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ABSTRACT

Variability was created in an improved sorghum variety SK 5912 using gamma-ray irradiation (Cobalt source) ®Co.
The Mo seeds were advanced to My and from the M; family selections were made of 34 lines based on medium height,
disease free plants and good yields. These were advanced to M, family lines. The M, families were harvested and threshed
and were divided into three equal portions for evaluation. The materials were evaluated in the Institute for Agricultural
Research Farms for three years (1989, 1990 and 1991). The objective was to determine the variations resulting from the
gamma-ray irradiation using the multivariate analysis procedure of factor analysis. Fhenotypic correlations were computed
for the individual and combined years using the component, of variance and convariances. Principal component analysis ,
procedure was used to extract factors (TC) that account for the variations in the plant types of sorghum using the twenty
two characters evaluated. In 1989 non-reproductive structures (I1) photosynthetic) accountedfor 5.75% of the total
variationsin F,, 1" leaf sheath, T intcrnode length, accounted for 2.24% of the total variation in F,. In 1990, the same non-
reproductive structures (12) accounted for 5.51% of the total variationsin F,, and only the lengths of leaf blades accounted
for 2.72% of the variations in F,. In 1991 the lengths of five internodes accounted for 2. 75% of variation in F, while only
lengtlis of the four leaf blades accounted for 2.25% of variations in F,. In the combined component analysis lengths of five
internodes accounted for 4.96% of the total variation in F,, while lengtlis of three leaf blades, grain wt/spikelet and Days
to 50% flowering accounted for 2.60% of the variation in F,. These results are useful in identifying the characters that give
much variations and are correlated to the yield attributes, to be selected for in order to improve yield in the plant types, using
recurrent selection procedure.
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INTRODUCTION

Sorghum is onc of the most important cercal crops in the semij-arid countries in West and Central Africa and is
the basic staple food for human consumption. The estimated sorghum production in West and Central Africa by
the year 2005 is put at about |4 MT (FAG/ACRISAT, 1996); while the corresponding population growth rate in the
region is 2.9% per vear. In West and Central Africa region as a whole, production grew at an annual rate of |.76%
with cultivated area growth countributing 72% of the total growth in production. The demand for cereals in West
Africa calls lor an increase in produclion of sorghum, one of the thajor cecreals grown on the continent
(FAQ/ICRISAT, 1996). Breeding high yiclding, disease and pests resislant cultivars is one approach to resolving
cereal grain deficits. Effective utilization of variability in available lines in breeding progrmmes will enhance the
development of new varieties with acceptable qualities acceptable to the end users. Sorghum populations grow in
various environments, and therefore qualities have to adjust to many ceological niches. Correlation and principal
component analysis have been used to assess similaritics among mutant lines of sorghum irradiated with gamma-ray
using cobalt sixty source (*’Co),

The objective of this, study was to evaluate the genetic diversity that arises due to irradiation so that such diverse
lincs and those with complementary characters can be used in recurrent sclection procedure to develop new
varieties. v - ' '
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MATERIALS AND METHODS

An improved sorghum varicty widely adopted in Nigeria, SK 5912 (short kaura) used for food and industrial
pHrposes was irradiated using gamma-ray from cobalt source (*Co).

The M, secds were advanced 10 M,, where ninety (90) family lines were selecled based on medium height,
disease and insect free plants and high yiclding potential. The ninety family lines were advanced o M, where 34
family fines were again selected using the same critesia as above. The 34 family lines were advanced (o M,

Tha 34 M, Gunity Haes were oniuoiod 4o e Insiinic for Apnoninorat Restarch Barims in Satnans 1 dete yeass.
The randomized complete block design (RCBD) was used, with four 6 m long row plots (net) and four replications.
All trials were hand planted at a distatice of 2.5 cru between plaads sod 75 cm between rows.

Sixty-four (64) kg Nt was split applied al three wecks and six weeks after planting, Thirty-two (32) kg P,O,
was applied before ridging as single dosc. Plants were thinned to two planis per hill at three weeks aller sowing,
weeds were controlled by hand woeding as necessary. Data was collected on ten randomly selected planis in each
plat. Observations were rrade on 22 agronemic traits, A combined analysis of variance was conducted based on
the means of ten plants. The year X entry interaction was used to test the entry effects, The phenotypic correlation
between characters X and Y was calculated according to Singh and Choudhoury (1977),
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Principal componcnt analysis was used 1o further study the traits of family lines according to Kendal (1961}
procedurc to see those concerned with explaining the variance-covariance structure through a few linear
cosnbinations of the eniginal variobles.

RESULTS

The analysis of variance for the individual years is given in Table 1. All the entries shosved highly signilicant
(0.01) means squares for all characters in 1989, excepl of spikelet which was not significan.

In 1990 the results followed 2 similar trend a5 in the previous year with al) the characters giving highly signilicant
means squares while widih of spikelet was also non-significant. Similar results were obtaincd in 1991 as was the
case in the two previous years (1989 and 1990), In the combined analysis, all traits also gave highly significant

(0.01) mean squares exceps for width of spikelet that was non-significant. The year X entry inferaction was highly

significant (0.01) except for widtly of spikelet thit was non-significant.

Variunce components

Seven of the characters, grain weight per spikelet, spikelel number per panicle, length of 2%, 3" and 4" leaf

biades, and fengths of 1* and 2™ Ieafl sheaths had genotypic varisnnces of 124.14, 19533, 23.87, 23.45,22.75, 18.39
and 4593 respratingly while fllen chvaracions iad fenoiypic vasiances brlos 10, Galy (R Chaeariess, praneia

percent, grain weight per spikelet and length of spikelet lind phenotypic variances below 10 (2.26, 0.49 and 4.57, :

respectively, while eightcen characters had plicnotypic variances above 10, with grain weight per plany, spikelet

pumber per panicle length of 1%, 2™, 3 and 4 leaf blades giving high phenotypic variances (652.39, 725.28,
154,33, 69.56, 89,75, 59.80 and 8191, respectively).

Ervor variances were high for grain weight plant, spikelet number per panicic and lengths of 1%, 2* and 4 leaf !

blades and leaf angle in degrees (528.30, 529.90, 65.70, 65.70, 58,30 and 126.70, respectively).

Genotype X year interaction variances were high for grain weight per plant and spikelct number per panicle ;'

(54.39 and 47 48 respeclively). Most other characters had low (>10.0) intcraction variances.

Principal component analysis

This procedure grouped (he twenty twa (22) characters into twenty {wo components with cighteen valucs lying

between 0.01 to 4,96, By considering only the seven components with cighteen value greater (han 1.00, more than
G8%% of the total variation could be expiained (Table 4). The (irst principal component (F,) accounted for 22.56%
of the tota variation and it is equally associated with lengths of 1%, 2", 3" and 4" lcaf sheath and lengths of 17, 2%,
3™ and 4" internodes. F, consisted mainty of grain weight/spikelet, Days ta 50% flowering, length of spikelet,
tengths of 17, 2" and 3 fcaf blades and accounted for 11.85% of the total variation. The [ which accounted for
10.02% of 1he total variation is consisted of Tfengths of 1%, 2*° and 3" teal blades. The fourth component F,,
consisted only length of 4" leaf blade which is unique and accounted for 6.76% of the (otal variadion. The I,
consisted of geain weightplant, length of panicle and spikelet number/pusicle which equally accounted for 6.29%
of the total variation. The 6™ (Fy) componeni consisted of only protein percentage, which is alse vaique and it
accauted for 5.74% of the total variations, And lastly the scventh camponcit {(F,) accounts for 1.10% of the lotal
s mtetian vmada wn bve anlv srain weleht/spikelet. : ©



Table 1. Mean squares for 22 characters of 35 plant types of serghum in 1989, 1990 and 1991

Fources of -
~ ariation r I 2 k] 4 £ G 7 E] o 1 itz 13 4 ix 5 17 I8 2 it 21 2
1289
Reps 3 ) )
Enrizs 34 134.33 [tk 33,47 IDED.5%% (45%% 20.9%* £3°* 0804 T2 5% 50,5 123894 F14.9% B7 9% 4B.67" 32 9% I1B6%" ITONT 4D.9°T J94FS 55 30T O
Liror D2 3300 59 QT6R 2% 73331 02y LI | 24 0002 682 axs 242 314 280 1% 3 12,8 190 6.7 50 75 R 7.
. 1904
Reps E
Emtres 34 346.4 THI G 4] 2%= 1i£7.2%. 0 T- A3 3% (3 5% 0003 13 A% {1110 T3 Qe QT Qe 19 3ee (g1 fd 7™ 43 6%% (3 5% IH 8% L& 120 (ERe ]
firenr Hx2 1390 4 36%.78 kA 278.0 0.4 3.8 1.6 2.002 105.5 25X SR 5.7 A ) - - 12,3 53 2 TG RT r2 £
1991
Reops ¥ -
Entries L 2463 EIL R+ G arr  SERI AT OQATET O T2vr 3T Q002 421t (2R AV JE2 2% EX O JSENS LFF 3 1% 11030 1B (Y 3 G0 3.0I%r 4 g4* 23
£rror 102 153314 376.6 EA .S [ X 42 L9 0003 89 7.5 30.4 13~ 63 =1 4.4 7.4 3.7 L8 . 25 1
.
=, ** gignificant 21 5% and ! % probability, respectively.
t 1. Prowein percent 13 9 Length of first Jeaf hiade 114 17 Length of firsit indernode
2 Grain weigli per plant 10 Lengih of second leaf blade : 18 Lengrh of second internode
3 Lengih of pamicie - 11 Length of third leaf Made 19 Length of thicrd interncde
4 Spikeler vomber per panicie’ 12 1 epgth of fourth teaf blade 20 Lenpgth of fourth nnternode
5 Grein weight per spikelet 13 Lenpth of first leaf sheath 21 Length of fifth interoods
6 Days wo 50% flowering 14 Length of second leaf sheath 23 Leaf angie in degress.
7 Lengtlr of spikelet 15 Length of third leaf sheath
B Witth of spikelet 16 Length of fourth fcaf sheath ~



Table 2. Mean squares for 22 characters of 345 plant tvpes of sorghum for the combined vears 1989, 1990 and 199t

—
Sources of
varistion Df i 2 3 4 5 & 7 R g 10 i¥ 12 i3 14 5 ié i7 18 s 20 21 22
Reps X ¥

Frpes 34 7607 1024.34*744.6% 1311 34%0.66% TFOTHLT*™ 3.9** 0005 81L.1%* J34.1%* j30.2%% 14937 95.9%% 79.7%* 34.9%¢ 322%% 303%F J54°¢ 52Vt 52.4% 3849% 1RO
Entxyr 68 4.8% 458¢+ 107 71990 D64 DR 2t Q003 835t 77.9%% 106 8% 76.6%% 375 34.0% 24.74% Z33% 14.9%r 1500 {320 17.3% 1613 1267
Ewor 3i2 65 5283 00 5299 EERS 14 11 0.005 65.7 657 364 583 28 61 121 140 92 3¢ 52 66 52 428

Totat 419

s, «* significant at 5% and 1% peobability, respectively.

1 1. Protein percem i 7 Length of spikelet Coom 17 Length at 15t internode
2 Grain weight per plant : 8 Widih of spikelet ' . . i€ Length at 2nd intemode
3 Length of panicle . .9 Length at Ist Jeaf blade ) . 19 Length & 31d internode
4 Spikelet number pex panicle ' 18 Length 2t 2nd leafblade - R N 20 Lengh st 4th intemode
5 Grain weight per spikelet : . 11 Length at 3rd Jeafblade = - : o © - 21 Lengthof S5th internode
& Days to 50% ilowering o - 12 Length at 4th leaf blade ' N ' T _ 22 Leaf angle in degrees.

13 Length at 1st leaf sheath -
i4 Lenpth at Ind jeaf sheath
{5 Length at 3rd leaf sheath
i6 Length at 3cd leaf sheath
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Table 3. The genolypic (02 £), phenolypic (cs2 ph) and crror variance (c:2 ¢} estimates of 22 characiers of plant types .
grown in three years (1989, 1990 and 1991} combined

Character ' (o’ B) (o ph) (6 ) (0® gy)
Protcin percent (%) 1.76 226 0.50 : 1.06
Grain weight/plant - 124,14 052.39 528,30 54.391
Length of panicle : 8.08 18.68 10.00 2.40
Spikelet mumber/panicle 195.33 72528 529.90 4748
Grain weight/spikelct 0.058 T 0.49 0.40 ' .05
Days 1o 50% flowering 649 - 13.60 7.10 (.49
Length of spikelet 2.48 4.57 2.10 028
Widih of spikelet 0.0004 0.003 0.003 0.003
Length of first Icaf blade 3.85 69.56 65.70 4.44
Length of second leal blade 23.87 ' 89.57 65.70 9,84
Length of third leaf blade 2345 o 59.80 . 36.40 - 17.61
Length of fourth icaf blade 22,75 81,01 58.30 4,57
Length of first leaf shcath 1839 39.39 2(1.50 423
Length of second leaf sheath 1593 ‘ 31.97 16.10 4.49
Length of third leaf sheath 572 o 17.83 12.10 3.15
Length of fourth lcaf sheath 4.54 18.56 14.00 231
Length of first leaf intcrnode 522 ' 14.53 9.30 1.41
Length of sccond Icaf internode 749 13.12 5.60 1.45
Length of third leaf inlernode 7.48 _ 12,72 524 1.99
Length of fourth leaf internode 6.57 . 13.25 6.60 2.67
Length of fifth leal inlernode 8.45 . 13.65 5.20 .73
Leal angle in degrees 11.54 154,33 126.70 -4.27
DISCUSSION

There was highly significant effect for 21 of the 22 characters measured, Thus, is indicating large diversitics in
the traits studied. This is usclul information for any breeding programme which requires high variability within the
1raits for clfective improvement of any the of them. There werc also highly significant year X entry cfTect for all
the characters excopl for width of spikelet. This is indicating that (hic number of years used for cvalualing (he lincs
was adequate for measuring the genclic diversity among the lines, which is similar to the results obtained by
Quendceba et aif. (1990) when he evaluated some West Afvican millet landraces. The low genetic variation observed
wilh the width of spikelet might be due 1o similar vidues obtained for the irait in most of 1he measurcments resulting
in non-significant differences in value or duc to large crror variance which might be close to the g X e vartance
{Opcke and Fakorede, 1986). The large variability in the mutant family lines evaluated for most of the teaits is also
indicative that it wold be possible 1o develop improved cultivars dircetly from these lines (Quendcba ef al., 1996).

Genotypic variances were high {or grain weight/plant, spikelcl nuinber/panicle, which arc yield components. This
shows that there is promise in improving yicld using these motant family lines, and confirming the results of the
analysis of variance. Similarly, high phenotypic, error and genolype X ycar interaclion variances were also
observed for the same traits. The high phenotypic variances obtained indicate that the traits were influenced by
changes in the years doring cvaluation, suggesting that such traits should be selected for in specific years whea they
perfonn well (Allard and Bardshow 1964 and Aba, 1998). Thesc Lraits also include length of 1%, 2, 3* and 4% leafl
blades and vicld compenents,

Results from principal compoinent analysis showed that all the vegetative structures were grouped together in the
first (F,} lactor. where they accounted for 22.56% of (he lolal variation of 68%. This is suggesling that they could
be sclected for along side the yield compenents if they are positively correlated. The second component (F,) was
madc up with grain weight/spikclet, Days to 50% flowering, and length of spikclet and lengths of 1%, 2™ and 3% fcal
blades, (non-reproductive structures) accounting for 11.85% of the total variation. Thesc traits could be sclected
for, together, lowards improving yicld. The third (F,) and fourth (F} components which accounted for 10,02 and
6.76% (or 16, 78%) ol the total variation is made up with non-reproductive structures again, which sows that {hey
are very important variables (o be used during any improvement programme using these family lines. Componenis,
five (F,) and six (IF) accounted for 6.29 and 5.74% variability, cqually made up with geain weight/plant, length of

panicle, spikelet mumber/panicle and profcin perceniage respectively.
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Table 4. Principal components (F) for the combined three (3) years dala

Test FI F2 F3 F4 FS 'F6 F? c?
1 0.017 0.087 0.195 0.020 0,011 0,688 0029 0521
2 X0.112 (191 0.09% 0.315 (1644 0.216 (.332 0,729
3 0.142 0.121 0.219 0.046 (1423 0.451 192 0.654
4 0.194 0.152 0.356 0.175 0.488 -1.351 0241 0578
5 0. 161 0.434 .247 0.380 0,184 -0.083 0520 0.730
6 A),453 0.551 0.022 0,464 -0.031 0.051 0125 0.742
7 - 0.333 0.442 0,029 -0.046 0.309 «).537 0.108 0,705
8 -0.005 0.157 0.162 0.183 0.200 -0.123 0200 0,179
9 0.176 0.429 0.639 0,322 -0.000 0,133 0034 0,750

10 0.022 0.669 0.500 0,052 0,188 -0.026 0020 0,738
1 0.18s 0.449 0.403 0.338 0.345 +).043 0127 0703

12 0.364 0.347 0.181 0.565 0.293 -0.004 -0.154  0.714

13 0.691 0472 0.041 0.361 0,019 +0.002 -0.008  0.833

14 C (748 ~().363 0.299 0.040 0.047 0,022 0.168 03813

15 w0710 (1,300 0.360 0,075 0,112 0.003 0323 0.846

16 0.589 ~0.078 0.374 0277 -0.057 +0.064 0445 0775

17 0.594 0,181 -0.292 -0.040 0.082 A).069 -0.28% 0,791

13 . - 0685 0.303 -0,323 -0,082 0.083 0,170 -0.204  0.736

19 0.700 0.307 -0.270 -0.158 0.103 -0.200 0071 0681

20 - 0.705 0.216 -0.231 0,179 0.043 -0.220 0039 0639

21 T 0,704 0.240 -0.186 0,176 0.002 -0.125 0.067 0639

22 0.101 0.295 -0.526 0.333 -0.312 £0.037 0.235  0.620

Eigen value  4.963 2.608 2.204 1.488 1.384 1,264 1.105 =150154

Todal var,.  22.500 11.850 10.020 6.760 6.290 5740

Common var 33.05 17.37 14.67 9.90 9.22 8.22 7.36.. =100.00

A significant amount of genetic diversity was obscrved in most (raits in the 34 mutant family lincs evalualed,
These results would be uselul in any breeding programme (o improve productivity in the sorghum mutant lines.
The diversily could be effectively manipulated using recurrent sclection method to develop improved cultivars and
composiles.
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