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“PURDUE INTERNATIONAL SORGHUM PROGRAM

by
John D. Axtell
Purdue: University

~ INTRoDUCTION -

SOROHUM IS THE FOURTH MOST IMPORTANT'OEREAL CROP IN THE
WORLD. BEING SURPASSED ONLY BY wHEAT, RICE AND CORN IN WORLD-
WIDE IMPORTANCE, IN AFRICA AND MUCH OF ASIA, GRAIN SORGHUM
s THE PRINCIPAL SOURCE 'OF ENERGY. FOR MANY MILLIONS OF PEOPLE.
AND PROVIDES A MAJOR SOURCE OF PROTEIN ﬁﬁg%ne HUMAN DIET. SOME
DATA ON THE SORGHUM AND MILLET CROPS, EXTRACTED FROM THE F.A.0, -
PRODUCTION BOOK FOR 1968, ARE sHOWN IN TABLE 1. THE DIS-
CREPANCY BETWEEN. THE sum OF THE TWO SUBTOTALS AND THE WORLD
TOTAL ARISES BECAUSE THE U SiS:Ri WITH 3,844,000 HA 1S ADDED,
AND THE REGIONS. "NEAR EAST,”,”FAR EAST," AND "AFRICA” DO NOT
EMBRACE ALL THE couNTRxes GROWING THESE cROPs. FIGURES FOR THE
FaR EAsT EXCLUDE CHINA... o

: THE STRIKING FEATURES OF TABLE 1 ARE FOUND IN THE AREAS
WHERE THESE CROPS ARE USED FOR HUMAN FOOD. THEY ARE (l) THE

- Supported by the U S. Agenay for Internationaz De--
velopment under contract CSD- 1275--"Inherztanoe and Improve-
ment of Protein Quality and Content in Sorghum bzooZor (Linn.)
~Moenah.", J.D. Axtell, Projeat Dwrector.;-yu.v T




;RELATIVELY HIGH PROPORTION OF THE TOTAL. CEREAL ACREAGE PLANT-
{ED T0. SORGHUM AND MILLETS: ALMOST 25 PERCENT' AND (2) THE Low
TYIQLDS IN THESE AREAs. COMPARED WITH YIELDS IN THE DEVELOPED
COUNTRIES USING SORGHUMS AND MILLETS FOR STOCK FEED, THE Far
:EAST HAS THE GREATEST ACREAGE, 40 MILLION HA, WHILE AFRICA
.HAS THE GREATEST PROPORTION OF 178 TOTAL CEREALS AREA UNDER
.soneuum AND MILLETS. ALMOST 60 PERCENT. THERE IS A GREAT
INEED FOR INCREASED SORGHUM YIELDS IN THESE AREAS OF THE WORLD
AND IT Is GRATIFYING TO NOTE THAT THIS NEED HAS BEEN RECOG-
NIZED WITH THE ESTABLISHMENT oF ] CR.I S A T, AN INTERNA-
TIONAL CENTER FOR RESEARCH IN THE SEMI-ARID TROPICS, DURING
THIS PAST YEAR,

THERE IS ALSO AN URGENT NEED FOR IMPROVING THE
NUTRITIONAL NNALITY OF THE GRAIN SORGHUMS WHICH ARE USED IN
THE HUMAN DIET IN THESE AREAS OF THE WORLD, THIS NEED WAS
RECOGNIZED IN 1966 BY THE U.S. AGENcY FOR INTERNATIONAL DE-
VELOPMENT WITH THE ESTABLISHMENT OF OUR PROGRAM AT PURDUE
UNIVERSITYI NITH THE PRIMARY PURPOSE OF DEVELOPING AND RELEAS=
ING SORGHUM GERMPLASM WITH HIGHER PROTEIN CONTENT, IMPROVED |
AMINo AC!D BALANCE. AND BETTER TOTAL DIGESTIBILITY FOR UTI-
;LIZATION N THE LESSER DEVELOPED COUNTRIES OF THE WORLD, Our
IPROJECT HAS MAJOR OBJECTIVES IN THREE AREAS) RESEARCH, APPLI=
iCATION AND UTILIZATION OF THE RESEARCH FINDINGS AND TRAINING.
1 WOULD LIKE TO DISCUSS EACH OF THESE AREAS 10 ILLUSTRATE _
THE. INTER-DEPENDENCE OF THESE' FUNCTIONS IN MEETING THE ovea-
iALL OBJECTIVES OF THE PROJECT. - | ‘SHOULD/MENTION AT THE OUTSET



http:UTILIZATION.OF

-;TriAT THIS PROJECT AT PURDUE xs BOTH 'NTERDEPARTMENTAL AND
llNTERDISClPLINARYn INvoL,vING THE DEPARTMENTS OF oncusmsmv,
ANIMAL Scxsncs AND Aenonomv WITH PARHCIPANT SClENTISTs m
:'THE AREA OF PROTEIN BIOCHEMISTRY, HUMAN AND ANIMAL Nummon.
AS WELL AS senencms, PLANT BREEDFRS; AND STATISTICIANSo.
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ResEARCH

WE HAVE FOUR MAJOR RESEARCH OBJECTIVES AS ILLUSTRATED
N TABLE 2. FTRST, TO IDENTIFY SORGHUM LINES WITH IMPROVED
PROTEIN QUALITY AND QUANTITY UTILIZING BOTH CHEMICAL AND
BIOLOGICAL METHODS, SECOND, TO IDENTIEY THE CHEMICAL NATURE
AND. COMPOSITION OF THE PROTEIN FRAcTrONs OF SELECTED SORGHUM
' GENOTYPES AND CORRELATE THE GRAIN FRACTION COMPOSITION WITH
NUTRITIONAL QUALITY. THIRD, TO ASCERTAIN THE ROLE OF VARIOUS
CHEMICAL COMPONENTS OF SORGHUM GRAIN SUCH AS TANNINS, PRO-
TEIN GUALITY AND CARBOHYDRATE AVAILABILITY IN .MONOGASTRIC
ANIMAL NUTRITION,” FOURTH, TO DETERMINE THE MECHANISM OF IN-
| HERITANCE OF ‘HIGH NUTRITIONAL QUALITY AND DEVELOP BREEDING
METHODS AND MATERIALS INCLUDING POPULATIONS WITH IMPROVED
BIOLOGICAL QUALITY FOR POTENTIAL UTILIZATION IN DEVELOPING
COUNTRIES, | WOULD LIKE TO SPEND A FEW MINUTES DESCRIBING
SOME OF THE RESULTS OF OUR RESEARCH ON NUTRITIONAL QUALITY IN
SORGHUM BECAUSE | BELIEVE IT WILL GIVE YOU A BETTER IDEA OF
' THE ROLE OF RESEARCH IN WORLD-WIDE SORGHUM PROGRAMS AT THIS
POINT IN TIME,

 THE NUTRITIONAL PROBLEMS IN SORGHUM PARALLEL THOSE IN
OTHER MAJOR CEREALS IN MANY RESPECTS, BUT ALSO DIFFER IN SOME
IMPORTANT RESPECTS. - THE MAJOR COMPONENTS OF NUTRITIONAL QUAL=
ITY.-IN SORGHUM ARE LISTED IN F1eure 1, PROTEIH QUALITY 1S
HLIMITED BY THE LOW LYSINE CONTENT OF SORGHUM GRAIN, WHICH RE-
‘PLECTS. THE HIGH PROLAMINE CONTENT OF THE 'ENDOSPERM, AND THE
,RELATIVELY SMALL EMBRYO SIZE AS A PROPORTION OF THE MATURE



GRAIN:  PROTEIN AVAILABILITY 1s APPARENTLY LIMITED IN SOME
SORGHUM GENOTYPES BY THE PRESENCE oF UNIDENTIFIED POLYPHENO-
LIC COMPOUNDS LOCAT DAIN TH’ TESTA LAVER OF THE GRAIN. THest
iPIGMENTED COMPOUNDS HAVE NOT BEEN WELL CHARACTERIZED CHEMI-
JCALLY AND ARE REFERRED TO GENERICALLY AS TANNINS." THE
TESTA. LAYER LIES BETWEEN THE ALEURONE CELLS WHICH COMPRISE
THE ‘OUTER LAYER OF THE ENDOSPERM AND THE PERICARP OR SEED COAT
 AS TLLUSTRATED ON THE NEXT SLIDE, WE DO NOT FULLY UNDERSTAND
ﬂHQw‘THESETANNIN_COMPOUNDS INFLUENCE THE NUTRITIONAL QUALITY
OF SORGHUM. OUR HYPOTHESIS AT PRESENT IS THAT THE SEED PRO-
TEINS BECOME COMPLEXED OR BOUND WITH THE TANNIN COMPOUNDS OF
THE WHOLE GRAIN, AND THAT THE COMPLEXED PROTEINS ARE SUBSTAN-
TIALLY LESS AVAILABLE FOR UTILIZATION BY MONOGASTRIC ANIMALS,

?ANTquACID*CbmegélTToNT ~ THE AVERAGE PROTEIN AND AMINO ACID
o COMPOSITION OF 522 LINES FROM THE
o | WORLD SORGHUM COLLECTION IS PRE-
féENTEb IN TABLE_3T:'THE'AVERAGE-PROTEIN CONTENT OF THESE
CLINES 1S 12,6 PEkCENT’AND'THE AVERAGE LYSINE CONTENT (EX-
;PRESSED AS A PERCENT OF PROTEIN) 1s 2,1 PERCENT, A MORE
gMEANINGFUL ASSESSMENT OF AMINO ACID. CONTENT FROM A NUTRITION-
fAL POlNT OF VIEW IS A COMPARISON OF ESSENTIAL AMINO ACID CON-
ﬁTENT 1IN SORGHUM WITH THE RAT RECUIRENENT, AS SHOWN IN FIGURE
:;3V_.THIS ILLUSTRATES THE. DEFICIENCY IN LYSINE, AND THE EX-
| CESSIVE LEUCINE CONTENT PRESENT IN SORGHUM, THE METHIONONE
QTCONTENT OF SORGHUM xs Low, BUT IF ONE CONSIDERS THE. CYSTINE




CONTENT OF 1.5 PERCENT THE OVERALL SULFUR AMINO ACID CONENT
APPROACHES THAT REQUIRED BY' THE RAT. THE TRYPTOPHAN CONTENT
OF SORGHUM BASED ON OUR EVIDENCE AT THIS TIME SEEMS TO BE
ADEQUATE WHICH 1S IN CONTRAST.-TO THE LOW TRYPTOPHAN CONTENT
IN NORMAL CORN,

.....................

AND ENDOSPERM PROTEINS: DR, JAMBUNATHAN AND DR. MERTZ AT

| PURDUE HAVE RECENTLY COMPLETED THE

FRACTIONATION OF SORGHUM PROTEINS

USING THE PROCEDURE OF LANDRY AND Moreaux (1970). THIs pRo-
CEDURE SOLUBILIZES MOST OF THE NITROGEN OF SORGHUM AND YIELDS
FIVE DIFFERENT SOLUBILITY FRACTIONS: RESULTS OF THE FRACTION-
ATION GF WHOLE GRAIN FROM TWO LOW TANNIN AND TWO HIGH TANNIN
SORGHUM LINES ARE' SHOWN IN TABLE 4, THE AVERAGE PERCENT
NITROGEN IN EACH FRACTION FOR THE LOW AND HIGH TANNIN LINES
1S .SHOWN IN EACH COLUMN, WITH THE AVERAGE LYSINE CONTENT EX-
PRESSED AS PERCENT OF PROTEIN FOR EACH FRACTION IN PARENTHESES,
A NUMBER OF OBSERVATIONS COULD BE MADE BUT I WOULD LIKE TO
CALL voun ATTENTION TO TWO. FIRST., THE DISTRIBUTION OF PRO-
TEIN IN VARIOUS FRACTIONS IS DISTINCTLY DIFFERENT BETHEEN THE.
HIGH TANNIN AND LOW TANNIN LINES, THIS SUGGESTS THAT THE
APRESENCE OF TANNINS HAS ALTERED THE SOLUBILITY OF SORGHUM.
PROTEINS, PERHAPS BY BINDING OR FORMING COMPLEXES WITH THE
'PROTEIN. THIS IDEA IS SUPPORTED BY THE OBSERVATION THAT THE
FIRST FRACTION. IN THE HIGH TANNIN SAMPLES IS VERY. LOW IN



PROTEIN CONTENT, ALTHOUGH ONE WOULD EXPECT 1T o BE REASONABLY
;Hleifstcs FRACTION I REPRESENTS THE ALBUMINS AND' GLOBULINS
;WHICH ARE INDISPENSABLE FOR THE GERMINATION AND SUSTENANCE
'0F THE PLANT: SECOND, WITHIN THE LOW TANNIN SORGHUM: THE
‘ERQIELN c0NTENT OF FRACTIONS 1 AND III Is HIGH, BUT THE Ly~
SINE CONTENT OF THESE PROTEINS 1S VERY Low. A SUMMARY ILLUS-
TRATION oF' DR. JAMBUNATHAN s FRACTIONATION STUDIES OF PRO-
TEINS FROM LOW TANNIN SORGHUMS 15 PRESENTED N FIGURE U, THE
‘BAR ON THE RIGHT OF EACH PAIR REPRESENTS PROTEIN AND LYSINE
'CONTENT OF THE ENDOSPERM FRACTIONS, WITH THE BAR ON THE LEFT
REPRESENTING WHOLE GRAIN FRACTIONATIONS, THIS ILLUSTRATES
THE'PREPONDERANCE'OP‘PROTETN IN FRACTION IT AND FrRACTION III
IN ENDOSPERM AND 'WHOLE GRAIN FRACTIONATIONS AND ALSO THE LOW
LYSINE CONTENT OF PROTEINS IN THESE FRACTIONS.

SINCE LYSINE IS THE FIRST

LIMITING‘AMINO ACID IN SORGHUM
| R AN EXPERIMENT WAS DESIGNED TO
VERIFY THE GROWTH RESPONSE OF RATS WHEN FED SORGHUM RATIONS
_SUPPLEMENTED WITH ADEQUATE LYSINE HYDROCHLORIDE TO FULFILL
iTHE RAT REQUIREMENT FOR LYSINE PLUS A 25 PERCENT EXCESS, THE
”RESULTS OF THIS EXPERIMENT ARE SHOWN N FIGURE 5. %LOW‘
TANNIN LINES (152318, Jlllll”fAND 1S0129) AND ONE HIGH TANNIN
“LTNE (136992) NERE INCLUDED IN THIS TRIAL. As YOU CAN SEE
fTHE RAT GROWTH 0N LOW TANNIN SORGHUM RATIONS SUPPLEMENTED



WITH LYSINE, VITAMINS: AND MINERALS WAS SUBSTANTIALLY GREATER
'THAN GROWTH ON THE RATION SUPPLEMENTED ONLY WITH VITAMINS AND
MINERALS IN.CONTRASTl RATS FED THE HIGH TANNIN SORGHUM
(186992) LosT WEIGHT ON THE UNSUPPLEMENTED RATION AND GAINED
ONLY SLIGHTLY ON THE RATION SUPPLEMENTED WITH LYSINE, THIS
OBSERVATION WAS FIRST NOTED BY DR. MERTZ AND JAMBUNATHAN ‘ABOUT
A YEAR AGO USING OTHER HIGH TANNIN SORGHUMS, AND HAS SINCE °
BEEN REPEATED WiTH SEVERAL HIGH TANNIN.LINES. THESE RESULTS
SUGGEST THAT LYSINE I8 THE FIRST LIMITING AMINO ACID IN LOW
TANNIN SORGHUM LINES BUT THAT OTHER FACTORS ARE FIRST LIMIT=
ING IN HIGH TANNIN LINES.

THE RESULTS OBTAINED FROM LYSINE SUPPLEMENTATION EX-
PERIMENTS ARE SUBSTANTIATED BY DATA FROM RAT GROWTH TRIALS
CONDUCTED BY DALLAS OSWALT AT PURDUE, IN THIS EXPERIMENT
WE USED 17 LOW TANNIN SORGHUM LINES AND 10 HIGH TANNIN LINES
WHICH REPRESENTED THE RANGE IN VARIATION FOR PROTEIN AND LY~
SINE' CONTENT OF SORGHUM LINES AVAILABLE FROM OUR SCREENING
PROGRAM OF THE WORLD SORGHUM COLLECTION, THE RESULTS OF THIS
EXPERIMENT, ILLUSTRATED IN FIGURE B, DEMONSTRATE THAT RAT
WEIGHT GAIN IS DEPENDENT ON LYSINE CONTENT IN THE LOW TANNIN
SORGHUM GROUP, BUT NOT IN THE MIGH TANNIN SORGHUM GROUP, THE
REGRESSI1ON OF RAT WEIGHT GAIN ON LYSINE CONTENT FOR THE HIGH
TANNIN GROUP 1§ NEARLY ZERO WHEREAS THE REGRESSION COEFFICIENT‘
;FOR THE LOW TANNIN GROUP 1S ABOUT 65, (ComMenT, I wisH I
HAD TIME TO COMMENT FROM THE HISTORICAL POINT OF VIEW ON THE
DIFFICULTIES CAUSED BY THIS DIFFERENCE IN RESPONSE TO LYSINE



"CONTENT BETWEEN HIGH AND LOW TANNIN SORGHUM LINES BEFORE WE
'WERE ABLE TO DISTINGUISH DIFFERENCES BETWEEN THESE THO GROUPS,
ZPERHAPs YOU CAN IMAGINE THE PROBLEMS WHICH WOULD BE INVOLVED
LJN INTERPRETING THIS DATA IF ALL THE POINTS.ON THIS GRAPH |
WERE 1 INDISTINGUISHABLE, ONE WOULD CERTAINLY BE TENPTED TO
CONCLUDE THAT CHEMICAL ANALYSIS FO LYSINE CONTENT WAS UNRE=
LATED TO'THE BIOLOGICAL VALUE OF THE GRAIN.) 'WE NOW HAVE A
;SIMPLE; RAPID CHEMICAL ASSAY FOR TANNIN CONTENT WHICH SO FAR
HAS BEEN THOROUGHLY RELIABLE FOR SEPARATING SORGHUM LINES INTO
{I1GH AND LOW TANNIN GROUPS. THE A¢lbiFiEb VANILLIN METHOD

'OF TANNIN ANALYSIS DESCRIBED BY BURNs (1970) ESTIMATES TANNIN
'CONTENT AS CATECHIN EQUIVALENTS, I SHOULD.EMPHASIZE THAT THE
'VALUES OBTAINED FROM THIS TEST ARE BASED ON CATECHIN EQUIVA-
LENTS, NOT ACTUAL TANNIN' CONTENT, RoONEY ET AL, (1972) AT
TexAs A & M HAVE REPORTED RECENTLY THAT CATECHIN EQUIVALENT
VALUES FOR GRAIN SORGHUM ARE CORRELATED WITH TANNIN VALUES
OBTAINED WITH OTHER.METHODS, IN OUR EXPERIENCE THE: RANGE OF
CATECHIN EQUIVALENTS FOR SORGHUM 1S FROM 0 o 10, We HAVE
“CLASSIFIED SORGHUM LINES AS LOW TANNIN IF THE CATECHIN EQUIVA-
LENT VALUE 1s BELOW 1,00,

'ﬁEmEQ1xEE&.iu_Jﬂﬁ_NQBLD_LQLLEgllQu HE HAVE ONLY LIMITED

EVIDENCE AT TH!S TIME ON .

i THE FREQUENCY OF HIGH
[TANNIN SORGHUM GENOTYPES IN THE WORLD COLLECTION, MONG 472
LINES WHICH WE HAVE ANALYZED FOR AMINO ACID CONTENT, SHOWN -



1

IN TABLE 5, 300 WERE CLASSIFIED AS LOW TANNIN AND 172 WERl HIGH
TANNIN LINES, THE AVERAGE CATECHIN EQUIVALENT VALUES FOR THE
LOW AND HIGH TANNIN LINES WERE 0,38 AND 3,40, RESPECTIVELY,
THERE WERE NO SIGNIFICANT DIFFERENCES IN PROTEIN OR ESSENTIAL
AMINO ACID CONTENT BETWEER THE THO GROUPS. MWE HAVE JUST
| COMPLETED EVALUATING 288 LINES COLLECTED RECENTLY IN CAMEROON,
AFRICA, 'THE DATA ON TANNIN AND PROTEIN CONTENT OF THESE
LINES IS REPORTED IN TABLE 6. RouGHLY 80 PERCENT OF THESE
LINES WERE CLASSIFIED AS HIGH TANNIN GENOTYPES WITH AN AVER-
' AGE CATECHIN EQUIVALENT VALUE OF 4,07, THERE WAS NO DIFFER-
'ENCE IN PROTEIN CONTENT BETWEEN HIGH AND LOW TANNIN GROUPS,
' ALTHOUGH BOTH .WERE LOWER THAN THE OVERALL AVERAGE OF 12,6 PER-
'CENT REPORTED If TABLE 2, THIS CAN .PROBABLY BE ACCOUNTED FOR
BY THE OBSERVATION. THAT THE CAMEROON LINES REPRESENT AN UNUSU-
ALLY LARGE SEEDED COLLECTION, I DO NOT MEAN TO IMPLY THAT
‘THESE'HIGH TANNIN SORGHUMS ARE' CONSUMED BY HUMANS. IN FACT.
WE KNOW THAT THERE IS AN ALMOST UNIVERSAL PREFERENCE FOR
COLORLESS'LOW TANNIN SORGHUM GRAIN FOR HUMAN CONSUMPTION WHEN
THESE ARE AVAILABLE, WE DO NOT KNOW HOW FREQUENTLY HIGH TAN-
NIN .TYPES ARE USED. - NoR 3E;},MEAN TO IMPLY THAT SOME METHOD
OF FOOD PREPARATION MIGHTTELIMINATE THE TANNIN BEFORE THE
GRAiN'ts CONsuMED. AGAIN, WE DO NOT KNOW AT THIS TIME. IN
GENERAL, HOWEVERo IT CAN BE CONCLUDED THAT HIGH TANNIN SOR-
 GHUM: GENOTYPES MAY COMPRISE A SIGNIFICANT PROPORTION OF THE
- SORGHUM GERMPLASM IN SOME AREAS OF THE WORLD.



ALKALT DEHULLING OF HIGH AND LoW
‘TANNIN SORGHUM GRAIN.  SINCE THE TANNIN N SORGHUM GRAIN 1§
o CONTAINED PRIMARILY IN THE TESTA
* LAYER BENEATH “THE PERICARP, WE HAVE

‘TRIED WITH SOME SUCCESS TO REMOVE THE TANNIN WITH AN ALKALI
DEHULLING: TECHNIQUE DESCRIBED BY DR, BLESSING (1971) AT THE
USDA LABORATORY IN PEORIA, ILLinors,  THIS METHOL INVOLVES
HOT SODIUM HYDROXIDE T°EATMENT "OF THE WHOLE GRAIN FOR' 6 -8
MINUTES FOLLOWED BY REPEATED WASHlNG WITH DISTILLED WATER,
'THE DATA IN TABLE 7 SHOWS THE EFFECT OF DEHULLING ON TANNIN
:CONTENT, PROTEIN CONTENT, RAT GAIN AND -FEED CONSUMPTION FOR
‘ONE LOW TANNIN Texas HYBRID (RSGlO) AND TWO HIGH TANNIN
}LINES (1S6992) AND (IS8260) FROM THE WORLD COLLECTION, CA-
.TECHIN EQUIVALENT .VALUES WERE REDUCE" AITHOUT SUBSTANTIAL
CHANGE IN PROTEIN CONTENT IN ALL CASES, RAT WEIGHT GAIN WAS
NOT SIGNIFICANTLY IMPROVED BY DEHULLING THE LOW TANNIN RS610
,HYskxp, BUT WAS SUBSTANTIALLY INCREASED BY DEHULLING OF BOTH .
tHréH TANNIN LINES, THERE WAS NO LARGE DIFFERENCE IN THE AMOUNT
OF #Esn-éonsumen BETWEEN HULLED AND DEHULLED SAMPges WHICH
'INDICATES THAT THE POOR WEIGHT GAIN FOR WHOLE, GRAIN SAMPLES
oF 156992 or 1S8260 WA NOT CAUSED BY REDUCED INTAKE.

ALL OF OUR PREVIOUS TESTS ON THE DIFFERENCE IN RESPONSEf
OF LYSINE SUPPLEMENTATION BETWEEN HIGH AND LOW TANNIN SORGHUM o
foNEs HAVE BEEN MADE BY COMPARING LINES FROM THE WORLD COLLEc-
;TION WHICH DIFFER IN TANNIN CONTENT BUT ARE NOT 1soes~1c FOR
OTHER CHARACTERISTICS, A MORE DIRECT TEST CAN BE MADE BY
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UTILIZING THE ALKALI DEHULLING TECHNIQUE TO OBTAIN “LOW
TANNIN" CONTROL LINES WHICH CAN.THEN BE COMPARED WITH WHOLE
GRAIN WITH THE SAME GENETIC BACKGROUND BUT WITH A HIGH TANNIN
CONTENT.  THE RESULTS OF AN EXPERIMENT COMPARING THE BI0-
LOGICAL VALUE OF WHOLE GRAIN SAMPLES FROM TWO HIGH TANNIN
LINES, AND DEHULLED COUNTERPARTS OF EACH LINE, WITH AND WITH-
OUT LYSINE SUPPLEMENTATION ARE SHOWN IN FIGURE 7, IN BOTH
CASES THE RATS GAINED LITTLE OR NO WEIGHT ON THE WHOLE GRAIN
”(HIGH"TANNIN) RATIONS SUPPLEMENTED WITH LYSINE, BUT RESPONDED
TO LYSINE SUPPLEMENTATION OF THE DEHULLED (LOW TANNIN) COUN-
TERPART RATIONS, THE EVIDENCE FROM THIS AND OTHER STUDIES
DISCUSSED DEMONSTRATES THAT LYSINE CONTENT IS THE MAJOR FAC-
TOR LIMITING' THE BIOLOGICAL VALUE OF LOW TANNIN SORGHUM
GRAIN, BUT IS NOT FIRST LIMITING FOR HIGH TANNIN SORGHUM,
SUPPLEMENTATION WITH SOYBEAN MEAL, ONE POSSIBLE EXPLANATION
FOR LACK OF RAT GROWTH
RESPONSE IN LYSINE SUP-
PLEMENTED HIGH TANNIN SORGHUM RATIONS IS THAT THE TANNIN
coMPouNDs MAY PRODUCE A TOXIC EFFECT WHICH COUNTERACTS THE
EXPECTED GROWTH RESPONSE FROM LYSINE SUPPLEMENTATION, THE
DATA IN FIGURE 8 SUGGEST THAT THIS IS NOT THE CASE SINCE THE
ADDITION OF ONLY FIVE PERCENT SOYBEAN OIL MEAL 10 HIGH TANNIN
 RATl0NS PRODUCED A VERY SIGNIFICANT INCREASE IN RAT GROWTH. , ;
tIN THIS: EXPERIMENT CONDUCTED ‘BY SCHAFFERT (1972) AT PURDUE,
‘RATIONS CONTAINING THO LOW. TANNIN AND TWO HIGH TANNIN LINES
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"WERE SUPPLEMENTED. waH*O’*S;_lo, OR 1> PERCENT SOYBEAN oiL

fﬁh ;rTAND RAT GROWTH RESPONSE- MEASURED N;AﬁlB-DAv“TRIAL.,,L,j
§SEEMs§UNL1RELv THAT THE’ADO“’TON OF SMALL QUANTITIES OF $OY-
EEAN*MEAL WOULD DILUTE ANY TOXIC EFFECT TO THE EXTENT RE~
QUIRED T ACCOUMT FOR THE SUBSTANTIAL RAT GAIN ILLUSTRATED |
IN FIGURE 8.._ WE wOULO ExRECT'TME'LOw TANNIN LINES To RESPOND
To SOYBEAN SUPPLEMENTATION BECAUSE OF THE RELAT!VELY HIGH Lv-'C
SINE CONTENT SUPPLIED. IT IS QUITE APPARENT THAT SOMETHING |
xs ADDtD WITH THE SOYBEAN OIL MEAL WHICH CAN CORRECT A NU-
TRITIONAL DEFICIENCY OR IMBALANCE IN THE HIGH TANNIN RATIONS. )
THE EFFECT OF SOYBEAN MEAL SUPPLEMENTATION ON FEED EFFICIENCY |
RATIOS xs ILLUSTRATED IN FIGURE 9. Tuxs AGAIN SHOWS THE
STRIKING LT TN AMOUNT OF FEED CONSUMFD PER' GRAM. OF
GAIN WHEN HIGH TANNIN RATIONS ARE SUPPLEMENTED WITH 5 PERCENT
R MORE SOYBEAN MEAL. THE MoST VIABLE POSSIBILITY AT THIS
TIME IS “THAT THE SOYBEAN MEAL SUPPLIES AVAILABLE PROTEIN |
WHICH 1s DEFICIENT IN HIGH TANNIN LINES BECAUSE THE SORGHUM
PROTEIN Is COMPLEXED OR BY SOME OTHER MECHANISM MADE UNAVATL-
"ABLE FOR MONOGASTRIC ANIMALS.~ THE. EVIDENCE OBTAINED BY |
JAMBUNATHAN AND MeRTz ON PROTEIN FRACTIONATION SUPPORTS THIS .
EXRLANATION, SINCE THE PRESENCE OF TANNIN COMPOUNDS APPARENTij
ALTERs THE SOLUBILITY OF MAJOR PROTELN COMPONENTS IN HIGH .
TANNIN SORGHUM LINEs. DR. JAMBUNATMAN xs CURRENTLY OETERMIN-’7
ING THE MOLECULAR WETGHT AND OTHER CHARACTERISTICS OF THE
PR'TEINs IN EACH HIGH TANNIN sOROHUM FRACTION WHICH SHOULD |
" PROVIDE DIRECT BIOCHEMICAL EVIDENCE ON WHETHER THESE PROTEINS 3




14

ARE COMPLEXED WITH TANNINS OR NOT. THERE ARE OTHER POSSIBLE .
EXPLANATIONS WHICH NEED To BE TESTED, INCLUDING THE FOLLOW~
ING'
A) SOYBEAN MEAL MAY PROVIDE SOME OTHER ESSENTIAL
AMINO ACID WHICH 1S SELECTIVELY UNAVILABLE IN
HIGH TANNIN RATIONS.‘
E)AVTHERE MAY BE A DEFICIENCY OF AVAILABLE INORGANIC
| NITROGEN,<NEEDED FOR BIOSYNTHESIS OF NON-ESSENTIAL
'AMINO ACIDS AND/OR OTHER NITROGENOUS COMPOUNDS
7VIIAL~F0R NORMAL GROWTH AND DEVELOPMENT, IN HIGH
TANNIN SORGHUM RATIONS. PERHAPS BECAUSE OF THE
iQNAVAILABILITY OF THE NITROGEN FROM THE SORGHUM
~ PROTEIN,
¢). THERE MAY BE COMPOUNDS IN SOYBEAN MEAL WHICH CAN
BIND MORE COMPETITIVELY WITH TANNINS, AND THEREBY
REPLACE THE PROTEIN BOUND TO TANNIN MAKING IT MORE
.AVAILABLE. !
EACH OF THESE POSSIBILITIES IS CURRENTLY UNDER TEST.
I SUMMARY: THE PROTEIN QUALITY IN MOST GRAIN SORGHUM
1S MARGINAL WITH REGARD TO LYSINE CONTENT, AND IT WOULD APPEAR
:THAT AMONG THE HIGH TANNIN LINES: ONLY A PART OF THIS PROTEIN
EIs AVAILABLE FOR UTILIZATION BY. MONOGRASTRIC ANIMALS
V,T f WHAT Is THE STATUS oF OUR EFFORTS IN IMPROVING THE NU-
{TRITIONAL QUAL!TY IN SORGHUM? 1 Have ALREADY TALKED ABOUT
fTHE TANNIN PROBLEM.f IF WE ARE CORRECT N OUR ASSUMPTION THAT}
{TANNINS COMPLEX WITH SEED PROTEINS, AND THAT THESE PROTEINS |




TERNATIVES:

l)

2
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Use ONLY LOW TANNIN uORGHUMS FOR CONSUMPTION BY.

ffHUMAN AND OTHER MONOGASTRIC ANIMALS AND FIND OTHLH
~ METHODS FOR CONTROLLING BIRDS, WHICH 1S ONE MAJOR'
EREASON Foa uste HIGH TANN!N SORGHUM GERMPLASM- |
!SINCE TANNIN CONTENT 1S SIMPLY INHERITED AND c0N-
jTROLLED BY ONLY ONE OR THO MAJOR GENES THIS IS AN
‘:EASY TASK FOR THE BREEDER, |

UsE HieH TANNIN SORGHUM LINES FOR THE!R DESIRABLE

H'AGRONOMIC CHARACTERIST!CS, AND PLAN TO SUPPLEMENT

© WITH ADDITIONAL PROTEIN TO-MEET THE NUTRITIONAL
H'TREQUIREMENT. 1F THIS APPROACH iS ADOPTED ONE
" SHOULD BEAR IN MIND THE POSSIBILITY THAT YOU ARE
 ESSENTIALLY WASTING: SOME OF THE PROTEIN IN THE

:SORGHUM GRAIN. I no NOT- BELIEVE THAT THIS IS

E \ECONOMICALLY FEASIBLE IN. MOST AREAS OF THE WORLD
fWHERE SOROHUM 1s A MAJOR COMPONENT OF THE HUMAN
L“:DIET.,‘ IR |

3
| :7DRY MlLLlNG THAT COULD BE USED TO REMOVE THE PERI‘;

THERE MAY BE DEHULLING PROCEDURES OR METHODS OF

“,CARP AND TESTA CELLS WHICH CONTAIN THE TANNIN COM'

EPOUNDS.'fV‘“‘“‘
4)-

THERE MAY BE ADDIT!VES THAT WILL PREFERENTIALLY
BIND WITH THE TANNINS AND ALLOW THE PROTEIN TO BE o
UTILIZED.
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WITH REGARD TO IMPROVEMENT OF LYSINE CoNTENT THERE ARE
gExCELLENT OPPORTUNITIES FOR INCREASING GERM SIZE. GRAIN SOR-
;GHUM.GERM SIZE RANGES FROM 7. 8 To 12 PERCENT OF THE WHOLE
‘GRAIN, Tis ls oMALLER THAN THE GERM SiZE' IN CORN, IN va‘
JESTIMATION THIS DIFFERENCE EXPLAINS PART OF THE DTFFERENCE):
N LYSINE CONTENT BETWEEN NORMAL CORN AND SORGHUM; NORNALu
,CORN CONTAINS APPROXIMATELY 2,5 710 2,8 PERCENT LYSINE (Ex-
PRESSED AS PERCENT OF PROTEIN) WHEREAS NORMAL SORGHUM CON-

- TAINS APPROXIMATELY 1.9 TO 2, 2 PERCENT LYSINE., THE DIFFER- '
ENCE IN AVERGE OIL CONTENT BETWEEN CORN (4 To 5 PERCENT) AND
-soREHUN (2 TO 3 PERCENT) ALSO SUGGESTS DIFFERENCE IN GERM
SIZES BETWEEN THESE SPECIES SINCE MOST OF THE OIL IS CONTAINE
IN THE GERM. WE HAVE IDENTIFIED SEVERAL SORGHUM LINES WITH-
2,5 70 2,6 PERCENT LYSINE WHICH HAVE A RELATIVELY LARGE GERM
ESIzE."ONE SUCH LINE IS SHOWN IN THE NEXT SLIDE, WE SHOULD
BE ABLE TO MAKE QUITE RAPID PROGRESS IN SELECTIONS FROM RANDO!
'MATTNC POPULATIONS DERIVED FROM SELECTED LARGE GERM LINES
WITHOUT REDUCTION IN YIELD POTENTIAL, THIS SHOULD LEAD TO.
lMPROVED NUTRITIONAL QUALITY, |

ANoTHER POSSIBILITY FOR IMPROVING LYSINE CONTENT 1S
THROUGH THE USE OF ENDOSPERM "MUTANTS” WHICH EFFECT CARBOHY*
,DRATE SYNTHESIS, MISHRA ET AL (1972) HAvVE RnPORTED RECENTLY'
ATHAT THESE MUTANTS IN CORN ALSO EFFECT LYSINE CONTENT IN THE
TENDOSPERM. MR, RANESHNRR SINGH WORKING IN OUR LABORATORY HAS
'IDENTIFIED FIVE SUCH "MUTANT" LINES IN THE WORLD SORGHUM COL-
LECTION THIS PAST YEAR, THE PHENOTYPES OF Two OF THESE LINEsf
ARE SHOWN IN THE NEXT TWO SLIDES. THe PROTEIN: AND. LYSINE'
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CONTENT OF ALL: FIVE LINES ARE SHOWN IN IABLE 8i IHESE ARE
PRELIM!NARY RESULTSo AND ARE VERY INTERESTIND FRoN A THEo- 5
RETICAL POINT OF ViEwo BUT IT 1s TOO EARLY To SPEDULATE oN
THE PRACTICAL VALUE OF THESE CARBDHYDRATE MUTANTS FOR INPRov;
ING THE NUTRITIDNAL QUALITY OF soReHuN.

THE PROLAMINE CONTENT OF SORGHUM ENDOSPERM 18 HIGH,
As NE HAVE SEEN, AND THE LYSINE CONTENT OF THE PROLAMINE
FRACTION Is VERY Low IN SORGHUM AS IT Is IN coRN. THE sITu-
ATIDN IN SORGHUM PARALLELS THAT IN NORMAL coRN IN MANY RE-
SPECTS. THERE 1S EVERY REAsoN To BELIEVE THAT MUTANTS WHICH
REDUCE OR: BLOCK PROLAMINE SYNTHESIS ALSO OCCUR N soREHUM.
We HAVE Now COMPLETED EXAMINING SECTIONED KERNELS OF MOST
LINES IN THE WORLD COLLECTION AND IDENTIFIED POSSIBLE oPADUE
KERNEL PHENOTYPES. SDNE HAVE BEEN eRoNN IN LAFAYETTE IN 197
AND OTHERS (LIGHT-SENSITIVE LINES) ARE BEING GROWN IN PUERTO
RIco THIS NINTER. PROTEIN AND LYSINE ANALYSIS OF THESE PUTA-
TIVE OPAQUE LINES WILL REVEAL NHETHER ANY LOW PROLAMINE LINES
HAVE BEEN IDENTIFIED, PRELIMINARY RESULTS OF TWO LINES
FROM ETHIOPIA IDENTIFIED BY MR. RANESHMMR SINGH ARE ENCOUR-
AGING.V THE. PROTEIN coNTENT OF THESE LINES Is 12 AND 15 PER-
{CENT' NITH LYSINE CONTENTS OF 3 0 AND 2,9 PERCENT (EXPRESSED
As PERCENT OF PRoTEIN), RESPECTlVELY. DR. JAMBUNATHAN HAS
JUST COMPLETED FRACTIONATION OF THE ENDOSPERN PROTEINS OF
THESE Two LINEs AND THE RESULTS ARE PRESENTED IN TABLE 9.'
NoTEﬂTNE REDucTIoN IN PERCENT PROTEIN IN THE PROLAMINE FRAc-‘
;TIoNS'(lI AND III) AND THE INCREASE IN PERCENT PROTEIN IN




FRACTION'I, WHICH 1§ THE LYSINE RICH FRACTION IN SORGHUM, -
‘DATAgFROMaAiPRE HMINARY RAT’FEEOINO TRIAL OF ONE 0F THESE LINES

;TABLE 10. THIS VERIFIES THAT THE BIOLOGICAL VALUE. OF ETHIOPIA
201l 2 18° INDEED SUPERIOR TO OUR BEST' CHECK LINE. We DO NOT
‘BELIEVE, AT THIs TINE, THAT THESE LINES FROM ETHIOPIA REPRESENT
fTNE EQUIVALENT IN 'SORGHUM OF THE OPAOUE-Z HlGH LYSINE MUTANTS
IN CORN. MucH MORE INFORMATION 1S NEEOEO. BUT IT IS FAIR TO
CONCLUDE THAT THEY REPRESENT A STEP IN THE RIGHT DIRECTION.,.
TeE, TONARO BETTER NUTRITIONAL QUALITY IN GRAIN SORGHUM.

| IN SUMMARY, IT WILL BE NECESSARY TO CONSIDER EACH OF
THESE PARAMETERS IN THE IMPROVEMENT OF NUTRITIONAL QUALITY IN
'SORGHUM. Ir 1s UNLIKELY THAT ANY LINE IN THE WORLD COLLEC-
TION wILL HAVE ALL THREE NECESSARY CHARACTERISTICS, IN MY
ESTIMATION WE WILL HAVE TO IDENTIFY LINES WITH EACH COMPONENT
OF NUTRITIONAL QUALITY AND THEN RECOMBINE THEM TO OBTAIN
GENOTYPES wITN THE DESIRED COMBINATION OF cHARAcTERISTIcs.



| DURING THE PAST SIX YEARS NUMEROUS REQUESTS FOR SOR-
{GHUM GERMPLASM HAVE BEEN RECEIVED FROM BREEDERS IN 53 cOUN-
.TRIES IN ALL PARTS OF THE WORLD. = IN RESPONSE TO THESE RE-
fOUEsTs SETS OF POTENTIAL BREEDING MATERIALS (INCLUDING up TO
:500 LINEs) SELECTED AT PURDUE FOR PROTEIN YIELD POTENTIAL,
‘DIVERSITY AND POTENTIAL ADAPTATION WERE DISTRIBUTED o
LOVERsEAs COOPERATORS,  IN ADDITION THESE 500 LINES WERE EN- |
.TERED SIMULTANEOUSLY IN PROTElN YIELD TRIALS AT TwO OR THREE
AINDIANA LOCATIONS FOR TwO OR' MORE YEARS.  THE INDIANA TESTS
aCONTAINED 10 To 15 COMMERCIAL HYBRID CHECKS REPRESENTING THE
VARIOUS HEIGHT AND MATURITY GROUPS. PRODUCTION OF LINES WAS
’THEN COMPARED TO THE AVERAGE COMMERCIAL CHECK PRODUCTION AND
{REMOVED IF THE LINE RESULTS WERE SIGNIFICANTLY LOWER THAN

T HE HYBRID CHECK AVERAGE, THE DATA RETURNED BY OVERSEAS CO-
OPERATORS WERE UTILIZED TO EVALUATE YIELD POTENTIAL AND LINE
ADAPTATION (INCLUDING DISEASE AND INSECT RESISTANCE) TO FUR-
THER IDENTIFY THE LINES SHOWING A WIDE RANGE OF ADAPTATION
AWITH THE HIGHEST PROTEIN YIELD POTENTIAL. EACH OF THESE
LINES HAS BEEN ANALYZED FOR PROTEIN AND LYSINE CONTENT AT
*PURDUE AND FED TO WEANLING RATS FOR DETERMINATION OF NUTRI-
“TIONAL QUALITY:

. o BASED ON THIS DATA TWENTY LINES HAVE BEEN SELECTED
?As RELATIVELY STABLE IN A WIDE RANGE OF ENVIRONMENTS FOR PRO-
fTEIN YIELD AS COMPARED TO THE 16 COMMERCIAL HYBRIDS USED As
fOHEONs, THEY ARE ENTERED WITH FOUR CHECKS INTO PROTEIN YIELDL
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“TRIALS DURING 1372 AT ONE OR MORE NITROGEN LEVELS' WITH ovsn
L15 COOPERATORS WHO HAVE ACCEPTED THE RESPONSIBILITY FOR SUCH
TTESTS.; THe COOPERATORS ARE LOCATED IN BRAst, PeRU, CoLoMBIA,
ARGENTINA, PuerTo Rico, Inp1A, ETHIOPIA, Niger1A. UsANDA,
jINDONES!Ao KOREA, THAILAND, PHILIPPINES AND WEST PAKISTAN,
THE LOCATION OF THESE TRIALS 1S SHOWN IN F1GURE 10, IN
ADDITION THESE SAME LINES HAVE BEEN SCREENED FOR DISEASE AND.
INSECT RESISTANCE IN COOPERATION WITH DR, FREDERICKSON AT
Texas A & M UNlVERSITY. |

" EACH OF THESE COOPERATORS HAS AGREED IN ADVANCE TO
RECORD AND‘ﬁETURN DATA ON ADAPTABILITY INCLUDING PLANT HEIGHT.
MATURITY AND LODGING RESISTANCE, AS WELL AS GRAIN YIELD,
btsEAss REACTION, AND INSECT REACTION, EACH WILL RETURN A
SAMPLE. OF SEED PRODUCED IN THEIR TRIAL FOR CHEMICAL ANALYSIS
IN OUR LABORATORY AT PURDUE. -

WE ARE NOW RECEIVING THE RESULTS OF THIS FIRST INTER-
NATIONAL TRIAL BUT IT WILL BE SEVERAL WEEKS BEFORE AN EVALU-
ATION CAN BE MADE, WE DO HAVE INFORMATION FROM ONE COOPERA-
TO§; DR. M. A, FARIS IN NORTHEASTERN BRAZIL, WHICH WILL PER-
HAPS ILLUSTRATE WHAT CAN BE ACHIEVED UNDER SOMEWHAT OPTIMAL
coNDIfIONs. DR, FARIS' PROGRAM IN FORTALEZA, BRAZIL Is
SPONSORED BY THE FORD FOUNDATION AND HAS BEEN IN OPERATION
FOR ONLY ONE YEAR. ‘Durine 1972 DR, FARIS EVALUATED SORGHUM
;LINES FROM 'PURDUE AND FROM SEVERAL OTHER UNITED STATES BREED-
LING PROGRAMS ALONG WITH AS MUCH GERMPLASM FROM OTHE. PROGRAMS;
'AROUND THE WORLD AS HE COULD OBTAIN, . FROM THIS EVALUATION HE
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ﬁSELEcTED-ZS'LINEs“WHICH‘ARE‘BEING ENTERED 'IN TRIALS AT 25-30
 LOCATIONS THROUGHOUT BRAZIL, NINE OF :THE 15 LINES HE SELECTED[
fWERE OBTAINED FROM THE 20 LINES IN THE PURDUE/USAID INTER-
fNATIONAL PROTEIN TRIAL._ SOME OF THESE LINES PRODUCED FIRST
VHARVEST YIELDS OF 4000 LBS. OF GRAIN PER ACRE UNDER IRE;EX;ED
?CONDITIONS: AND PRODUCED A seconn RATOON CROP OF AN ADDI -
fTIONAL 5000 LBS, OF GRAIN IN A TOTAL OF LESS THAN 180 DAYS
;FOR “THE TWO CROPS. A THIRD CROP WAS ON THE WAY WHEN DALLAS
ﬁOSWALT FROM PurDUE vISITED DR, FARIS IN BRAZIL LAST AUGUST,
,THxs KIND OF PRODUCTION 1S PROBABLY NOT AS MUCH A REFLECTION .
oF SUPERIOR GERMPLASM, -ALTHOUGH WE HOPE THIS PLAYED A PART,
AS IT IS AN ILLUSTRATION OF THE YIELD POTENTIAL OF. GRAIN
SORGHUM IN SOME AREAS OF THE WORLD.

.1 Do NOT MEAN TO BE OVERLY OPTIMISTIC ABOUT THIS PART
jb%”dUR PROGRAM BECAUSE - THERE ARE MANY DIFFICULTIES INVOLVED,
:THE COOPERATIVE PROGRAM IN NORTHEASTERN BRAZIL REPRESENTS
fONE WITH WELL TRAINED PERSONNEL AND WITH ADEQUATE FUNDING TO
DO THE JoB, NOT ALL OF OUR COOPERATORS HAVE THESE ADVANTAGES.
fWE-Now HAVE A PH.,D. DEGREE STUDENT FROM FORTALEZA, SPONSORED
BY USAID AND THE FORD FOUNDATION, WHO WE HOPE WILL PROVIDE
"THE CONTINUITY NEEDED FOR A SUSTAINED SORGHUM IMPROVEMENT
'EFFORT WHEN HE RETURNS TO BRAZIL. IT IS ALSO ENCOURAGING

T NOTE THAT THE BANK OF THE NORTHEAST IN BRAZIL HAS FROVIDED
‘EUNSOLICITED SUPPORT IN THE AMOUNT OF $10 000 per YEAR TO
‘DR, FARIS FOR HIS' SORGHUM PROGRAM, -

" Me HoPE THAT THE PURDUE/USAID PRoTEIN YIELD TRIAL WILL
ERQVIDE-A_BEGINNING FOR THE DEVELOPMENT;OFgAN;jNrsguayggyAg



ﬁSORGHUM IMPROVEMENT NETWORK. THis NETWORK SHOULD INCLUDE
’THE UNITED STATES BASED PROGRAMS AT, Puanue: FOR NUTRITIONAL
fQUALITY RESEARCH; AT NEBRASKA, FOR RESEARCH ON THE PHYS10LOGY
OF YIELD: AT TEXAS A & M FOR RESEARCH ON DISEASE AND INSECT-
PROBLEMSo AND FOR THE cooPERATIVE U,S,D,A, CONVERSION PRO-
(GRAM3 AT PUERTO Rlco, FOR TROPICAL ADAPTATION 'RESEARCH; ALL
‘WORKING COOPERATIVELY WITH I CRI.S A T AND THE SATELLITE
STATIONS ESTABLISHED BY THE HYDERBAD CENTER. [T WILL REQUIRE
THE COORDINATED EFFORTS OF ALL THESE RESEARCH GROUPS TO DE-
VELOP THE GREAT POTENTIAL OF GRAIN SORGHUM IN SUPPLYING THE
CALORIE AND PROTEIN NEEDS OF THE WORLD.
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L TRAINING
THE THIRD AND PERHAPS MOST IMPORTANT AREA OF EMPHASIS
5f1N OUR - PROGRAM xs TRAINING. THE MOST DELIGHTFUL ASPECT OF
lfTEACHING, IN WHATEVER FORM IT TAKES, IN THAT IT NEVER FAILS
;?TO BE MUTUALLY BENEF!CIAL == WE LEARN AS MUCH AS WE TEACH, '
RfTHIs EFFORT IS NEVER ENDING AND INCLUDES A WIDE VARIETY OF
1_ENDEAVORS. ] WouLD LIKE To MENTION A FEW OF THE KINDS OF
‘1EDUCATIONAL PROGRAMS WHICH WE AND OTHER .PROGRAMS SUCH AS - OURS
ARE INVOLVED IN: |
| 1) TRAINING INCLUDES THE GRADUATE STUDENT FROM AN~
OTHER CULTURE, WHO BATTLES THE LANGUAGE BARRIER.,
COURSE REQUIREMENTS, AND THESIS RESEARCH PROBLEM
TO EMERGE WITH AN M.S, or PH.D, DEGREE: AND AMPLE
ENTHUSIASM TO SPUR US ALL ON TO MEET THE " CHALLENGES
| OF THE WORLD AS SEEN THROUGH HIS EYES.
2) TRAINING INCLUDES THE MAN IN PERU WITH AN M.,S,
* DEGREE, FROM A u.s, UNIVERSITY WHO HAS BEEN STRUG-
GLING BY CORRESPONDENCE WITH US THIS PAST YEAR
TO UNDERSTAND HOW TO USE THE CYTOPLASMIC MALE
éTERILva”sYSTEM HE HEARD ABOUT IN CLASS, IN HIS
OWN SORGHUM BREEDING PROGRAM.

5) TRAINING INCLUDES THE SORGHUM WORKSHOP IN BRAZIL-
e IAN wnxcn WE SPONSORED dOlNTLY WITH THE MINISTRY
DF AGRICULTURE AND THE BPAZILIAN USAID OFFICE

THIS PAST SUMMER.
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L) TRAINING INCLUDES THE UNDERGRADUATE AGRONOMY sTU-
DENT WORKING AS EXTRA LABOR ON. OUR PROJECT TO sus-
TAIN;HIMSELF' AND AT THE SAMEVTIME TRYING TO DE-
CIDE IF GENETICS AND PLANT BREEDING IS "HIS. CUP
OF TEA." | |

5) TRAINING INCLUDES THE MANY FOREIGN VISITORS WHO
.SPEND A DAY OR TWO AT PURDUE TRYING TO ABSORB SOME
INFORMATION HE CAN USE IN HIS OWN PROGRAM,lIIIl

6) TRAINING INCLUDES THE VISITING POST-DOCTORATE WHO
HOPES TO EXTRACT THE PRACTICAL INTERDISCIPLINARY
INFORMATION HE WILL NEED WHEN HE GETS HOME, AND
AT THE SAME TIME COMPLETE A PUBLISHABLE RESEARCH
STUDY WHICH HE NEEDS FOR ‘HIS OWN CAREER ADVANCE-
MENT, ALL DURING ONLY ONE YEAR OF STUDY,
ULTIMATELY THE LONG TERM SUCCESS OR FAILURE OF OUR
INTERNATIONAL PROGRAM WILL, IN MY OPINION, DEPEND ON OUR
ABILITY TO TRAIN PEOPLE FROM THE LESSER DEVELOPED COUNTRIES
TO RUN THEIR OWN CROP IMPROVEMENT PROGRAMS, THIS WILL RE-
QUIRE TRAINED PEOPLE AT ALL LEVELS, FROM THE SKILLED TECH-
NICIAN WHO HAS SPENT 6 MONTHS AT AN INTERNATIONAL CENTER, TO
THE PH,D, RESEARCH SCIENTIST WHO HAS BEEN TRAINED AT A MAJOR
UNIVERSITY, | -
I WOULD LIKE TO CLOSE BY EMPHASIZING THE. COOPERATIVE |
EFFORTS REQUIRED FOR THE TRAINING OF SCIENTISTS WHO " CAN MEET
YTHE CHALLENGE FACING INTERNATIONAL AGRICULTURE!IN THE ;UTURE.




To ILLUSTRATE THIS. POINT IionLD LIKE:TO‘CITE THE .CASE ‘HISTORY
;};jﬁ RECENT PH’D GRADUATE_FROM THE - AGRONOMY- DEPARTMENT'ATV
“PURDUE UNIVERSITYi

THstfoUNG MAN RECEVIED HIS UNDERGRADUATE
fTRAINING AT WESTERN MARYLAND CoLLEGE, A SMALL LIBERAL ARTs
%COLLEGE IN WESTNINISTER, MARYLAND.» He WAS AN, OUTSTANDING
_SENIOR MAJORING IN BIOLOGY WHEN DR, WavNE KEIM FROM PURDUE
SPENT Two DAYS ON THE WESTERN MARYLAND CAMPUS AS AN AMERICAN
‘SOCIETY OF AGRONOMY VISITING SCIENTIST IN GENETICS, A PROGRAM
’SPONSORED BY THE NATIONAL SCIENCE FOUNDATION. DR, Kem
STIMULATED HIS INTEREST IN GENETICS»AND.HE ENTERED GRADUATE
SCHOOL AT PURDUE THE FOLLoNINe FALL‘w1TH AN NSF PREDOCTORAL
FELLOWSHIP, DURING HIS THREE YEARS AT PURDUE HIS INTERESTS
EVOLVED ‘FROM A 'STRONG JINTEREST IN FUNDAMENTAL GENETICS TO A
STRON® INTEREST IN APPLIED PLANT BREEDING AND INTERNATIONAL
‘AGRICULTURE, MOTIVATED LARGELY BY A HUMANITARIAN INTEREST
IN-THE WELFARE OF MANKIND., HE SPENT THE LAST TWO YEARS OF
HIS GRADUATE STUDENT CAREER ON A FOREIGN AREA FELLOWSHIP IN
CALI, COLOMBIA SPONSORED BY THE FORD FounpaTIon., Hrs PH.D.
THEsxs RESEARCH WAS CONDUCTED IN COLOMBIA UNDER THE GUIDANCE
oF DR, CamAcHO AT THE UNIVERSITY AND DRS, GRANT AND MANER
fAT CIAT. IAE'THESIS PROBLEM INVOLVED DEVELOPMENT OF AN
“ASSAY FOR TOTAL SULFUR N GRAIN LEGUMES AND CORRELATING THE.
fSULFUR ANALYSIS WITH AMINO ACID ANALYSIS FOR CYSTINE AND
METHIONINE coNTENT, AND WITH BIOLOGICAL VALUE OF THE GRAIN
”LEGUME IN RAT FEEDING TRIALS. THE TECHNIQUE wAs SUCCESSFUL
AND 1S NOW BEING USED BY DR.. MANER AT CIAT, AS WELL AS BY
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OTHERS/ TO SCREEN, GRAIN LEGUME SPECIES FOR. NUTRITIONAL QUAL-
“ﬂf Ht ts CURRENTLY EMPLOYED nv THE ROCKEFELLER FOUNDATION
A THE INTERNATIONAL TROPICAL RESEARCH CENTER IN IBADEN,
theEntA 1N A GRAIN LEGUME BREEDING AND IMPROVEMENT PROGRAM.
:Tﬂts ILLUSTRATEso N MY optN:on, THE EXCELLENT KIND OF EDUCA-
'TIONAL EXPER!ENCE wHICH ts AVAILABLE TO STUDENTS INTERESTED
W tNTERNATtoNAL AGRICULTURE ToDAY: BoTH THE UNITED STATES.
UNIVERSITIES AND THE INTERNATIONAL CENTERS WILL BENEFIT FROM
»THis KIND OF A COOPERATIVE EFFOR IN GRADUATE TRAINING PRO-
GRAMS 1N THE FUTURE,

IN sUMMARY,IT 1s IMPORTANT FOR THE SUCCESS OF OUR
iNTERNATIONAL PROGRAMS TO HAVE BOTH PRODUCERS OF SCIENTIFIC
LNFQRMATION AND CONSUMERS OF THIS INFORMATION., IT 18 IMPORTAN'

Yt D .
TO HAVE BOTH PRODUCERS OF WELL-TRAINED AGRICULTURAL SCIEN-
D » ‘ . A z‘ . t ! . :

TISTS. AND THE DIVERSE
TALENTS -OF UNITED STATES SCIENTIFIC PERSONNEL CAN BE, AND
lﬁgPART.ARE NOW BEING COORDINATED WITH BOTH TRAINING PROGRAMS
AND kEsEARcH PROGRAM AT THE INTERNATIONAL CENTERS, IT WILL
REQUIRE A CONTINUATION AND EXPANSION OF THESE COOPERATIVE
EFFORTS IF WE ARE TO SUCCEED IN SOLVING THE FORMIDABLE CHAL-‘
‘LENGES FACING WORLD AGRICULTURE TODAY,
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TABﬁEiigﬁﬁﬁfﬁdﬁcfidhfStétigtics on Sorghum and Millet Crops: 1(1967). K

N Area Planted ' R e

Sorghum and Millet All Cereals Sorghum and Millets = Mean Yield .

' (000 ‘ha) (000 ha)» (2 AIl‘Cerégis) - Metric ton/ﬁa]f

1. 142 189,898 0.07 210 '
i?‘?ﬁ?fiﬁimmgriéa . 6,070 235,844 --2.57 3.16
3. Latin Auerica 3,311 64,690 3.57 1.50°
4L:Pdeé;5ia” = 194 10,351 1.87 1.53
7 . Subtotal 8,717 500,783 _1.74 '
§;ngeaifégst-.v 2,934 41,543 7.06 1.38
6.. Far East 40,683 217,891 18.67 0.50
7. Africa 29,881 51,636 57.87 0.68

 Subtotal
Mainly human food 73,498 311,070 23.63

World Total 115,059 1,137,390 10,12 0.79



. TMLE2
RESEARCH OBJECTIVES FOR 1972-1977

GRUECTIVE
* IDENTIFY SORGHUM LINES WITH IMPROVED PROTEIN QUALITY AND

QUANTITY UTILIZING BOTH CHEMICAL AND BIOLOGICAL METHODS,
QRJECT]
7":, IDENTIFY THE CHEMICAL NATURE AND COMPOSITION OF THE PROTEIN
FRACTIONS OF SELECTED SORGHUM GENOTYPES AND CORRELATE THE GRAIN
FRACTION COMPOSITION WITH NUTRITIONAL QUALITY,
OBJECTIVE 3

 ASCERTAIN THE ROLE OF VARIOUS CHEMICAL COMPONENTS OF SORGHUM
GRAIN SUCH AS POLYPHENOLS (TANNINS), PROTEIN QUALITY AND CARBOHYDRATE
AVAILABILITY IN MONOGASTRIC ANIMAL NUTRITION,

.......

OBJECTIVE 4

DETERMINE THE MECHANISM OF INHERITANCE OF HIGH HUTRITIONAL
GUALITY AND DEVELOP BREEDING METHODS AND MATERIALS INCLUDING
POPULATiQNS'WlTH\lMPROVED BIOLOGICAL QUALITY FOR POTENTIAL UTILI-
ZATIQN~§NQﬁEVéLQEjNG COUNTRIES,

For:' Comtract AID/ced-1175 - "Inheritance and Improvement of Protein
" . Quality and Content in Sorghum biocolor (Linn.) Moench."
J. D, Axtell, Project Director. ' ’




TABLE 3

PROTEIN AND AMINO ACID COMPOSITION OF SORGHUM GRAINW

Compoaition

Protein
Lysine
Histidine
Arginine
Aspartic Acid
Threonine
Serine
Glutamic Acid
Proline
Glycine
Alanine
Cystine*#
Valine
Methioninek#®
Isoleucine
Leucine
Tyrosine
Phenylalanine
Tryptophankk

Mean

12.61
2.14
2.01
3.59
7.83
3.26
4,52

23,22
8.16
3.07
9.89
1.50
5,35
1.80
4,08

14,27
4,50
5.19
1.31

w Welghted average for 522 lines.
**  YWeighted average for 3. lines,
¥%% Weighted average for 9 lines.,

Standard

Deviation

1.89
0.35
0.20
0.44
0.77
0.21
0.32
1.99
0.89
0.27
0.71

0.31

0.25
1.21
0.32
0.37
0.14



$tribution inWholeé>Kernels™ (Lysine-as Percent:of :Protein’in

I
11
v

Vv

;(Saliné):

(Isopropanol):
(I§qpropan61';"ZrMéicéptoethanolj
(Borate buffer:f&ZéMercaptOethanol)

(Borate buffer + 2-Mercaptoethanol
Sodium Dodecyl Sulfate)

;fdﬁallNitrogenvExtracted'

16.1 (5.8)
1?;55(§;$i
1856 0.1
6.3 (2.3) .
32.1 (2.8)

- 87:5 -

High Tannin
ﬂ?4.9f(3;ij;
ez
7.7 (0.2).
i6i gy

.89:9:

;;?éf;gﬁtrof~801ub1e Nitrogen



fT&bleQS Proteln ‘and Amino Acid Comp051t10n of High and Low Tann1n_Gra1n Sorghum.
R (Amino.Ac¢id Content Expressed as Percent of Protein)

Tﬁgsgggiq;ggg;no,Agias | 300 Low Tannin s.n.*’ | 172 Higthanginrwiggn;fff
;Catechln Equlvalents 0.38 + 0.24 ' 3.40 = 2.35
%Proteln e 12.71 + 1.86 12.42 + 1.95
fLyslne o 2.11 & 0.33 ©2.15 + 0.35
\Hlst1d1ne 2.02 £ 0.19 1-99«i 0421
'Arglnlne 3.56 + 0.42 3.60 + 0.43
fThreonlne 3.26 =+ 0.20 ‘ 3.24 = 0.18
Cystlne , 0.94 * 0.22 0.89 = 0.22
Valine - | 5.33 £ 0.29 | 5.37 £ 0.31
;Méthlonlne*” | 1.02 + 0.53 1.01 = 0.36
TIsoleucine 4.08 £ 0.25 4.07 + 0.22
Léu¢i#§u*"* 14.33 + 1.20 14.17°% 1.10
:ﬁhénylaianine_ 5.21 + 0.34.

0.36 5.12



Table 6. Frequency of High:and Low Tannin Sorghum Genotypes
Amongfggg:piQGQngllqgtnginjcamérObnk Africa.,

. High Low
Tannin  Tannin

Number of Lines ~ 229 59
;A&Eﬁ933 Cgte¢hin»Bquivalent Value 4,07 0.49

" Average Percent Crude Protein 10,61  10.93




Table 7

Alkali Dehulling of High and Low Tannin Grain Sorghum.

Catechin Percent 14-Day Rat Feed
Equiv, Protein Weight Gain Consumed
Entry (8) (g)
RS 610 48 9.90 5.26 112
RS 610
(Dehulled) .10 9.95 6.72 132
IS 6992 1.74 9.4 5.73 99
18 6992
(Dehulled) .07 9.8 10.20 | 101
18 8260 3.7 8.1 ~4.12 95
1s 8260 .10 8.4 7.98 97

(Dehulled)



Table 8. !Sugary" or "Brittle" Endospern Lines.

Lysine | Lysine

‘JSwNumber % Protein § of Protein § of Sample
Sorghum : J PR '
Average 12,61 2,14 « 269
5376 16.3 2.27 «370
5614 14,8 2.65 392
5623 15.1° 2.73 412
4526 16.2 2,71 . 439




Table 9. Nitrogen Distribution in Sorghum Endosperm.

Sorghum Bthiopia Bthiopia
‘Fraction Average 204-1 204-2
I 7.3 20,97 15,71
II 16.8 13,70 12.19
I1I 32.4 21,49 25,45
IV 7.8 8.43 5.98
\'f 25.3 24,23 31.84
Total Nitrogen Bxtracted 89.5 88.8 91.17




Table 10. Results of 7-Day Rat Feeding Trial.

Rat Weight Gain

Bntry
‘ (Gms)
Ethiopia 204-2 10.2"
1] ]
18 2319 (Check) 4,3

h, A
 Average of four rats

#
‘ Average of -3 rats



COMPONENTS OF NUTRITIONAL GQUALITY IN GRAIN SORGHUM

I, PROTEIN QUALITY
A. LYSINE CONTENT
1, PROLAMINE CONTENT
2, [EMBRYO SIZE

11, PROTEIN AVAILABILITY
A, TANNIN CONTENT

FIGURE 1



The Structure of the Mature Seed

e
Y A B e A i
mes=="" 2Ry %.ﬁ?.ﬁiﬁ?*&: R

=

(
ot Qamaedit;
P IS TR

ec IR S A
e 30 e R
’ A 70

Jte

A schematlc transverse scction of a portion of a feterita sced, P, perlcarp,

consisting of the cuticle ¢, the epidermis ep, the hypoderm Ay, the slurcgf

containing mesocarp mes, the cross cells ec, and the tube cells re, T, testa

or integument consisting of thick-walled, pigment-containing cells. B,

endosperm, consisting of aleurono al, the starch cclls containing granules
st, and protein bodics @ (Swanson, 1924

FIGURE 2
(Doggett, H. Sovghum. 1970)
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RAT WEIGHT GAINS . ON ISO-NITROGENOUS SAMPLES
‘OF SUPPLEMENTED GRAIN SORGHUM LINES '
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FIGURE 6
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“Lysine Supplementatlon Of Whole Grain And
| Dehulled High Tannin ‘Sorghum Lines.
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'RAT WEIGHT GAIN (grams)
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FIGURE 8



FEED EFFICIENCY RATIO
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“a,b= Low Tannin Sorghum
c,d = High Tanhnin Sorghum
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FIGURE 9



FIGURE 10
PURDUE INTERNATIONAL SORGHUM PEOJECT

PROTEIN YIELD TRIALS - 1972
KEY COOPERATORS



