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ABSTRACT

Recombinant inbred lines (RILs) of the sorghum cfd$8 x E36-1 were evaluated for thirteen quantitatiaits
at University of Agricultural Sciences, Dharwaddim during 2007/08 post rainy season. The objestivethe
experiment were to estimate the genetic coefficténtariation (GCV), heritability and genetic advanexpected
from selection. Highly significant differences weastained among the RILs for all traits studied.iGraeld, stay
green traits, panicle exertion and number of spikeper head showed a relatively high GCV and PC\%32%).
Comparatively high heritability (63-99%) were obtinfrom all traits except for green leaf area atla$s after
flowering(GLA15), days to 50% flowering and yieldhich showed moderate heritability (52-57%) valtiégh
genetic advance as percent of the mean were obtéiom green leaf area at 30 and 45 days afteréftng
(%GLA30 & %GLA45(25-33%), green leaf area at flomgr (GLA) (27%), plant height(26%), panicle
exertion(17%), head length(35%) and yield(22%) agnthe RILs at 5% selection intensity, which indicatae
possibility of improving these traits. Several Rlvere identified that have exceeded the better iyigigharent
over the study period. Grain yield showed a strpagitive association (r =0.34—0.83) with %GLA30, &445,
leaves number per plant, stem thickness, numbspifet per head and green leaf area at flowekihgrall, the
present results showed that a) the availabilitygefetic variance for some drought tolerance anératblated
useful traits in the RILs for exploitation througtlection, and b) the availability of superior inthiees for further
breeding work.
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INTRODUCTION

Sorghum (2n = 2x = 20) is a C4 crop that displaysetent tolerance to high moisture stress (Doggett998).

It has the highest water use efficiency among mejop plants and is unusually tolerant to low $eitility,
traits essential for survival and productivity inidaand semi-arid areas with limited irrigation ehpity
(Zhanguoet. al.2008. Global cultivation of sorghum covers an aread8f73mha with annual production of
64mt (Sasaki and Antonio, 2009). It is the fifth sh@mportant cereal crop grown globally after wheatize,
rice and barley production (FAO, 2006), providingd and fodder for the inhabitants of drought-praegions.
Recently, sorghum has been demonstrated as a \nabknergy feedstock (Wangt.al.2008. Its remarkable
ability to reliably produce grains under adverseditons makes sorghum important “fail-safe” sosroé food,
feed and fuel (Addissu, 2011)

Sorghum is one of the most widely grown cereal sriopEthiopia. It is a staple food crop on which tives of
millions of poor Ethiopians depend. It has tremargloses for the Ethiopians as no part of this pfaignored.
Sorghum grows in a wide range of agroecologies nmgbrtantly in the moisture stressed parts whéehero
crops can least survive and food insecurity is r@mgAsfaw, 2007). Being an indigenous crop, tretoais
amount of variability exists in the country. Asesult, a large number of accessions have beerctadldy the
Institute of Biodiversity Conservation (IBC) of Hblpia. Many of these accessions have been evalimaten:
country and some were released as commercial atdtifor the highlands. However, in recent years, th
variability is becoming less in the lowlands whetgnerability due to recurrent drought and incideé pests
mainly spotted stem bore€kilo partellug is very high (Gebrekidan,1973). The local cultsszin these areas
are late-maturing resulting in failure of the crap the rain ceases early in the season beforethe aime of
flowering. For these areas, it is indispensablértd out sorghum inbred line that can tolerant psivering
moisture stress and it needs concerted effort pyare the yield levels of sorghum. Several atterhpige been
made to understand drought tolerance mechanisras twidentify and improve sorghum genotypes tbatc:
fit to moisture deficit. In sorghum, the best cltdeaized form of drought tolerance during graitirfg stage of
crop growth is the so called “stay-green” trait ehis defined as the ability of the plant to registmature
plant senescence, retain green leaf area, filhgrarmally, and resist lodging under conditionpo$t-
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flowering drought stress (Rosenow, 1987; Bohne®&5)9Sorghum genotypes with the stay-green traitinoe

to fill their grains normally and retain good foddpiality even under limited water or moisture s$reonditions
(Borrell and Hammer, 2000). Delay in the onset amduced rate of leaf senescende.,(two distinct
components traits of stay-green) offer an effecstrategy for increasing grain production, foddealgy and
grain crop residues particularly under water lighiteonditions (Haussmann, 2002). Stay-green sorghum
genotypes maintain photosynthetically active leahabetter than genotypes that do not possesrdiisunder
limited soil moisture during grain filling staged&chezt.al2002)

Sorghum improvement done so far through germplasecson was limited totally to the available ggral
with in the population. Therefore, in germplasmlection and selection, creation of new geneticdilferent
from the original population is hardly possible.i§fssue can be addressed through gene recombinatich
occurs at early phases of meiosis and assuresathe&fdr of required genes to the progeny.

According to Teklu, 1998, tef varieties developlkbtigh trait recombination have shown a 9% yieldbatage
as compared to those developed through directtgeieitom germplasm materials. To observe simiffect,

there were limited information on the level of génevariability, heritability and genetic advancé drought
tolerance and related traits in recombinant inliregs of sorghum. This study was, therefore, aitoedstimate
the level of genetic coefficient of variation, Heliility and genetic advance in recombinant inblieds of
sorghum.

MATERIAL AND METHODS

Cultivars N13 and E36-1 were crossed to produce=glrecombinant inbred lines (RILs) used for this study
The line E36-1 is a donor for stay-green traits ladlgjing resistance and high yielding breeding hssigned to
guinea-caudatum hybrid race with Ethiopian origd3 is sensitive to moisture deficit, susceptildeharcoal
rot and non-stay-green type but resistancettiga heromonticaweed (Haussmann, 2004). A total of two
hundred twenty six §generation of Recombinant Inbred lines (RILs) weased for this experiment which was
developed through single seed descent method. Aperiment was conducted during the post-rainy seaso
(October to March) of 2007/08 at Dharwad, Universif Agricultural science, India. This season isdbfor
evaluating the expression of adaptive traits fomteal moisture-deficit conditions, as the cropdiependent
almost entirely on stored soil moisture and undesga long progressive stress under moderate evagera
demand conditions. The recombinant inbred linesl seaterials were sown together with the two respect
parental lines in a 19x12 lattice design with four replications. The exp@mtal units were 3-row plots, with
each row being 5m long and spaced 0.50m apart.salpplication of 54 kg urea fand 227kg DAP ha
was banded before sowing. The field was irrigatéti sverhead sprinklers to ensure germination. liroieate
the border effect three rows of M35-1 and SPV8@isom cultivars were sown on all sides of the fidlte
plant population was successfully thinned 10 ddysr &mergence to about 100,000 plants! kehen the
seedlings were at 4 leaf stage. Twenty days aftergence, an additional 86 kg urea‘hwas side-dressed and
the field given a light (15-mm) - sprinkler irrigam. Appropriate pesticides were used were protefrtam both
leaf feeding insect pests and stem borers.

During the course of study, quantitative traitseased in the trial included the plant height dtrhdturity, days
to 50% flowering, head length, panicle exertioepsthickness, number of spikelet per head, 1000 segght,

number of leaves per plant at full maturity stagield per plant, and the three stay-green traisdgntage of
green leaf area at 15, 30 and 45 days after flongrre recorded and described as below.

Estimation of stay-green trait: At the time of egmmce of flag leaf, three representative plantsaich plot were
tagged; the length and width of the upper six |lsavere measured. The area of each leaves estirmsitéehf
length x leaf width x 0.7 (The 0.7 factor was detizred by measuring the leaf length, breadth aniaharea
of 70 randomly selected leaves). At the beginniffam-leaf emergence, the percentage of eacheiupper
six leaves of each tagged plant remaining green visisally estimated at weekly intervals according t
Mahalakshmi and Bidinger, (2002). The green leafaa(GLA) of each tagged plant was computed by
multiplying the percent green-leaf area by measuaed of each leaf and summing across the six megsu
leaves. The percentage of green leaf area (%GL2¢doh plant, for each week, was calculated bydiigi the
estimated GLA for that week by its measured leafaat flowering. Plot value for %GLA was derived by
averaging the three individual plant values forhegtot. The weekly % GLA data were used to fit an
appropriate equation to describe the pattern dfdeaescence during the period of observations fitted
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equations for each individual plot were used tineste the %GLA at 15, 30 and 45 days after flowgiof the
individual entries (%GLA15, %GLA30 and %GLA45) restively.

The formula employed to calculate stay-green was
n=g

GLA =Z{.i: ST 5 0.7) s vee e wee oo veeeee wessen seesre woesen s e sresen s e s eerame e (1)
=1
n=g n=6
OaGLA = Z{L =W = 0.7) _E{L # W ow 0.7 % PELAT) e i s s ave e ave ae ans (2]
i=1 i=1

Where GLA is green leaf area at early stage, kead length and W is width of the leaf, VGLA% is pentage
of weekly interval vegetative green leaf area, number of measured leaves per plant and %GLAn®@ng
green leaf area percent at different sorghum gratethe, while 0.7 is correction factor.

Phenotypic and genotypic coefficient of variatidhe estimates of phenotypic and genotypic coefiicief
variation were obtained as explained by Singh amad@ary, 1977 as follows

PCV (%) =“E£ x 100
GCV (%) = Z€ x 100

Where, PCV is Phenotypic Coefficient of VariatiME is Phenotypic Variance, GCV is genotypic Caiéfint

of Variance, Vg is genotypic variance an(iMean of RIL's. GCV and PCV values were categoriasdow (0O-
10%), moderate (10-20%) and high (20% and abové)esaas indicated by Sivasubramanian and Menon
(1973).

Phenotypic correlation: phenotypic correlation ficefnts were estimated by using the followingnfolla

(Singh and Choudhary, 1977).
rp = COVRET)
P = e @ Vamn:

Where, rp is phenotypic correlation coefficient,Vpo(x, y) is phenotypic covariance between charackey,
Var, (X) is phenotypic variance in character x, VarP iyphenotypic variance in character y. The obegrv
value of correlation coefficient was compared witte tabulated value for (n-2) degree of freedomtést of
significance.

Heritability: it was estimated in RILs for all reshnce components as well as the ratio of totabtyeic
variance to the phenotypic variance according todreer (1989).

H = 28x100,
Iy

Where, H is % broad sense heritability value, Vg is genmtymriance and Vp is Phenotypic variance. The
heritability percentage categorized as low (0-308t)derate (30-60%) and high60%) as given by Robinson
et al. (1949).

Genetic advance: The extent of genetic advancecteghehrough selection for each of the charactes wa
calculated as in Johnsenal. (1955).

GA (%) = H x P x K Where, H is Heritability, P ghenotypic standard deviation and K is selection
deferential (2.06 at 5%).

Genetic advance as percent of mean (GAM)

GA as per cent mean = (GA/) 100, where GA is geradivance, is general mean.

Genetic advance as per cent of mean was categasztmv (0-10%), moderate (10-20%) and high (>20%0)
following Johnsoret al. (1995).
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RESULTS AND DISCUSSION

For all the studied traits mean squares of RILsw&tbhighly significant variation (Tablel). The exteof
variability in respect of mean, phenotypic and dgpic coefficients of variation, heritability andegetic
advance are shown in Table 2. The present invéstigeevealed considerable amount of variationdibithe
characters studied. Such wide variation indicatedldcope for improving the population for theserati@rs
with respect to drought and other related quantgaraits. The RILs were compared with their p&deeralue
distribution considering the grain yield, stay gremnd other quantitative traits (Table 2). A goagnbers of
RILs were identified with superior performance thlatceeded the best yielding and stay-green (drought
tolerance trait) parent. Suchabhsgressivdines suggest either those favorable additiveledlare brought by
both parents, and/or that complementary interastantur between alleles of different origins.

Tablel. Analysis of variance for 13 traits for 826 Fsrecombinant inbred lines of
N13 x E36-1 crosses.

Traits RILS DF=227| Error DF=448| CV (%)
%GLA15 290.5** 314 5.2
%GLA30 540.0%* 16.3 8.4
%GLA45 143.6** 25.3 17.1
GLA at flowering(cnd) 2810.5** 800.4 22.0
Plant height(cm) 29.1** 6.2 12.1
Stem thickness(cm) 82.7** 1.3 4.1
Panicle exertion(cm) 29.8** 6.2 13.0
No. of leaves/plant 290.4** 23.4 12.0
No. of spikelets/head 2.97** 0.6 9.1
100seed weight(g) 0.73** 0.3 14.2
Head length (cm) 109.8** 3.5 7.1
Days to 50% flowering 318.0 ** 68.8 3.0
Yield/plant(g) 251461** 48215.0 20.0

** is highly significant at 1% level *is significarat 5% level

Table2. Genetic variability for stay-green, yielddayield component trait in RILs derived from N13E86-
1(RIP 1) cross

Characters P1 P2 Mean £ S.Em. GCV (%) PCV (%
%GLA15 82.2 95.0 84.3+0.43 9.7 11.8
%GLA30 62.0 84.0 73.0£0.67 14.6 15.5
%GLA45 44.6 65.2 44+1.3 30.2 31.2
GLA at flowering(n?) 5.7 15.1 12.8.01+1.7 18.3 22.3
Plant height(cm) 178.0| 174.0 183+1.9 12.4 13.9
Stem thickness(cm) 45.0 6.7 3.2.05+0.06 13.5 19.5
Panicle exertion(cm) 12.7 7.5 12.2+0.3 36.7 37.9
Number of leaves/plant 6.8 8.5 7.31£0.6 10.5 11.9
Number of| 45.0 53.1 41.740.5 19.7 22.9
spikelets/head

1000 seed weight(qg) 3.1 4.1 3.6+0.01 10.4 11.3
Head length (cm) 22.6 25.26 17.8+0.13 30.2 32.3
Days to 50% flowering 68.0 62.0 62.1+0.4 8.2 8.8
Yield/plant(g) 60.0 150 161+0.6 20.7 22.9

P1=N13, P2=E36-1

Frequency distributions of yield and the three gggen traits in a cross of N13 x E36-1 were uniah@hd
approximately normal (Fig.1). The two parental $iref the recombinant inbred population (RIP) difbr
significantly for yield and all other three impantastay green traits (% GL15, % GL30 and % GL45) as
indicated in fig 1. Reasonable number of RILs warperior in yield and stay green trait than the pasental
line.
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Fig.1. Frequency distribution of the knes derived from N13 x E36-1 for grain yield athe® percentage of
green leaf area at A) 15, B) 30 and C) 45 daysr dftavering (%GLA15, %GLA30, and %GLA45,
respectively)

The genetic and phenotypic coefficient of variat{@CV & PCV) ranged from 8.22% and 8.75% for days t
maturity to 36.72% and 37.90% for panicle exertiegpectively (Table 2). The highest GCV and PCVewer
recorded for panicle exertion followed by head ten§oGLA45 number of spikelets/head and %GLA30,levhi
moderate GCV and PCV were measured for 1000 seghtwv@umber of leaves per plant, plant height and
stem thickness (cm). The lowest GCV and PCV wecerded for %GLA15 and days to 50% flowering. The
high PCV and GCV observed are evident from thejhhiariability that in turn offers good scope fetetion.
The lowest PCV and GCYV indicate limited improveméartthe traits through selection and it was comfiby
with the findings of Sundaresha, (2000). The GC\swaar to PCV for most of the characters, indigatin
highly significant effect of genotype on phenotypipression with very little effect of environmearitability
estimates observed for most of the characters dafigen 47(stem thickness) to 95 percent(head lgngth
Similar findings were also reported in sorghusorhum bicolor by Haussmanet al. (2002) for stay-green
and yield per plant and Rao and Patil, (1996) fmachlength panicle exertion and plant height chiarac

Simple phenotypic correlation coefficients are shoim Table4. Grain yield showed a strong positive
correlationgr =0.34-0.83 with stay-green traits (%GLA15, %GLA30, (%GLA43¢aves number per plant,
stem thickness, number of spiklet per head, headtheand green leaf area at flowering(cm2). The two
important stay green parameters %GLA30 and %GLAAealed strong positive association with graindyiel
and leave numbers per plant. The correlation adefft of these two traits is very strong(r= 0.683).which
indicates those recombinant inbred lines possagsgseen (drought tolerance trait) better yield@aspared

5
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with those lines which do not possess the traitmt@stingly, highly significant negative assoaas were
observed between yield/plant with days to 50% fiomgeand panicle exertion which indicates earlywi#oing

sorghum lines provide less yield under moisturecitetondition so as to escape from the imposedsstr
Similarly strong negative correlation was reveabstween panicle exertion and grain yield. As thaiga

exertion longer, the grain yield was reduced. Tikiprobably due to sink and source relationship, the
devotion of line for the growth of vegetative parstead of grain filling. The tendency of positiverrelation
between stay-green trait and grain yield as founthis study has also been reported in various glasm

populations (Haussmaret al. 2002; Warkacet al. 2008). Other correlation coefficients between pafrtraits

that are of some interest to the breeders are shoivable 4.

Broad sense heritability values for the thirteait$rare presented in Table 3. Traits such as leegth, panicle
exertion, stay-green, plant height, and green deeé at flowering showed a relatively high heriigbivalues
(>60%). The values estimated for stem thicknes9,(oomber of leaves/plant, days to 50% flowerind sield
per plant were moderate. This result is similaobservation made by Kebe@e¢ al. 2001. Heritability is a
useful quantitative parameter, which considersrtie of heredity and environment determining thpregsion
of a character (Allard, 1960; Kukadet al. 1983). Effective selection can be achieved onlenviadditive
effects are substantial and environmental effectssaall. In the present investigation exceptignalfiigh
estimates of broad sense heritability were notitmdcharacterviz, stay-green (%GLA15, %GLA30 and
%GLA45), panicle exertion (cm), stem thickness,chéangth, number of spikelets per head and 1008 see
weight. Percent green leaf area at 45 days flog&uGLA45), grain yield and its component traitsatie
length(cm), GLA at flowering(R), plant height(cm), exhibited the highest predicigenetic advance as
compared to the other traits (Table 3). The remainiiaits showed a moderate to very low amounigeofetic
advance. This investigation is in agreement withilsir observation made in different crosses byedédht
researchers (Reday al. 1996; Poornima, 2006; Mahalakshmi and Bridger, 2200

High GCV along with high heritability and genetidvance provide better information than other patarse
alone. On the basis of the present study, stayagraeameters (%GLA15, %GLA30, and % GLA45), yielt p
plant, panicle exertion, head length and 1000 sexight are the most important quantitative characte be

taken into consideration for effective selectionsorghum. Opportunities to improve these traitseappgo be

likely though the degree varies depending draitl GCV values.

In this population, a relatively high GA as percefithe mean were obtained for percent GLA45 and\&l,
head length, 1000 seed weight, grain yield, parggkrtion, plant height and green leaf area atdling. In the
present investigation, high heritability accompadnigth high genetic advance over mean were obsdoreithe
stay-green characters (%GLA30, %GLA45), head lentfd0 seed weight and panicle exertion sugge stieg
influence of additive genes and provides scopesébection and their amenability for improvementsa@l high
value of heritability along with low genetic advanover mean were observed for the characters nuofber
leaves per plant indicating that variability is migidue to the non-additive gene effects and hdmterosis
breeding can be fruitfully exploited in improvingch characters. This finding is in agreement wlih finding
of Warkadet al. 2008 of which similar research made on sorghum gkrsm line. At the ggeneration the
RILs are homozygous where additive and additivalditave genetic variances are fixed and prevailifigus,
selection in this population would prove successfute the fixed genetic component is disentangtech f
environmental effects.

CONCLUSION

The present data indicated that the prevalenceepétic variance for some useful agronomic traithsstay-
green in the RILs that can be exploited througlect&n as the corresponding to high &hd GA estimate
allows to do so, and the availability of superiabried lines in the present cross show the poteatial
opportunity that exists if more intra-specific ptgtions are created for better gain and establiskliable
information. In the present experimenansgressivenbred lines which superior than the two parers be
promoted to variety trials which can be used umdeisture stress condition.
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Table 4. Coefficients of phenotypic correlation agahe investigated traits in Recombinant Inbratekiderived from N13 x E36-1 cross.

Traits %GL15 | %GL30 [ %GL45 PH SW LN PE ST NS HL DF &SL | YP
%GL15 | 1 0.29* 0.630** | 0.19( 0.01] 0.02 -0.07 0.01 P.0[ 0.05 -0.03 0.50 0.71*
%GL30 1 0.22* 0.02| 0.02| 0.46* -0.01 -0.03 0.01 .0® -0.02 0.01 0.69**
%GL45 1 0.06 | 0.03| 0.67 -0.12 0.02 0.14 -0.08 .230 | 0.02 0.83**
PH 1 0.01]| 0.13 0.33**| -0.04] 0.03 0.13 -0.06 .080 0.48**
SW 1 -0.02 -0.06 0.01 -0.0% -0.0% -0.04 10.0| 0.02

LN 1 -0.05 0.10 0.07 -0.09 0.03 0.53 0.34
PE 1 -0.12| -0.04 0.23§ 0.03 -0.05 -0.29
ST 1 0.01 0.04 0.00 0.18 0.51*
NS 1 0.07 0.04 0.06 0.49**
HL 1 0.08 0.01 0.49**
DF 1 -0.02 -0.37
GLA 1 0.42**

%GL15: Per cent of green leaf are at 15 days #ifterering, %GL30: Per cent of green leaf are atda§s after flowering, ST: Stem thickness (cm), Ni@mber of spike lets per head
%GL45: Per cent of green leaf are at 45 days dftmwvering, HL: Head length (cm), PH: Plant heightm), DF: Days to 50% floweringSW: 1000 seed weight (g)
GLA: Green leaf area at flowering (ELN: Leaves number per plant, YP: Yield/ plan), (8E: Panicle exertion (cm), ** is highly signifiot at 1% level *is significant at 5% level

Table3. Estimates of broad sense heritabilit§) {H percent and genetic advance (GA) as percetfiiteofnean for thirteen traits in Fecombinant inbred lines of sorghum
SI.No. Characters Heritability (%) GA (%)
1 %GLA15 67.4 10.2
2 %GLA30 88.9 25.2
3 %GLA45 93.3 33.0
4 GLA at flowering(n) 67.2 26.7
5 Plant height(cm) 61.6 26.0
6 Stem thickness(cm) 48.9 17.0
7 Panicle exertion(cm) 93.9 20.7
8 Number of leaves/plant 47.0 8.8
9 Number of spikelets/head 74.1 9.21
10 1000 seed weight(g) 76.2 23.0
11 Head length (cm) 95.0 35.0
12 Days to 50% flowering 58.3 16.5
13 Yield/plant(g) 47.7 22.0
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