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REPORT SUMMARY

A. 1. Project Title and Contract Number: "Inherltance and Improvement of
Proteln Quallity and Content In Sorghum blcelor (L.) Moench."

No. PRF-~AID/ta-1212.

2. Princlpal Investigator: John D. Axtell, Department of /gronomy.
Contractor and Malling Address: Purdue Research Foundation, Purdue

Unlversity, West Lafayette, Indlana 47207.
3, Contract Psriod: April |, 1975 to September 30, 1979
4, \'erlod covered by report: April 1, 1977 to September 30, 1979

5. Yotal AlD funding of contract to date: $693,849.97

B. The Ethloplan high~lysine gene Is associated with an 80% increase In
the iysine concentration of whole sorghum grain. 1t Is generally accepted
t+hat the gene reduces yleld In all genetic backgrounds. We believe that
the Ethloplan high-lysine gene, In [ts natlive background genotypes, has
greatest appllcabillty as a speclal purpose grain for people requiring a
high-protein food source, 1.e. pregnant and lactating women and weaned
chlidren, as an alternative to externally supplied supplements. The
chemlcal ly induced P-721 opaque gene Is assoclated with a 60% increase in

the lysine concentration of whole graln In Isogenic comparison with the sib
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Ilne. The lower rate of dry matter accumulation during development on a
per seed basis conflrms that this gene also Is associated with reduced seec
welght. However, selection experiments indicate that yleld component
compunsation, particirlar. y In seed number; allows high ylelding P-721
opaque |Ines to te Jeveloped. The increment In lysine concentration
contr!buted hy the gene In high-ylelding geretic backgrounds may not be as
great as In tire [=ogenic line. |

Wher, seven varleties of sorghum grain varying In tarnin content were
fed to chicks, a high negative correlation (r = -0.92) was observed between
tannic aclid equivalents (TAE) of the grain and growth rate. An Identical
correlation (0.92) was noted between TAE and feed efficlency (grain/feed).
Supplemanting a high tannin sorghum (HTS) diet with ferric chloride (0.5 or
|.0%8) to enhance tannin oxidation falled tc overcome ihe detrimental
effects of tannin. Simiiarly, the addition of diethyldlthiocarbamate (0.1
or 0.2%) to a HTS diet to Inhibit poiyphenol oxldase, and thus reduce
tannin oxldation, did not atfect the tannin toxic!iy. Chicks fed HIS diets
produced signiflicantly more excreta while consuming less feed than chicks
fed low tannin sorghum (LTS) diets. Hence, dry matter utilization of
chicks fed HTS was signiflicantly poorer than chicks fed LTS. The growth
depression produced by feeding HTS In a sorghum-soybean maal diet could be
complietely overcome by methionine supplementation. However, the addition
oi methionine had no effect on dry matter utilization. These results
suggest that the growth depression assoclated with feeding HTS cannot be
explalned on the basis of reduced digestibility. Since the reduced feed
efficliency observed with HTS Is not completely corrected by methicnine
supplemen’ation, lower digestibility appears to be the cause of the poorer

feed efficiency.
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Polyphenol ic materials such as tannins constitute a natural defense
mechanism which In grain sorghum provides protection against weathering,
pre-harvest germination, and bird depredation. In scme areas these
stresses are so severe that low tannin types are difficult to produce. The
agronomic advantages of high tannin sorghums are somewhat offset by tho
nutritional disadvantages assoclated with these types, which give
relatively low weight gains and feed efflcienclas In feeding trials with
rats and chicks. A major Incentive for our work Is the resolution of this
conflict between sorghum producers and feeders concerning the presence and
effects of tannin In sorghum,

When we began to Investigate the occurrence and effects of tannins In
sorghum we found that the aallable techniques for quantitating the tzinins
were not satisfactory. We havc therefore developed, or modified from
previous techniques, a series of tannin assays which ecre more sultable.
These assays are somewhat Independent of each other because they measure
different chemical properties of the tannins. Collectively, therzfore,
they serve not only to determine the amount of tannin present, but also to
characterize It to some extent.

The vaniilin assay has been widely used for sorghum tannin, at least
partly because of Its specificity for the flavanol type units of the
condensed tanain polymers such as are present In sorghum. We have made
several modi<ications of this assay which Increase [ts accuracy,
reproducibility and convenlence, Perhaps the most signiflcant change Is
the Inclusion of a reagent-free blank which corrects for background
absorption. We have shortened the extraction time from 24 hours to 20
minutes, and altered the reaction conditions. The reaction Is quite

temperature sensitive so the temperature must be controlled. Catechin,
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although often used as a standard In this assay, gives non-|Inear standard
curves and much less absorption than equivalent welghts of tannin.
Purifled tannin should be used as standard whenever possible.

We developed a rapld and convenlent technique, the Prussian Blue
assay, which measures total extractable phenolics. This assay can be
adapted for rough estimates of tannin content in the fleld or at the
elevator, or for precise measurements In the {aboratory. Non--tannin
phenolics in sorghum cause |Ittle Interference in high tannin varleties.
Even this low level of color due to non-tannin phenolics can be largely
accounted for and subtracted out by comparing values obtalned by extracting
wlth water and with a sal* solution. The salt seems to prevent tannin from
extracting without Interfering with the extraction of other pherollcs, so
that the difference In values obtalned with water and salt solution
extraction are due to tannin.

Perhapz the most characteristic property ov tannins Is thelr
propensity for Interacting with proteins; this may largely account for
thelr biological properties. We have devised assays which measure, under
standard conditlions, the proteln precipitating power of tannins. The
amount of tannin In the precipitate is determined spectrophotometrically
after redissolving the pellet. The amount of protein precipitated Is

125I-Iabelled proteln such as serum albumin. These assays

measured using
are particularly useful for studyling tannin-proteln interactions.

Depending on the conditions, purified sorghum tannin can preciplitate up to
six times 1ts own welght of serum albumin. The protein precipitating power
of high tannin sorghum can be assessed In the grounc graln without any

extraction or other treatment which might modlfy or fractionate the

tannins, by mixing constant amounts of sample with Increasing
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125,

concentrations of -albumin. After centrifugation, measurement of

unbound 125

| In the supernatant gives a titration curve which shows the
proteln precipltating capaclty of the graln at saturation.

These assays, when applled to mature sorghum grain, all glve good
correlations with nutritional quality as assessed by rat and chick feeding
trlals measuring welght gain and feed efflclency. Prellminary studies with
Immature graln show a much poorer correlation between the results of

chemlcal assays and feeding ti‘lals. The reasons for this apparent

dlscrepancy are under Investligation.
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A. GENERAL BACKGROUND

Sorghum Is the fourth most Important cereal crop grown for human
consumption In the world, being surpassed only by rice, wheat, and corn In
world-wide Importance. In Africa and much of Asla It Is the princlpal
source of energy for many milllons of people and provides a major source of
protein In the human alet. Though It Is considered relatlively high In
carbohydrates and a falr source of total proteln compared to most cereal
crops, the proteln quallity Is the poorest of the major cereals with regard
to amino acid balance and total digestibllity.

The purpose of this proJect Is to devnlop and release for utllization
In the LDCs superior verletles or |ines of sorghum with genetically
controlied higher protein content, Improved amino acid balance and total
digestibility. Thousands of |Ines from the world sorghum collection and
the various breeding programs are belng evaluated for levels of total
protein and for quailty by chemical and blologlical means. The more
promising stralns are recompined In various ways to further Improve the
amount and quality of protein In breeding populations. The parameters of
Inheritance of the high nutritional quality factors are In the process of
being determined. Llnes which do not produce seed at Purdue are sent to
Puerto Rico for muitip!ication. There, these |Ines are screened for
improved yleld for the fropics and =eed Is returned to Purdue for screening
of nutritional characterlistics. Selected germplasm and supporting cultural
practice Information are provided to established programs and Interested
cooperators to test, screen, and to assist In the exchange of breeding
materlals. Graduate degree and non-degree training programs at Purdue are

developed and regularly conducted to Increase the research capacity of



-7-

developing natlions with the desire to improve the nutritional quallity of

thelr sorghum.

B. STATEMENT OF PROJECT OBJECTIVES AT STATED IN THE CONTRACT
Objective 1. |ldentify and evaluate sorghum |ines or mutants with iwmproved
protein quality and quantity utlllzing both chemical and blologlical
methods.

Objective 2. Identify the chemical nature and composition of the protein
fractlions of selected high lysine sorghum genotypes and correlate the grain
fractlion composition with nutritional quality.

ObJective 3. Ascertaln the role of various chemlcal components of sorghum
graln such as polyphenols (tannins), protein quallty, and carbohydrate
avallabllity to monogastric animal nutrition.

Objective 4. Determine the mechanism of Inheritance of high nutritional
quallty and develop breeding methods and materlals Including populations
with Improved blological quallty for potential utilization in developing

couniries,

C. CONTINUED RELEVANCE OF OBJECTIVES
The objectives are currently belng pursued under the Tlt!e XIi Sorghum

and Mlllet CRSP.

D. RESEARCH ACCOMPL | SHMENTS
Summary reports of the major research accomplishments are Included In

the following sectlons. (See Ilst In Tabie of Contents.)



CURRENT STATUS OF PROTEIN QUALITY
IMPROVEMENT IN GRAIN SORGHUM

J. D. Axtell, S. W. VanScoyoc, P. J. Christensen and G. Ejeta
Department of Agronomy

Introduction

Sorghum [Is an Important crop specles for the produciion of graln for
human consumptlion In Africa and Aslia. The graln provides an Important
source of carbohydrate and Is similar to other major cereals as a source of
total protein. The protein quallity, however, Is relatively poor In
comparison with that from other major cereal gralns. Mertz et al. [1]
estimated that the blological value of sorghum graln Is poorer than that of
any other major cereal, primarily because of the low lysine content of the
sorghum endosperm storage proteins, Two genetic mutants, one naturally
occurring and one Induced, have been Identifled that Increase the lysine
content of the sorghum endosperm and improve thes protein quality of the
grain. The purpose of this paper Is to briefly raoview the origin of these
mutants and describe the recent resuits of experiments on the relationship

between Improved proteln quallty and total graln production In sorghum,

Ethiopian High-Lysiiie Gene

Singh and Axtell [2] screened about 10,000 entries In the Worid
Sorghum Collection and ldenilfled two floury endosperm varieties from
Ethiopla that contalned a gene that significantly Increased the level of

protein and also Increased the lysine concentration of the endosperm



-9-

proteins. The screening process involved cross-sectioning seeds from each
entry to Idontify those with floury endosperm phenotypes and then
evaluating grain samples from those selected eniries for protein and lysine
concentration. Sixty-two floury endosperm |ines were identified, of which
two (1S-11167 and 1S-11758) had a significantly higher lysine content than
normal sorghum., These |Ines contain approximately 15 - 17% protein in
comparison with normal checks averaginy about 12§ protein. The lysine
content of the Ethiopian high-lysine selections Is approximately 3.1%
(expressed as per cent of protein) and 0.50% (expressed as per cent of
sample) In comparison with normal sorghum values of 2.0 and 0.26%,
respectively [3]. The blological value of the Ethioplan high-lysine grain
Is also significantly higher than normal sorghums In [sonitrogenous rat
feeding experiments [2]. It has been established that the concentration of
alcohol-soluble proteins Is significantly reduced In high-lysine endosperm,

relative to values present 12 normal sorghum endosperm [4,5].

Utilization of High-Lysirnz Sorghum In Ethiopla

A collzction trip was made in 1973 to determine whether the
high=lysine varleties Identified In the World Col lection were being
cultivated by farmers In Ethiopla. The lines originally Identified from
the World Germplasm Col lection were obtained In Wollo Province In the
central highlands of Ethiopla. Farmers continue to grow these varieties In
mixed plantings of sorghum varleties In this area of Ethiopla. A large
number of varleties simllar to the original high-lysine variety were
collected *n addltion to an equivalent numoer of normal varieties for
comparative purposes. EjJeta [6] has evaluated the protein and lysine

content of grain from high-lysine and normal varieties grown under actual
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fleld conditions In Ethlopla. Flgure 1 Illustrates the lysine and proteln
concentration In this series of high-lysine and normal sorghum varlietles.
The mean lysine concentration, expressed as percent of protein, was 2.88
for the high-lysine entrles and 2.17 for the normal sorghum varieties grown
In the same environment. Proteln values were 15.7 and 11.4%, respectively.
It seems |lkely that the high-lysine gene has been present in Ethlopia for
a long perlod of time, since there Is great dlversity In panicle
morphology, maturity and plant height among the hligh-lysine genotypes
collected. The farmers roast the heads of the high-lysine varietles In the
late dough stage and eat the grain In mixtures with grain from normal
sorghum varletles prepared In a simllar way. There Is general recognition
by the farmers that the yleld of high-lysine varietlies Is significantly
less 1than normal varieties. The reascn given to us for growing these
varieties Is that the high-lysine graln has superior flavour quallitles and
Improved palatabllity.

There Is a good opportunity to utilize these high-lysine varletles In
African countries as high-protein, speclal-purpose sorghum varleties. The
protein concentration Is Increased by about 30%, along with the signlficant
Increase In protein quality. The grain from these varieties Is
recognlizably different for marketing purposes because of the somewhat
dented kernel phenotype of the mature grain. The flavour characteristics
also appear to make these varleties quite acceptable for human consumption.
We propose that these Ethlopian hglh-lysine varlieties should be utilized In
rural populations as speclal-purpose sorghums for people who have a high
proteln requirement. It should be possible for farmers In rural areas to
produce an adequate quantity of high-lysine sorghum grain for use as a

weaning food and a supplement for pregnant women and nursing mothers on a
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small sectlon of their farm. I+ may also be possible to develop a
marketing system whereby these grains can recelve a market premium when
sold In the citles. [Caution - Very recent studies by Graham at Johns
Hopkins (personal communication to E. T. Mertz) suggest that sorghum flour
Is quite Indlgestible by Infants and small chlidren. Since this Is
contradictory to results with laboratory animals, more Information Is

needed before high~lysine sorghums are utillized as weaning foods.]

Chemlgnlly Induced High-Lysine Mutant

Mohan [7] utilized chemical mutagenesis to Induce a second high~lysine
gene mutation In sorghum. The parent |ine used for the nmutagen treatments
was a photoperiod Insens:+*ive, three-dwarf sorghum |ine with relatively
broad agronom!c adaptability. The parent iine also had a colourless
pericarp and translucent (vitreous) endosperm so that progeny from the
mutagen treatments could be screened for opaque mutant kernels over a Iight
box.“ Seifed seed was treated with dlethyl sulphate by soaking iIn a
solution containing | mi DES per 1000 m! of dlsti|led water for three
hours. The M1 plants were grown in Lafayette, Indlana, during 1972 and
each head was bagged to ensure self-fertillzation, M2 plants were then
grown In Puerto Rico during the winter of 1972-73 and each M2 head was
agaln bagged to ensure self-fert!lization. Approximately 23,000 bagged M2
heads bearinq M3 seeds were harvested In the spring of 1973 In Puerto Rico
and shipped to Lafayette for evaluation.

Seod from each head was threshed and examined for opaque kernel!
segregates over a |ight box. A total of 445 putative opaque mutants were
ldentifled and see1 from each segregating head was separated Into vitreous

and opaque classes. Both classes of seed from each putative mutant head
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wei's Then analysed for proteln and lysire concentration. Cf the 44%
mutants, only 33 were Identified that had an Increase in lysine
concentration greater than 50%. Plants from each of these 33 opaque and
normal sib seed lots were grown In paired rows to evaluate them for any
morphological changes associated with the change in endosperm phenctype.
Most of the opaque mutants were found to drastically affect elther plant or
seed development., Only one of these 33 (P-721) was found to produce
normal ly appearing plants and seeds. The P-721 opaque mutant produced an
Increase of about 60% In lysine concentration. It Is a single gene that Is
simply inherited as a partially dominant factor. The blological value of
P-721 graln Is significantly higher In monogastric feeding experiments than
normal sib counterpart grain.

VanScoyoc has examined dry matter accumulation during grain
development to determine what effect the P-721 mutant has on grain yleld
potential. Flgure 2 presents the mean seed weight per head of P-721 opaque
and normal sib heads at periods ranging from 10-59 days after pollination
In a space-planted population. |7 Is evident from these data that there Is
no difference In dry matter accumutation untll approximately 31 days after
pol lination. After 31 days dry matter accumulation In the P-721 opaqjue
line levels off, whereas dry matter In the normal sib |ine continues to
accumulate for an additional week, plateauing at 38 days after po!l’nation.
VanScoyoc has aiso examined 1000-seed weignt during grain development and
his data are presented In Table 1. Seed weights of the normal and opaque
lines are similar at 31 days after poiilnation, but divarge at 38 days
after polllnation. At maturity kernel weight for the opaque | ine Is
reduced 11-14% relative to !ts normal counterpart. No reduction In seed

number was observed, so the difference between the |Ines can largely be
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TABLE 1. MEAN 1000-SEED WEIGHTS OF P-721 OPAQUE AND ITS NORMAL
SIB LINE DURING GRAIN DEVELOPMENT IN A SPACE PLANTED
POPULATION

1000-seed dry welgh'l'a

Days after P-721 P-721 § P-721 opaque
pollination pcraal opaque of aormal

17 7.625 7.875 103.3

24 14,664 14,294 97.5

31 18.562 18.998 97.7

38 25,164 21,652 93.5

45 25.455 21.608 84.9

52 24.099 21,451 89.0

59 24.861 21,358 85.9

2 Mean of three replicates.
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accounted for by reduced kernel density. The reduction In kernel weight Is
In relative agreement wi*h prelliminary data from a 1977 four-replicate
yield trial at 147 664 plants/ha showing a 9.4% total yleld reduction for

P-721 opaque compared with Its normal sib Ilne.

Yield of P=721 Derived Lines

Christensen [8] examined the graln yleld of advanced breeding |ines
homozygous for the P-721 opaque gene In comparison wlth heterozygous and
normal, homozygous vitreous slb {ines.

The varieties used are F4 derived bulks from crosses of P-721 by 22
unrelated hligh-ylelding Iines from the World Collectlon of sorghum
varieties, and from Purdue University's sorghum breedlng programme. The
segregating material was handled as part of the regular breeding nursery.
The population of Inbred lines was selected for short to Intermediate
height, early flowering and general agronomic desirability. Opaques were
selected In the F3 and F4 generations, largely on the basis of thelr acid
orange 12 dye-binding capaclty. The heads of the 378 l|Ines included In the
yleld trial were checked for opaqueness hy seed sectioning affer harvest:
300 lines are opaque; 73 are segregating (Indlcating that the F4 head had
been heterozygous); and 5 are homozygous vitreous. The selected [ines were
tested In the F5 In the two-block randomized complete block design at the
Purdue Agronomy Farm during the summer of 1977.

The means tor the three genotypes and four check varieties are gliven
In Table Il. Opaque lines yleld marginaliy higher than the segregating
lines from heterozygous heads, . .t the difference was not due to the opaque
gene Itself, Thls higher yleld Is aimost certainly due to selection for

high dye-bindIng capacity In the F3 and F4 generatlions among the



TABLE [I. MEANS OF CHEMICAL AND AGRONOMIC TRAITS FOR COMPARISON OF GENOTYPES AT THE OPAQUES LOCUS FOR P-721 DERIVED LINES

AND HIGH YIELDING CHECKS

No. DBC -1 Proteln Yield 2 100~-seed weight Days to Helght
(gx 10 /1y (% (kg X 10°/ha)  (g/100) tiowering (cm)
P-721 genotype
Opaque 300 7.64 12.51 46.58 2.50 72.8 135
Heterozygous 73 7.04 13.26 44.72 2.89 72.1 148.7
Normai 5 6.78 12.92 41.54 2.87 72.6 156
Checks
954063 (inbred iline) 4 6.14 11.38 57.32 2.58 668.9 120
RS671 (hybrid) 6.18 11.66 56.35 2.30 65,0 11i.2
NK300 (hybrid) 6.11 10.88 66.70 2.18 64.9 152.5
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heterozygous and normal heads. To be selected for the yleld trlal, a
heterozygous or a normal head would hiave to have had a very high protein
percentage. Since high proteln hercenfages are assoclated with low yleld
levels, one would presume that selectlon agalnst yleld occurred In the
heterozygous and Irn the normal heads that were sslected. The conjecture Is
supported by the high protein percentages of the segregating and vitreous
Ilnes In the trial. On the bas'!s of thls evidence, one would presume that
P-721 derived opaque |lines would not be higher ylelding but should be as
high ylelding as thelr normal counterparts.

Seed welght of the opaques Is significantly lower than the seed weight
of the normal and of the heterozygous lines {(Table |1). The seed weight of
the high-yielding checks Is even lower than the seed welght of the opaques.
In opaque-2 malze low sewc weight Is a problem because restricted ear
morphology does not allow seed number compensation. Low seed welght Is not
closely associated with low yle!d In sorghum. The Increased panicle size

al lows compensation for decreased seed welght by Increased seed number.

Discussion
We conclude that the comparlson of the yle!d of P-721 opaque with Its

Isogenic normal slb [Ine shows clearly that the grain-filling period of the
opaque kernel Is reduced In this particular genetic background. The
resultant decrease In seed welght accounts for the reduction In grain yleld
In that background.

While 1t Is possible that the P-721 cipaque gene reduces grain-filling
duration In many genetic backgrcunds with a consequent decrease In seed
welght, the yleld data from the F5 opaque and heterozygous advanced slb

|1nes suggests that selection for yleld will result In compensation In



-19-

number of seeds per head and number of heads per unit area. Appropriate
genetic backgrounds can be selected that will significantiy enhance yield
potential of the P-721 opaque gene. The yleld differential obsered
between Isogenlc opaque and normal lines In sorghum should not be a serious
deterrent to the development of high-ylelding sorghum varlietles with
improved protein quallty, after the gene has been placed In the approprlate

background,
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Final Report of the Research on Sorghum Tanninz
Blochemlstry Department, Purdue, April 1977 - September 1979

(Adapted from Abstracts of Reports
Presented at the Sorghum Uti|lzation Conference, Wichita, 1979)

Polyphenol lc materlals such as tannins constitute a natural defense
mechanism which In grain sorghum provides protection against weatherling,
pre-harvest germination, and bird depredation. In some areas these
stresses are so severe that low tannin types are difflcult to produce. The
agronomic advantages of high tannin sorghums are somewhat offset by the
nutritional disadvantages associated with these types, which glve
relatively low welght gains and feed efflciences In feeding trials with
rats and chicks. A major Incentive for our work Is the resolution of this
conflict between sorghum producers and feeders concerning the presence and
effects of tannin In sorghum.

When we began to Investigate the occurrence and effects of tannins In
sorghum we found that the avallable techniques for quantitating the tannins
were not satisfactory. We have therefore developed, or modified from
previous technlques, a serles cf tannin assays which are more sultable.
These assays are somewhat Independent of each other because they measure
different chemlcal properties of the tannins. Collectively, therefore,
they serve not only to determine the amount of tannin present, but also to
characterize It to some extent.

The vanillin assay has been widely used for sorghum tannin, at least
partly because of Its specificity for the flavanol type units of the
condensed tannin polymers such as are present In sorghum. We have made

several modlfications of this assay which lIncrease Its accuracy,
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reproduclbil ity and convenlence. Perhaps the most signlficant change Is
the Incluslon of a reagent-free blank which corrects for background
absorption. We have shortened the extraction time from 24 hours to 20
minutes, and altered the reaction conditlions. The reaction is qulte
temperature sensitive so the ftemperat're must be controlled. Catechin,
although offen used as a standard in this assay, glves non-linear standard
curves and much less absorption than equivalent welghts of tannin.
Purlfied tannin should be used as standard whenever possible.

We developed a rapld and convenlent technlque, thu Prussian Blue
assay, which measures fotal extractable phenolics. The assay can be
adapted for rough estimates of tannin content In the fleld or at the
elevator, or for preclse measurements In the |aboratory. Non-tarnnin
phenol ics In sorghum cause |1ttle Interference In high tannin varieties.
Even this low level of color due to non=tannin phenollics can be .argely
accounted for and subtracted out by comparing values obtained by extracting
with water and with a salt solution., The salt seems to prevent tannin from
extracting without Interfering with the extraction of other phenollcs, so
that the difference In values obtalned with water and salt solution
extractlon are due to tannin.

Perhaps the most characteristic property of tannins is thelr
propensity for Interacting with protelns; this may largely account for
their blologlcal properties. We have devised assays which measure, under
standard conditions, the protein precipltating power of tannins. The
amount of tannin in the precipitate Is determined spectrophotometrically
after redissolving the pellet. The amount of protein precipltated Is
measured using 125I-Iabelled proteln such as serum albumin. These assays

are particularly useful for studying tannin-protein Interactions.
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Depending on the conditlons, purifled sorghum tannin can precipitate up to
six times 1ts own welght of serum albumin. The protein precipltating power
of high tannin sorghum can be assessed in the ground graln without any
extractlon or cother treatment which might modify or fractionate the
tannins, by mixIng constant amounts of sample with Increasing
concentratlions of 125l-albumln. After centr!fugation, measurement of
unbouﬁd 125! In the supernatant gives a titratlion curve which shows the
proteln preclpitating capacity of the graln at satur~tion.

These assays, when applled to mature sorghum grain, all give good
correlations with nutritional quallty as assessed by rat and chlck feeding
trials measuring welght galn and feed efflclency. Prellminary studlies with
Immature graln show a much poorer correlation between the results of
chemical assays and feeding trlals. The reasons for this apparent
discrepancy are under Investigation.

For maximum accuracy, pure samples of authentic sorghum tannin must be
used as standards In tannin assays. |n our laboratory, previously
described preparations of sorghur *+annin are confémlnafed with protein,
which could significantly affect the properties of the tannin with which It
Is assoclated. We have devised a purlfication scheme for sorghum tannin
which reduced proteln contamination to low levels (< 2%).

Several approaches to the problem of antinutritional effects have been
conslderod. Our colleagues at Purdue have removed the tannin from sorghum
by extraction with aqueous alkalles or by mlilIng off the surface layers of
the graln, but the loss of nutrients which occur with these treatments are
significant and probably unacceptable. We have Investigated the
possibiilty that sorahum tannins might be modifled In sltu to forms with

reduced antlnutritional properties. We have found that sorghum tannins are
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readily converted, on addition of small amounts of aqueous ammonia to whole
grain at room temperature and atmospherlic pressure, to forms which do not
respond to any of our chemical assays for tannin. Moreover, feeding frials
of this treated high tannin sorghum show that the nutritional quality is
correspondingly improved by the treatment, with welight gains on treated
high tannin graln equivalent to those observed with !ow tannin sorghum.

The treatment is not specific for ammonia; simllar "detoxIfication" effects
have been observed with several dilute aqueous alkalles, Including an
extract of wood ashes. Both molsture and alkall are required; a varlety of
heat treatments and conventicnal cooking procedures have been examined but
none showed slignlflcant detoxliflication,

Detoxification of high tannin sorghum, no matter how simple the
process, may not be the most desirable long-term soluvion to thz tannin
problem. Our goal is a genetic solution: sorghum varieties which have
tannins and are thus agronomlcally superior, but which do not exhiblt the
antinutri+ional propertlies of tannin. Durling seed maturation some sorghum
varieties have quite high tannin levels which diminish on ripening. In the
Group || sorghums described by Cummings and Axtell, tannin content
diminishes at maturation to undectable levels, unless speclal acidlc
solvents are used to extract the tannin. WIth Roger Bullard and W. C.
Royall of the Denver Wildlife Service, we are examining the bird
repel lancy, nutritional quallty, and other characteristics of selected
Group |1 sorghums throughout the maturation process. Preliminary studies
Indicate that the tannin of Immature graln may have properties somewhat
different from that of mature grain. Brief boiling or freezing of immature
sorghum followed vy drying at room temperature converted the tannin to

non-extractable forms, whereas the untreated but similarly dried controls
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had extremely high amounts of extiractable tannin. These treatments had no
apparent effect on the nutritional properties of the tannin. The
conversion of tannin to non-extractable forms by these treatments may be
due to dlsruption of tannin-containing structures, permitting cellular

components to bInd tannins,



EFFECTS OF SORGHUM GRAIN TANNINS ON NUTRITIVE VALUE
Jo. C. Rogler and W. F. Featherston
Department of Animal Sclences

When several varleties of sorghum grain varying in tannin content were
fed to chicks, a high negative corralation (r = -0.92) was observed between
tannic acid equivalents (TAE) of the grain and growth rate. An Identical
correlation (-0,92) was noted between TAE and feed efficlency (gain/feed).
Supplementing a high tannin sorghum (HTS) dlet with ferric chloride (0.5 or
i.0%) to enhance tannin oxidation falled to overcome the detrimental
effects of tannin. Similarly, the addition of diethyldithlocarbamate (0.1
or 0.2%) to a HTS diet to Inhibit polyphenol oxidase, and thus reduce
tannin oxidation, did not affect the tannin toxicity.

Chicks fed HTS diets produced significantly more excreta while
consuming less feed than chicks fed low tannin sorghum (LTS) diets. Hence,
dry matter utillzation of chicks fed HTS was significantly poorer than
chicks fed LTS. The growth depression produced by feeding HTS in a
sorghum-coybean meal diet could be completely overcome by methionine
supplementation. However, the addition of methionine had no effect on dry
matter utilization. These results suggest that the growth depression
assoclated with feeding HTS cannot be explained on the basis of reduced
digestibility. Since the reduced feed efficiency observed with HTS [s not
completely corrected by methionine supplementation, lower digestibility
appears to be the cause of the poorer feed eft}cjency.

Other evidence that the detrimental effects of tannins cannot be
completely explained by reduced digestiblllty was afforded by studies where

the dlgestion of all dletary protein, carbohydrate and |ipid was
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circumvented by the use of crystalline amino acids, glucose and free fatty
aclids. When a methanol extract (TAE = 40%) of HTS was added to this diet
at a level of 2.5%, a depression In growth rate was stil| obtained.

Although methionine supplementation Is very effective In overcoming
the growth depression of chicks fed HTS In a sorghum-soybean meal dlet, it
Is without effect In certain other dlets. Iin a sorghum-crystaliine amino
acid dlet where thu essential amino aclids are added in the same amounts
found In soybean meal and non-essentlal nitrogen is provided by glutamic
acld, HTS reduces chick growth rate and additional methionine Is
Ineffective In overcoming the growth depression. Similarly, the growth
depression obtained by adding a methanol extract of sorghum tannins to a
purifled diet does not respond to methionine sumplementation. Why
methionine Is effective in one case and not In others remains a rather
perplexing question.

It has conslstently been observed that feeding HTS to chicks results
In leg anomal les characterized as a bending or bowing of the leg bones.
This was first observed In chicks fed a HTS-soybean meal diet and the
Incidence of the abnormality usually ranged from 7-10%. The Incidence of
the condition Increased dramatically (60-70%) when HTS was Incorporated
Into a sorghum-crystalline amino acid diet. Increasing levels of vitamins
and minerals falled to overcome the bone anomailes caused by HTS. Since
bone ash Is normal In the afflicted chicks, It Is suggested that the defect
Is In the organic matrix of thm bone. Therefore, It was hypothesized that
tannins may be absorbed and affecting the bone collagen In a manner simllar
to thelir tanning effect In the processing of leather. This Invoives an
Increased cross-1inking of the collagen fibers due to binding of tannins

with ccllagen. Preliminary studles Indicate that therz may be an Increased
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cross-|Inkage of collagen flbers In both bone and muscle as Indicated by a
reductlon In the amount of extractabie collagen In these tissues from birds

fed HTS.
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E. RESEARCH PUBL ICATIONS (ABSTRACTS)

ABSTRACT

DETERMINATION OF PROTEIN IN TANNIN-PROTEIN PRECIPITATES
Ann E. Hagerman and Larry G. Butler

The amount of proteln precipitated sy tannin under a varlety of
conditions Is measured by using radiolodinated protein. The proteln Is
mixed with purifled tannin, finely ground plant tissue, or an unpur!fled
plant extract; the mixture Is centrifuged to remove the Insoluble
tannin-protein complex. An allquot of the supernatant layer Is counted to
calculate the amount of proteln preclpltated. Complex formation Is
dependent on the pH and solvent composition. Tannin speciflc activity Is
useful for comparling tannin from varlous sources and for monitoring tannin
purlflcation. I+ Is deflned here as the ratio between the amount of

proteln preclplitated and the amount of oxidlzable mater!al present.

J. Agriculture & Food Chemistry, 1980
Vol. 28: 944-947
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ABSTRACT

CONDENSED TANNIN PURIFICATION AND CHARACTERIZATION OF TANNIN-ASSOC!ATED
PROTEINS '
Ann E. Hagerman and Larry G. Butler

The conventional Isolation method has been modified In order to
minimlize proteln contamination of tannin purified from high tannin sorghum.
The two unique steps of the new procedure are preliminary extraction of the
ground graln with ethanol and treatment of the partially purlfied tannin
wlth phenol to remove traces of noncovalently bound proteln.
TannIn-assoclated protein removed by phenol treatment Is not a random
mixture of all the seed proteins, but conslsts of several discrete
components which have been Isolated and partially characterized. These
protelns are qulte hydrophobic, and one Is rich In proline. With only

minor changes, the purification method can be used to Isolate tannin from

seeds of other plants such as legumes.

J. Agricultural & Food Chemistry, 1980
Vol. 28: 947-952
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ABSTRACT

TANNIN CONTENT AS A FUNCTION OF GRAIN MATURITY AND DRYING CONDITIONS IN
SEVERAL VARIETIES OF SORGHUM BICOLOR (L.) MOENCH
Martin L. Price, Andrew M, Stromberg, and Larry G. Butler

Twelve varleties of sorghum graln were assayed for tannin content at
varlous stages of maturlty. For varletles which were found to contaln
tannin, maximum values per seed were obtalned between 25 and 40 days after
hal f-anthesls. Wide varlability In apparent loss of tannin as the gralns
matured was found between varietles, with tannin contents of mature seed
ranging from 3 to 93% of the maximum found In the Immature seed. We
suggest that varieties with maximum decreases In tannin may be simllar to
low tannin varleties In the nutritional quality of the mature grain, yet
provide bird resistance during Immature stages. Drying immature grain at
room temperature after boiling for 3 min or freezing caused a drastic

reduction In apparent tannin content over untreated controls, but these

treatments had |1ttle effect on nutritional quality of the grain.

J. Agriculturai & Food Chemistry,1979
Vol. 27: 1270-1274
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ABSTRACT

PROTEIN PRECIPITATION METHOD FOR THE QUANTITATIVE DETERMINATION OF TANNINS
Ann E, Hagerman and Larry G. Butler

The tannin content of crude plant extracts or of purified preparations
was determlned by adding the sample to a standard solution nf proteln,
Isolating the Insoluble tannin-protein complex, dlssolving it in alkaline
solution, and measuring the absorbance at 510 nm after adding ferric
chloride. Piots of absorbance as a functlon of the amount of tannin are
I Inear for tannic acld and partiaily purlfied sorghum tannins for amounts
of tannin ranging from 0.20 to 1.0 mg. Non-tannin components of crude
methanol ic extracts of sorghum and cowpeas do not interfere with the assay.
The results of the precipitation method are qualitatively simllar to
results obtalned with the vanillin assay. The precipitation assay can be
used to study the effects of pH and other parameters on tannin-protein

interactions.

Jo Agriculture & Food Chemistry, 1978
Voi. 26: 809-812
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ABSTRACT

A CRITICAL EVALUATION OF THE VANILLIN REACTION AS AN ASSAY FOR TANNIN IN
SORGHUM GRAIN ~
Martin L. Price, Steve VanScoyoc and Larry G. Butler

Several parameters of tha vanlllln assay were examined to determine
which must be most closely controlled to ensure accuracy and
reproducibllity. A 20-min extractlon In methanol was found to be adequate.
When c. ~rected for background color, the modifled vanillin assay was found
to glve nearly Identical values with those obtalned with the regular
vanlllin assay, except with group Il sorghum. The reactions of tannin and
catechin, the usual standard, with vanliiin were found to differ markedly
In reaction kinetics. Assays of purlfled tannin showed that use of
catechin equivalents over-estimates tannin content. The assay was found to

be extremely temperature dependent. Revised procedures for the vanillin

assay are presented which give excellent reproducibility.

J. Agriculture & Food Chemistry, 1978
Vol, 26: 1214-1218
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ABSTRACT

OVERCOMING THE NUTRITIONALLY HARMFUL EFFECTS OF TANNIN IN SORGHUM GRAIN BY
TREATMENT WITH INEXPENSIVE CHEMICALS
Martin L. Price, Larry G. Butler, John C. Rogler and Wlillam R. Featherston
Treatment of high-tannin sorghum graln with moist, alkaline conditons
was shown to substantially reduce the amount of tannin as measured by three
chemlcal assays. Chicks fed a high-tannin grain (Savannah i), treated as
+he whole graln with dilute ammonium hydroxide for 30 days, showed 3-week
welght gains and feed efflciencies which were statistically equivalent to
those of chicks fed an untreated low-tannin control (RS-610). A shorter
treatment of a ground high-tannin grain (BR-54) with a 0.5 M aqueous
solution of K2003 resulted In a comparable improvement In welght galns and
a substantlal improvement In feed efficlencies. Treatment of the same
graln with molsture and Ca0 gave an Improvement of a lesser magnitude.

Increases in avallable protein after treatments did not appear sufficient

+o account for the nutritional improvements.

J. Agricuiture & Food Chemistry, 1979
Vol. 27: 441-445



-34-

ABSTRACT
EFFECTS OF HIGH TANNIN SORGHUM, TANNIC ACID, CATECHIN AND SORGHUM TANNIN
EXTRACT ON THE PERFORMANCE OF YOUNG CHICKS
J. C. Rogler, W. R. Featherston, R, G. Elkin and R. K. Glies

The inc¢ uslion of elther high tannin (HT) sorghum, tannic acid or
catechin In a sorghum-soybean meal diet depressed growth rate to about the
same extent. Supplemental methionine completely overcame the growth
reduction caused by HT sorghum, but had little Influence on the detrimental
effects of tannic acld or catechin. Feed conversion was adversely
Influenced by all 3 sources of tannin with the greatest effect observed In
chicks fed HT sorghum., Additional methionine Improved feed conversion of
chicks fed HT sorghum or catechin, but had little effect on chicks fed
tannic acld. Although HT sorghum depressed growth rate and feed conversion
In a sorghum-peanut meal dlet, the magnitude of the effect was much iess
than with a sorghum-soybean meal diet. As with the soybean meal diet,
supplemental methionine completely overcame the detrimental effects of HT
sorghum on growth and partially overcame the effects on feed conversion In
the peanut meal dlet. A methanol extract of HT sorghum containing 40%
tannic aclid equivalents depressed performance of chicks fed a sulfur amino
acld=lImiting diet where digestion of exogenous protelin, carbohydrate and
11pld was by-passed by the use of crystalline amino aclds, glucose and
fatty aclds., The addition of methionine to dlets with ~nd without tannin
extract Improved growth rate and feed conversion by about the same
percentage, but the methlonine suppiemented diet containing tannin extract
was stil| Inferior to a similarly supplemented diet without extract.

Proceedings of XVI| World's Poultry

Congress, 1978
Vol, Z1: 1094-1103



ABSTRACT

STUDIES ON THE UTILIZATION BY CHICKS OF SORGHUM GRAINS WITH VARYING TANNIN
CONTENTS
W. R. Featherston, J. C. Rogler and R. K. Glles

Studles were conducted on the Influence of sorghum grain tannins on
weight galn, feed efflclency, dry matter utlllzation and nltrogen retention
by young chicks. Welght gain and feed efflclency of chicks were inversely
related to the tannic acid equivalents of the grains in a growth trial
utilizing seven varieties of sorghum grain., Significantly (P < 0.05) iower
dry matter utilization and nitrogen retentlion were observed with chicks fed
high tannin as compared with low tannin sorghum graln. Supplementation of
the high tannin sorghum dlet with 0.15% DL-methionine or 1%
polyvinylpyrrolidone had no effect on dry matter utllization but resulted
In a significant (P < 0.05) Iimprovement In nitrogen retention.
Supplementation of the high tannin sorghum diet with methlonine resulted In
comparable welght galns as with chicks fed the low tannin sorghum dlet
simllarly supplemented. The abllity of methlonine to overcome the growth
depression noted In chicks fed the high tannin dlet without Improving dry

matter utlllization Indlcates that tannins are exerting thelr Influence in

some manner In addltion to decreasing the dligestiblllty of the dlet.

Proceedings of XVI World's Poultry
Congress, 1978
Vol. Z1: 1087-1093
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ABSTRACT

INVESTIGATIONS OF LEG ABNORMALITIES IN CHICKS CONSUMING HIGH TANNIN SORGHUM
GRAIN DIETS
R. G. Elkin, W. R. Featherston and J. C. Rogler

Studles were conducted Into the etlology of leg abnormallties noted In
chicks fed high tannin sorghum gralin diets. These anomalles were
characterized by a bowing of the legs with a swelling of the hock Jolnts.
The Incldence of these leg problems was found fo be markedly higher when
the amino aclds provided In the dlet by soybean meal were replaced by
crystalline amino aclds, Supplemental vitamins and minerals had no
alleviating effect on the leg problem. Bone mineralization was apparently
not Influenced by tannins as demonstrated by simllar bone ash values for
chicks fed high or low tannin sorghums. A possible tannin-caused
alteration In the organic matrix of bone Is dlscussed.

High tannin sorghum depressed chick growth and feed conversion when
campared with low tannin sorghum In both sorgium-soybean meal and
sorghum-amino acld ratlons. Thls growth depression was overcome by
supplementing the high tannin sorghum-soybean meal diet with 0.15%
DL-methlonine, but no growth response was observed with a simllar

supplementation of a high tannin sorghum-amino acld dlet.

Poultry Scl., 1978
Vol. 571: 757-762
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ABSTRACT

CURRENT STATUS OF PROTEIN QUALITY IMPROVEMENT IN GRAiN SORGHUM
J. D. Axtell, S. W. VanScoyoc, P. J. Christensen and G. Ejeta

The Ethloplan high-lysine gene Is assoclated with an 80% Increase In
the lysine concentration of whole sorghum grain., It Is generally accepted
that the genv. reduces yleld In all genetic backgrounds. We belleve that
the Ethloplan high-lysine gene, In |ts native background genotypes, has
greatest applicabllity as a speclal purpose grain for people requiring a
high-proteln food source, l.e. prognant and lactating women and weaned
children, as an alternative to externally supplled supplements. [Caution -
Very recent studles by Graham at Johns Hopkins (personal communlcation to
E. T. Mertz) suggest that sorghum flour Is quite Indigestible by Infants
and small chlldren. Since this Is contradicrory to results with |aboratory
animals, more Information |s needed before hligh~lysine sorghums are
utilized as weaning foods.] The chemically Induced P-721 opaque gene Is
assoclated with a 60% Increase In the lysine concentration of whole grain
In Isogenlc comparison with the sib line. The lower rate of dry matter
accumulation during development on a per seed basis confirms that this gene
also Is assoclated with reduced seed welght. However, selection
experiments Indlcate that yleld component compensation, particularly In
seed number, allows high ylelding P-721 opaque Ilines to be developed. The
Increment 'n lysine concentration contributed by the gene In high-ylelding

genetic backgrounds may not be as great as In the Isogenic |Ine.

Proceedings of a Symposium on Seed
Proteln Improvement in Cereals and Grain
Legumes, Neuherberg, 4-8 September 1978
Vol. 2:357-365
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ABSTRACT

LYSINE LEVEL IN SOLVENT FRACTIONS OF PEARL MILLET
Christian C. Nwaslke, Edwin T. Mertz, Robert C. Pickett, D. V. Glover, B.
A. K. Chibber, and Stephen W. VanScoyoc

A typical whole grain sample of normal peari mlllet was separated Into
flve fractions by the Landry-Moureaux method. The distribution of proteins
among the flve fractions resembled that found In corn and not that iIn
sorghum. Complete amino acld analysis of the fractions was made. Of
speclal Interest was the low level of lysine In fraction V, which Is
simllar to that found In sorghum. On the baslis of this finding, It Is
predicted that high lysine pear| mlllet when identifled will resemble high

lysine sorghum, not opaque-2 corn, In Its total lysine content.

J. Agricultural & Food Chemistry,
December, 1979
Vol, 27: 1329-1331
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ABSTRACT

IN VITRO DIGESTIBILITY OF HIGH-TANNIN SORGHUM AT DIFFERENT STAGES OF
DEHULL ING
Bakshy A. K. Chibber, Edwin T. Mertz, and John D. Axtell

High-tannin sorghum graln was subjected to sequentlial dehulling to
remove tannins. Stepwlse removal of tannins gradually Increased the
percent of nltrogen solublllzed by pepsin from 22 to 71% and by
trypsin-chymotrypsin mixture from 3 to 35§. These studles suggest that a
simple pepsin dlgestion could be used to predict the blological value of

high-tannin sorghums.

J. Agriculiture & Food Chemistry, 1980
Vol., 28: 160-161
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ABSTRACT

GENETIC VARIABILITY IN A BROAD-BASED SORGHUM POPULATION
Thomas Bl+tinger

Genetic varlabllity was Investigated In the dlverse, random-mating
graln sorghum population, PP9, A Design | mating system was used where 50
random pollen parents were each crossed to a different set of three random
seed parents. The 150 resulting progenies were evaiuated in a randomlzed
complete~block design over two years at the Purdue Agronomy Farm.

The characters evaluated were days to 1/2 bloom, height, lodging,
panicle weight, seed weight, panicle length, and graln yleld.

Analysls of varlance was performed for each tralt, and estImate of the
additive genetic varlance and the dominance genetic varlance were made.
Additive genetic variance was greater than dominance variance for all
tralts except yleld. The ratio of domlnance varlance to additive varlance
was 1.24 for yield and between 0.18 and 0.66 for helght, lodging, panicle
welght, and seed welght. Negative dominance estimates were obtained for
days to |1/2 bloom and panlcle length.

Phenotypic and genetic correlations between the tralts were
calculated. Yleld showed highly signlficant positive correlations with
days to 1/2 bloom and panicle walght. Other signiflcant positive
correlations Included helght with days to 1/2 bloom, helght with lodging,
panicie welght with days to 1/2 bloom, and panicle welght with [odging.

Expected genetic galns were calculated for various selection

procedures and heritabl|itles were presented.
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The effects of major helght anc maturity genes on variation for yield
was discussed, and separate estimates of genetlc varliances were calculated
for yield after adjustment was made for maturity,

Ph.D. Thesis, 1979
R. P, Cantrell, Professor
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ABSTRACT

SELECTION FOR YIELD AND LYSINE CONCENTRATION AMONG OPAQUE P-721 DERIVED
GRAIN SORGHUM LINES
Paul Chrlstensen

The expected results of multltrait index selection for yleld (YLD) and
lysine concentration of sorghum grain, as estimated by acid orange 12, Udy,
dye-binding capacity (DBC), are evaluated for a population of F4 derived
Ilnes, homozygous for the P-721 high lys!ne opaque gene. The lines were
tested In the F5. The cohJective for selectlon Is overall Improvement of
selections from unreplicated nurseries. Optimum selection Indexes are
evaluated under 4 alternative sorghum graln valuation functlons. All value
functions give a relative value of 1,0 for normal sorghum, and each glves a
relative valiue of 3.0 at 2 to 4 tImes normal sorghum DBC, or lysine
concentration. The value functlons are of the form

T= aYLD(YLD) + Ajgc(YLD) (DBC-u),
where ayLp and ADBC are the relative values for productlon of nonlysine and
lysine components of graln respectively, and where u Is a constant.

The flirst-order approxli:ation to the quadratic merit Is good In the
relevant value range. Quadratic Index theory contributes to the
speclfication of approprlate approximate flrst-order values for the
measured tralts.

Where lysine production recelved Its lowest relative value (TI = 3,0
when DBC = 4 times the normal DBC for sorghum), t+he optimal Index Is
assoclated with a declline In expected DBC and an increase In expected
yleld. Where lysine production recelved its highest relative value (T4 =
3.0 when DBC = 2 tImes normal), the optimal Index 1s assoclated wlth

Increases In both DBC and yleld. By using relative tralt values obtalned
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form the first-order approximation to the quadratic merit function as Index
welghts one reduces expected gains by less than 10§ compared to the optimum
Indax:‘ These relative trait values are good selectlon index welghts.

The reduction In expected gain when protein is removed from the index
is only about 2f. Measurement of protein concentration Is not necessary in
nursery selecticn. The covarlances of protein with DBC and with yleld did
help specify the best selection index when DBC is relatively valuable.
Optimum selection indexes were assoclated with reduction in the expected
protein concentration. By using restricted selection index theory one can
determine Indexes which are not expected to reduce protein concentration.

These indexes are more |ikely to Increase DBC.

Ph.D. Thesis, 1978
J. D. Axtell, Professor
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ABSTRACT

SELECTION FOR GENETIC MODIFIERS THAT IMPROVE THE OPAQUE KERNEL PHENOTYPE OF
P-721, HIGH LYSINE SORGHUM (SORGHUM BICOLOR (L.) MOENCH)
Gebisa Ejeta

Vitreous endosperm, high lysine sorghum Ilnes were developed by
crossing P-721 opaque with plants In dlverse sources of sorghum
populations, and by mutation Inductlion using dlethyl sulfate (DES).

Approximately 12,000 F6 heads (from crosses of P-721 opaque with
sorghum plants of dliverse genetic background) were scr +ned over the [ight
box for vitreous endosperm kernels. A total of 120 heads segregating for
vitreous kernel types were selected as possible kernel modlflcations
influenced by so-called modifler genes of the P-721 opaque iccus. Further
evaluations of opaque and vitreous kernels from these 120 "modiflied" types
resulted In only 15 ellte selections with stabllIty in vitreous endosperm
phenotype and lysine concentration. There was strong evidence supporting
genetic background differences among the famlly groups evaluated.

Mod! fled endosperm selections were consistently higher In kernel
welght and graln yield, and lower In both percent protein and lysine
concentration. Total proteln ylelds and total lysine yields of the
modi fled endosperm selectlons were only 1 percent and 4 percent lower,
respectively, than that of thelr opaque checks.

Kerne! weight Increased with Increase In the degree of kernel
mod! f Ication, with the most vitreous types showing the highest test weight.
The trend In percent protein and lysine concentration was in favor of the
opaques and the less modifled kernel types.

Treatment of seeds of P-721 opaque, high lysine sorghum [Ine with
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dlethyl sulfate (DES) also resulted in mutants with vitreous endosperm and
high lysine concentration. After flve generations of selection, 23
vitreous endosperm, high lysine mutants were ldentifled. Of these, mutants
5589, 5458, and 0226 were found to be stable across generations In kernel
phenotype and lysine concentration. On the other hand, a large number of
vitreous endosperm mutants showed lysine concentration equlvalent to normal
sorghums. The reversion to wlld=-type phenotype (vitreous endosperm and |ow
lysine concentration) of these mutants Is speculated to be not In the true
reversal of the primary genetlc event (a rare occurrence) but possibly In
the Introduction of an addlitional mutation somewhere else in the genome
maskIng the expresslion of the primary mutatlion, P~721 opaque. These
putative suppresscr mutants need to be confirmed, however.

In the DES-induced populatlon of mutants, a famlly of mutant plants
with heritable red leaf characteristics was Identiflied. Seeds from the red
leaf mutant (5279) plants contaln a range In protein concentration varying
from 20-28 percent of sample. Thls red leaf character was found to be due
to a slingle recesslve gene.

Analysis of kernels from normal (green leaf) and red ieaf mutant
plants segregating in an F2 generation of the cross (PPi4(m53) x 5279)
showed that this mutant Is responsible for the high protein concentration
in the graln. Two possible explanatlons for the genetic mechanism Involved
In the Increased concentratlon of grains from red leaf mutant, 5279, are
described.

Both mutation Inductlon and pedigree breedIng procedures utilized in
thls study were effectlive in generating vitreous endosperm, high lysine

sorghum |ines. However, the frequency of useful mutants generated from
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mutation Induction was lower. |In addition, the mutation Induction approach
was more expensive and demanded large number of orogenles be evaluated for

successful ldentiflication of mutants.

Ph., D. Thesls, 1979
J. D. Axtell, Professor
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ABSTRACT

EVALUATION OF LEAF ANTHRACNOSE, HEAD BLIGHT AND RED STALK ROT OF SORGHUM
CAUSED BY COLLETOTRICHUM GRAMINICOLA
Alexandra de Sllva Ferrelra

0f 23 sorghum Ilnes evaluated for resistance to three Isolates of
Colletotrichum graminicola (Ces.) Wils., nine were susceptible, six
moderately resistant, and elght resistant to the leaf bllight phase. Some
of these |Ines demonstrated reslstance to the head blight phase. The leaf
blight phase was more destructive than elther the red stalk rot or head
bl Ight phases.

No complete resistance to the red stalk rot phase of anthracnose was
found, but genotypes varled In the amount of discoloration observed In the
pith after Inoculation. Reslistance to red stalk rot appeared to be
Independent of the leaf and head blIght phases. The stalks of sorghum were
not severely rotted and no lodging was observed In the Inoculatlion
treatments.

Genotypes varied In thelr reactlon to head Inoculatlon and genotypes
could be classlfled as resistance or susceptible.

Yleld In susceptible sorghum genotypes was signiflicantly reduced by
leaf bllght Infectlon when compared to the non-Inoculated control, but
ylelds were not signlflcantly reduced by elther the red stalk rot or head
blight Infectlons. Yleld losses also varled according to genotypes with
the head and red stalk rot phases. However, a resistant genotype such as
954206 would be preferable to the highly susceptible genotype 954114,

Sorghum genotypes can be screened for resistance to leaf anthracnose
In the greenhouse when plants are Inoculated 35 days after planting. The

greenhouse [noculatlions on sorghum |lnes were highly correlated (r = 0,87)
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with fleld inoculations (49 days after planting). The dlsease was usually
more severe In the fleld than greenhouse. No leaf Infectlon was observed
when sorghum plants were Inoculated 15 days after planting and a few
leslons were found on susceptible genotypes 25 days after planting.

These results Indicate that none of the methods are sultable for
determining resistance to all three phases of anthracnose, but the leaf
bifght method Is more rellable and can also be used to assay for head

blTght reslistance.

M.S. Thesls, 1979
H. L. Warren, Professor
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ABSTRACT

SORGHUM TANNINS: INHERITANCE, SEASONAL DEVELOPMENT AND BIOLOGICAL VALUE
Rebecca Hartigan .

Sorghum can be separated into three groups according to tannin
propertlies in the seed. Group | sorghum has no tannin and, therefore, no
pigmented testa. Group Il sorghum graln has tannin extractable only with
acldic methanol; group |1l sorrghums contaln tannins extractable with
absolute methanol as we!l as acldic methanol. Group Il and group 1l
sorghums have a pigmented testa. Group |l sorghum tannin developed In the
testa throughout the season and remained at maturity. When fed to rats,
t+he group 111 sorghums significantly reduced welght galn and feed
efficlency. Group Il sorghums had methanol-extractable and acldic
methanol-extractable tannins In the immature seed. The concentration of
these tannins was as high In one developing group Il variety as in the
group 1l sorghums, but the methanol-extractable tannin dlsappeared
completely by maturity. When fed to rats, group |l sorghums gave welght
galns and feed efficlencles comparable to the group | sorghums.

Two eplistatic genes IW and IH controlied tannin characteristics In
crosses between group 11 and group | sorghums. IW and th produce group 1l
sorghums, iw and IH produce group 1!l sorghums. IK Is epistatic over IH and
th Is eplstatic over tw. Additional genes for tannin groupings were
Indicated In crosses between group |1l and group | sorghums, but thelr mode
of actlon Is not known.

M.S. Thesis, 1979
J. D. Axtell, Professor
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ABSTRACT

THE INHERITANCE OF RESISTANCE TO COLLETOTRICHUM GRAMINICOLA IN GRAIN
SORGHUM, SORGHUM B1COLOR
Ellen Margaret Jones

This study was designed to determine the Inheritance of grain sorghum
leaf, panicle and grain resistance to the fungal pathogen, Colletotrichum
graminicola. Four graln sorghum [Ines were used In inls study: 954206
(R-1), 1S 9569 (R-2), 954114 (S-1), and 1S 4225 (S-2). All possible
resistant by susceptible crosses were made; also the two resistant parents
were crossed. The parent R-2 was selected In order to determine 1f the
resistance In this late-maturing |Ine had a genetic component. Leaves of
all plants In parent, F1, FZ’ F3 and the first backcross generation (BC1)
were artificlally Inocuiated with a conidlal suspension of the pathogen and
plants were later given a disease severlty rating on leaf, panicle and
grain. Segregatlion patterns from progeny generations were used to
postulate genetic models.

Leaf reslstance was shown to he controlled by a single completely
dominant gene In R-1, while a’ least t.:o completely domlnant, Independent
genes were present In R-2. No reciprocal differences were noted for the
progeny of any cross. It was found that the genetic background of each
parent apparently modlfled the level of leaf susceptibility of Its progeny.

Progeny data for panicle and graln disease ratings did not Indlcate
conslstent support for any genetic model. A limited quantity of [noculum
from leaf leslons as well as unfavorable weather conditions reduced the
reliability of disease ratings. However, It was conciuded that resistance
to panicle and grain Infection was dominant to susceptibility, and that

relatively few major genes were involved In control of resistance. No
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reciprocal differences were found in progeny data.

Correlation coefficients between diseased parts of F2 plants were
computed. Positive correlations were found between panicle and grain, and
between leaf and panicle, but no correlation was found between leaf and
grain.

The results of this study Indicated that leaf reslistance is controiled
by relatively few major genes, and therefore, that leaf resistance can be
efficlently transferred to other germplasm in a sorghum breeding program,
The discovery of at least two different sources of resistance in R-2 offers

further breeding opportunities for the Incorporation of resistance to C.

graminicola.

Ph.D. Thesis,
J. D. Axtell, Professor
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ABSTRACT

ROOT AMMONIUM ASSIMILATION ENZYME ACTIVITIES, GRAIN STORAGE PROTEIN AND
GRAIN YIELD RESPONSE TO HIGH AMMONIUM FERTILIZER AMONG MAIZE HYBRIDS
Tim Cli1fford Murphy

A whole p!'ant hypothesis |inking genotypic differences In ef ficlency
of ammonlum assimlilation and utiiization to grain yleld under high ammonium
fertilizer levels was liivestigated In genetically diverse malze single
cross hybrids. Four hybrids and 5 parental Inbreds were grown In the
growth chamber and sampled at the 3-leaf stage. Comparisons were made
between hybrids and Inbreds and within each group for root ammonium
assimllating enzyme actlivity levels, root and shoot dry welghts, nitrogen
contents, and root proteln contents with zero ammonium and 25 mM ammonium
treatments.

Glutamate synthase (GOGAT) activity per gram root tlissue was
significantly higher In Inbreds than hybrids In response to 25 mM ammonium
but total GOGAT per plant did not differ significantly between inbreds and
hybrids.

Glutamate dehydrogenase (GDH) specific activity and activity per plant
was significantly higher In hybrids than inbreds as was root and shoot
total welight, nitrogen content, and root total protein. Root and shoot
nitrogen percents were significantly higher In Inbreds.

Glutamine synthetase (GS) did not differ significantly on a per
protein or per root tissue basis between hybrids and Inbreds. All three
enzymes showed Increased levels of activity In response to 25 mM ammonlum.

Among Inbreds response to 25 mM ammonium Indicated the root nitrogen
percent and root free nltrogen percent correlated significantly negatively

with GOGAT speciflic activity, activity per root tissue and activity per
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plant., GDH speclflc activity and activity per root tissue correlated
slgniflcantly positively with seedling shoot growth in Inbreds.

Among hybrids response to 25 mM ammonium indlcated both GOGAT and GDH
specific activities correlated highly negatively with shoot total welght at
the three leaf stage. Root nitrogen percent correlated significantly
negatlvely with GS speclfic actlvity and root growth.

Graln yleld in 2 years fleld trials among the 4 hybrids correlated
highly significantly with GOGAT specific activity, activity per gram root
tissue and activity per plant in growth chamber seedlings. Grain yield
correlated signiflcantly with GDH speclflc activity and highly positively
wlth GS per gram root tissue. Grain yield also correlated highiy
signiflcantly negatively with shoot total nitrogen of seediings. All three
activities, GOGAT, GDH, and GS on a per root tissue basis correlated
signlflcantly with grain total protein content and highly positively with
graln total zein. Grain yleld and protein contents were correlated highly
negatively with root free nitrogen percent. These results suggest that
genotypic ammonium assimilation enzyme differences In activities
accentuated under high ammonlum stress may correlate with grain yleld of
genetically elite malze hybrids grown with high ammonlum fertilizer in a
nearly optimal environment.

Genotyplc differences In graln yleld and graln total protein, albumin
plus globulin, and zein protein fractions among 12 genetically dlverse
malze single cross hybrids were Investigated as sinks for graln dry matter
and assimilated organic nitrogen Iin each of 2 years' yleld trlais. Yleld
dld not correlate consistently with kernel weight, kernel number, or any of
the protein fraction contents among genotypes. However, signlficant kernel

welght differences from the base to The tip of the ears of 12 single cross
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hybrids overall did correspond to parallel significant differences In zeln
storage protein percents. Non-signiflcant differences In non-zeln storage
percents were found. These results suggest that utilization of the
assimllated nitrogen as storage proteins In the grain does not correlate
with grain yleld among genotypes although the Importance of this effect on
yleld may be confounded with genotypic whole plant differences affecting
supply and rate of supply of assimilated carbon and nitrogen to the grain

sinks,

Ph.D. Theslis, 1980
J. D. Axtell, Professor
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ABSTRACT

MODIFICATION OF THE OPAQUE ENDOSPERM PHENOTYPE OF THE HIGH LYSINE SORGHUM
LINE P-721 (SORGHUM BICOLOR (L.) MOENCH), USiNG THE CHEMICAL MUTAGEN
DIETHYL SULFATE

Kay Scott Porter

Acceptance of high lysine sorghum (Sorghum bicolor (L.) Moench) by
both growers and consumers has been |imited by problems assoclated with the
opaque endosperm of high lysine lines. |In thls study, vitreous high lysine
mutants of sorghum were Induced by treating seeds of an opaque high lysine
Ilne, P=721, with the chemical mutagen dithyl sulfate (DES). Putative
mutants were ldentifled by screening MZ seeds from Indlvidual
sel f-pol | Inated M1 heads over a |Ight box. Vitreous segregates In
otherwlse opaque heads were consldered to be possible modlfled types and
were subsequently evaluated for proteln quality and degree of vitreousness.

Putative mutants were grown In head rows In the M3 and M4 generations
and self-pollinated heads were harvested. Indlvidual heads In each row
were kept separate at each generation. WNon-viable mutants or "mutants"
classifled as opaque In the M3 generation were discarded.

Only the most vitreous mutants In each generation were evaluated
chemical ly. The remalning (less vitreous) ones were carried to subsequent
generations for analysis. Possibie mutants were evaluated for elther
percent protein and lysine (as percent of protein and percent of sample),
or dye-binding capacity (DBC) and percent protein. VIitreous segregates at
the M2 and M3 generations were compared to opaque samples from the same
heads. Mutants at M4 were compared to opaque P-721 and It+s normal-lysine,
non-opaque sib.

Three hundred and thirty-five vitreous endosperm mutants which were

simllar to thelr opaque checks In proteln quality were Identified on the
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basls of Initlal chemical evaluations. Aproximaitely 70% of the mutants
evaluated Initially In elther the M2, M3 or M4 generations had lyslne as
percent of proteln greater than 2.5%.

Mutants were evaluated In subsequent generations to assess the
stabll ity of both proteln quallty and modified endosperm phenotype.
Flfty-six mutants were superior In proteln quality (lysine greater than
2.5% or DBC greater than 40) In at least two generatlons. Thirteen of the
56 mutants were homozygous vitreous at M4 and were selected. Lysine
content (percent of protein) of the selected mutants averaged 2.65% at M3
and 2.61% at M ., Lysine as percent of sample averaged 0.36 In M3, but
reduced profelﬁ In all mutants at M4 resulted In slightly lower values
(0.29) In that generation.

Mutants varled consliderably In the degree of vitreousness In the
endosperm. Kerne: maturity (Influenced by the duration of the growing
season) seemed to be the factor most Important In altering the degree of
vitreousness. Immatuc~e kernels were always less vitreous than fully mature
kernels which may have resulted In the discarding of later maturing types.

Most modifled mutants with proteln quallty approaching that of thelr
opaque counterparts were Intermedlate In vitreousness. A high degree of
vitreousness was most often assoclated with relatively poorer protelin
qual Ity although exceptions were found. Of the 13 homozygous vitreous
mutants selected, two were simllar In appearance to the non-opaque, normal
slb of P-721, Seven mutants were Intermediate In the degree of
vitreousness and four were only slightly modifled. Mutants having slightly
poorer proteln quallty but with more vitreous phenotypes were also
selected.

Mutation Induction was effective In generating a large number of
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mutants In an opaque, high lysine background. Mutants approaching opaque
In protein quality (lysine content) but with modified, vitreous endosperms,
were selected for use In conventional breeding programs. Such mutants may
prove useful in overcoming some of the problems assoclated with the soft
opaque kernel phenotypes, and may Improve grower and consumer acceptance of

grain sorghums with high protein quality.

Ph.D. Theslis, 1977
J. D. Axtell, Professor
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ABSTRACT

VARIATION FOR STALK CHARACTERISTICS AND THEIR ASSOCIATION WITH LODGING AND
HEAD WEIGHT IN A DIVERSE SORGHUM POPULATION.
Thomas Prest

Varlatlon for stalk characteristics and thelr assoclatlon with iodglng
and head weight were analyzed In a dlverse sorghum population, PP9, using

80 S, Ilnes. These |lInes were categorized Into three height groups, the

2
tall (greater than 170 cm), medlum (110-170 cm), and short (less than 110
cm). The stalk characteristics studled included, rind thlckness, rind
puncture, third Internode denslity, third internode diameter, and stalk
Juiclness. The stalk measurements were taken at physiologlical maturity.

Significant differences between |Ines within height groups were
observed for Internode dlameter, density, and rind thickness. Differences
in rind puncture between lines In the medlum and short groups were
significant In 1977 but not in 1978, whereas dlfferences in rind puncture
In the tall group were signiflcant In 1978 but not in 1977,

Signiflicant differences In lower stalk breakage were observed between
Iines within the medlum and tali groups. Such breakage was negliglble In
the short group. However, dlfferences In peduncle breakage were nearly
slgnificant,

Third internode dlameter, rind thickness, and third Internode density
had significant negative correlations with lower stalk breakage In the tall
group. Within the same group, rind puncture was not significantly
correlated with stalk breakage.

Third Internode dliameter and rind thlickness showed signiflcant

negative correlations with lodging In the medium group. Rind puncture and
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Internode denslity were not signiflicantiy correlated with lodging.

None of the characteristics of the lower internodes were signiflcantly
correlated with peduncle breakage In the short group.

The correlations were generally low In all groups. Thus, the glven
stalk measuremenis, when taken at physiological maturlty, should not be
consideired as eqyual replacements for field estimates taken later on In the
season. However, selection for Increased dlameter and/or Increased rind
thickness may stili be effective in Increasing lodging resistance.

Lower stalk breakage was not significantly correlated with head weight
In elther the tall or medium groups. Correlations between head weight and
the stalk characteristics under study were general iy not significant.
Pertaining to PP9, these data suggest that recurrent selectlion for
Increased yleld without selection for lodging resistance may not decrease
lodging resistance In the selected populations. Concurrent selection for

both tralts Is still advised.

M.S. Thesis, 1979
R. P. Cantrell, Professor
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ABSTRACT

THE EFFECT OF TANNINS ON NUTRITIONAL QUALITY OF DRY BEANS, PHASEOLUS
YULGARIS L.
Richard Ronnenkamp

Tannin compounds are found In many foods and often are associated with
a bitter taste. In sorghum, tannins are a factor in the nutritional
quality of the grains. Dry beans have toxic factors that Influence the
nutritional value, but tannins are not Included.

Frsm the dry bean collection, 69 entrles were selected from a variety
of locations and seed color. The entrles were analyzed for tannin content.
A white, black, and red bean were selectd for low, medium, and high tannin
content. These beans were used to prepare eight diets for evaluation with
wean|ing rats. The testae were removed or extra testae were added to
change the tannin content of the diets. The influence of tannins on the
albumin and globulln portion of the proteln for the beans used In the dlets
and for other sources of whlte, black, and red beans was determined. The
assoclatlon of tannin content with color was cbserved In the F2 generatlon
of crosses of white and red beans.

A range of tannin content was found In the entries. White beans were
zero and colored beans ranged from very low to 2.5 catechln equivalents.
the highest values were found In red beans. The welght galn and protein
efficiency ratio of rats was Improved when the red testa of the red bean
was replaced with a white testa and the tannin content was reduced from 2.5
CE to almost zero. The weight gain and protein efficiency ratio of rats
decreased as the tannin content of the beans In the diests Increased.

The tannin content did not Influence the distribution of the albumlins

and globulin fractions of the bean protein, but changes In these fractlons
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were observed between bean types.

The use of Initial rat weight as a covariate In analyzing the data was
significant for the dependent variables weight gain and food consumption,
but not for the protein efficlency ratio.

The F2 segregation of tannin content was not controlled by the genes
for testa color. A range of high and iow values was observed within a

given color.,

Ph.D. Thesis, 1977
J. R. Wilcox, Professor
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ABSTRACT

INFLUENCE OF SEED PROTECTANT ON THE TOLERANCE OF GRAIN SORGHUM TO ALACHLOR
AND RELATED COMPOUNDS
Joao B, da Silva

The advent of herbicidal antidotes has opened a new fleld of research
and created possibilities for the use of herbicides In grain sorghum
(Sorghum blcolor (L.) Moench) that otherwise would be unsafe for the crop.
The Influence of the seed treatment with [,8-naphthalic anhydride on the
tolerance of three sorghum hybrids, RS-610, B-35 and NK-180, to three
triazine herbicides, EPTC, elther alone or In combination with the
herbicidal antidote R-25788 (N,N-~dlially=2,2-dichioroacetamide), alachlor,
metolachlor, propachlor and four experimental chloroacetamide herbiclides,
was studied In nine fleld experiments carried out in the 1975-1977 period,
In three different locations of thz state of Indiana. The influence of
other factors such as soll type, soil temperature, sources and means of
protection, herbicidal rates and seed protectant rates on the tolerance of
the crop to alachlor was studied In fouwr greenhouse experiments.

Results obtained from the field experiments allowed many important
observations concerning the use of |,8=-naphthalic anhydride as a seed
treatment to protect grain sorghum:

1. Independently of the seed treatment, damage to grain sorghum
caused by alachlor varied with the rate employed, and means of application,
the soll type and among sorghum hybrids. When grown on the Chaimers SIlity
Clay Loam, RS-610 showed more tolerance to alachlor than both B-35 and
NK-180.

2. Metolachlor and RE-19790

[3-chloroacety!-4,4~cyclohexane-spiro~(2,2-dImethyi-1,3-oxazol Idine)] were
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the most promising herbicides among the new cnioroacetamides in both weed
control and selectivity to grain sorghum. GCP-5544
(N-benzyl=N-Isopropyltrimethyl acetamide) was the most selective to the
crop but It failed to control weeds expeclal ly redroot plgweed (Amaranthus
retroflexus L.).

3. Atrazine and Cyanazine, applled alone or In combination with
propachlor did not cause any signlficant injury to grain sorghum and they
were unaffected by the seed treatment.

4, R-25788 (N,N-dially=2,2-dichloroacetamide) did not give any
signiflcant protection to grain sorghum when applied in tank mixture with
EPTC. This herbicldas was always Injurious to the crop and Its damaglng
actlon was partlally hindered by the seed treatment with naphthalic
anhydride. Although the protective action of the seed treatment was
statistically significant, It was not gireat enough to give sorghum plants
conditlons to produce as much as the handweed plots In many cases.

5. As a general rule the seed treatment with naphthalic anhydride was
beneficial any time Its protective action was nscessary. This was
especlaily true for the chloroacetamide herbicides which were not Injurlous
to grain sorghum all the times. When Its protective action was not
required, the effect of the seed treatment was unapparent or prejudicial.
This negative action of naphthalic anhydride was noticed at ieast in three
dl fferent cases, all three recorded on the Bedford Silt Loam.

Experiments carried out in the greenhouse were complementary to the
field experiments and corroborated field observations. The trials provided

information on the Influence of soil temperature which was found to affect
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the herbicide but not the seed treatment with naphiholic anhydride, and
they 3lso showed that sorghum protection from alachlor can be obtalned from

both naphthallc anhydride and R-25788 but only as a seed treatment.

Ph.D. Thesis, 1977
Jo L. Willlams, Jr., Professor
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ABSTRACT

AGRONOMIC AND BIOCHEMICAL EVALUATION OF THE SORGHUM (SORGHUM BICOLOR (L.)
MOENCH) HIGH-LYSINE P-721 OPAQUE ENE IN ISOGENIC AND DIVERSE GENETIC
BACKGROUNDS

Stephen VanScoyoc

Yield and accumulation of panicle seed weight, number of seeds, seed
welght, volume, and density, and black layer formation were compared durling
development of endosperm mutant P-721 (P-721-0), Its normal sib Ilne
(P<721-N) and hybrids RS671 and NK300 grown at 4 populatlions. Performance
under a stress environment was poorer and yleld was reduced 15-20% In
P-721-0 compared with P-721-N. Yleld reduction was attributed largely to
smal ler seed weight and density. Increased population acted as a stress
environment and resulted 1. decreases in seed weight per panicle, seed
numbers and panicl: - per plants for lines and hybrlds. One hundred seed
volume, welght and density were unaffected by Increased population,
Completion of black layer formation In all seeds coinclded with
physiological maturity, as Ii. ated by maximum seed weight per panicle, In
P=721-N at the lowest population but not In P-721-0. At high populations,
date of completion of hlack layer was not a good predictor of maxImum seed
weight accumulation for any of the |ines or hybrids.

F6 opaque endosperm |ines derlved from cirosses of P-72i=-0 with
vitrecus Ilnes, hybrids and populations and selected for yleld, dye binding
capacity, lodging and disease resistance as well as food graln quallty were
compared In a one year trial with 12 high-ylelding, widely adapted vitreous
endosperm controls. Elghteen opaque |ines had ylelds equivaleni to the

vitreous controls (above 7000 kg/ha dry welght) while containing, on the

average, one percent more protein and 0.5% more lysine as a percent of



-66-

proteln. Improvement In yleld of the best P=721-0 derlved opaque |lInes was
due to Increases In all yleld components and not to helght.

Changes In seed welght, proteln, oll, and amlino acld profiles, and the
proportions, amlno acld patterns and elecfrbphoreflc mobl! ity of
Landry-Moureaux prcteln fractlons of developlng endosperms of P-721-0 and
P-721-N grown at a low population were followed at weekly Intervals from
10-59 days after half-bloom (DAHB).

Patterns of seed welght, volume and nitrogen content were similar to
those of accumulation of seed welght per panicle. Levels in both |ines
Increased steadlly from |0 to 31 days, at which time rates were reduced for
P-721-0 but not P-721-N., By 38 DAHB, accumulatlion had ceased In P-721-0
but continued through 45 DAHB for P-721-N. Whe!e seed proteln content dld
not change during development but P-721-0 endosperm protein Increased |.2%
while that of P-721~N fell 0.7%.

Landry-Moureaux fractlon | albumins and globullins differed I1ttle
among |ines. Fractlion |l plus ‘il total kaflrin accumulation plateaued at
24 DAHB for P-721-0 but continued to Increase rapldly through 38 DAHB for
P-721-N, Fraction IV plus V total glutelln synthesls ceased beyond 24 DAHB
for P=721-N but Increased steadily through 45 DAHB for P-721-0 when
expressed elther on a percent of total proteln or on a N per endosperm
basis.

Shifts In Landry-Moureaux prot=in fractlon amlno aclid profiles during
endosperm duvelopment were generally smal: and did not differ greatiy among
Itnes. Lysline content was highest In fractlon |, Intermediate in fractions
IV and V and lowest in fraction Il and ill.

SDS~PAGE of endosperm protein fractions during development indicated

few or no differences In banding patterns for any of the fractions and only
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occasional dilfferences In staining intensitles between |Ine bands. Ten
DAHB whole seed patterns were, however, very different from those later
times In development for all fractions. Kafirln bands were absent at 10
DAHB.

Optimal conditions for a rapid fractionation technique for sorghum
endosperms were established. This method would be useful In a screening

program for mutants with high lysine content of glutellin.

Ph.D. Thesis, 1979
J.D. Axtel |, Professor
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ABSTRACT

RELATIONSHiP OF TANNIN AND SEED COLOR TO SEEDLING VIGOR IN SORGHUNM BICOLOR
(L.) MOENCH
Billy Woodruff

A 2-year study was conducted to determine the relationshlp of tannin
and seed color with germination and emergence. Flfty~seven Ilnes were
selected from the World Sorghum Collectlon based on tannin content and seed
color. Seedling emergency under field and laboratory conditlons was used
as a measurement of seedling vigor. Warm germination percentages of high
tannin and dark brown-seeded |lnes of seed harvested In 1975 were equal to
seed harvested In 1977. Germination of 1977 seed showed no dl fference
between tannin or color groups. High tannin |Ines of 1975 seed had a
significantly higher emergence than low tannin Ilnes. High and low tannin
Ilnes of 1977 seed were not signiflcantly different In seedling vigor but
medlum tannin |ines had a significantiy lower vigor. Dark brown seeds were
higher In emergence than IIght brown or nonbrown seeds under cool, wet
conditions. Signiflicant dlfferences were observed among |Ines within
groups for seedling vigor. Ba-ad on thls data, the cold testing of dark
brdwn-seeded ines might serve as a starting polnt In a breeding program

Interested In screening a large number of Ilnes for Increased seedling

vigor.

M. S. Thesls,1978
R. P. Cantrell, Professor
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ABSTRACT

INHERITANCE OF TANNIN QUANTITY IN SORGHUM
Billy Joe Woodruff

The vanillin assay was used to estimate the tannin content of 13 F2
populations. The analysis revealed an intermediate to high broad-sense
herltabillty for tannin quantity. Similar F2 segregation patterns and F1's
In many crosses suggested a few genes. High tannin was found to be
dominant to low tannin. A very high tannin line Indicated the presence of
at least one partiaily dominant gene. Classlfication of the F2 based on
the parental and F1 ranges of catechin equlvalents suggested one or two
genes were segregating In most crosses, although dIfferent gene loc! or
alleles appeared to exist. FI+ting the expected distribution within each

phenotypic class to the observed F2 distributions indlcated one or two gene

models were [nadequate to explaln the data,

Ph.D. Thes!s,1980
R. P. Cantrell, Professor
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