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ABSTRACT

A random nmati ng popul ati on of sorghum (Sor ghum
bi col or. (L) Menob) YZC conposite, was bei ng i nproved
for yield using recurrent mass selection. The results
fromthe evaluation of the data showed significant inprovenent
for yield, inthe individual as well as in the conbi ned
| ocations. S gnificant associated response was observed for
pl ant hei ght, emergence count and. count at harvest. There
was a significant reduction in maturity. Analysis of
variance for the individual as well as for the conbi ned data
was done. (bserved vs expected genetic change was al so

conput ed.

After two cycles of selection, a gain of 24. 39%and
54.05%in head weight per plot and grain wei ght per plot
wer e observed respectively. This neans an average of 12.2%
and 27.03%gain per cycle, respectively. Fromthe conbined
anal ysis of variance, highly significant different
(p=0.01) between locations for all traits except for count:
at thinning and head width. Hghly significant popul ation
mean squares were al sorecorded for all traits except head
wi dt h and nunber of grains per plant. Non--significant
genotype x environment interaction nean squares were observeu
for all traits except days to 50%f | oweri ng whi ch showed a

highly significant (p = 0.01) nean square.
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CHAPTER 4

[! INTRODUCTION
[

Population improvement is a long term brecding approzch
which offers opportunitics for maintnining genetic varlability,
ingpite of selection, nfter a long periecd, Frequent inter-
crossing results in new ruvcombinants that enhance selection
opportunitics cycle after cycle. Recurrent selection not
only improves the performnnce of the population per ge but
the performance of lines derived from them are also improved.

| |

i
I

Develo@ment and use of lorge rondom mnating populationg
23 been an important foundation of the population improve-

ment at Imstitute for Agriculturzl Research, Samaru, With the
discovury of the male~sterile gene msry from an indigenous
sorghum cultivar, and the subsequent generation of breeding
populations at Samaru from them, it hos been possibtle to
start a continuous population improvement and recurrent
selection program,

Recurfent selection has been a successful method in
improving yield of sorghum populations, Effcctiveness of
mass selection in improving sorghum populations has been
demonstrated in early maturing sorghum populations with
different genetic base in Ugonda, BEast africa, U.3.A. and
India, Such successes have also been shown in @& fow long-
season populaticng in NigeriapyObilana and EL-Rouby, (1980a) and

Obilana {(16812&b),

f
This study is to evaluate two cycles of mass seleetion

in a pheotosensitive, long season Yz composite population,
. -



CHAPTER 2

LITERATURE REVIEW
The practice of mass selection for population imprve-
ment in crop plants dates back to the time when corn was
first domesticated, Selection at that time was rostricted
to open=pollinated varicties and was a common practice
before the concevt of hybrid corn, The development of many
adapted strzins of corn can be attributed to successful

selection by farmers and plant breeders (Allard 1960,

Smith (1909) gove an excellent example of how successful
mass selection was for morphological characterss He shiowed
that therce were correlated effects on plant height, number
of internodes below ear and total number of internodes;
differecnces increascd from 28,96cm to 88,1Lkcm, 1.3 to 3.5
and 1,5 to 4.0 for the traits, respectively, Rcports of the
effectiveness of mass selection for the improvement of
charact.rs in the carly part of the 20th century wero not
consistent, depending, in part, on the charactoer under
sclection, Cortez-Mcndoza (1977) and some corn brecders
contended that mass selection was nut an effictive brecding
mathod because of inadequate gunetic veriability., In most
instences, however, faulty plot tochniqui:-s and inadequate
parcntnl control restricted progress from mass sclection,
particularly .(or complex traits, such as yi«ld, that have a

relatively low heritability, (Cortez-Mendoza, 1977).

Later 2 mnss sclection propgram was initisted 2t Nebraska

station in 1956 with the object of improving yicld



in -'ldapti.d vorietics of corn, - Risults obtﬂj_ncd
showed that in few cases th: da. were consistent with
those expected oand nlso indicated an incrense in yield then

the earlicr-precticed mnss selection programmes,

Gardncer (1961) roviewing carly work in corn, vas
of the view that for yield, mass selection and its
modification called enr-to-row selection have been

ineffective in most instances.

After 1960, several programmes on mass selection, invelvin-
the use of the method described by Gardner in 1961, were
initiated, Refinement of the techniques for mass selection
as described by Gordner (1961) included; minimizing the
environmental effects by timely irrigztion; stratification
of the field intc small uniform of I by 5 hill grids so as
to provide some control over soil fertility and moisture
gradients and selecting the highest vielding plants within
each block: and by drying the selected ears to a constant
moisture level before the final selections ore made, He
steted that in this way one should expect to meke progress
in sclecting for ydeld of groin in genetically variable

populations of corn under irrigation,

Results of initinl four cycles of moss selection for
yicld in Hays Goldcn were reported by Gardner (1961); his
material consisted of an irradiated and a control populaticn,
An average gain in vicld of 3,9% per generation was renlized,

he concluded that faulty techniques could ensily account



for the ineffcctiveness of mass -el..iviz 1eported in

the past.

Johnson (1963) nchieved a 33% improvemen: in a Mexican

corn variety after three generations of mass selection,

According to Gardner (1961) and Lonngquist (1967),
mass selection for populetion improvement has the following
advantages; minimum Adurntion of cycles, maximum recombina-
tion opportunity, maximum utilization of genetic variability;
maximum selection intensity peossible, not only are the
prpulations improved but also their crossez, 25 evident
by diallel experiments, Vnrieties of highest yield usually
gave the highest yielding hybrids (Lonnguist, 1967).

Gordner (1969) uscd a linear relationship between grain
yield and generation for selection as a measurce of progress
after 13 generations of recurrent mass selection, For a 613
population there wns an increasc in mean yield per cycle

by 2.93% in relaticn to the originsl variety Hnys Golden,

Lonnquist (1967) reported results of five ginerations of
mass selection forprelificacy in the Hayvs Golden variety
of corn. This wes the snme variety used by Gardner (1961),
The rcgressicn for gain in vield per cycle of selection
relative to the parental variety was 6.28%, The greater
effectivencss of selection where prolificacy was the primary * -
trait was believed to be due to the higher selection intensity

used as well as to high heritobility of the trait under sallc™



Hallauer and Sears (196S), followine proccdures
similar to those used by Gardner (1961), conducted mass
selection for yvield improvement in Krug and Iowa Ideal
open=pollinnted varietics of corne They made yleld
evaluntions of six cycles of sclection in Krug and five cycles
in Towr Ideal, They did not find significant improvemcnt
for yield in either variety by mass selection, The lack of
significant progress was nttributed to one or more of the
following reasons: inadequate additive genetic variance
in the varieties; imprecise plot techniques 1o minimize the
confounding effects of the environment; insufficient toesting
to detect the small differences and to estimnate the true
value feor the different cycles of selecticn, particularly
in the later cycles, o low intensity of sclection because
of the exclusion of gstnlk-lodged pisnts in the basic units
of selecticn, and plant density wns too high in the plots
under seloection, a factor which prevented the phenotypic
expression of yield for individunl plant genotypes that

could be selected visually,

Doggett (1972) -discussed recurrent mass selection in
mostly self-pcllinating crops such ns sorghum, The inter-
crossing required is ~achicved by the use of mele sterility,
and secd set deficiencies 2re nvoided by using the method
of femnle choice recurrent mass selection, He outlined a

procedure that allows for continued imprcvement of a



populaticn and at the same time zng rine the developnent

of good parents te be used in hybrid preduction, He

argued that traditional methods like moss selection were

good for characters controlled by few genes, Put since yizld
is controlled by many genes, it may bhe increased by rocurrent

selection method,

In 2 sorghum improvement programme in East Africa,
Doggett and Eberh-art (1968) used the genetic sterile ms 4,
for obtaining the intercrosses, After establishing 8 random
mating populintions they chose four of these which they
1.belled RS1 to RSl, the other four he 1labelled PRS1 to PRSL,
The RS1 to RShL population were based on 158 distinct sorghum
varietics, The results from B8 agcles of mass selection
showed that under female choice mnss selection, there wrs some
increase in yield over the mean of all the populstions as =
whole, Populaticn RS1 showed o 20% increase in yield over
the three generotions, which in view of the rather low gselcciior
intensities employed is a sntisfactory result, Populaticn
RS3 showed an even greoter incrense of 32%, but the base
population yields were low, nnd it was probnble thnt a
simply inherited lecaf disease factor wes responsible for
the behaviour of this population, The most interesting
results came from the S, testing data, It was shown that
the mean increase in yield obtained was 25%, Population
PRS1, again mcst responsive, showed = yield increase of
almost 33% in three generations, The most striking feature

of the results obtained was the fact that the nmean grain



yield frem four pepul tions under 51-testing of 6,950 kg/ha
was significontly higher than ihe nest Serena contreleyicld
of 6,195 ke/hs while populntion PRS1 with 7,315 kz/ha was 13%
above the best Serena contrel. Serenn 2nd Dohbs are the

best yielding varieties in East Africa, yet these populotions
under the S,~testing system out yiclded them after only 3

generations of sclection,

Arboledz-Rivera ~nd Compton (197L) used mass selection
in developing three samples of & maize pepulation for
prolificnecy and grzin yicld under three different seasonal
conditions (1) roiny season (2) dry seasons, and (3) both
rainy and dry secsons, Mass selectlion in the rainy seasons
resulted in ~n increcse in grain yield and ecrs por plant
of 10,5% and 8.8% pcr cycle, respectively when tested in the
rainy season, When tested in dry seasons, g ains were 0,8%
per cycle for yield -nd 1,0% per cycle for number of ears per

plant, The dircect response in grain yield in the population
s:lected in the dry seasons was only 2,5% per cycle whercas
it wes 7.6% when tested in the rainy season, The goin in
ears per plant was 11.L% when tested in the rainy season, but
the direct response wes LhA¥% per cycle, In the populaticn
selected under both seasons, therc was o gnin in grain yicld
of 5.,3% and 1.,1% per cycle in the tests in the rainy and dry
scasons, respectively., For prolificacy, the respective

gains were 7,0 and 3.3% per cycle,



Devere and Bhatt (1972) used mass sceleckion to improve
the grain weight in wheat cros.ess The results on 100 kernel
weight for the third snd fourth parent snowed that after on-
cycle o1 mass selectiern, there was significant shift in the
mean value for kernel weight in the pesitive direction for
large seed size populctions and a significant shift in (lhe
negntive direction for the smnll seed size populations,
Except for one cross, 2s comparcd with the mean of the
unsclected control populations, It was alsoc nbserved that
there was a significant reduction in the variances of the
mass-sclected populations as compared with the unselected
«ontrol, in each cross studied. On the average the plants
rctained after applying this selecticn level for ear size
were U1.16% for large seed size populations, 25.52% for the
small sced size populations, and 30,20% fcr the control
populations, Thus the chances of retaining the derived
segregates among large seed size populations incrceased by
10,96% and among smnll sced populotiens they decreased by
Iy 73%,

One or two cycles of mass seluction in parental material
did not cause any appreciable diffcrences in grain yield,
compared with the grain yield of control populations, The
cross N68,42 responded better to mass selection for seed
size than cross N68.,1 and N68.53. In general, mass sclection
for large seed size in heterogeneous populations gave a 33,8%
higher yield than controls in the first cycle and 2 32.5%
higher yield in the second cycle, The reduction in yield due

to selection for smell seed size in these populations comparad



with the controls was 7.7 and 6,8% for one and two cycles,
respectively, In homegeneous parentol mncterial, selection
for large sced size gove o nomincl incrense of 7,40 over the
contrels for one cycle ond a reduction of 0,9% for the second
cycles. Reducticon in yield for small seed size in these
populations was 3,7 ond L% for one nnd twe cycles,
respectively, Knott and Talukdar (1971) have shown that
incrensing seed weight in wheat is conducive to higher grain
yield, Bhatt (1972) studied the inherit=nce of kernel weight
in two spring wheat crosses, He found that the estimates of
heritability ~nd genetic advance for seed yield were high and
this character should be easily amennble to improvemcnt Dy

nass selection,

Forster and Weng (1979) evclunted 10 cycles of mass
selection in an inbred populuztion of grain scrghum.
Selection gains were evalunted by ctmparing nén-selected and
ten cycle selccted popul-ticns grown in replicated experi-
ments at three locotions in 1979, Mean per cycle selection
respense expressed as a percentage of non-selected pepulazion
mean over 10 generations ranged from G,25 for flowering to
3.40% for seed weight, The results suggest that sorghum
populations may respond to directicnal selection despite

apparently restricted mating systems,

Obilana snd EL-Rouby (1980) reported on an improvement
program for yield abilities of two ccemposite populations by

mass selecticn, The report included evaluations of the
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original populations and subsequent eycles cf mass sclection
within the populations., The a1« perforrance of the originni
populations (Co) and those of the three advanced genurnticon
cycles Cy, C2 and C3 showed that after three cycles of mass
sclection in the B composite, the C3 population wis signifin-%l
higher yielding with 2,63 kz/plot and with more fortile
tillers (54 heads) than the Co population with 1,90 kg/plot
and L)y heads, The associated changes cbserved for days to
50% hending and plant height were not significant, Similar
changes were observed in the Y composite, Significant
increases were shown by the Cy for yicld with 2.50 kg/plot
:nd fertidc tillers (48 heads) over the Co that gave yield ou
1.78 kg/plot and 32 heads, Associat.d chonge obscrved for
days to 50% hending was not simiificant btut was significant
for plant height, However, the amcunt of progress due to
female cholce mass selection was different in the two
composites, The obscrved gzin in yield after three cycles of
sclection in B composite was 38.40% as compar.d to the
expected gain of 29.40%, This hizh observed value more theon
the expected, they explained may be Aue to 2 compensation
for the initisl drop in the C1. This initial drop could

be due to slight inbreeding depression complicated with head
and leaf diseases and ingect pest in the C1ppopulat10n.

On the other hand, the observed gain in yield in Y composite
was 40.40% after three cycles of mass selection similar to
the expected }1.80%, The pattern of incrzase was also
different, The high percentage increases for this study
wore probably due to the hisgh selection intensity used

(K = 2,06, Thus, they reported, it was evident that
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fecmale choice mags selection hrs effoctively increase vield
in two sorghum populntions, E and ¥ composites, at an
average rate of 12,80% nd 13,50% per cycle ruspectively,
The gunerél response duc to selection for major Zencs

was substantial due to the amount of genctic voriability
and diversity present within the composites and use of
high selecticn intensitiescoupled with appropriate plant

population size,



CHAPTER . 3 12
\TERI/LS ~ND METHODS

3.1 Genetic background of mat izl investigated

Six randomemating populetions (composites) were
developed for the Nigerinn Sorghum Improvement Programme,
Two of those heterogenous populations, Y =nd B composites,
served as the base populations in this study., The Y ccemposite,
mainly of locnl germplasm, was found to be more adapted
than the B composites, although the B composite had better
gurlity heeads, However, bouth populations had generally
low yield, Therefore, the two composites were combined
into cne (Z composite) and then backerossed to Y cemposites
co form the YZ composite which was used in this study, It
is a genetically brcadbased, diverse and variable populaticn
developed from 2 mixturce of exotic and indegencus garmplasm
crossed to non-restorer YA" lines (Obilans nnd El-Rouby, 19002}
The male sterile gene MSo Was used to effcct rondome-mnting in

this basv population,

Stratified mass sclection was practiced among male stoerils
plants (female cheice. ) in the YZ compasite base population,
At cach genurﬁtion,53’333 plants were c¢stoblished in svwows
which were spnced 75cm apart 2nd plants were spaced 25cm within
the rows, The field was divided inte 150 grids (sub-plots)
each containing 100 plants. At anthesis 211 sterile plants
were tagged for identification., At harvest the highest
yielding 20% of the sterile plants which were visunlly

identified in each sub-plot wore harvested and in the seed
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house, the best 10% were selected, Equal cunntity ~f sced

were bulked from selictea plonts to form the next cycle,

Two cycles of mass selactirn have beer. completed in this
composite, The original (Co) and two advencesd zZencrations werc
evaluated in randomized and renlicated expceriments in Somara
and at Mokwa in 1983, 1Two elite lines, L,187 =nd L.243, werc

used as checks in the vvaluetion trials,

3.2 Experimental Layout

The resulting two generations including the original
YZ compcsite (Co) snd the C, and C, with the two check
varieties were planted in Samaru on 15 June 2nd at Mokwa
on the 20th July 1983, At preparaticn of the field, spiit
applicetion of nitrogenous fertilizer (Nitro-chalk) was
broadcast with compound fertilizer (15:15:15:), After
thinning and just before hending, the second luse of same
fertilizers wes applied ot the rates of 125 and 251 ko per
hectare, respcctively, The fertilizer was top dressed on
each split applicaticn, /A randomized complete block design
was used (RCBD) with five replications., Each nlot of 6 rows
(gross plot) &#nd 6m long was over planted and thinnc @ afier
three weceks to 25 plants per row, Data were taken on the
inner L rows (nct plot), thus having 100 plants per plot.
Sceds were treated with /index-T bofore planting, Missing
hills were compensntcd for in most plots by transplanting
during thinning, The rows were spaced 75 c¢m apart and hills
within the rows were spaced 25 cm apurt, to give approximately

53,333 plants/ha.
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3.3, Obsurvations

Data were collected on 10C Hlonts per plot whenever

possible for 12 quantitatively inherited traits 2s follows,

(1) Plant count at emergence: The whole seedlings on

a hill were counted as one and either 100 or less per plot

were recorded,

(2) Plant count after thinning: All rows were thinned
to a maximum of 25 plants per row, where pcssible, but in
cnses where rermination was poor less than 25 plants were

recorded,

(3) Days to 50% floweringz: The number of doys from

planting to 50% heading was recorded when 50% of the plan*s

in a2 plot showed anthesis,

() Plant height: The height of each plant was

measured (to the nearest cm) from ground level to the base

of the flag leaf,

(5) Head length: The total head length of 211 harveste.

heads was obtained to the nearest cm, The hend length was
then divided by the number of heads per plot te obtain

average head length per plant,

(6) Head Width: The totnl head width was obtained

to the nearest cm, This width was then divided by the
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number of harvestcd heads teo obtain the average head

width of the head per plant,

(7) Head Weight: The totz21 head weight per plot wos

obtained to the nearest 0,01 kg, This weight was divided
by the total number of hends to cbtain the average weight

of the head per plant.

(8) Grain yield: Total grain weight was mensured on

per plot ~nd per plant basis and was recorded to the nearest

0,01 kg and 0,1 gm, respectively,

(9) Plant count 2t harvest: ALY plants that produced

heads were counted for each plot and the number was recorded.

(10) 1000 grain weight: 1000 grains were counted from

each plot after threshing and weighed to the nearest 0,01 gm,

(11) Head Count at harvest: All hezds produced in each

plot were counted and recorled,

(12) Number of seeds per plant: These were cbtained

by calculation using grain weight per plant and 1000 grain
weight as described by Jan-Orn (1973), Thus
1000 grain weight = X gm
1 grain weight = X gm
T000

If _§UUU_ is weipght of 1 grain

e’e Y gm is the weipght of Y x
Where
X is 1000«gra2in weight and
Y is grain weight per plant,
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3elie Statistiqgl analyses:

Two generations of the YZ.composite and their data
were used for analysis, using plot means, The same design'
was used for the single, and comb zed analysis of varience,
pver the two environments. Check entries were removed from

g ae
the analyses. =

The statistical model used for the combhined analysis

of variance (ANOVA) was:

YijK = D+ B o+ Rij + Gy + (G-u)ik * €4

where

= overall mean
i . = The offect of the i th envirvonment; 1 = 1,2,

R, the effect of the §th replication in ﬁhe ith

environment 3 = 1,2,3,4,5,5,

Gk = the effect of the Kth generationg

(GE)ik = the interaction effect between Kth

1+ - generation in the ith environment; and

B; e~ NID (0, 0°E)

G, #"~w.rNID (0, O%G)
L
L -~
eijk.f”“uf’NID (0, 0%e)
Analysis of variance was performed for each trait in
each experiment., The analysis for each character was

computed using plot means, as well as family means, The e

latter was used to obtain the within plot wvariation, @Zw.

-
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Qenoerstions and cavironmonts were trented ~s Fixed

and random elfects, The form of ~nalyses of variance, with
the expected mean squares which were used for the cstimation

of genetic prrameters, is showm in table 1,

.
2

Table 1, Form of ANOVA with expactad mean sguare

i . (EMS) in one environment for each character,
. '

Sources of varintion a.f. Mo EM3
Replications o {r-1)

Gener-tions (g=1) Mg GQ + rGQQ
Error | . (r-1)(g~1)  Me g

r = nunber of replications

g = number of generations . ';  11  “' SR 4r73
62 =  errar variancé ' | | | |

Ogg = total genctic vqriance ﬁmong génerntions

M subscript = the observed mean squares for the subécripted

] effect,

For ecach experiment, components of variannce were
estimated from the expected mean sguares for each tralt by
0° = me and

G°g = Mz -~ M
T

A combined analysis of variance for the two experiments
in the YZ composite for oach chhracter provided more valid
estimntes of variance components, including the generation

X environment internction (Toble 2),

|
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Table 2, F-rm of ANOVA with expected mean square

(EMS) in two environments for ench character.

Sources of variantion d.f, M.S. EMS
Envirconment (B=1)
Reps/environment E{r-1)
! 2 o
Generntions (G=1) Mg 02 + r0 ge + rel

Generations x Environment (G-1)(E=1) Mge % & rnge

Pooled Error E(G=1)(r-1) Me g2
Within plot error (Gxr x n)=1 Mw 0w
E = number of environments
r = number of replications
G = number of generntions
n = number of plot samples

M Subscript = cbserved mean square for the subscripted

effect.
Ozge = generation x environment interaction varicnce.
o? = error variance
02w = Within plot variance, ccmputed from sample meqn

The components of variance and their standard errors
were estimated from expected mean squares using observed

mean square valuesg for each character, thus:

2 B 2(Me)?
O = ME! with S«Ea = %%‘l’ 2
2 2

s Mge - Me : 2(Mg)“ Mge
o - Mesly wwmse FEL, . P4,

To determine if the variations among generations and

their interaction with the environment were sipnificantly
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different from zero, F tests were used for beth single and
combined /NOVA as £ .1lows:
F = %g with (g -1), (r<1) {g=1) degrees of freedom
Me

for rne ¢énvironment,

F = %ﬁ with (g=1), E (r-1) (g=1) desrrces ~f fre«dom
e
~nd

F = Mge with (g-1) (e=1), E(r-1)(g~1) dezrces .f

freed - m fur tw. environmants,

Heritability (H) estimates were calculnted .n entry
mean and plct bases ~wver cne cnvircnment and also for the
tws environments, They were computed from variance components
2stimates by using the f rmule for heritability bascd on

entry means,

H g2

=
ng + $%e/r
Where dag and 0% are estimstes of zeneraticon and environ-

mental variances respectively, r is the number of replications,

Heritabilities based on plot means were sbtoined from

the formula:
2

H = d
02z + G2
Where deg and 02e are generatiin nnd environmental variances

respectively,

Expectotiins of mean squares in the combined anlysis
of variance were used t. calculate the predicted genetic
gain frrm mass selection per cycle, thus:

Expected penetic gain (O G = progress) in yicld
as (Eberhart, 1970):
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Ao = x,c. 2..-11

f 1 2 2 2 2,
J. == (gn:‘y_+0)+ Oege + 74

| .
Where K ig the selection intensity, C. is parental control

( = % fomale choice wase selection), r, is replicationg, e is
environmoent, Gzﬂ is additive genetic veariance, n ls the
number of random plants per plot sample, 02w is the within
plet variance, nge is the generaticon x environment inter-

2
wction variance, and 0° is the plot component expressed

2 2 _ p
as g _QnO ¥ where G%e is the error variance,
n- i

F tests were used to obtain significance ﬂf.mean squares
and the L.S8.D, was uscd to crmpare generatiin means. 0%
= 025, in the formula used by Eberhart (1970) becausc Ozg is
the porticn of genetic variance nnenpg individuals or families
due teo additive effects. Howevir, becruse cnly individuals
were selected in mass selection procedure, 02g = ozgﬁ = 074
in this study., This rclationship assumes negligible domilnance

devintion 64D,
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RESULTS
4«1 Pcpulaticn megns

The grand means of 12 traits measurced in the two
lrcations, scperately and combined, including their standard
deviations, ranges ana their ccefficients cf varintion are
given in Toble 3., The C.V's range from 1,79% for head length
to 32,60% fer grain weight per plot in Samaru, Uhercas
in Mokw~ it ranges from 1,60% for days to 50% flowering to
12,70% for number of heads per plot, For the combined
locations, the C.V's range from 0,80% for days to 50%
flowering to 19.00% for grain weicht per plat., Wide rances
were also cbserved for plant heieht (140,00 - 208,30 en),
number of grains per plznt (3157 ~ 3871) and number of heads
per plot (52,30 - 83,70) in Samaru, The same traits showed
wide variaticn in Mokwa, (185,00 - 233.80), (1861,00 - 3068,0C)
and (92,80 - 176,20) for plant hcizht, number of grains per
plant and number of heads per plot, respectively, as for
the cocmbined locations, wide ranges were obtnined fer plant
height (12,86 = 244,86 cm), count at harvest (29,40 - 91.40),
head weight per plot (2,95 - 10,95 ki), grain weisght per
plot (0.61 -8,96 kg), number of grains per plant (1285,50 =
3531,70) and number of heads per plot (30,38 - 187.30).

In all cases the standard errors of the means were lower
than the means, In general, the traits showed a wide range

of phenotypie variation,
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Table 3., Mean (¥), stundard error of the mean
(s.E.X), range and ccefficient of variability
9
(C.V.%) for 12 traics of 3 generatisns in YZC
pepulation for Samaru, Mokwa and the two

lccations combined,

Trait MEF‘I!] 3 nEsz Ran(-{e r:aVog:

Count at Emergence (%)

Samaru 93.10 + 7,90 82.20-100,10 8,50
Mokwa 91.50 + 5,89 79,80-99,50 6,40
Combined 89.80 + 8,07 6,.03-91.93 7.00

Count aftcr Thinning(%)

Samaru 83.50 11,16 76.70-9L.50 13.40
Mokwn 91,70 + 5.60 80, 30-99,00 6,20
Combined 85.10 + 9,60 L7.40-90,40 10,30

Days to 50% flowering

Samaru 120,00 + 7,30 118,00-126,00 0,00

Mokwa 94,.07 + 1,40 92,33-95.17 1.60

Combined 107,70 + 0.90 90,10-125.09 0,80
Plant height (cm)

Samaru 177,70 10,70 140,00-208,30 6,00

Mokwa 216,30 17,10 185,00-233;80 7.90

Combined 212,10  #15.14 124.86~24..86 7,10
Count at harvest(%)

Semaru 66,00 + 9.50 57,50-79,70 14,00

Mokwa 91.00 + 5,20 79.50-98,67 5.70

Combined 75.90 + 8,60 29.40-91.40 11,40
Head length (cm)

Samaru 29.90 +1.79 27.80-31,90 6.00

Mokwa 33.05 + 1,70  30.48-34,91 5.30

Combined 32,39 + 1,75 22,25-36.25 S5.40
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pable 3. (Contd.)
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Trait Mean S.E.R Range C VY%

Heal Width (om) -

Samaru 9,60 * 0,65  B8.11-10,39 8.90

Mokwa _ £.90 + 1,20 7,90~-11.13 12,60

Combined | 9,30  + 1.20 6,30~12.17 10.30
Hend Welght/plot (k&) '

Samaru 6.05  + 1.50 L .58=7.19 25,40

Combined 7.59 i+ 1.20 2.95-10.90 16,10
No. of greins/plant | o

Samaru 3346.80  +509.70 31573871 .70

Mokwa 2556.00  +329.50 1861~3068 12,90

Combined 3275,00  #461.00 1285-3335 1310
Grain Weight/plot (kg) | N

Samaru 3,11 + 1,00 2,30-3.6l 32,60

Mokwa 6,37 + 0.59 5,21-7.768 10,90

Combined - 1.B3 + 0.9 0.61=-6.96 19,00
1000 grain Welght () o

Samaru 25,1+ 2.30 23,52-26,77 9.30

Mokws 30,85 + 1.80 27.22~35.03 6,10

Combined 27,70+ 1,90 16,31=35,56 710
No. of heads/plot o c

Samaru | 70,30 #1140 52,30-83,70 16,30

Mokws | 119,90  +15.19 92,80-176,20 12.70

Combined 85,80  +12.70 14.. 80

60,30-187.30
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Mean sguares for 12 traits in'the individunl locations -
are shown in Table l. At samaru, significant (p = 0.05) |
entry mean squares were shown for only five traits,
inciuding plant height, horvest count, head length, head
width and number of heads per plot, On tho other hand _
Mokwa, entry mean squares for 21l tralts showed significant
variation at p = 0,01, except days to 50% Tlowering which
was significant 2t p = 0,05, . . ' }ﬁ

The combined anéiﬁsis of variation (Table 5) shows
highly significant differsznces (p = 0.01) between locations
for all traits except count at thinning and heed width,
Highly significant population mean squares were also recorded
for all traits except head width and number of grains per .
plant, Non-simificant genotype x enviromment interaction
mean sguares were cbserved for all traits except days o
50% flowering which showed a highly significant (p = 0,01)

mean sguare,

f
i

4.3. Genetic variance conponents

Estimatcs of components of genetic variation wére
calculated from the combined analysis (Table 6}, All
estimates were positive and significant for genetic variance
(UQG) for all traits except for head width and number of
grains per plant., All the 02G estimates were =2lso larger
than twice their stondsrd crrors. Relative vnlues of the
GQG show low genetic variation for number of heads per plot

(0.71) and harvest count {0,71), Most other treits showed



Table 4: L analysis of variance of 12 traits obtained frem 3 generations of °

yzc population grown in Samaru and Mekwa

MEAN SGUARES

Sources of DE" o
Variation “® count at Count Days to pilant Count Head Head Head Number Grain 1000 Numder
L.mer— after 58% height at Length width welght of Weicht grain of
gence thinning flowering harvest per grains/ 3 per welght heads/
plot plant(x3i0”) plot
_ S ArlArU :

Replicates 2 5% .26 261.3 €.0G 115.3 37.23 5.¢1 06.49 2.10 £5,427.00 1.83 17,39 76.7¢
. .

Pusulations 2 112,38 342.9 7.68 4763.3 569.62% 13.78~ 3.497 5.33  477.943.00 1.53 g,72 850.10%

Erro 10 63.04 124.60  0.00 _ p»m.wi 9¢,.62 3,21 €.73 2,3C 259,845.00 1,82 5.45 131.0C
MOKWA

Replicates 5 57.13 271.37 3,14 121.30 41.13 7.40 2.31 3.86@ 47.132.00 2.23 20,90 79.80

s -

7] %= & N z
Fupulations 2 c0a.3%" 544,130+ - 7.05% (2303.6%F s5g.78% 17,14 5.08 7.01"

% B oA

E Ed
1687.949.00  5.38 55.56 6477.50

Error 40 34.64 31,89 2,14 . 295.3 57,16  3.84 1.51 9.63 108.567.00  0.48 3.56 230.6¢

¢+ Significant at 0.05% level.

L

s+ gignificant at 0.01% level.
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Table 5t _ Combined analysis of variance for 12 tralts from 3 generations

in yze population grown in Samaru and Mokwa

MEAN SQUARES

-

Sources of

variation D& count at Count pays to plant Count at Head Head Head nNo of Grain 10CC No of
=* Brer- at 50% Height Harvest Length Width Weight grains weight grain neads
gence Thinning Flowering per per par welaght per plot
wiot mist, rlot
(%167
Reps/LoC 10 57.49 125.62 0.92 314.29 44,38 4,78 $.85 1.30 291,23 C.b% 9.68 224,80
% “ 3 0 b X # =% % % e e X &
Loc (1) 1 367.36¢ 169,00 7310.,00 9216.C0 4096.0¢ 8Q.%92 2,07 87.42 457.14 106,60 263,68 1181.C0
-
o i - b * # Ry g :
oputations o aa1.59° “1231.88°  75.25 1508.00° 1574.18" 11,487 1.07 b3.8%° 23.93  11.85 17.07 5p07.20
¢ X L 2 64,36 6.08 57.25° ¢ 141,10 50.58 0,35  1.56 0.16 541.67  1.28 O 2045 420.5C
pocled - _ : ¢ . _ . ]
Error 35 65.15 92,74 0.32 229.30 75 .22 3,07 0 1.61 1.49 212.51 V.84 2,83 161.5C

» Significant at the 0.05% level.

s+ Significant at the 0.01% levela. .“ © .M T -
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Table 6: Estimates of genotypic variance (GZG), genotype x

environment interaction (dgGL), phenotypic variance
(Gzph), and environmental variance (Gge) with their
respective standard errors

P, Ew e P—t e

Character 02G GQGL Ggﬁﬁ | G2e
Count at 831.69+147.46  6L.36+32.38  896,85+147.00 65,16+19.5,
Emergence (2.82)*  (0,99) (3,05) (1.65)
Count after 1231,86+217.76 6.C8+14h.10  1324.,60+217,76  92,7L+27,0C
thinning (2.82) - . (0.2 - . (3.0l) (1.65)
Days to 50% 75025+, 14 22.25+0.81 76.06+13,30 0.81+0.24
flowering (2.66) (13.73) . (2.88) (1.68)
Plant height 1508,00+266,42 141,10+60.69  1229.30+265.25 229.30+63.13
(2.82) (1.16) (2.31) (1.65)
Count at 1574,19+1113,21 20,58+13,51  1649,714278.28 75.57+22,77
harvest (0.71) - (0.76) (2.31) (1.65)
Head length 11.4622.03 0,.35+0,95 14.52+2.02 3.06+0,92
(2.42) 7 (0.18) (3.59) - (1.66)
Head width 1.0640,33  1,5640,00 2,66+0,19 1.60+0.4¢
(1.60) (1.30) (7.00) (1.66)
Head weight/ 23.78+4,20 C 0,15+0,23 25,764, 20 14840044
plot (9.32) (3.00) (3.00) (1.68)
No, of grains/ 23,93+h,28) 531.67+285.00 236.45+4.23  212,51+6L.07
plant (2.82) (9.32) (2.79) (1.65)
Grain weight/ 11.85+2,13 1.20+0,86 ‘ 12,69+2,09) 0,84 +0.25
plot (2.78) 0 (0.70)  © (3.,03) (1.68)
1000 grain o '
weight 17.06+3,04 2,45+1,8, 20,88+3,01 3.8741.15
(2.80) . (1.17) (3.43) (1.66)
No. of heads/
plot 2007, 20+1421.25 L20,60+150,68 2168,70+35L,82 161,50+48,65
- J (0,706) - (1.39) (3.05) 1.65)
#( ) Values in parenthesis are relative

valige of variances for the traits

studied obtained as variance 02
2(G.E.)
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similar amounts of relative senetic variation (2,78 - 2,82)
which are nostly larger than their relative d2GL and Pce.,

Two traits, days to 50% fleering aad number of zrains per
plant, however, had very high relatave UEGL estimates (13,73
and 9,32 respectively) which were sisnificantly higher than
their respective 0cG estimates, All traits had similar relotive
amounts of Gzph with their respective error variances, Uze,
being more similar and mostly less than their resncetive

UQG values, Environmental vzriance estimates were found to

be hizher thon genotype x environment interaction variance

estimates for all traits except number of heads per plot,

Estimates of genetic variance components were olso
obtained for individual locations, Table Azin anppendix
shows the estimates of genctic variance (UQG), phenotypic
variance (Geph), error variance (Gae) and their standard
errors for the individual locations compared with thosc of
the two locations combined, The genotypic, phenotypic =2nd
error variances were large for count at emergence, count
after thinnins (establishment count), plant height, count at
harvest, number of grains per plant and number of heads per
plot. Phenotypic veariance estimates in the individual locations
and for the combined data onslysis were hicher than all the
genotypic and error variosnces, The standard errors for the
individual locations for all estimntes were low éxcept those for
number of grains per plant which were very high, In 2]l these

cases the standord errcrs were lower than their corresponding
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estimrtes, Standard errors for the combined estimates wore
compuratively high for count at emergence, count aftor
thinning, plant height, coi~it at harvest, number of grains
per plant and number of heads per piot, 4Lll other standard
errorg were quite low, Standard errors for the combined
analysis were lower than all their corresponding voriance

estimates,

L.yh. Heritability estimates

Since all the traits mensurcd had positive 0°G, it wos
possible to compute heritabilitics (H) using the components
of variance estimates from individual as well as for the
combined analysis of varinnce, For Samaru the H rrnnces from
59% for grain weight per plot to 99% for days to 50% flowering
table 7. The heritabilities for Mokwa range from 78% for
days to flowering to 96% for number of heads per plot, For
the combined estimates the H range from 3% for head width
to 71% for 1000 aronin weight, Heritability estimntes for
the individual locations were all higher thon those of the
combincd estimates except for 1000 grain weight for Samaru
which was lower than that of the combined, Tho results showed
that the estimates of H for the combined locations are more
reliable than for the individual locentions since it was possibile
to obtrin genotype x environment interaction variance, This
is not possible in a single environment thus biasing the
estimates of H upwards, The results obtaincd (Table 7)

showed that 211 ~stimates based cn family means for the
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individual locations and for the combined analysis were
hiszher than all their corresponding estimates based on the

rlot means,

Estimates based on family means for the individual
locaticns and for the combined were very high, ranging from
76.90% for head width in the combined analysis to 99,00%
for plant height and days to flowering at Sameru, and for
count at emergence, cocunt after thinning, 1000 grain weieght
and number of heads per plot for Mokwa, These high cstimstes
were expected since most of their estimnted 02G were fairly
high, while the 0%GE and 0%e estimates were relatively low,
Estimates based on plot means in the individual locations and
for head width to 99,90% for days to 50% flowering for both
locations and plant height in Mokwa, It is possible to
group the H estimates based on plot means into three categorics,
very high for those that fall between 70% and 100%, moderately
high for those that fall between 50% and 70% and low for
those between 25% and 40%, All standard errors were lower

than their corresponding estimates,

4.5. Correlations

All possible phenotypic correlntions were computed among
the 12 traits from their means for the three generations of
YZC population studied., In seneral all traits were positively
correlated (Table 8) with days to 50% heading being highly

correlated with all traits except count at emergence,
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in Samaru and Mokwa and combined over logcations,

Heritability Bstimatas (H%) of 12 traits from 3 generations of Yzc arown

with their standard errors.

H %
Cheracter Samaru Mokwa o Combined
Plot Family Plot Family Plot Family

Count at ermerocnce mq.memaoo wm.qohoamw wﬁ.mmwooﬁm mm.omho.mm @m.nqwo.mw mﬁ.»pMOemp
Count after thinning 73.32440,45 94.99:0.2 94.46+0.50 95.03:0.83 57.5240.51 85.0040.82
Dzys to 509 flowering 99.004+0.49 99.00+41.00 F8.54+0.49 @w.MQHO.wO 52.86+1.06 87.004+0,59
Plant Height 87.5600+2.06 99.59+0.96 mm.meQoAm wu¢®DHDuwm 27.8141.15 89.15+0495
Count et :mﬂcmmﬁ“_ T 86.0740.19  97.30+C.78 95.30+0.50 99.18+0.86 37.00+40.41 77.90+6.99
Hend length ; 91.01+0.04 26.24:0.86 84.90:0.49 97.1240.94 £0.50:1.00 90.19+0.98
Head Yidth 82.70+0,.50 om-mwnoomw 86.33+0.30 97.4340.95 34.73+1.73 76.15+0.80
. Head Weignk/plct 69.80+0.50 93,32+0.77 91.66+0.49 98.50+0.97 46.64:+1.00 84.00+0.98
- Number of grains/plant 64.7840.20 91.69:0.51 93.05+0.43 9€.90+0.82 57.8C+0.15 89,10+0.72
Grain Weighit/plot ~  5%9.£340.04 £9.93+0.57 91.74+0.49 B98.50+0.97 45.381.01 &3.35:0,98
1000 grain weicht © 64.,07%0.50 $1.4540.83 94,3540.50 99.6040.96 71.67+1.00 93.80:0.94
Mumber of Imwnm\UHOWu.u €6.57+0.50 97.494+0.94 94,56+0.49 99.40+40.89 58.1040.40 89.274C.94
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Table 8: Phenotypic (rph) and some genotypic (rg) correlation coefficient of 12 traits
in Y2C populations.

— e — —— - e S —

Character Count at Count Days to Plant Count Head Head Head No of Grain 1000 No of
- emergence after 50% height at length width weight grains weight grain heads
thinning flower- harvest per plot per per weignt per
ing plant plot plot
Count at

emergence 1.00
Count after

thinning 0,815 1.00
Days to 50%
flowering 0.0LS5 0.374 1.00
Plant : 0,117 0.149 0.577* 1.00
height (0,079
Count at
harvest 0.420 0.717%# 0,786** 0,421 1,00
Head 0,650%* 0,159 0.603* 0.,587* 0,463 1.00
length (0.191) (0.436)
Head width 0.746 0.176 0.055 0.336 0.112 0,530 1.00
Head weight/
plot 0.129 0.383 0.758%% 0.518 0,685% 0,599* 0.22 1.00
Number of % @
mnwpumwimsﬂo.éra 0.418 0,633* 0.177 0.631* 0,056 0,462 0,270 1,00
Grain weight/
plot 0,053 0,341 0,867 0.59u%* 0.721** 0,629% 0,185 0,956%*#% 0,392 1.00
(0.043) (0.727)
1000 grain 0,105 0.125 0.679% 0,513 0,500 0.L90 0.134 0.585* 0.514 0.651% 1,00
weight (0.002) (0.254) (0.312)
n%w%ummd 0.308 0.535 0,708%¢ 0,742 0.749%* 0,219 0.319 0.685% 0.679* 0,712%0,307 1.00
I.l.llm.l_...!ult] il ' e
e mwmmmwwmwww WM M.MMm WMMMW The upper and lower correlations refer to phenotypic and

(@ Corre'~+*mms i rar -nthesis genotypic n.mu.m..nwodm in each c~1ll respective” . .
. FoliGs



33

count after thinning 2nd head width, The most highly
corrclatcd traits wereespediweight per plot and head weight
per plot (r = 0,96%) whilc the least correlated wos emergence
count with days to 50% heading {r = 0.05). Emercoence count
and establishment count (count after thinning) showed very high
relationship (r = 0.82)., Days to 50% hcading was most highly
correlated with groin weisht per plet {(r = 0,86), count at
harvest (r = 0,79), head weight per plot (r = 0,79) and
number of heads per plot (r 0,71). Plant height showed
average correlations with most of the head traits including
head lensth (r 0,60), head weight per plot (r = 0,52) grain
weight per plot (r = 0,60) and 1000 grain weight (r = 0,51).

Among the head traits and grain-yield components, head
length and number of grains per plot were least correlated
(r = 0,06) whilc head weight per plot and grain weight per
plet were the most highly correlated (r = 0,96). In general,
head width showed least correlation with other head and

yield traits except for head length (r = 0,50).

4.6, Observed chanses in mean performance cf YZC population

due to selection

The observced changes in mean performance for 12 traits
in two advanced generctions over the base population are shown
in Table 9, From this table it is evident that after two
cycles of mass selection in YZC population the C1 and 02 are
significantly (p = 0,01) hirher yielding than the Co, with
20,94% and 54,05% more grain weisht of C, and C, over the
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Table 9, Observed genetic changes for 12 treits in
three sonerations of YZC due to mnss selection
" ) % Observed change
Charactcrs Means L.S.D, Over Cob Over Ci
Count 2t Emergence Co 85,202 7.61 - -
C2 99,400 16,66 17.23
Count after Co 79.50a 9,08 - -
thinning C1 78.90a -0,75 -
c2 96,80b 21,76 22.68
Days to 50% Co 110.70a 0.85 -
flowering c1 107.90b ' -2.,59 -
C2 105,10¢c -5.05 -2,59
Plant height C» 199.60a 1,28 - -
C2 221.10b 10,71 2.50
Count at harvest Co 96,60a 8.19 -
C1 69,10a ~0,71 -
c2 89,20b 28,16 29,08
Head length Co 31,50a 1.64 -
C2 33.40b 6,03 3.72
c1 10,49a 5.92 -
C2 10,50a 6.06 0.095
Heed weight/plot Co 6,09a 1.15 -
Cc2 8,88b 24.39 13.84
Number of grains/ Co 3273a U3, 7h -
plant C1 3321a 1.46 -
C2 3232a ~2.25 -2.67
Grain Weight/plot Co 3,70a 0.87 -
C1 5.03b 20,94 -
c2 5,70b 54,05 13.32
1000 grain weight Co 26,68a 1.85 -
C1 29002b 8.?7 -
c2 27.40a 2.69 -5.58
Number of heads/ Co 76,902 11.%0 -~
plot C1 79,90a 3.90 -
c2 100,70b 3.9 26,03

* Means with similar alphabets are nct simnificantly differen’.
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Co respcctively, The 13.32% incrense groin weight of C2

over the C1 was however not significant, Similarly increases
were observed for heed weipght (11,65% C, over Co, 2L4.39% C,
over Co and 13,8L% C, over 01) and number of heads (30,957 C,
over Cqy 31,90% C, over Co, and 26,00% C, over C4), The
observed incrcase in 1000 grain weisht was enly significont
from Co ta €, (8,77%) and dropped in the C, with only 2 slight
increasc over Co, The chonges in number of Zrains per plant
were not significantly different in the three gencrations,
though the grain number decrensed slightly in the C2. Head

length and width did not show any appreciable increanse,

Associated changes observed Tor other traits were
variable for the different traits, There was no significaont
change from Co to 02 in head width 2lthough the head increased
by 6.06 cm after two cvecles of selection, Emergence count,
establishment ccunt (after thinning) =nd harvest count,
all increasecd significantly only at the C2 generantion with
16,66%, 21,16 and 28,16% respectively, over the Co, Plant
height alsoc significantly increased at the C, (8,06%) ana
at the C, (10,71%) over the Co, There was no significant
increase for this trait from Cy to C,. Days to 50% heading
was reduced significantly from Co to Cy by 2.,59% and fronm
Cq to C, by 2,596, & total rcduction in maturity of 5.05%

wes recorded after two cycles in the CZ'
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L.,7. Observed vorsus expected renctic change (AT for

elpht traits in 2 eycles of YZO0 population

Observed genatic changes were hiphest for head welizht
per plot (24.39%) and yrnin weight per nlot {(5L,.05%) as
compared to their rospective expected genetic changes, which
were .26 ond 2,94 for the same traits, HReduced pgenetic
changes were observed for days to 50% flowering (5,08) and
riumber of grgins per plant (2.25) as opposed to thair
expected genotic changes of 7.08 ond 152.00, rospectively,
Four traiteg had similar observed changes as their expected,
Plant height, heard length, hewd width snd 1000 grain weisht
had observed changes of 10,71, 6,03, 6,06, and 2,59% as
compared to their expected chonges of 8,06, 2,94, 0,60, and
3.49% respectively., It was not possible to colculate the
expected genelic changes for the remaining four traits due
to the inability toe get the component GQW used In the formula
for computing the expected changes, 02w was derived from
individual plant data within a plot, but this wis not

posasible for these tralts,



Table 10, Observed versus expected genctic chnnge

f (AG) for eisht traits in 2 cycles of YZC
i

populations
Merng % Chonge
Charactor Cbgerved Bypected Obsovved Fxpected
Days to 50% Co 110,70 - ) s
floworing C, 105,10 117,78 ~5.05 7.08
Plant Helsht Co 199,60 - R
- ¢, 22110 207,66 10.71 . 8,06
Head length o 31.50 - .
C,  333.40  3L.hh 6,03 2.9
Hend Width Co 9.00 - S _
., 10,50  9.96 6.06 0,60
Head VWeight/plot Co - - .
) 8,88 10.35 24,39 . he26
Number of grains/ Co 3273 - B
plant C, 3232 3425 -1.25 152,00
Groin weight/plect Co 3.70 - | )

1000 grain weight Co 26,68 - L
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DISCUSSICN

The present study was carried out in Samaru snd Mokwa,
which rcpresent two differevwt ecclozical zones in the Savanah
region, It will allow for the evalustion of the YZ composite
populaticn in the individual locations and for the twe
locations combined, which ieg expected to give a hetter
estimatiocn of penetic variance components 2nd their
heritabilities than in cnly ~ne location as wns chserved by
Frey and Hornor (1955)., Rondomized complete block design
was used for the experimental layocut 2nd also for the analysis
of the data, The objective of this evaluation wos to estimate
the amcunt of improvement in terms of yicld that has been
achieved after 2 cycles of mass selcction and also, to
determine the effectivencss of recurrent mnss selection as

a method of pepulation improvement in scorghum populations,

From the mean performance »f the 2 cycles of mnss
selection (Aprendix A1), it is observed thet the advanced
generations showed higher means in all the traits than the
check varieties. This means that there has been an increase
in yield from Co to 02. These cbservations are in agrecmnent
with those of Obil~na and El-Rouby (1980a&b), Obilan~ (1981aé&b)
and Lukhele and Obilina (1982)., Most of the traits in Cy
performed lower than the check varictics, This might be due
to low yield neotential of the base pepulation coupled with
few additive genes in the Co populaticn that could

contribute to improvement in C, population, With more random
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mating in the C, more of these additive gencs were exposed
which were selected for in the C; populatisn to enhance

improverent in the C2 population,

From the rezults of this study, it is cbvious that
considerable variation still exists in these advenced
penerations =i the YZ populaticn, The large ranges and
means cf traits (Table 3) 2nd the significant means squarcs
cbserved (Table ) have revenled the presence of variability
within the popul~tions, Thuse compare very well with results
of Obilana and El-Rouby (1980a8b), Obilnana (1981aé&b) and
those of Lukhele 2nd Obilana (1982). Many othcr workers
have reportcd the existence of variacbility in other sorghum
populatirns (Swarup and Chauzele, 19623 Basu, 1971;
Vasudeva, 1973; Naphade and Ailwalar, 1978; Bittinger and
Cantrel, 1979) and Cortez-Mendoza (1977) Ph,D. Thesis).

The ccubined analysis 6f variance showed that there
was significant difference among the populations ~nd none-
significant genotype x environment intercction for all
traits except for days to 50% flowering., This ~bservation
comparcs well with the findinecs of Okilana and El-Rouby
(1980a&b), Ross and Hookstra (1983). Obilana (1980b) explained
this situaticn te be thnt, irrespective of the type of
environment, the original populations (Co) and the advanced
generations of selecticn performed sipnificontly different,
The sipnificant genotype x environment interaction varionce

for days to 504 flowerings indicates thot it will vary in
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different envircnments, ns was mentioned eurlier, To the
breeder the presence of variability in a population indic:tes
n sure source of improveuent, ienetic varinnces as well 28
phenctypic and envircnmental variances were obtained to
assess the available variability <f the populoticns, Table 7
shows that large cenctypic, vhenstyvpic and envircnmental
variance exists for count at emcrgence, days to 50% flowering,
plant height, count at thinning (establishmert), count 2t
harvest, head weight per plat; number of grains per plant,

and number of heads per plot, The grenotype x envircnment
interaction wns hiah for only days to 504 flowere

ing. This indicates that this trait will tend tc change

with change in environment, On the other hand, Cockerham
(1963) indicated that a lerge interaction component of variance
could be due to genetic component being lorger in cne
envircnment thon the cother, which is actu-lly true in this
investigetion (Appendix Az). Ten out of twelve traits have
higher pgenotypic variances than their respcctive environmoental
variances, this indicates that there is hirh possibility for
improving these traits, Relative values of variances

t """ . Table 6) clcarly show that senetic variability
exists in all traits except for number of heads per plot at
harvest, This may be expecterd since these are not tillering
populations, Fhenotypic voriation exists for all traits with
that of head width being the largest (7,00) and plant heirht
being the smallest (2.31). Relative error voriances indicate

that variations due te unspecified scurces are very small,
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which indicates the reliability 2f our estimntes, The
genetic variance estimates in this study are total genetic
variance because it wns ot possible te partition it into
its compenent parts (additive, dominance nnd epistatic

variances) due tc the experimental aesimm used,

Most of the penetic variance estimates for the troits
were quite high, higher than their corresponding coefficients
of variability. Coefficient of variability (C.V) were low,
ranging from 0,80 for days to S50% flowering te 19,00 for

grain weight per plet,

Estimates of heritability for all traits from this
study were relatively high ond compares well with those
reported by Liang and Walter (1968), ili~Khan and Veibel
(1969), Basu (1971) Mandouh et al, {(1971), Vasudeva (1973),
Jan-Orn et al. (1976), Eckebil et al, (1977) and Panchal et 2l.
(1979). It has been shown by Jchnsen et 2. (1955a) that
heritability estimates along with genetic advance are more
uscful in predicting the resultant effoct of seliccting the
best individuals in a given populaticn than heritability
estimates alone, It has alsc been observed that hich
heritability is not always accompnnied with hizh ¢enctic
advance (Swarup and Chaugale, 1962), If heritability is
mainly due to noneadditive rence effects, the expected penctic
advance would be low, and if there are additive gene effects,
high genetic advance may be cxpected (Panse, 1940; Obilans and

Fakorede 1981). Broad sensc heritability estimates are uscful
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when nich genetic ﬁain in a particular trait is also
possible (Kaul andlBalm, 197;). Thus hish heritability
cstimate considered alowny with estimates of penetic advance
are more effective for seliction purposes, In general ve
hnd high heritability estimates in this stuly, This mny b
due to non separﬁtacn cf the non-additive effects rfrom the

additive effects which biascs the H value upwards,

The mean perfnrmnnces of the original popul~tions and
those of the two advancod zenerations C1 and 52 are shown
in Table appendix A2 , From  this table it is observed that
after twe cycles of mass selection in YZ composite the C2
population was sisnificontly (p = 0,01) higher yielding in
terms of head weieht per plot (8.88 kp/plot and grain weight
per plot (5.70 kg/plot and with more fertile tillers (100,70
heads) than the Co population (6.09 kg/plot, 3.70 kg/plot
and 76,90 tillers resps=ctively), This finding is similar
to those of Obilana and El-Rouby (1980b), The associated
changes observed for doys to 50% flowering (=5,05 days) and
plant heizht (10,71 cm) were not sisnificant, This also
compares well with the cbhservations of Obilana and El-Rouby
(1980b)., Othcr traits that mizght be associated with yield
but do not show anyv appreciable increase in C1 over the
Co population include head length (33,40 cm), head width
(10,50 cm), number of grains per plant (3232) and 1000 grain
weight (27.40g), while the Co is 31.50 cm, 9.90 cm, 3273 and
26,.68¢m respectively) for the same traits, Increase in yicld

due to female choice mrss selecticon was 24.39% for head weipght
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per plot and 54,05% for zrain weizht per plot as compared
with their expected valucs of 2.9L% and L.76% respectively,
This hizher observed vclues than their expected mizht be
contributed to the efficlency of the selecticn methord 2

well ns the diversity uf the populotion,

Observed versus expected penetic chanere (13G)

The obscrved versus tre expected penctic chonge (AGKH)
for eight quontitative traits from the three cycles of
selection in YZ populaticn when the highest 10% of the
pecpul=tion are sc¢lected for yield is shown in table 10, It
shows that the present gain in four out of the cight traits
were highly significant (p = 0,01) which includes head length,
head width, head weight per plet, z2nd grain weight per plot,
1000 grain weight was significant (p = 0,05), The other
three troits, days to 50% flowering, plont height and number
of grains per plant showed@ no significant increase, It wos
not possible to calculate the expected genetic change for the
other four traits, count 2t emergence, count after thinning,
ccunt et harvest and number of heads per plot in that the
formula used for calculating the zenetic change has a
cemponent Gew which is derived from observationz based on
individual plant cdatz within a plot which was not possiltle

with these traits, as carlier menticned,
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From same talile 10, it is ~hgerved that there is little
increase cr cven a decrease in some cnses in the means for
days to 50% flow.ring, head length, hend width, number of
grains per plant ~nd 1000 grain weight, This mieht have
been compensated for by the large iancreases in hesd weipght
per plot and grain weizht per plet, This could imply that
the reduction in grain number per plant resulted in an
increase in rain size, T.ere was an increase in number
of tillers from C1 tc C2 and becouse tillers vroduce smaller
grains than the mother plont, 1000 grain&ﬁot is expected to
reduce accordingly, A decrecse in days to 50 heading
(maturity period) and aversre plant heirht seemed to fovour
increase in yield, This could be that selection fer average
and early maturing plents in these ~dvanced gencerations of YZ

cemposite may give better yields in advance izenerntions,

The theoretical expected menetic pains A G crlculated
from this selection methed are very similar te the actual
observed pains from selcction in four cut of the eight
traits, This shows that there w2s no form cof biaginr in
our estimates due to the dominance deviation DzD, which
was assumed to be nepligible in using the formuls for obtainin:
& G, Eberhart (1970), When one looks 2t the expected and
observed genetic gaia duc to selection in the other four
traits, the a2bove statement will scem nct to be true since
the values are quite different, For head weight and grain

weight per plect, the high values more than the expected
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might he due to inefficient measurement techniques

which could be improved upon, low vazlucs for days t- 50y
headinz,coul? be actur)] reduction in maturity period,

number of grains per plant could 2lso be due to the Incrcocses
in #rain wei;ht as 2 compensntion, Further improvement could
be achicved Ly uszings the same femule choice muss c¢loction in’

the “.dvanced generations,

The percent cain in yield observed here are hicher
than those chserved by Doggett (1972a8b) in Screrc, Uganda,
who obtained 32% in head weisht in RS3 and 20y for PRSA
populaticns, The higher percentace increasc in this study
might be due to higher selection intensity used (K = 1,75)
as compared to that used by Dogett (K = 1.4). The value
here is higher than those got by Obilana and El-Rouby (1980)
who pot 23,40% and 0,60% for B and Y populations after threc
cycles of mass selection, though they used a hizher selection
intensity (K = 2,06), This could be attributed to hizh
genetic diversity in YZC pnpulation, From this result it is
evident that female choice mass sclection has effuctively
increascd yield in YZ' composite populatism at an average
rate of 27,025)% p«r cycle, This is a high value when
compared with previous investigatinnsg, thus there is high
probability for incrcasing yicld with further selecticn in

these advanced populations of YZ composite,

Correlations

Most of the characters of economic importance such as

yield, are complex in inheritance and mirht involve many
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relat-d characters (Robinsci, Comstock and Haryey, 1951)

andd nence the depree of phenotypic -nd genotypic correlations
of these characters is impoertant, Genetic corrclations are

a wcasure of the cgsociation of genes coatrolliing two
cheracters, Thet is to say, if tws characters hiave no sencs
in comion, thelr gencetic corrclation would be oxpected to be
zero (Moge =nd Robinson 1959). The plant breeder is mostly
concerned with corrclations between yizid ond other trcoits,
Besides the qguantitative inheritance of these charnctoers, they
are also used as criterin for selectinn, since selection
involves the changing of twe or more traits ot the same tine,
In other words, when a character is selected for, it results
in a simultoneous chenge in all traits correlated with it
either negztively or positively., It is therefore important to
compute phenotypic and genotypic correlations for all possible
pair of traits (Table 8). High phenotypic correlaticns were
observed between hend weisht per plot (vield) and prain
weizht per pict (rph = 0,95%), days to 50% headine (rvh =
0.758), plant height (rph = 0.518), Grcin weight per plot
(another yield cownonent) was highly correl-tel to days to
50% heading (rph = 0,8662), averagze correlztion to plant
heisht (rph = 0,594), Another yield coumponent 1000 ;rzin
weight wns aversgely correlited o plent height (rph = 0,513).
Average maturity pl-onts with zveraze heights could be selecter

for as an indirect way of improving yield in YZC populations,
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CHAPTER 6

SUMMARY

Two advanc.d populatiens from a vhotosensitive
randonaatin: popul-tion »f zoghum, YZC, were srown
alon: with the criginal ponulaticn in Semaru nand Mokwe
in 1983 for eveluation., Twoe elite lines were used ns
chuckss these were L,.243 ond L, 187, . randomized
complete=block dcsign w=s used at each site and cach
plot consisted of 6 rows (gross plet) and 4 rows (net
plet) sprced ot 75 cm apart and 25 em within the row,
There were 2 maxinum of 100 plants in each net plct,
The two outcr rews served as boarder rows, Data were
collected on all the 100 plants wherever possible for
12 cuantitative traits; namely, count at emergence, ccunt
after thinning, days te 50% flowering, plant heizht, count
at harvest, he~d length, head width, hend weight per plot,
nunber »f 7trains per plant, srein weight por plot, 1000
grain weisght and number of heads per plot, inanlysis of

variance for the combined data was computed for 211 traits,

Considerable and significant variation wns olLsecrved
for all traits, The traits that showed high variation
include count at emcrgence, count after thinning, days to
50% flowerin,;, plant heirht, count after barvest, head
welght per plot, 1000 grain weight ~nd number of heads per
plet. Sipgnificant differences were also observed for
locations, HWonesignificant renotype x location interaction

was found for all traits except days to 50% flowering,
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Genetic variance éstimates 5btained wefe'positive
for all the traits studied, Genetic variance estimates
wers highest for count at emergence, count after thinnin.,
plant heipht, count at harvest and nunber of head per plot,
while head width, head length and rrain weight per plot had

the lowest.

Population and environment means were significantly
different for each trait, There was non-significant
interaction between the generations x environments for all
traits except for days to 50% flowering., Populnticn means
for 02 were higher than those of the Co population for 2ll

traits.

Coefficients of variations (C.V.%) ranged from 0.80
for days to 50% flowcring to 19,00 for grain welght per
pleot. Head weight per plot, number of grains per »lant
and number of heads per plot alse showed high coefflclents

of variation (16,10, 1,.10 and 14.80, respcctively).

Heritnbility estimates were guite high ranging from
34,73 for head width to 71,67% for 1000 grain weight,
This was expected since the senetic varisnce estimates
were high and genotype x envirconment Iinteraction and error

variance estimates were low,

The mean performance of the C, over the Co population
was quite encouraging., Head weight per plot was 2, 39%
for C, better thon the Co, and rrain weight was 54.05%
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higher thrn the Co, 'This shows that the YZ composite C,
porulation has been iwproved much boetter than the Co,
Female choice mass selecction can be said to be a good
methed for popul-tion improvement in sarghum, and can be

used to continue t> improve the YZ compasite,

Head wveight per plot was positively ~nd significantly
corrclated with srain wei-lit p.r plet and days to 50%
flowering. Groin weight wos 2lso found to be positively
ond significently correlated with days teo 50% flowering,
Head weirht was averqapgely correlated to plant heisht,
ccunt at horvest, head length and 1000 grain weiiht,

This trait coul?! he used as selectizn index for improving

yicld in YZ composite,

Observed genctic enin were quite hizh for the yield
components, hesd wezizht per plot (24.39%) and srain weisht
per plot (54.05%) thon their expoected (2,99 and L.26%%
respectively for the twe traits, This pnints out that
improvement has been cchieved in the YZ c mposite
population using fomele choice mass gelection, It is
envisajged that this rat: of improvement would be maine
taincd with further scelections using the same femole chioice
mass sclcection, 411 traits thet ere positively =nd
siznificantly corrclated with yicld and its componcnts
should be used toocther with the yield 2nd its componints
for sclcectiin, This is expected tn enhancc prorress in
the more sdvanced gener—tions of the YZ composite nopula-

tions,
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AFPENDTX A,

Mean performaence of three cycles of Mass

selection in YZC population grown in two
locations with the checks

Cao
Count at emergence
Samaru 89,20
Mokwa 81.00
Combined 85,20
Count after thinnin
Samaru 75.70
Mokwa 82,30
Combined 79.50
Days to 50% flowering
Sanaru T§5.00
Mokwa 9l .30
Combined 110,70
Plant heizght
Samaru 181,00
Mokwa 219,20
Combined 199,60
Count at harvest
Samaru £7.50
Mokwa 81,50
Combined 69.60
Head len; th
T 7 Samaru 30,00
Mokwa 33,02
Combined 31,50
Head width
Samaru 10.08%
Yiokwa 9 . %
Combined 9.20
Head weight/plot
Samaru L,.58
Mokwa 7.59
Combined 6.09
Number of grains/plant
Samaru 3871
Mokwa 2574
Combined 32713
Grain weight/plot
Samaru 2,30
Mokwia 5.20
Combined 3,70
1000 grain weight
Bamaru 23.50
Mokwa 29,80
Combined 26,68
Number of heads/plot
Samaru 52.30
Mokwa 101,50
Combined 76.90

. S e — A an e ————— s b maea -

Means .. Checks
Cs C, -_."j - 2 )
89,80 100,00 9,,00 92,50
79,80 53,80 96.50 28,00
84,80 29,L0 96,50 95,25
77.50 O, 50 88,10 81.3C
80, 30 99,80 Q8,70 93,30
78.90 96,30 93.40 87.30
122,00 118,00 118,00 118,00
93.80 92,30 95,17 94.67
107,90 109,10 106,50 106,30
200,00 208,00 140.00 161,10
231.3¢ 233.830 212,30 185,00
215,7C  221.10  176.10 173.05
58,70 79470 72,80 61,50
79.50 98,57 98,67 96,50
69,10 89,20 85,70 79,00
30,00 31,00  29.50 27.50
34,02 34,90 33,85 30.40
32,20 33.40 31,67 28,90
9.08 10,39 Q.40 .40
1113 10.67 9,19 7.9
10.49 10.50 9,20 8,20
6,32 7.02 6,20 5.90
9.2% 10,57 8,52 8,89
7.80 5,85 7+30 730
357 3449 3255 3152
3068 014 2161 1861
3321 3232 2708 2506
3.39 3.05 3,50 3.15
6,67 7. 78 6,03 6,18
5.03 5.70 s 70 e, 60
26,70 2l 70 26,30 24.63
31,2 30,15 35,80 27.20
29,02 27.L0 31,00 25,90
67,00 83.07 70.70 77.70
92,80 117,70 111.20 175.20

~ o b = o Y
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/PPENDIX A, : Genetic (o 5) phenotypic (ogph) and error
. variances (o eS for 12 traits of 3 generations
in YZC ponulation for Samaru, Mokwa and the
two locntions combined

o e S e g o i e e
- 2 [ < rf: 1 ¥
‘reits ol o“ph p e H%

__(Plot grains)

" ————— - Gt e 8 8 b e — S

qunt at eaergence

“amaru  63,04+16,22 71,2643 ,11 £,22+19,00 67.93
Lokwa 95,02F 7,60 126,66317,LL  3L.6L3FS.79 9. 66
Conbined 831.69%147.L6 396,85%2,47 €5, 16%1,96 416,87

Count after thinnin

Taamary 3‘3”+I.h, 1??.98+G.39 12L.60+37,56 ?3.3&
Mokwa 85.37%7.85 117.26%15,70 31.89%32,01 Qh.gc
Combined 1231.85+217.76 132L. 60+u 23 92,74%2.70 6

Days to 50% flowerin

Samaru T 20+ 1.2642,21 0,0040,00 99,99

Molwa 0.81%1.01 2,96%2,03 2.14%0,60 78,51

Combined 75.25+14.1% 76.0541,33 0.81%0,06 57.8
Plant height

T 8amaru 77 .66+13,75 889 964+6,67 115.30+3.47 97.60

lokwa 33),.70+33,2L  530,01%66,49 1295,30%8.35 88.63

Combined 1500, OG+¢65 L2 1729, OO+255 229,30369.13 57.61
Count at harvest

Bamaru | 79.83+16, Ll 1?0 L5+82,21 90,62+27,32 86,07

Mokwa 87.,26%7.74 14l.,47%15,39 27.16%7,68 95.30

Combined 1514.,T9+11113,21649, 7T+?7372875 52%22.77 37.00
Head length

Samaru 1.74+0.19 };,96+3,95 3,21+0,18 81.01

Mokwa 2,3572.47 5.39%,.95 3.04%0,836 8L,90

Combined 11,46%2,03 14,5230.95 3.06%0,92 60,50
Hend width

Camaru  0.46+0,50 1419+1.00 0.73+0.22 82,70

Mokwa 1.34L%1.38 2.66%2,76 1.5130,42 86,33

Combined 1.,06%1.03 2.66%2,19 1.60%0,43 34.73
HJead weight/plot

&;ﬁﬁifi'zs“snxo i 2.81+1,54 2,3041,33 69,80

Mokwa 1,06%1,02 1,70%2,02 0,63%0.18 91,60

Combined 23 78+h.2€ 25 263,20 14850, 4L 46,6l
Number of grains/plant (xﬁo )

Samaru 363 h 97 2961 9‘4-4'6890 &I‘ 2590 %{-54783 ahf’ 6’-{-.78

Mokwa 26137, 3D+2L36 C 3717.97%5643,721085,67+3070,73 93,05

Combined ?393h.~1?86h “h1uu8+5860 30212510, 60+6.40 57,80

Grain weight/plot
Samnaru 6.5E+0.02 1.53+0,0L4 1.02+0,05G 59.83

Mokwe 0,31%0,77 1.30%1,55 O.%810.13 G1.7

Combined 11.85$2.13 12,69%2,09 0.047%0,25 L5.3
1000 grain weigh

Bararu . +1. 0 9,72+2,80 S.45+41,.6L 6l 07

Mokwa 9. 33%!. 21 12,9038.42 3.56%1,00 k.. 35

Combined 17. OB+3 ol 20,69%3.01 3.8221.15 71.67
Number of heads/plot

Samaru 719, 85+7122,70 250.85+2L5,00 131,00+39,L 86,57

Mokwa 1041,15%93L.,00 1271,75+1369,0 230,60760+65,2 96,56
Combined 2007.20%1421,25 2168, 70+35L.,8 161.50+u8" 58,10
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