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SUMMARY

A genetic dlvmily analysis in a collection of 171 non-restorer lines of sorghum (Sorghum bicolor (L.)
MOENCH) using D? technique and canonical variate analysis indicated that considerable variution in grain
yield has been added to the eollemon by the addition of llnes danved from random mating populations.
The efficiency of D and ical variate i in diverse g pes was
confirmed. However, the two i showed weak in their clusters. The F) hybrids
of 15 diverse lines exhibited no relationship between heterosis or per se performance of crosses and diversity
in their parents. Therefore, traditional plant breeding methods are being advocated.

INTRODUCTION

The importance of genetic divergence to yield improvement and heterosis in sorghum
has been emphasized by several workers (NIEHAUS & PICKETT, 1966; MaLM, 1968;
RAO, 1962; SuBBA Rao et al., 1975, 1976).

Tt is reasonable to expect genetic divergence to be associated with geographic diver-
sity. This may be true for landraces but in applied plant breeding, where the origin
of lines is not always known selacuon of parents based on geographlc diversity alonc
is not always rel 5 such as Mahal D? and |
variate analyses, which quantify the differences among several quantitative traits are
efficient methods of evaluating genetic diversity.

The present study was carried out using D? and canonical variate analyses to 1)
study the diversity among the working collection of non-restorer sorghums that in-
cluded a large number of maintainers of newly-developed male sterile lines (A-lines),
derived from the populations under recurrent selection at ICRISAT and 2) establish
the value of these techniques in hybrid breeding pr
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MATERIALS AND METHODS

One hundred and seventy one B-lines of potential and commercially used seed parents
of sorghum hybrids were grown in a randomized complete black design (RCBD) with
three replications during the 1981 rainy season on the research farm of the Internation-
al Crops Research Institute for the Semi-Arid Tropics (ICRISAT) at Patancheru in
India. The plots were single rows. 2.25 m long und 75 cm apart. Daysto 50°, flowering
and plant height were ded on five petitive random plants from each plot.

Grain yield was recorded on a whole plot basis. Plot means were subjected to D*analy-
sis according to MURTY & ARUNACHALAM (1967) and canonical variate analysis
adopted from ARUNACHALAM (1967). Clustering of genotypes in D? analysis was ac-
complished by Tocher's method, as described by Ra0 (1952). Fifteen lines - SPL 34B
(1), SPL 76B (2), SPL 85B (3). SPL 118B (4), SPL 160B (5), SPL 199B (6), CK 60B
(7), 2219B (8), 2077B (9), 296B (10), 36B (11), SB 323B (12), Kaffinum B (13) Wheat-
land (14), BT x 623 (15) representing six of the ten D2 clusters (Table 2) obtained from
the D? analysis of 171 lines were crossed in a half-diallel series. The lines in the other
clusters were not used for the diallel due to agronomic considerations.

The F, s and parents were grown in the 1982 rainy season with the same plot size,
location and experimental design as in 1981. Days to flowering, plant height (cm),
grain yield (t/ha), head length (cm), 100-grain weight (g), and grain number per plant
were recorded. All the characters were recorded on five random plants except for grain
yield which was taken on a whole plot basis. Parental data were again subjected to
D? and canonical variate analyses. Simple correlation coefficients between intra - and
inter-cluster distances, their mean yield and mid - parent heterosis for grain yield
in crosses within and between clusters were calculated.

RESULTS

In 1981, highly significant differences were recorded among the 171 B-lines for all
the three characters (Table 1). The coefficients of genotypic variation were largest
for grain yield, followed by plant height and days to 50% flowering. The coefficients
of variation due to environment also followed a similar trend but were less than the
genotypic coefficients. The lines derived from random mating populations showed
greater variation in yield than the other lines of the collection. Population derivatives,
however, had lower variation in terms of height and days to flowering.

The 171 lines formed 10 clusters in the D? analysis (Table 2). The highest number
of lines fell into cluster A. These lines were of medium flowering duration, plant height
and grain yield. Cluster B comprised lines of similar duration to those in Cluster A
but were taller and produced larger grain yield. Lines in Cluster C were shorter in
height, lower in yield but of similar duration to thosc of A and B. The earliest duration

lines fell in cluster D. The lines of later duration in different binations of height
and grain yneld formed clusters G toJ.
As expected, the intra-cluster di were always smaller than the corresponding

inter-cluster distances. The lines in cluster C and F were the closest related, followed
by those in A with C and A with B. The widest cluster distances were J with H, F,
D and C and E with H. Further, most of the sister selections of the lines included
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Table |. Analysis of variance for the non-restorer lines.

Source of Degreesof ~ Meun squares
variation freedom

days to plant gramn

flower height (cm)  yield (1/ha)
Replications 2 364 64.67 0.54
Genotypes 170 74.42%° 2320.66% 1.R7**
Error 340 413 n.2 0.35
Environmental CV°,
Overall i 59 239
PD 28 59 242
Others 39 57 217
Genotypic CV?,
Overall 73 18.9 288
PD 58 177 279
Others 8.7 18.6 24.5
Phenotypic CV°;
Overall 8.0 19.8 374
PD 6.5 187 36.9
Others 9.5 19.4 328

*Sii 210,01 level of g ility.

PD = Population derivatives.

in the study tended to group together either in the same cluster or in closely related
clusters (Table 3).

The canonical distribution of the 171 lines showed weak correspondence with D?
analysis despite the contribution of the first two canonical roots exceeding 92 percent
of the variation. Clusters D, H and J were identical in the two analyses, while E, F,
G and I had minor differences and A, B and C had disagreements.

A more detailed genetic diversity analysis of the 15 selected lines based on the six
characters in 1982 is shown in Figure 1. The first two canonical roots in this analysis
accounted for 85 percent of the variation. Superimposition of D? clusters on canonical
variate distribution in the figure again indicated weak correspond between the
two techniques even though extremely distant lines such as Wheatland (14) and 36B
(11) were clearly distinguished in both cases. The intra- and inter-cluster distances
(D-statistics), grain yield and percent heterosis of parents and their Fs within and
between the clusters are presented in Table 4. The cluster distances were neither related
to grain yield of the crosses nor their heterosis percent (r = —0.18 and —0.063, respec-
tively). On the other hand, the correlation coefficient between the mean cluster yield
and heterosis percent was highly significant (r = 0.667**). Similar relationships were
observed for all the other five characters included in the study.

DISCUSSION

A lack of genetic diversity in the seed parents is gnised as a major bottleneck
in developing better sorghum hybrids. The narrow diversity is a consequence of the
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2, R Fig. 1. Genetic diversity in the 15 selected non-
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relatively lower proportion of maintainers of male sterility than that of the restorers
in the milo-kafir system. A large proportion (133 out of 171) of the non-restorers
used in this study originated from random mating populations being improved at ICR-
ISAT. The collection exhibited wide genetic variation for all the three characters,
especially for grain yield, despite the exclusion of vary tall lines from the study. The
new lines from random mating populations appear to have considerably increased
the variation in the non-restorer collection for grain yield. Hybrids of the 15 lines
among whicli crosses were made exhibited high mid-parent heterosis for grain yield,
especially the population derivatives, SPL 118B and SPL 199B. The use of these lines
in the hybrid development program should greatly increase the probability of obtain-
ing improved hybrid inati

The grouping of lines in different combinations of flowering duration, height and
Euphytica 34 (1985) 445
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Tabie 3. Distribution of sister lines among D* clusters. 1981

Sister group Number %, lines in clusters
of
lines A B o D E F
FLB141 x CSV4 10 60 30 10
Rs/R20 8 512
Diallel 346 7 B6 14
Ind-Syn 89 6 36
US/B37 6 67 16
US/B 398 s 80 20
FLB274 x CSV4 5 80 20
E351 x FLR204 5 20
Diallel 465 4 50 50
Ind-Syn 422 4 2315
Serere 21 4 25 78
Nigerian 7 3 100
WAE3 3 100
US/R 50 2 100
FLB 266 2 100
Rs/B 162 2 100

yield in different clusters and the fact that the majority of the sister lines fell in the
same cluster confirm the effectiveness of D? technique in classificatory analysis as re-
ported by ARUNACHALAM & JAWAHAR RaM (1967). In the studies of ARUNACHALAM
& JawaHAR RAM (1967) and CHANDRASEKHARIAH et al., (1969) canonical variate and
D? analyses have given similar results. However, the two techniques in our study
showed weak correspondence in their clusters despite the large contributions of days
to flowering and plant height to the total variation. Since the D? analysis takes a better
account of all the characters of genotypes, greater reliance was placed on this technique
in our study.

Although D? analysis appeared effective in clustering distant groups, the heterosis
expressed by hybrids between parents from distant groups was no greater than those
of parents from closely - related-clusters. Thus, genetic divergence based on statistical
differences of the ch: has little relevance in the expression of heterosis in sor-
ghum. The study illustrates the limitations in the use of these techniques in selecting
parents for making hybrids. The traditional approach of making a large number of
crosses among the parents selected for the traits of value and evaluating their hybrids
for yield and other agronomic characters thus remains the most effective approach
to the development of sorghum hybrids.
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‘Table 4. Intra and inter cluster D-statistics (upper), corresponding mean grain yields (t/hu) (middie) and
percent heterosis (lower) for crosses amaong 15 selected sorghum lines.

Number Cluster Average |
of i Tust
lines A B C D E F G H 1
3 A 692 1628 1097 1357 1398 1618 1180 2257 974 1439

458 641 477 583 534 445 395 628 414 515

BT %6 1727 3610 721 3655 442 2462 1041 206l
3 B 656 1077 1176 858 1539 1585 997 2042 1375
689 718 742 1 723 BI6 B0l S8 717

1639 3664 M52 1470 6174 383 2939 87 827

2 c S 1B 0B B2 I6M 1SU 1 B
N 845 644 498 847 404  6dl

264 a1 mre 0 1630 o 3% %%

2 D 566 875 B0 BES 1484 207 125
686 815 547 626 175 SB 670

BN 962 3879 I N304 84S 36

1 E - 130 1388 1057 2106 1261
- w15 183 4047 08 2006

1 F - 06 1624 232 1499
- a5 s5%4 132 4409

1 G : -6 B4 1502

691 596 3158

1 H - 2867 1752
- 455 182

567 3692

1 1 - 19.53
- 4.54

- - 11.03
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