 .466 .103 .021 1\2 
62 28 Ph 17.31 1.84 .90 2.77 1.78 .454 .090 .016 en 
70 33 1* 20.36 1.64 1.15 4.14 2.84 .382 .070 .026 



'l'ABLE IV, Contfnuecl. 
Sugar a Nitrogen 

~ Av. 
Age Ht. Dlam. Solld.st Aaht Red. Total Sucrose Total Sol. Ohlorldes Q) 

daya ln. ln. " " " " " " % % 

Club, X Day MOo 
34 5 5/16 00.31 8.44 .56 1.29 .69 .517 .127 .010 

0 43 10 lit- 15.64 1.96 .70 2.02 1.25 .494 .090 .017 .... 
50 15 % 17.83 3.67 1.00 2.47 1.40 .584 .148 • 036 .... 

~ 
62 26 % 14.70 1.66 .90 2.08 1.12 .414 .098 .038 ~ 
70 33 1- 26.04 1.'73 l.ltl 2.60 1.42 .409 .124 .020 0 

Club Kaflr ~ 
34 5 % 19.33 '7.82 .49 1.09 .57 .490 .100 .006 ~ 
43 13 % 14.21 1.75 .71 1.87 1.10 .455 .094 .021 CQ 

50 17 % 14.95 2.33 .75 2.07 1.25 .456 .097 .035 ;:t 
(') 

62 30 12,{! 17.28 1.63 .95 2.10 1.15 .346 .074 .022 I=! 
70 39 1% 18.'79 1.20 1.31 2.33 1.52 .367 .065 . 019 .... 

~ 
Kansas Orange ""i 

34 5 % 18.25 .6.64 .90 1.29 .37 .467 .104 .007 
~ .... 

43 14 * 13.44 1.80 1.53 2.17 .61 .363 .062 .018 l:t:l 
50 21* ~ 16.28 2.15 1.90 2.83 .88 .417 .082 .024 H 

~ 
62 39 % 13.65 1.30 1.98 2.60 .60 .288 .055 .014 (I) 

""i 
70 59 1 16.02 1.20 1.54 3.78 2.12 .255 .042 .016 ... 

Atlas ~ 
(I) 

34 5 5/16 20.66 9.27 .87 1.09 .21 .478 .092 .014 ;$ 

"""" 43 11 '* 14.'76 1.69 1.51 1.84 .31 .429 .063 .020 til 
50 19 1 1/16 15.20 2.3:1 1.41 2.23 .78 .4128 .077 .026 it 
62 29 %. 13.37 1.56 1.48 1.90 .40 .312 .058 .012 """" .... 
'70 49 1: 1/8 15.60 2.35 2.35 2.90 .52 .298 .055 .014 0 

Kansas OraDg-e X Dwarf Yellow MOo 
;$ 

34 5 !A, 22.24 10.10 .63 1.34 .67 .4J83 .101 .017 
43 13 '* 14.57 1.35 .89 2.24 1.28 .393 .059 .019 

'50 19 ~ 14.90 2.11 1.09 2.56 1.40 .412 .092 .020 
62 35 % 13.'72 1.54 1.30 2.36 1.01 .291 .058 .014 
'70 52 1+ 18.06 1.46 1.78 3.6'7 1.79 .400 .071 .016 

• Bampled at 8:30 p. m. 
t ,~es t&ke.n at ~~~re u daJII are hltrh 1n aallcl.l anc1 Uh ~ or eancl 0011Wmlnatton. 



TABLE ¥.-Composition of Expressed Juice and Whole Plants at Different Stages of Growth; 
Perkins, 1941.* 

Juice Whole Plants 
.. --

Age • Sugars 
Av. Ht. Solids Ash Acidity T. N. Solids Ash Nitrogen 

(") Re·d. Total Sucr<>se 
-· ;:l' 

days ln. % % ml.•• % % % % % % % (I) 

~ 
Finney Milo .... 

(':> 

31 6 6.09 2.00 44.85 1.25 2.08 .79 .223 16.18 2.14 .449 !=! .... 
42 13 6.68 1.54 52.83 1.16 2.78 1:54 .215 16.42 1.68 .484 (") 
48 14 5.77 1.24 49.15 1.38 2.44 1.01 .211 15.54 2.17 .472 0 

55 23 6.00 1.37 24.17 1.24 2.58 1.2.7 .206 15.94 1.79 .423 ~ 
63 23 7.58 1.37 57.34 1.39 3.90 2.38 .177 17.77 2.16 .455 't:l 

0 

"" Day Milo .... ..... .... 
31 7 5.87 1.48 51.81 1.16 1.82 .63 .212 17.03 2.47 .473 0 
~41 11 5.80 1;44 48.13 1.16 2.03 .87 .217 15.36 1.63 .460 ~ 

48 11 5.86 1.52 49.15 1.32 2.42 1.04 .191 15.78 2.57 .467 ~ 
55 21 6.26 1.44 47.10 1.18 2.78 1.52 .245 16.80 1.83 .491 t'l:l 
63 22 7.40 1.42 53.25 1.48 3.80 2.20 .163 18.00 2.19 .480 0 

"i 

Feterita fQ 
;:l' 

31 5 5.89 1.21 54.27 .84 2.11 1.21 .179 18.50 2.16 .523 ~ 

41 8 5.76 1.08 43.00 1.36 2.44 1.03 .175 17.46 1.40 .476 ~ 
48 12 5.71 1.09 49.15 1.48 2.72 1.18 .156 19.66 2.43 .421 "' 55 15 7.00 1.22 51.20 1.59 3.58 1.89 .199 18.87 1.75 .448 -!=! 

~ 
.Chiltex ..... 

"" 31 7 6.02 1.44 50,18 1.03 2.00 .92 .226 18.07 2.73 .525 
41 10 5.78 1.29 54.27 1.14 2.11 .92 .222 1·5.48 1.66 .510 
48 17 5.86 1.52 '57.34 1.61 2.86 1.19 .221 15.35 1.90 .454 
55 24 6.21 1.31 49.15 1.20 ' 2.78 1.00 .219 15.50 1.61 .455 
63 27 6.71 1;26 47.10 1.57 3.48 1.81 .187 17.62 1.52 .455 

~ 
"'I 



'l'ABLE V, Continued. 
Juice Whole Plants t\) 

Age Sugars 
Co 

Av. Ht. Solids Ash Acidity T. N. Solids Ash Nitrogen 
Red. Total Sucro&e 

days ln. % % ml ... % % % % % % % 

Quadroon 0 
31 7 5.77 1.&7 51.20 1.14 1.70 .53 .207 16.32 2.10 . 439 ..... .... 
41 12 5.69 1.38 54.27 1.12 2.04 .87 .184 15.84 1.59 .442 ~ 

(:I' 
48 13 6.58 1.67 61.44 1.29 2.60 1.24 .162 16.14 2.33 .552 0 
55 21 6.38 1.48 53.25 1.18 2.70 1.44 .207 16.35 1.80 .420 ~ 63 30 7.36 1.54 59.39 1.70 3.91 2.10 .178 19.76 2.02 .413 

Wheatla.nd lb. 
IC:I 

31 7 7.10 1.80 50.18 .88 2.12 1.18 .203 16.51 2.13 .500 :l. 
41 12 6.39 1.48 57.96 1.05 2.03 .93 .227 15.94 1.79 .502 

C') 

~ 
48 14 5.7~ 1.40 49.15 .94 2.26 1.25 .167 15.60 2.21 .443 .... ..... 
55 20 6.74 1.49 53.25 1.12 2.80 1.60 .270 15.48 2.02 .477 ~ 

"'-t 
63 22 '1.39 1.48 57.34 1.42 3.64 2.11 .180 18.77 2.16 .490 ~ .... 

Reed Kafir l"1l 
31 9 5.62 1.51 41.57 1.05 1.75 .66 .224 17.33 2.39 .497 ~ 

't3 41 15 5.35 1.27 45.06 1.05 1.92 .82 .202 14.80 1.5() .467 (I) 

48 22 5.28 1.27 41.98 1.02 2.11 1.04 .183 13.83 1.69 .412 "'-t .... 
55 28 5.73 1.317 38.91 1.01 2.15 1.08 .181 14.03 1.64 .400 ~ 
63 31 6.42 1.31 47.10 1.57 3.48 1.81 .163 16.61 1.57 .368 

(I) 
;! 

Blackhull ..... 
!:ll 31 8 5.96 1.44 50.18 1.18 1.74 .53 .232 16.40 2.13 .503 ..... 

41 12 5.74 1.57 60.79 .82 1.79 .92 .201 15.44 1.62 .515 ~ ..... 
55 27 5.63 1.39 43.00 1.05 2.22 1.11 .222 13.86 1.65 .398 

.... 
0 

63 30 6.81 1.39 53.25 1.73 3.90 2.06 .163 16.76 2.24 .332 ;! 

Darso 
31 7 6.72 1.45 &2.84 1.26 2.16 .85 .248 17.98 2.34 .528 
41 12 6.55 1.30 45.06 1.30 2.15 .81 .190 16.33 1.60 .500 
48 15 5.38 1.17 49.15 1.28 2.29 .96 .168 15.54 2.17 .457 
55 23 5.93 1.31 44.03 1.17 2.60 1.36 .200 15.45 1.77 .~7 
63 29 7.37 1.23 51.20 1:71 4.35 2.51 .154 17.20 il.48 .368 



TABLE V, Continued. 
Juice Wbole Plants 

Age Sugars 
T. N. Solids Ash Nitrogen 

Av. Ht. Ash Solids Acidity Red. Total Sucrose 

days ln. % % ml.•• % % % % % % % 

Club X Day 
31 8 9.32 1.23 46.28 .96 1.65 .66 .203 15.32 2.02 .453 (') 

41 14 5.57 1.38 50.80 1.01 2.01 .95 .207 14.99 1.55 .451 ~ 
~ 

48 19 6.70 1.51 57.34 1.79 3.23 1.38 .151 15.76 1.73 .354 ~ 
55 27 6.18 1.39 47.10 1.26 2.89 1.55 .240 23.80 1.60 .409 .... 
63 29 6.70 1.31 51.20 1.69 3.58 1.79 .155 17.18 1.60 .375 

(":) 

1=1 ..... 
Club (') 

31 9 5.81 1.42 45.88 .90 1.75 .80 .216 16.80 2.31 .48rJ 0 

41 12 5.85 1.51 51.81 1.08 2.02 .89 .217 15.29 1.58 .482 ~ 
48 14 5.28 1.35 47.10 1.18 2.13 .90 .181 13.94 1.94 .411 ~ 

0 
55 23 5.72 1.32 45.06 1.28 2.48 1.14 .184 14.25 1.72 .379 en .... 
63 32 6.14 1.10 45.06 1.83 3.58 1.61 .144 15.a6 1.43 .302 ..... .... 

Kansas Orange 
0 
~ 

31 7 8.19 1.96 70.86 2.85 2.95 .10 .278 16.33 2.01 .446 ~ 
41 9 5.67 1.17 51.20 2.25 2.25 .00 .201 15.68 1.49 .482 t'll 
48 13 .5.14 1.17 44.03 2.29 2.32 .03 .168 15.18 2.09 .450 0 
55 23 5.58 1.19 51.20 3.04 3.58 .51 .238 13.82 1.51 .394 ""! 

CQ 
63 27 6.11 1.15 43.00 2.93 3.48 .52 .164 13.77 1.39 .324 ~ 

Atlas ~ 
~ 

31 7 5.32 1.37 51.20 1.54 1.62 .08 .196 16.45 2.11 .485 
"l:: 41 11 5.44 1.26 51.20 1.97 2.04 .07 .206 15.14 1.47 .470 ..... 

48 14 5.04 1.08 43.00 2.07 2.26 .09 .161 13.98 1.79 .374 1=1 
~ 

55 29 7.19 1.48 43.10 2.38 2.80 .40 .155 13.54 1.39 .325 ..... 
63 42 6.00 1.10 43.00 3.26 3.74 .48 .145 13.89 1.27 .280 

en 

Kansas Orange X D. Yellow Mllo (K. s. 24-136) 
31 9 5.74 1.40 50.18 1.19 2.23 .99 .157 16.27 2.00 .414 
41 16 5.63 1.27 51.20 1.38 2.49 1.05 .149 15.40 1.54 .390 
48 18 5.56 1.27 45.06 1.23 2.13 .85 .180 14.78 1.98 .393 

~ 
55 36 7.06 1.46 55.30 2.04 3.90 1.76 .169 14.68 1.44 .301 (0 

63 47 7.52 1.15 53.25 2.42 4.89 2.35 .115 16.21 1.32 .256 

• S~Wnpled at 4:00 p. m. • • 1141. ~'flO NIIOH per 100 ml. juice. 



TABLE VI.-Composition of Two Sorghum Varieties Each Having a Susceptible and a Resistant 
to) 

Strain; Whole Plants-West Farm, Stillwater, 1942. <:::> 

Sugars Nitrogen 
Age Av. Ht. Solids Ash 

Red. 'I'otal Sucrose Sol. Insol. Total 

days in. % % % % % % % % 0 
Pig-Nose Durra 696 (Suscept.) ?l' .... 

18 3 19.00 2.40 1.00 2.19 1.13 .14 .53 .67 ~ 
<:I' 21 5 2o.43 2.22 1.37 2.73 1.29 .16 .58 .74 0 

29 11 11.86 2.19 .95 1.63 .65 JJ7 .33 .40 ~ 
36 19 14.25 2.48 .70 1.45 .71 .08 .36 .44 ~ 

43 27 13.61 2.01 .63 1.57 .89 .11 .33 .44 ~ 
50 46. 13.75 1.50 .97 2.07 1.04 .12. .29 .41 <:Q 

""i 
57 74 15.68 1.40 1.30 2.55 1.19 .14 .22 .36 .... 

C':> 

Corneous Durra 695 (Res.) ~ 
18 4 20.51 1.87 1.15 2.80 1.59 .12 .61 .73 ..... 

~ 
21 6 20.05 2.04 1.31 3.29 1.88 .12 .62 .74 ""i 

~ 29 12 14.54 2.4<2 1.05 1.84 .75 .07 .34 .41 .... 
36 18. ;L6.20 2.84 .79 1.76 .92 .08 .33 .42 t>:l 
43 29 14.06 1.77 .66 1.73 1.02 .08 .33 .42 !i 

'l::l 
50 47 14.00 1.50 1.15 2.35 1.14 .08 .25 .33 ~ 

""i 57 63 15.92 1.41 1.55 2.80 1.19 .09 .23 .32 ... 
Kafir 58-55-46-19 (Suscept.) ~ 

~ 

32 7 17.24 4.08 .81 1.60 .75 .12 .41 .53 ~ ..... 
36 11 17.19 3.69 .71 1.66 .90 .10 .411 .51 til 
43 17 16.70 2.38 .91 2.16 1.19 .11 .40 .51 ..... 
50 18 17.92 2,14 1.03 2.73 1.62 .12 .40 .53 ~ ..... ... 
57 22 17:69 2162 1.18 2.23 1.00 .14 .34 .48 0 

Kafir 60-58-49-21 (Res.) 
~ 

32 7 20.55 6.79 .86 1.28 .40 .13 .39 .52 
36 13 17.01 3.20 .63 1.49 .82 .11 .40 .51 
43 19 15.43 2.08 .74 1.63 .85 .10 .42 .52 
50 18 16.14 2.10 .97 2.06 l.()o3 .12 .34 .46 
57 22 21.90 2.47 1.36 3.26 1.81 .13 .41 .54 



TABLE VII.-ComposfUon of Two Sorghum Varieties Each Having a Susceptible and a Resistant 
Strain; West Farm, Stillwater, 1943. 

Juice .. Whole Plants 

Age Astringency Sugars 

Tit.• Non- C) 
Av. Bt. Solids Ash Acidity Total Tannin Tannin Red. Total Sucrose Nitrogen Solids Ash Nitrogen 03' 

(I> 

days in. % % gms./100 ml. 
"" " " % % % % ~ .... 

Pig-Nose Durra 696 (Suscept.) 0 
~ 

32 16 &.59 1.42 3a.39 .163 .074 .089 1.25 1.90 .62 .219 14.47 3.27 . 42 
...... 
C) 

39 18 4.96 !1..50 38.00 .149 0.71 .078 1.38 1.58 .19 .194 15.66 4.74 .43 0 
46 35 5.50 1.40 39.00 .139 .057 .082 1.50 2.06 .53 .199 12.49 1.47 .37 ~ &4 48 4.71 .98 35.58 .071 .000 .051 1.86 2.24 .36 .229 13.66 1.35 .41 

70 6.55 1.26 1.86 3.39 1.44 .236 16.07 1.44 .37 0 ..,., .... 
Corneous Durra 695 (Res.) 

C"foo .... 
0 

32 15 4.80. 1.23 32.60 .133 .044 .089 1.09 1.56 .39 .173 15.75 3.49 .42 ;;:! 

39 19 5.25 1.53 34.80 .153 .073 .080 1.~ 1.85 .60 .176 15.52 3.50 .41 0 

46 35 5.63 1.45 39.00 .139 .057 .082 1.28 2.14 .81 .169 13.19 1.51 .35 -tr.l 54 23 4.7'2 1.12 47.81 .129 .052 .057 1.92 2.26 .41 .143 13.62 1.30 .31 0 
64 6.36 1.18 2.13 3.70 1.49 .153 17.0S 1.45 .32 ~ 

Kafir 58-55-46-19 (Suseept.) 03' 
~ 

39 14 4.55 1.24 36.60 .127 .001 .076 .91 1.62 .67 .179 18.12 6.18 .46 ~ 
46 16 5.07 1.17 42.2() .135 .057 .078 1.16 2.04 .83 .191 15.63 1.69 .48 '1:1 
54 23 4.72 1.!3 47.81 .129 .062 .077 1.70 1.93 .22 .188 15.54 1.66 .47 ...... 

~ 
24 8.96 1.86- 2.05 4.64 2.46 .267 26.19 2.14 .53 ;;:! 

Kafir 60-58-4:9-21 (Res.) 
C"foo 
Cl:> 

39 13 4.45 1.30 38.00 .135 .040 .095 .93 1.36 .41 .184 17.53 5.25 .48 
46 18 5.31 1.28 43.00 .175 .093 .082 1.06 1.80 .70 .225 14.26 1.69 .46· 
&4 20 4.58 1.22 46.79 .128 .053 .075 1.42 1.56 .13 .220 14.03 1.78 .47 

23 6.70 1.47 1.89 2.99 1.04 .265 27.23 3.34 .48 

• MI. N/10 NIIOH per 100 ml. juice. •• Unless otherwise stated % are volume percentages. c.s ...... 



32 Oklahoma Agricultural Experiment Station 

TABLE VII I.-Mineral Composition ot Whole Sorghum Plants; 
Perkins, 1938.* 

Phos-
Age Av Hit. Solids Ash Chlorides Potassium phorua Oalcium 

daya in. % % % % % % 

Dwarf Yellow Milo 
55 18 14.98 2.37 .029 .482 .033 .059 
67 23 16.27 l..W .027 .469 .040 .073 
76 39** 20.54 1.56 .022 .52'7 .043 .087 

Honey 
56 22 14.51 2.06 .025 .348 .030 .049 
68 35 12.96 1.35 .024 .5~ .028 .058 
77 55** 16.70 1.22 ;023 .400 .030 .071 

Feterita 
56 12 15.53 2.35 .028 .298 .029 .052 
68 24 15.04 1.30 .030 .592 .025 .056 
77 40** 18.09 1.31 .036 .372 .028 .056 

Wheatland 
55 17 15.66 3.12 .031 .576 .03.7 .066 
67 22 16.23 1.73 .030 .3,63 .043 .068 
76 23** 20.09 1.73 .033 .508 .065 .099 

Blackhull Kafir 
56 21 14.67 2.35 .029 .349 .034 .052 
68 32 14.89 1.47 .025 .427 .042 .056 
77 38 17.63 1.74 .028 .560 .049 .056 

Kansas Orange 
56 20 12.68 1.77 .024 .512 .028 .048 
68 37 12.13 1.10 .019 .412 .025 .045 
77 61** 15.27 .96 .020 .268 .031 .067 

Atlas 
55 20 13.04 11.78 .024 .487 .000 .063 
67 33 13.34 1.21 .of8 .457 .028 .049 
76 50 16.23 1.14 .023 .422 .033 .068 

Kansas Orange X Dw:arf Yellow Milo 
55 21 14.18 2.33 .027 .6127 .033 .061 
67 40 14.50 1.31 .024 .597 .036 .060 
76 60 20.19 1.46 .023 .516 .040 .085 

• Sampled at 12::io p. m. 
• •. Plants hll'd begun to head. 
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