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Combining Ability for Grain Yield, Percent Protein, and g Lysine/100 g Proteini 

in a Nine-parent Diallel of Sorghum bicolor (L.) Moench t 

F. C. Collins and R. C. Pickett2 

ABSTRACT 
Parents and one set of F, hybrids from a nine line

diallel of Sorghum bicolor (L.) Moench were evaluated 
for combining ability for grain yield, percentage protein,
and g L/100g P using the Griffing analysis. The ranges
In performance were 31 to 159 q/ha for yield, 9.2 to 18.2% 
for protein and 1.74 to 2.74% for lysine in the protein,General (GCA) and specific (SCA) combining ability

Genra (GA)andspcifcSCA cmbiin abliywere found to be important for all three characters. The 
GCA:SCA ratio of mean squares indicated that additive 
gene action was more important for protein and less ins. 
portant for yield and g L/100g P. One parent had large

effects for all three characters. Several hybrids ex. 
hibited heterosis for yield, but only a few hybrids showed 
heter',is for percentage protein while no positive heterosis 
ww. observed for gL/OtgP. Protein was negatively cor. 
related with gL/1OOgP and yield. Yield and gL/OOgP
wi.re positively associated. 

Additional index words: Nutritional quality, Inherit 
ance, Gene action. 

R ECENTLY, emphasis has been placed on improv-

ing the nutritional quality of sorghum which can 


be accomplished by increasing the level of protein

and/or improving the quality of protein. Since lysine 

appears to be the most limiting amino acid in sor-

ghum protein, the protein quality can be improved by

simply increasing the level of the lysine. The world 

collection has been slown to be an excellent source 

of germplasm for relatively high leves of protein and
lysine. In this experiment diverse lines of Sorghum 

bicolor (L.) i\Ioench were selected for these char-

acteristics and w~ere crossed in all possible conbina-tistos stud cmin abossediall ie in aifo pro 
tions to study combining ability for yield, protein, ant

lysine. 

REVIEW OF LITERATURE 

Numerous writers have reported general combiningb)and (SCA)specific combining abilityability (GCA) ameasured 
for grain yield in sorghum, but little has been pub-
lished on the combining ability for protein or lysine.
Liang (3) found GCA for protein in a six parent 

di i s s a i idhallel study. The hybrids in his study had signifi-
cantly lower levels of protein than their better parents. 
In a later paper (4), lie used the Jinks-Havnian method 
of analysis and concluded that protein' con~etit was 
partially dominant and that there was evidence of 
epistasis or correlated gene distribution or both. There 
was an indication that two groups of genes controlled 
protein content. Malns (5) crossed four male sterile 
testers with eight exotic lines which varied from 10.8 
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to 15.5% protein. He found significant amounts of 
GCA and SCA with GCA being 17.5 times greater than
SCA; thus, the level of protein appeared to be clue pre

dominantly to additive gene action. Martin, one of 
the female parents, contributed more than the other 
females to the protein content of the hybrids. In an 
earlier paper (1), we reported finding significant 
amounts of GCA for yield, protein, and ly3ine; tile 
SCA estimate was not significant for any of the three 
characters. The test consisted of parents and hybrids
developed from crossing 12 exotic lines on to four male 

sterile testers. Again Martin, which was one of the 
female parents, contributed more than the other test 
ers to high protein levels. Four crosses exhilited hete.
rosis for percentage protein while percentage lysine 
in the hybrids never exceeded that of the higher par
ent. Percentage protein and yield were negatively cor
related as wa, also shown by Mal. Lysine was nega
tively associated with protein while lysine and yield
appeared unrelated. 

MATERIALS AND METHOD 
Nine parents selected for diversity in protein and lysine levels 

were crossed in all possible combinations. The F,'s were obtained 
mainly through hand emasculation and the use of male sterile,.
Ontly parents with restorer geies were crossed on to male steriles.The'parentn, a diallel set of 36 F, hybrids, and 'IS610' (a check) 
were grown on the Purdue University Agronomy Farm during
the summer of 1968. They were planted in a randomized com
plete block design which was replicated four times. Each plot
consisted of four rows 73 cut apart and 4.5 m long. Plots were
thinned to 225,000 plants per hectare. The soil type was a
Chalmers silty clay loam which Itad 290 kg/ha of actual nitrogen
(half as urea and half as ammon ium nitrate) applied the week 
prior to planting. Grain yield was measured from 3 m of row 
harvested front each of the'two center rows of a plot. Percentage 
protein (actually crude protein) was obtained by using the 
microkjeldahl technique to determine the proportion of nitro. 
gen which was tultiplied by 6.25 to obtain protein. Lysine,as gL/100 g protein (gL/100 gl'),was determined front 
a hydrolyzed satple of the grain by ion-exchange chromatogra. 
phy. Protein and lMsine, as well as yeld, were neasured onplot. The data were analyzed satistically using "method 2 . 
model I" of the diallel analysis described bj' Grilling (2). Hetero
sis was calculated as the amount that a'F, deviated above or
below the range of the parents. 

PESULTS AND DISCUSSION 

The combining ability analyses of variance (Table 
1) revealed significant levels of GCA and SCA for 
yield, perceat protein, and gL/l00gP. This was ap
parently the first time that SCA had been detected 
for gl./100gP. The ratio of GCA:SCA mean squares 
indicated that the additive gene action was probably 

Table 1. Combining ability analyses of variance and coeffi
dents of variability for yield, protein, and lysine. 

.ivniquaret . 
Characer erare, OCA

O7 SCASeA ErErorSS.85.\1.'.t. 

Pro ein 108.14*"' 3.51581 0.3768 11,1 3.i. 
..rsw 0.7052. 1,.109.' .0441 !i.. (4.o. 

"Thentwn squar of GCA. SC, anderrorhavea. 1".3 irl132 itkgrc.. ,,frml,'m.
r.iwc,vely. signifenni ti ih,',li tv.I.. 
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Table 2.- Means and estimates .of SCA and GL'A effects for Table 3. Means and estimates of SCA and GCA effects for
gra'n yield of the parents and hybrids from a nine iLe diallcl. protein of the parents and hybrids fromla nine line diallel. 

Mean of Mean of 
hybrids I'brids 

Ptarent 	 with a with a 
common common

Parent 2319 0075 008 11411 CK 60 Wit &164 Mti 1259 parent Parent 1259 hMrt 2319 81I4 Rdl '314t Ck 60 N0S3 0SO8 parent 
Yield. t/kag protein, 

2319 67 0 93 300 49 1259 18.2 16.1 16.3 16.3 16.7 16.2 1f..: 16.4 16.5159 12 11 93 97 103 17.4
36)75 85 110 102 96 94 100 91 43 99 Mrt 12.8 12.8 13.5 12.5 12.2 11.7 11." 10.3 12.9
0011 76 104 90 96 d0 82 48 92 2319 13.4 11.9 11.8 12.3 12.0 11.6 12.0 12.6
33dJ 72 6a 65 62 f3 47 76 8364 	 10.7 12.6 11.3 11.9 11.2 9.3 12.3 
CK 60 	 64 61 53 72 51 73 Rdi 10.8 10.6 11.2 11.5 9.2 11.9
Whit 70 All 9 39 71 Wht 30.4 11.4 113.3 9.8 11.9
8364 55 8 3so 71 CK61) 10.5 10.3 9.5 11.8
M311 63 43 71 0073 13. 31.8 11.8
1250 	 31 46 0308 10.1 10.9 
MeanL4 of 610 (check) - 66 Estimates Mean of IS 610 (check)131.0
 
-3D(.05) -13,0 of GCA £SD (.05) 0.9
 

Estimates of SCA effects effects F11mates of SCAeffects 
)2319 -43 46 23 7 3 5 14 9 -15 Is 1259 -2.9 13. -0.5 0.4 0.6 1.2 0.7 1." 1,A 3.90073 -28 3 7 6 3 13 2 -23 19 ?j rt -it.4 -0.3 1.2 0.3 0.2 -0.4 -0.6 -1.0 0.4 

1!W .24 16 6 12 . 1 0 -10 13 2319 1.3 -3.4 -0.2 0.4 0.1 -0 .8 0.3
It-it -4 -4 -7 -7 .6 0 8364 	 -0.8 1.3 0.1 0.7 -,. -1.1 -0.5CK 60 .4 -11 9 It',1 	 -0.4 4.1 -0.7.6 6 -4 	 -0.3 0.2 -1.1 
Wt 3 -2 -6 -3 -4 Wht .u.4 0.6 -0.9 -0.3 -0.88364 -6 -4 11 -7 CK 0 -0.4 0.t. -0.6 "0.8 
Mrt -I 2 -6 0071 1.6 0.1 -0.3
1259 	 14 -29 0508 0.8 -3.5
 
SE a- 12 
 SE - 4 "E' .8
SI: it-12 	 N 0. 8t ,r 	 SE 0.3
 

having one parent Incomerror of difference between effects of Iwocrosses 

mon. t Standard errorof difference between effects of twocroqsen having no par- Standard errorof difference between effects of two crosses having one parent In com
vnt I common. tn. t Standard errorof difference between effects of two crosses having no par

" Standard 


CotoIncommon. 

more important for protein than it was for yield and 
gL/100gP; )oth of the latter appeared to be affected Table 4. Mans and estimates of SCA and GCA effects for ly.1ne 
to a greater extent by nonadditive amto gene action. Since of the parents and hybrids5 from a nine line dall. of 
only a few fixed lines were used in this test, it was not hbridspossible to obtain valid estimates of trnadditive :md,.arent 	 with a 

noiadlitive colponents of variance. Parve' 0508 2319 3W75 CK 60 8364 Whit 13I1 trt 1259 parent 

Grain yield varied considerably among entries; it Lysino. gRd300 g protein
r'anged fron 31 to 159 q/ha. Means and estimates of 48 2.74 2.16 2.16 2.56 2.,48 2.32 2.37 2.07 1.92 2.26

2319 2.64 2.11 2.26 2.15 1.93 2.11 2.22 1.88 2.10SCA and GCA effects for yield are reported in Table 	 0075 1.87 2.02 1.98 2.30 2.16 2.,0 1.90 2.09 
CK60 2.45 1.98 1.93 1.95 2.13 1.78 2.082. 	 The parental ]performance was a good indication 8364 2.20 2.10 1.98 2.01 3.82 2.tt6
 

1'Alit 3.21 2.01 1.93 1.74 2.04
of the variety's GCA; tile higher yielding parents gen- dt ,02 1.981.74 2.0 
erally liad higher yielding hybrids. However, ti hy- 1259 1.01 12.82 

brids having IS 2319 as one parent were the highest Mean of ItS NO (check) -2. 18 Entlmal' 
yielding even though IS 2319 only had a mediun level IA(.03) -0.29 of GCA 
of yield. Hleterosis was generally expressed by crosses Estnatee of SCA effects effects 

050 0.17 -0. 28 -0.11 0.17 0.13 0.01 0.09 -0.1I-0.210 0.24anong the higher yielding parents. All crosses involv-	 2319 0.34 -0.0 0 -0.05 -3 ,24 -0.04 0.10 -0.11 0.11ing IS 1259 had yields intermediate to those of their K -0. -. -0.17 0.2 0.16 0.12 0.16 -0.06e~~t-0.-.7 -0.38 6 0.06-33.1. o.0-.16 

parents. The large negative SCA effects for the paren- 8364Wig; 0.15I.1-o.01.-0.06-0.06 -0.020.o3-0.06 -0.12 0.0
 
tal. vahes of IS 2319, IS 0075, and IS0508 show that Rtd 0.03 0.03 -0.09 -0.05
 

1rS -0.01 -006 :0.08
these parents have the ability to conbine better than 1259 t:370.21 

expected l)ased on their own yields. The magnitude sE -0.28 SE 0.09 
of the estimates of their GCA effects indicate that it 	 SENt - 0.7 
should be possible to select segregates from crosses 	 * Standard error of dlifference between effects of two crosses having one parentIn com

mon. t Standard effects of two havingno parerrorof difference between crosses 
among these 1parents wlich would be superior to the t Incommon. 

par'ents. This would be 	important in undlerdeveloped
countries where facilities are not available for prodtic- (5) and ourselves (1). The gene (s) controlling the 
tion and dissemination of hybrid seed. However, high protein of IS 0075 must be recessive and dif. 
inaxiin utilization of the potential exhibited by ferent from those in the other parents since its expres
the crosses would apparently require the growing of sion was repressed in F1 's. 
hybrids. Means and estimates of SCA and GCA effects for 

The means and estimates of SCA and GCA effects gL/'100gP are given in Table 4. Hybrids having the
for protein are shown in Table 3. Protein varied from highest gL/10gP had a high lysine parent and vice 
9.2 to 18.2%. Hybrids of the higher protein parents, versa. The hybrids which had IS 0075 as one parent
with the exception of IS 0075, generally had higher had ligher values of gL/0OgP than expected. Crosses 
than average protein levels. The high protein of IS involving IS 1259 were uniformly very low. Although
0075 was not transmitted to its hybrids. Low levels the hybrid value was usually equal to the mid-parent
of protein were found in most of the crosses involving value, there were a few cases of negative heterosis.
IS 0508 - a low protein parent. Two of the hybrids None of the hybrids exceeded their better parents.
exhibited heterosis for protein; one was a cross be. It is interesting that most of the estimates of SCA ef
tween the highest protein parent - IS 1259 - and fects for the parents wem e positive. It appeared that 
another high protein l)arent - MaLrtin. Malrtin's good the parents were unable to exhibit their lysine poten-
GCA for protein in this experiment was consistent tial in the F's. Evidenty, selection would be effective 
with its beiavior in earlier studies reported by Malm in the improvement of gL/100gP in inbred lines but 
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Table 5. Phenotypic, genotypic; and environmental correlations ly good protein quality, but the grain would probably
among.yield, protein, and lysine measured front the nine be low in protein. If IS 1259 were used, the hybrids
parent diallel. would ha'e a very high level of protein but protein 

Correlation co rnts quality and yield would be sacrificed. 
Characters correlated Phenotypt Cenoty3ple Environmental The levels of GCA anti SCA expressed in this ex. 

Yield andpercent protein -0.60"" .0422 *Merimenindicate that aditive anl nonadditive gene
Yield and it IM- P 0.4011 0.47.* -0.12 
Protein andg L/I0Kg P 0.6s' -0.73" -0.12 action were impor tant in the control of these charac. 

Signi utan " at the .01 level, ters. The perfornance of IS 2319 for all thie characat the .05 level. Stgnflear. 

ters should provide encouragement for the develolp
care should be exercised in choosing hybrids from this inent of honiozvgouis lines, particularly in areas lack
material since they tended to be low in lysine. ing technology ior h\ybrid seed produlctiol. Ilowever, 

Correlation coefficients are presented in Table 5. the full ultilization o'f the genetic variability exhibited 
The genotypic correlations between protein and yield by these parents may depend on the use of hybrids 
and between protein and gL,/100lgP were highly signi- in order to c..,)ilalize on the variability (tile to non
ficant and negative. Although these correlations are additive gene action. With careful selecti, i of the 
a reflection of the genotypes grown in this experi- parents, it aplpears possible to develop highh ielding 
ment, it would appear that selection for the highest hybrids whose grain is superior in protein quantity 
levels of protein would be done at the expense of yield and quality to that of standard varieties. 
and protein quality. Yield and gl.1/IOOgP were posi
tively correlated, but selection for high yield would REFERENCES 
not always irlt inlcnfcurentedet iicreases i protein . Collins, F. C., and R. C. Pickett. 1972. Combining ability 
quality. Environmental influences tended to increase for yield, protein, andl Issine in an incomplete diallel of 
yield while decreasing protein and vice versa, but it Sorghum bicolor (L.) Nioench. Crop Sci. 12:5.6. 
did so to a lesser degree than the genotypic effects. 2. Griffing, It. 1956. Concept of geticial and specific combining 

ability in relation to diallel ctosing systems. :Ast. J. Biol.
Sci. 9:463-493. 

CONCLUSIONS . Liang, G. . 1967. Diallel anal)sis of agrononic characters 
in grain sorghtin, Sorghum vulgarc Pets. Can. J. Genet.Based on these results, it appears that IS 2319 would Cytol. 9:269-276. 

prdbably be the best overall parent from this material 4. Liang, G. II., E.G. Ilctie. J. II. Chuing, and Y.0. Koh. 1968. 
in a bieeding program. It was effective in transnitting The anahsis of heritlale variation for three agronolnuic trails 
very high yields and better than average protein and in a G-vnirict ediallel of grain s,ghtum, Sorghum vulgare

leves t FI 1'. use, (in. Ctoi.IS0508wer te ~Pers. J. Gunet. 10:460-469.gL/1OOgP levels to Ft s. If IS 0508 were used, the Ft's 5. Mahn, N. R. 1968. Exotic geruplaun use in grain sorghum 
would be high yielding and the grain would have fair- improvement. Crop Sdi. 8:295-298. 


