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Heterosis and Components of Genetic Variation 
for Protein and Lysine Content in some Grain Sorghums 

B. S. RANA and B. R. MURTY 

I n d i a n  A g r i c u l t u r a l  Resea rch  I n s t i t u t e ,  New Delhi  ( India)  

Summary. Twelve varieties representing six geographical regions and nine taxonomic groups from a Wor ld  Collection 
of Sorghum were used in a diallel  and line • tester  analysis of the  nature  of genetic var ia t ion for protein  and lysine con- 
tent .  In  a major i ty  of crosses, heterosis was negative for protein, and posit ive for lysine. 

Analysis of combining abi l i ty  indicated tha t  both  addi t ive and non-addi t ive variat ion were impor tant  for protein, 
while the non-addi t ive component  was predominant  for lysine. Heterosis in low x low and medium • low crosses also 
indicated the presence of substant ial  non-allelic gene interactions for both  the characters.  

Associations between protein, lysine and yield in parents  were significantly different from those in the  hybr ids  in- 
dicating considerable scope for genetic manipulat ion.  Negative correlations between protein and lysine (~o protein) 
and between protein and grain yield were very low. The results indicated tha t  a high level of protein and modera te ly  
high lysine may  be incorporated in higtl yielding varieties of sorghum, by  using Caudatum kaura,  Roxburghii  shallu and 
durra  from ~iger ia  and Sudan in the hybridisat ion programme. 

I n t r o d u c t i o n  

The  t r a d i t i o n a l  a reas  of so rghum cu l t i va t i on  and  
consumpt ion  in Afr ica  and  As ia  are also a reas  of low 
income and  genera l  m a l n u t r i t i o n .  The  low level  and  
poor  q u a l i t y  of p ro t e in  in Sorghum c o m p a r e d  wi th  
o the r  cereals l ike whea t ,  rice a n d  ma ize  (Swa mina tha n  
et al., t969),  and  the  pe l lagragen ic  n a t u r e  due to  amino  
ac id  imba l ance  (Deosthale  et al., 1970), are  two m a j o r  
p rob l ems  which  are amenab le  to  so lu t ion  b y  gene t ic  
man ipu l a t i on ,  since g e n o t y p i c  differences for p ro t e in  
and  lys ine  con ten t  ex is t  b o t h  in the  a d v a n c e d  cul t i -  
va r s  and  the  W o r l d  col lect ions  of Sorghum (Deo- 
s tha le  et al., 1970; T r i p a t h i  et al., t971 ; Collins and  
P i c k e t t ,  1972a). The  in fo rma t ion  on the  p ro t e in  and  
lys ine  levels  in h y b r i d  g ra in  sorghums is l imi t ed  to  
t y p e s  used  for f e e d  r a the r  t h a n  for h u m a n  consump-  
t ion  (Liang et al., 1968; Collins and  P icke t t ,  t972b) .  
An a t t e m p t  has  been made ,  therefore ,  to e s t ima te  the  
heteros is  and  n a t u r e  of genet ic  va r i a t i on  for p ro te in  
a n d  lysine in some so rghums  used  for h u m a n  con- 
s u m p t i o n  and  represen t ing  the  nine t a x o n o m i c  groups  
in t he  W o r l d  Collect ion of Sorghum classif ied b y  
M u r t y  et al. (t967) and  Chandra sekha r i ah ,  M u r t y  
and  A r u n a c h a l a m  (t 969) using m u l t i v a r i a t e  analysis .  

Material and Methods 

Twelve varieties with varying levels of protein (t 2% to 
17.3%) and lysine content  (1.43% -- 2.13%) and represent- 
ing six geographical regions were selected from the World  
Collection of Sorghum maintained at  the  Indian Agricultu- 
ral  Research Inst i tute,  New Delhi. Two varieties, 
IS9837 (roxburghi~-shallu) and IS 10526 (caffrorum), 
representing corneous and chalky endosperms, were 
crossed with the  rest of the ten as male parents  in a line • 
tester  mat ing design (Table t). Seven selected for differ- 
ent  levels of protein were mated  to obtain a diallel wi thout  

reciprocals. All  these crosses and their  parents  were 
p lanted  in a randomized complete block design with two 
replications during the monsoon season, 1969, a t  New 
Delhi (29 ~ The plot  was of a single row three metres 
long with 75 cm spacing between, and 15 cm within, rows. 
A fertilizer dose of 100 Kg 51 + 60 Kg B~O~ + 60 Kg K~O 
per hectare was given. Nitrogen was applied in two spli t  
doses, the  first half at  the t ime of sowing and the other as 
top dressing 45 days after sowing. Protect ion against  
stem borer  was provided by  applying l indane granules. 

A composite sample of grain from five randomly  select- 
ed plants  was analysed for protein and lysine. Nitrogen 
was determined by K]eldahl 's  method and the value 
mult ipl ied by  6.25 to obtain protein percent.  Lysine was 
determined by  an automated colorimetric method using 
a Technicon automatic  lysine analyser (Schaiberger, and  
Ferrari ,  1960) and was expressed as per cent of protein 
and mg per t00 gm of grain (whole meal) on d ry  mat te r  
basis. 

IKeterosis was calculated as per  cent increase over the 
superior and midparents.  Combining abi l i ty  analysis in 
the  line x tester  mat ing was done following Kempthorne  
(1957). Diallel analysis of combining abi l i ty  was carried 
out  according to Method-2 of Gritt ing (t956). Est imates  
of variances of general and specific combining abi l i ty  in 
diallel and line • tester  mat ing  systems were obtained 
using the random effects model. In  the  diallel, the com- 
ponents of genetic variat ion,  namely D, Hi, Ha and 1~, 
were computed using the method of I-layman (t954). 
Correlations between protein, lysine and grain yield 
were es t imated separately for parents  and crosses and also 
pooled over all  the entries. 

Results 

Parental Per/'ormance and Heterosis: The  signif i-  
can t  differences obse rved  among  p a r e n t s  were also 
re f lec ted  in the  v a r i a t i o n  among  h y b r i d s  for p ro t e in  
and  lysine (Table 2 and  3)- The  difference be tween  
the  average  pe r fo rmance  of pa r e n t s  a n d  h y b r i d s  was 
smal l  b u t  s igni f icant  w i th  nega t ive  heteros is  for p ro-  
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Table I. Parental performance for three quality characters in Sorghum 

Lysine Lysine Geographical Classificatory Protein % (% protein) (mg/100 gm grain) Parents * origin status 

I. IS 3922 U.S.A. Caffrorum feterita 11.98 2.015 24t.5 
2. IS 3924 U.S.A. Caffrorum feterita 14.85 1.865 277.5 
3. IS 9837 Sudan Roxburghii shallu 16.42 t. 705 280.5 
4. IS 10525 U.S.A. Caffrorum 12.54 1.765 228.5 
5. IS 10526 U.S.A. Caffrorum 13.76 1.605 221.5 
6. IS 10670 Nigeria Caudatum hafir 12.54 1.960 247.0 
7. IS 10890 U.S.A. Caffrorum 14.23 1.935 276.0 
8. IS 3703 Ethiopia Milo kaura 14.96 1.720 257.5 
9. IS 8191 India (Assam) Caffrorum birdproof 17.27 2.t30 368.5 

t 0. IS 9985 Nigeria Caudatum kaura 16.28 1.430 234.0 
11. IS 10202 Egypt  Durra 16.07 t.765 284.0 
12. IS 10521 U.S.A. Milo 15.98 t.770 284.0 

Low (L) < I  3.00 <1.80 <260 
Medium (M) 13.00-16.0 t.80--2.00 260--300 
High (H) >16.0 2.00 >300 

* I to 7 diallel parents; IS 9837 and IS 10526 -- female parents and rest of the 10 -- male parents in 
line x tester mating. 

Table 2. Analysis of variance for protein and lysine in Sorghum 

Source DF 
Mean sum of squares 

Protein % Lysine Lysine 
(% of protein) (rag/100 gm grain) 

Replications t 0.03 0.01 178.0 
Entries 42 3.60** 0.15"* 3103.2"* 

Parents 1t 6.08** 0.07* 3097.2** 
Hybrids 30 2.72** 0.17"* 3197.0"* 
Parents Vs Hybrids 1 2.77* 0.t3" 355.0 

Error 42 0.57 0.03 821.6 

Parental Mean t 4.74 1.81 266.7 
Hybrid Mean 14.34 1.90 271.2 

* Significant at 5%, ** Significant at 1%. 

tein percentage and positive heterosis for lysine 
(% protein).  However ,  bo th  posit ive and negative 
heterosis were observed for protein and lysine de- 
pending on the cross combina t ion  (Table 3). Crosses 
wi th  high protein ( > t 6 % )  were low in lysine (% 
protein) while high lysine ( > 2 . 0 % )  crosses were 
general ly low in protein content .  

Combining Ability Analysis : Significant differences 
among  males were observed in their  general com- 
bining abi l i ty  (gca) for protein and lysine as per cent 
oI protein in line • tester  crosses, while differences 
in gca were significant only  for protein in the diallel 
(Table 4). Significant var ia t ion for specific combining 
abil i ty was found for lysine in bo th  the mat ing  de- 
signs, with a predominance  of non-addi t ive  variation.  

Components o/Genetic Variance: Among  the esti- 
mates  of var iance components  in the diallel using 
H a y m a n ' s  me thod  (1954), addit ive (1~) and heterosis 

A 

(H1) components  were significant for protein,  while 
only heterosis components  were significant for lysine 
(Table 5). Par t ia l  dominance  for protein was evident  
while over-dominance  was indicated for lysine. The 

propor t ion of positive and negative genes among the 
parents  as reflected by  ~Iz/4H 1 was unequal  for pro- 
tein but  equal for lysine percentage. The rat io of 
A t ,  

h2/H2 i n d i c a t e d  three blocks of genes controll ing 
protein and one block of genes controll ing lysine. 
The in tensi ty  of non-allelic gene interact ions for 
lysine appears to have resulted in an underes t imate  
of the number  of genes. 

The values of (4f)I~l)~ + t~/(4I)H,) ~ - -  l ~ reveal- 
ed t h a t  the propor t ion of dominan t  genes in the 
parents  was slightly higher than  of recessive genes for 
protein and lysine % of protein. The high negative 
correlat ion between parental  order of dominance and 
parenta l  measure for protein indicated tha t  negative 
genes were mos t ly  recessive and the improved  protein 
content  was due to dominance of positive genes and 
therefore could be exploited in a hybr id  sorghum 
programme.  

General Combining Ability E/leers: The general  
combining abil i ty effects of parents  revealed tha t  
IS 9985 (caudatum kaura) and IS 10670 (caudatum 
ka/ir) were bet ter  combiners for protein and IS 8191 
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Tab le  3. Average performance of hybrids and heterosis ovar superior (SP)  and mid-parent ( M P )  for protein and lysine 
in Sorghum 

Cross 

Protein % Lysine (% protein) Lysine mg/100 gm grain) 

Heterosis Heterosis Heterosis Hybrid Hybrid Hybrid 
mean (% SP) mean (% SP) mean (% SP) 

t .  IS 3924 • IS 3922 13.35 - -10.10 1.86 --  7.69 248.5 
2. IS 3924 • IS 10525 14.82 - -02.00 2 . t2  t3.67 315.0 
3. IS  3924 • IS 10526 14.36 --  3.30 2.04 9.38 295.0 
4. IS 3924 • IS 10670 12.Ol - -19 .19  t .43 - -27.04 17t .o  
5. IS 3924 • IS 10890 15.27 --  3.9t t .73 - - t 0 . 5 9  259.5 

6. IS  9837 • IS 3703 t6.61 1 . t6  t .56 --  9.30 259.5 
7. IS 9837 • IS 3922 13.06 - - 2 0 . 4 6  2.11 4.7t 276.5 
8. IS 9837 • IS 3924 14.38 - -12.42 t .88 0.80 271.0 
9. IS 9837 • IS 819t t3.76 - -20.32 2.07 2.82 286.0 

t0.  IS 9837 • IS 9985 t5.54 --  5.36 t .78 4.40 279.5 

1t .  IS 9837 • IS  10202 13.98 - -14.86 t .75 --  0.85 237.5 
12. IS 9837 • IS 10521 t 3 . t 2  - -20 .o9  2.07 16.95 270.5 
13. IS 9837 • IS  10525 13.62 --17.05 t.91 8.2t 260.5 
t4.  IS 9837 x IS 10526 13.74 - - t 6 . 3 2  1.97 t5.54 271 .0  
15. IS 9837 • IS 10670 14.46 - - t t . 9 4  1.72 - -12.24 25t .0  

t6.  IS 9837 x IS 10890 15.01 --  8.58 1.89 --  2.32 286.5 
17. IS 10525 • IS 3922 t3.30 6.06 2 . t5  6.70 288.o 
18. IS 10525 • IS 10526 13.0o --  5.52 2.46 39.37 3t7.0 
t9.  IS 10525 • IS 10670 t4.96 t9.30 2.27 15.82 34t.5 
20. IS 10526 x IS 3703 t3 .62 --  8.96 t.91 11.o5 261.5 

2 t .  IS  10526 x IS 3922 t5.46 - - t 2 . 3 5  1.79 - - t 1 . t 7  277.5 
22. IS  10526 x IS 819t 14.27 --17.37 2.07 --  2.82 296.0 
23. IS  10526 x IS 9985 t5.27 --  6.20 1.85 t5.26 284.0 
24. IS 10526 x IS 10202 13.99 - - t 2 . 9 4  t.81 2.55 252.5 
25. IS 10526 • IS 10521 14.1o - -11.76 t .87 5.65 264.0 

26. IS 10526 x IS 10670 t7.o9 24.00 1.89 --  3.57 324.0 
27. IS 10670 x IS  3922 14.32 14.19 t .9o --  5.2t 273.o 
28. IS 10890 • IS 3922 t 3 . t 2  --  7.8o 2.44 21.09 319.5 
29. IS 10890 • IS 10525 t6.73 17.57 t .04 --46.25 176.5 
30. IS 10890 • IS 10526 14.0o --  t .62 t .29 --33.33 182.o 
31. IS 1O890 x IS 1o67o 14.87 4.49 2.11 7.65 3t3.0 

- - t 0 . 4 5  
t3.35 

6.3t 
- -38.38 
- -  6.49 

--  7.49 
- -  1.43 
--  3.39 
- -22.39 
--  O.36 

--16.37 
--  4.75 
-- 7.37 
--  3.39 
- - t0 .51  

2.14 
19.25 
38.70 
38.26 

t.55 

14.91 
19.67 
2t .36 

- -  1 1 . 0 9  

- -  7.04 

3t.17 
t0.53 
15.76 

--36.05 
--  34.06 

13.41 

Table  4. Combining ability analysis for protein and lysine in diMlel (D) and line • tester (L • 7") 
crosses in Sorghum 

Source DF 

Mean sum of squares 

Protein % Lysine 
(% protein) 

Lysine 
(rag/100 gm grain) 

a) Dialle1 crosses  
GCA 6 8.60* 0.05 
SCA 2t 2.37 0.1t ** 
E r r o r  27 3.08 0.03 

b) L ine  • Tes te r  crosses 
Fema le  effects  1 2.13 0.01 
Male effects  9 2.43 * 0. t 2* * 
Fema le  • Male i n t e r ac t ions  9 t .55 0 . t t * *  
E r r o r  19 1.00 0.02 

133.00 
2373.00* 

95t .oo  

562.70 
t524.53 
2205.25* 

814.31 

D L •  D L x T  D L •  

~ , ~  0.69 0.10 - - . 0 f  0.00 
~,~o~ ^ 0.83 0.27 0 . t0  0.40 

,o~/a,c~ 0.83 0.37 --  . t0  0.00 

- -248.9  t9.94 
t897.5 695.47 

- - 0 . t 3  0.02 

* Significant at 5%, ** Significant at t %. 

Theomt. Appl. Genetics, Vol. 45, No. 6 



228 B. S. Rana  and B. R. Murty  : Heterosis and Components of Genetic Variat ion for Protein and Lysine Content 

Table 5. Estimates of variance components for protein and lysine in diallel crosses in Sorghum 

Lysine Lysine 
Protein % (% protein) (mg/100 gm grain) 

~) 10.02" + 0.67 0.004 +_ 0.060 147.1 • 1184.4 
1~ 11.03"* • 1.60 0.005 ~ 0.t43 965.3 + 2821.2 
I-{ 1 6.45** + 1.62 0.398* + 0.144 8744.5* + 2846.4 

A 

H2 3.49* + t.43 0.373* + 0.127 7892.6* + 2512.5 
h 2 9.62** + 0.24 0.039 + 0.085 4039.3 + 1686.8 
( f i l /~)  0"5 0.802 9.845 7.709 
H2/4H 1 0.135 0.234 0.225 

(4I)H1)~ + F 1.186 1.108 1.543 
(4I~I~) ~ --  
r --0.917 0.073 --0.120 
r 2 0.841 0.005 0.014 

* Significant at 5%, ** Significant at 1%. 

Table 6. General combining ability effects of parents for protein and lysine in diallel and line • 
tester mating systems in Sorghum 

S1. Parent No. 

Protein % Lysine (% protein) Lysine (mg/lO0 gm grain) 

Diallel L • T Diallel L • T Diallel L • T 

1. IS 3922 --0.55** --0.02 o.13 0.06 1o.6o 5.40 
2. IS 3924 --0.25 0.09 --0.04 0.07 --9.80 tl.4O 
3. IS 9837 --0.24 --0.23 --0.03 --O.Ol --0.50 -- 3.75 
4. IS 10525 --o.21 --0.97 0.05 0.30** 13.2o 17.15 
5- IS 10526 0.33** 0.23 --0.05 O.Ol 7.80 3.75 
6. IS 10670 0.35** 1.47" 0.02 --0.08 --7.60 15.9o 
7. IS 10890 0.56** 0.22 --0.08 --0.29** --13.7o --37.35 
8. IS 3703 --0.41 --0.15"* - - I f . f 0  
9. IS 819t --0.25 0.18"* 19.40 

10. IS 9985 t .13" --0.06 t0. t5 
11. IS 10202 --0.56 --OAf --26.60 
12. IS 10521 --0.67 0.08 -- 4,35 

SE (gi) 0.18 0.04 9.75 

* Significant at 5 %, * * Significant at t %. 

a n d  IS  10525 were good  combiners  for lysine measu red  
as per  cent  of pro te in ,  ba sed  on the  resul ts  of b o t h  
t he  d ia l le l  a n d  l ine X t e s t e r  expe r imen t s  (Table 6). 

Character Associations: The  p h e n o t y p i c  and  genet ic  
cor re la t ions  i n d i c a t e d  a pos i t ive  assoc ia t ion  be tween  
p ro t e in  a n d  lys ine  (rag/100 gm grain)  accoun t ing  for 
n e a r l y  52% of the  geno typ i c  v a r i a b i l i t y  in paren ts ,  
b u t  no such assoc ia t ion  was found  in the  hyb r id s  
(Table  7). The  nega t ive  assoc ia t ion  of p ro t e in  wi th  
g ra in  y ie ld  in h y b r i d s  was n o t  p resen t  in the  paren ts .  
O the r  assoc ia t ions  were v e r y  low, excep t  the  h igh ly  
pos i t ive  assoc ia t ion  be tween  the  two measures  of 
lys ine  con ten t .  These  con t r a s t i ng  resul t s  of associa-  
t ion  be tween  the  q u a l i t y  cha rac t e r s  in pa ren t s  vs 
h y b r i d s  i nd ica t e  t h a t  adverse  associa t ions  can be 
mod i f i ed  gene t i ca l ly  in a f avourab le  d i rec t ion  or 
neu t r a l i s ed  in some r ecombinan t s .  

D i s c u s s i o n  
Sorghum is wide ly  d i s t r i b u t e d  all  over  the  t rop ics  

in Afr ica  and  some of i ts  d iverse  forms could  have  

ar isen b y  d i s rup t ive  select ion (Dogget t ,  1970). The  
col lect ions f rom Wes t  and  Cent ra l  Afr ican  count r ies  
and  some Ind i an  m a t e r i a l  r ep resen t  m o s t l y  d iverse  
and  unse lec ted  bulk ,  while caffrorums and  i ts  de r iva -  
t ives  f rom the  Un i t ed  S ta t e s  are the  p roduc t s  of in-  
tense  h u m a n  selection.  The  h igher  p ro t e in  con ten t  
obse rved  in some Afr ican  and  I n d i a n  var ie t i es  in the  
W o r l d  col lect ion (Mur ty  et al., 1967) revea ls  t h a t  
n a t u r a l  select ion has  p rese rved  var ie t ies  wi th  h igh  
p ro t e in  while in tense  h u m a n  select ion in pu r su i t  of 
h ighe r  g ra in  y ie ld  has  resu l ted  in tow p ro t e in  t y p e s  as 
obse rved  in the  caffrorums of the  USA. Thus,  g roups  
l ike roxburghii shallu, caudatum kaura and  durra f rom 
Afr ica  are  good sources of p ro te in  con ten t  and  qua l i ty .  
IS  9985 (caudatum kaura) and  IS  10670 (caudatum 
kafir) f rom Niger ia  have  shown b e t t e r  pe r fo rmance  in 
h y b r i d  combina t ions  and  thus  are good combiners  
for prote in .  On the  o the r  hand ,  caffrorum and  i t s  
de r iva t ives  p rov ide  a good  source of lysine.  

The  crosses be tween  high • high, high • low and  
medium • low pa ren t s  d id  not  show heteros is  over  
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Table 7. s and genotypic (in parenthesis) corre- 
lation among three quality characters and grain yield 

in Sorghum 
i �9 

Lysine Lysine Grain 
(% (mg/t00 gm 
protein) grain) yield 

A. Parents 
Protein % --0.234 0.675* 

(--0.268) (0.721) 
Lysine 0. 560 
(% protein) (0.48t) 
Lysine 
(mg/100 gm grain) 

]3. Hybrids 
Protein % --0.358 0.t34 

(--0.453) (0.012) 
Lysine 0.870* * 
(% protein) (0.882) 
Lysine 
(mg/t O0 gm grain) 

C. Parents + Hybrids 
Protein % --0.304 0.307* 

(--0.353) (0.284) 
Lysine 0.798"* 
(% protein) (0.772) 
Lysine 
(rag/t00 gm grain) 

-,o.t  56 
(--0.261) 
--0.t79 

(--0.085) 
--0.253 

0:454 

--0.425* 
(--0.532) 

O.O48 
(0.171) 

--0.039 
(0.238) 

--0.470** 
(--0.569) 

0.082 
(o:201) 

--0.o51 
( 0 . 1 8 9 )  

* Significant at 5%, ** Significant at 1%. 

the role of general and specific combining ability for 
protein i n  Sorghum. The predominance of the non- 
additive component  and the high level of dominance 
for lysine impose severe limits on the progress of 
selection. However,  the absence of a strong adverse 
association between protein and lysine content in this 
s tudy is encouraging, so tha t  lysine content  can be 
improved without  serious loss in protein content. ,  : 

The change in other at t r ibutes  as a result of selec- 
tion for a desirable t rai t  will depend on the magnitude 
and direction of genotypic correlations among them. 
Lysine and yield showed very low association so both 
these characters seem to be independent.  Therefore, 
a high level of lysine can be incorporated in high 
yielding varieties, and breeding for high yielding 
protein lines with moderate ly  high lysine is possible, 
using the Nigerian and Sudanese material  with high 
gca effects such as the caudatum kaura, roxburghii- 
shallu and durra groups of the World collection. 

I t  would appear  tha t  hybr id  sorghums with a high 
level of protein using the above lines as one of the 
parents  with the available male steriles could also 
be developed, utilizing both the additive and non- 
additive components of var ia t ion for protein and 
lysine, while inbred lines or varietie~s with high pro- 
tein and moderate  levels of lysine might also be isolat- 

Table 8. Mean and number of total heterotic crosses between different groups 

Protein (%) Lysine (% Protein) Lysine (mg/ibo gm grain) 

Group Group Heterotic/total Group Heterotic/total Group 
mean crosses mean crosses mean 

Heterotic/total 
crosses 

H • H t4.43 0/3 -- -- 
H • M t4.73 1/3 2.07 1/3 
H x L 14.15 0/8 2.04 2/5 
M x M - -  -- 1.76 0/3 
M • L 13.93 0/7 1.79 3/9 
L • L ~4.69 7/10 1.9o 10/11 

286.0 ' 0/1 
295.0 1/I 
265.0 0/5 
243.2 6/17 
299.1 7/7 

Low (L) ~ t  3.0 ~ t  .80 260 
Medium (M) t3.00--16.00 t.80--2.00 260--300 
High (H) >t6 .00 >2.00 >300 

the superior parent  for protein (Table 8) and the 
group means of these crosses were also low, indicating 
negative heterosis. High lysine parents  appear  to give 
hybrids bet ter  in lysine, while all the low • low com- 
binations were also heterotic for lysine. 

The estimates of general combining ability effects 
(gca) in diallel and male effects in line x tester  for 
protein have indicated the differences among parents 
for gca effects even in this limited number  of parents.  
I t  should be possible to select bet ter  parents  by  fur- 
ther examination of the variat ion for these characters 
in roxburghii and caudatum kaura and durras from 
Sudan and Nigeria. Since the magnitude of a~ca 
(0.69) is as high as asr (0.83) for protein and the 
degree of dominance is low, both addit ive and non- 
additive gene action are impor tant  in selecting for 
high protein, as observed by  Malta (t968) regarding 

ed. Fur ther  collection and evaluat ion of these taxo- 
nomic categories from Sudan and Nigeria would be 
useful. 

Our results are in contrast  to the reports  of a strong 
adverse association (r = - - 0 . 6 4 )  between protein 
and lysine content by  Collins and Pickett  (1972b) 
whose material  consisted predominant ly  of ka/ir and 
bicolor types not normally used for human consump- 
tion. Their own earlier w o r k  (1972a), including t2  
lines from the same World Collection assembled in 
India  in crosses with four male steriles of Ka/ir  type 
from the USA, indicated a lower negative association 
(r = - - 0 . 3 4 )  between protein and lysine and the 
absence of any significant association between yield 
and lysine, which are comparable to the results in our 
study. This is supported b y  the recent detection of 
two high-lysine lines from Ethiopia with t5.7 and 
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t 7.2 per cent  protein from 62 f loury  endosperm lines 
f rom the  same Wor ld  Collection (Rameshwar  Singh 
and  Axtell,  t973), which are  clear exceptions to the 
reports  of a s t rong negat ive association between pro- 
tein and  lysine in Sorghum. The  simple recessive 
na ture  of the high-lysine allele suppor ts  our conclu- 
sion f rom the diallel analysis t h a t  one block of genes 
is involved for lysine. The high-lysine lines have an 
al tered amino-acid  pa t t e rn  with a leucine/isoleucine 
rat io sl ightly more favourable  than  their  normal  sibs, 
bu t  similar in t 00-seed lot. Thus  it would appear  t ha t  
s imul taneous improvemen t  of protein,  lysine and 
some yield components  is possible. 

The present  invest igat ion is based on different 
t axonomic  groups with free gene exchange bu t  possi- 
b ly  with different adapt ive  gene complexes. There- 
fore, it will be necessary to promote  recombinat ion 
b y  breaking  the linkages and releasing the la tent  
var iabi l i ty  in crosses between them. As suggested b y  
Dogget t  (t970), a p rogramme of recurrent  selection 
and hybr id iza t ion  using composites of two or more 
popula t ions  from mater ia l  showing considerable 
heterosis would also be useful for protein improve-  
men t  in Sorghum.  Such a populat ion breeding pro- 
gramme,  involving the range of the three taxonomic  
groups found useful in this s t udy  would be advan-  
tageous for the development  of varieties as well as 
hybr ids  between selections f rom them, instead of the 
t radi t ional  crossing involving a nar row range of ge- 
no types  h i ther to  used in Sorghum breeding. 
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