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ABSTRACT KEYWORDS
Thirty (30) castor accessions were evaluated in 3 locations in 2011 and 5 Castor;
locations in 2012 wet seasonsin the Nigerian savannas. Datawere collected for GoV:
yield and the yield components: Pedunclelength (PL), Number of nodesto the PCV:

first raceme (NFR), Number of capsulesin the first raceme (Noc), Number of
secondary branching (NSB), Number of spikes/plant and Plant height at harvest .
(H@H). Analysis of the data showed that the GCV was low for al the yield Biplot.
components but moderate for yield. The PCV was also low for PL, NFR and
height, whileit was moderate for NOC, NOSB, No.S/p and Yield. Amongst the
yield components height at harvest had the highest difference between GCV
and PCV (RD=71.4%) while all the others were also high except No.S/p
(RD=36%). These indicate that the observed variations for the traits were
mostly due to environment factors. Moderate broad sense heritability coupled
with moderate Genetic gain (GA) were observed for NOSB, No.S/p and Yield
indicating that these traits are mainly controlled by additive type of genes and
that direct selection for these traits could be effective. However, moderate
heritability coupled with low GA was observed for PL. Thus this character is
controlled by non-additive genes (dominance and epistasis). Low heritability
with low GA observed in height and NFR indicates environmental control on
the expression of these traits. Location by traits biplot revealed that NOC,
NFR, Height at harvest, PL and yield had stronger association. The Trait
Association by Environment (TAE) biplot grouped the eight environmentsinto
three distinct groups: the first group consisted of three environments, Kadawa,
Talata mafara and Bakura in the Sudano-sahelian savanna, the second group
consisted of Samaru2012 in the northern guinea savanna and Minjibir of the
sudan savanna, the third group consisted of Geshere and Samaru kataf in the
southern guinea savanna and Samaru2011 of the northern guinea. The first
group sites were characterized by strong positive associations of NFR vs.
No.S/p, NFR vs. NOC and height vs. yield. Thisimplied that accessions with
higher number of nodes to first racemes had higher yield at these sites. The
second group were characterized by strong positive associations of NOC vs.
Yield, height at harvest vs. yield. Therefore, at these locations, taller genotypes
and those with more number of capsules in first raceme tended to give higher
yields. The third group were characterised by strong positive associations for
NFR vs. NOSB and NOC vs. Yield implying that genotypes with higher NFR,
NOC and NOSB tended to have higher yields in these sites.
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INTRODUCTION

Castor plant (Ricinus communisL.) isamono-
typic speciesinthespurgefamily (Euphorbiaceae) with
2n =20 chromosomes. It isan important non-edible
oilseed crop. The seeds of castor bean contain more
than 45% oil and itsoil isrich (80 to 90%) in an un-
usua hydroxyl fatty acid, ricinolei c acidi*®.Castor bean
isconsidered to benativeto tropica Africa®?, but it
iscultivated in many tropical and subtropical regions
of theworld™. Itiswell adapted to Nigeriaclimatic
conditionsand thuswidely grown asornamentalS*in
all thestatesin Nigeriaespecialy inthemid-west and
eastern part of country. Castor il isacritical raw ma-
terial for theindustrial chemica marketsfor the pro-
duction of soaps, lubricants, hydraulic and brakeflu-
ids, paints, dyes, coatings, inks, cold resistant plastics,
waxes and polishes, nylon, pharmaceutical sand per-
fumes™ and biodiesel. These haveincreased the de-
mandsfor highyid ding varietiesfor efficient provison
of feedstock. However, breeding for improved yield
hasbeing limited by alow genetic variability for pro-
ductivity traitd¥. To increase the genetic yield poten-
tid, themaximum utilization of thedesirable characters
for synthesizing of any ideal genotypesisessential. As
yieldisthemain object of abreeder, it isimportant to
know the relationship between various charactersthat
havedirect andindirect effect onyield. Thedegree of
rel ationship or association of thesecharacterswithyield
will also berequired. Thiswould aidin suggesting effi-
cient breeding strategiesfor improving theyield po-
tential viaits components. Hence, thereisneed to
estimate theamount of genetic variability, heritability
and genetic advanceover meanfor yiedddand yield com-
ponents and to estimate the rel ationshipsamong the
traits. To achievethis, performancetrialshaveto be
conducted in multiple environments due to the pres-
ence of Genotype by Environment interaction (GE).
Thisisbecauseyied and itscomponentsare quantita-
tivetraitsthat are not under simplegenetic control. To
effectively estimatethelocation by traitsand traitsas-
sociation by environment, the use of biplot will beem-
ployed. Thebiplot isascatter plot that approximates
and graphically displaysrelaionshipsamong thegeno-
types(G), environments (E) and Traitsaswell asthe
underlyinginteractions between them to bevisualized
smultaneoudy!?2,

MATERIALSAND METHODS

Thirty (30) castor accessionswereevauatedin 3
locationsin 2011 and 5 locationsin 2012 wet seasons
inNigeriansavannas. Thelocationsin 2011 were Samaru
(N11°11.297°; E007°37.078’; 2206ft) in the northern
guinea savanna, Samaru kataf (N09°45.764'
E008°22.630' 2834ft) in the southern guinea savanna
and Bakura(N12°41.110' E005°53.208' 9511t) in the
sahd savanna. In 2012 thelocationswere Samaru again,
Geshere(N10°07.701' ; E008°28.432'; 24251t) in the
southern guineasavanna, Kadawa(N11.659 E8%45”)
sudan savanna, Minjibir (N12°08.466'; E008°40.331";
1401ft) and Talata Mafara (N12°34.651';
E006°00.418'; 9961t) both in the sahel savanna. All the
trialswere established in Two-row plotsof 5mlong,
intra-row spacing of 0.5m and inter-row spacing of
0.75m. Theeval uation was donein randomised com-
plete block design with threereplications. Two seeds
were planted per hill ineachtria. Inorganicfertilizer at
therate of 20kg/haN, 20kg/haP,O, and 20kg/haK O
was appliedinasingledose (NPK 15:15:15) applied
30 daysafter planting. Theexperimentswerekept weed-
free by chemical weed control and manual weeding.
Datawerecollected on 10 individualsineach plot for
yield and theyield components. Pedunclelength (PL),
Number of nodesto thefirst raceme (NFR), Number
of capsulesinthefirst raceme (Noc), Number of sec-
ondary branching (NSB), Number of spikes/plant and
Plant height at harvest (H@H).

Satistical analysis

Phenotypic variance (62 ), genotypic variance (ng),
environmenta variance (%) and genotypeby environ-
ment interaction variance (nge) weredetermined ac-
cordingto™™ asdescribedin Hallauer, et. al.[*¥ reviews
(seeTABLE1).

Genotypic and phenotypic co-efficient of variation
was cal culated according to Burton and Devane (1953):
GCV = 0,X 100/ grand mean; PCV = 6px100/ grand mean.
RD %: Relativedifference between PCV% and GCV% =
[100 (PCV-GCV)] / PCV (Nechifor, et al. 2011)

Broad senseheritability (I, ) wasestimated assuggested
inHallauer et. al .[@:

h% =6’/ (6%, + (c*/re)+(c’ JE))

The genetic advance (GA) wasca culated according to
Allard?:
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GA =h? xASx o,

The genetic covariate by environment biplot and the
Trait Association by Environment (TAE) biplot were
also estimated according to Yan and Tinker? using
GGE biplot Version 5.424,

TABLE 1: Form of Expected M ean Squarefor Analysisof
variance of inbred lines/accessions repeated over
environments

Sov df MS E(MS)
Environments (E) e-1

ReplicationsE e(r-1)

Inbred lines n-1 M3 0%+ o2 + rec?,
E x inbred lines (e-D(n-1) M2 0%+ ro’y
Pooled error er-1)(n-1) M1 2

e r, and n refer to the number of environments, replications
within environments, accessions/genotypes. (Source: Hallauer
et. al, 2010)

RESULTSAND DISCUSSIONS

Means, Variance components, Heritability and
Geneticgain

TABLE 2 presentsthe variations of meansfor the
germplasm ons, environmentsand their interac-
tionsfor yield and itscomponents. Thereweresignifi-
cant difference of meansamong dl thesourcesof varia-
tions(SOV) for al themeasured traits. Theresultsin
table 3 showsthe range and mean val ues of the mea-
sured traitsacrosseight environments, estimatesof ge-
notypi c and phenotypi ¢ variances, genotypic and phe-
notypic coefficients of variations, broad sense herita:
bility and genetic advancefor thetraits. Based on the
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classification of GCV and PCV by Sivasubramanian
and Menon(*®, the GCV waslow for al theyield com-
ponentsbut moderatefor yied. The PCV wasdsolow
for PL, NFR and height, while it was moderate for
NOC, NOSB, No.S/p and Yield. Thusto judge the
extent of genetic variationinthesetraitsthe RD which
istheestimateof GCV inrdationtotherespective PCV
was estimated. Amongst theyield components height
at harvest had the highest difference between GCV and
PCV (RD=71.4%) whileal theotherswerea so high
except No.S/p (RD=36%). These indicate that the
observed variationsfor thetraitswere mostly dueto
environment factors. However, theenvironment played
alittleroleon the expression of No.S/p. Accordingto
Robinson et. al.[* heritability percentage of 0-30%is
low, 30-60% moderate, and 60% and abovehigh. Thus,
resultsin table 3 showed that the broad sense heritabil-
ity was low for NFR, NOC and height while it was
moderate for PL, NOSB, No.S/p and Yield. Mean-
while, according to Johnson et. al.™ effectiveness of
sel ection dependsnot only on heritability but also on
genetic advance (GA). Thus, moderate heritability
coupled with moderate GA were observed for NOSB,
No.SpandYiddindicating that thesetraitsaremainly
controlled by additivetype of genesand that direct se-
lection for thesetraitscould beeffective. However, mod-
erate heritability coupled with low GA was observed
for PL. Thusthischaracter iscontrolled by non-addi-
tive genes (dominanceand epistasis). Low heritability
withlow GA observedin height and NFR indicatesen-
vironmental control onthe expression of thesetraits.
Theseresultsagreed with those of Uguru and Abukd™?,
Patel et. al.™® and Adeyanju et. al.[Y,

TABLE 2: Mean squaresfrom Analysis of variance of 30 castor accessions evaluated over 8 environments acrossthe

Savanna agr o-ecologiesof Nigeria.

sov df PL NFR NOC NOSB  NoSp H@H(m) Yied(Kgha)
Environments (E) 7 170.34**  665.73**  25187.3**  100.87**  77.35**  44.97** 825096.25* *
Replications’E 16 2.12% 7.47 623.28**  18.63**  14.80** 1.09%* 80881.43
accessions 29 2.0t 16.37**  807.82** 725 11.04%* 0.14%* 124996.76+*
E x accessions 203 1.99%* 13.60**  581.32** 486 7.2+ 0.15+* 82025.84*
Pooled error 461 2599 6.76 266.31 2.01 4.36 0.07 66500.52

*significant at 0.05, **significant at 0.01
Thecovariateby environment biplot

Thecovariaeby environment biplot in Figure 1 rep-
resent the MET data of 2011 and 2012 trials of the
thirty castor onstested across 8l ocations. Num-

bersof capsulesinfirst raceme(NOC), NFR, Height
at harvest, pedunclelength and yield have stronger as-
sociation asindicated by the shorter vectors and the
acute angles among them. Thisfinding agreed with
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Goodarzi et. al ., The Genotypeswith higher NOSB
tended to have higher yieldsin theguineasavannaenvi-
ronmentswhilethosewith higher pedundelength, height
at harvest, NOC and NFR gave higher yields at the
sudano-sahdian savanna. Thus, Figure 1 suggests pos-
sibleindirect sdection strategieswhen direct selection
for yieldisnot possible. Higher number of secondary

1.55

branching (NOSB) accession should be selected for
Geshere, Samaru kataf and Samaru of the guineasa-
vanna, whereas varietieswith longer penduclelength,
taler height and higher number of capsules should be
selected for Bakura, T atamafara, and kadawaof the
sudano-sahelian savannato maximizeyied intheseen-
vironments.
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Figure?2: Atrait association by environment biplot of 30 castor accessionsbased on 2011 and 2012 M ulti-Environment

Trialsdata.
Trait association by environment (TAE) biplot

Trait Association by Environment (TAE) biplot us-
ing GGEbiplot isshowninFigure2. Thefollowing can
beseenfromthisbiplot: (1) Theeght environmentsfell
into threedistinct groups: thefirst group consisted of
threeenvironments, Kadawa, Td atamafaraand Bakura

inthe Sudano-sahelian savanna, the second group con-
sisted of Samaru2012 in the northern guineasavanna
and Minjibir of the sudan savanna(duethe high water
lodging experienced at Minjibirin 2012 wet season as
result of the changing climate), thethird group conssted
of Geshere and Samaru kataf in the southern guinea
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savannaand Samaru2011 of the northern guinea. (2)
Thefirst group siteswere characteri zed by strong posi-
tive associations of NFR vs. No.S/p, NFR vs. NOC
and height vs. yidd. Thisimplied that accessionswith
higher number of nodesto first racemeshad higher yidd
at these sites. (3) The second group were character-
ized by strong positive associationsof NOC vs. Yield,
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height at harvest vs. yield. Therefore, at thesel ocations,
taller genotypes and those with more number of cap-
asulesinfirst racemetendedtogiveyield. (4) Thethird
group were characterised by strong positive associa
tionsfor NFRvs. NOSB and NOC vs. Yiedimplying
that genotypeswith higher NFR, NOC and NOSB tend
to havehigher yieldsinthesesites.

TABLE 3: Range, mean, Standard error of mean (SE), genotypic (6%g) and phenotypic (czp) variances, genotypic and
phenotypic coefficient of variations(GCV and PCV), relativedifference (RD), br oad sense heritability (h?,) and genetic gain
(GA) for yield and yield components of 30 castor accessions evaluated across 8 environmentsin 2011 and 2012 in the

Savanna ecologiesof Nigeria.

+Traits Range Mean SE 6’g 6% GCV (%) PCV (%) RD(%) h% (%) GA
PL 5-50 2116 033 004 0.12 0.92 1.64 4398 3138 2247
NFR 4-27 1208 015 012 0.68 2.81 6.84 5892 1694  28.78
Noc 3184 3595 094 944 33.66 8.55 16.14 4703 2804 33512
NOSB 1-17 462 009  0.10 0.30 6.83 11.90 4261 3298 37.21
Nos/p 1-16 517 009 020 0.50 8.67 13.64 3644 4040 5885
H@H (m) 0.46-3.9 173 003 0001  0.007 1.36 476 7143 8140 1.40
Yield (Kg/ha) ~ 110.44-218643 40572 10.63 179046 520820  10.43 17.79 4137 3438 511078

iPeduncle length (PL), Number of nodes to the first raceme (NFR), Number of capsules in the first raceme (Noc), Number of
secondary branching (NSB), Number of spikes/plant and Plant height at harvest (H@H).

ACKNOWLEDGEMENT

Wethank the Directorateand the Legumesand Oil-
seed Research Programmeof the Institutefor Agricul-
tural Research, Samaru Nigeriafor thefunding of al
theactivitiesinthisresearch.

REFERENCES
[1] A.O.Adeyanju, A.Usman, S.GMohammed; Ge-
netic Correlation and Path-coefficient Analysis of
Oil Yield and its components in Castor, Interna-
tional Journal of Applied Agricultural Research,
(2010).
R.W.Allard; Principles of Plant Breeding, John
Wiley and Sons, Inc., N.Y., (1960).
GN.Burton and E.M.Devane; Estimating herita-
bility in fall fescue (Festuca arundiancea L) from
replicated clonal materials, Agron.J., 45, 478-481
(1953).
M.S.Frageria; U.K.Kokli; Correlation studiesinto-
mato, Haryana J.Hortic Sci., 25, 158-160 (1997).
D.Franz, N.Jaax; Ricin Toxin, Textbook of Military
Medicine: Medica Aspects of Chemical and Bio-
logical Warfare, From http://www.nbc, (1997).
F.Goodarzi, R.Darvishzadeh, A.Hassani,

[2]
[3]

[4]
[5]

(6]

A.Hassanzaeh; Study on genetic variationin lranian
castor bean (Ricinus communis L.) accessions us-
ing multivariate statistical techniques, Journa of Me-
dicina Plants Research, 6(7), 1160-1167 (2012).
R.Goveerts, D.GFrodin, A.Radcliffe-Smith; World
checklist and bibliography of Euphorbiaceae (with
Pandaceae), Redwood Books Limited, Trowbridge,
Wiltshire, (2000).

A.R.Hallauer, M.J.Carena, J.B.M.Filho,

A.R.Hallauer; Quantitative geneticsin maize breed-

ing, Handbook of plant breeding 6, Springer Sci-

ence, Business Media, LLC, (2010).

D.M.Hegde, M.Sujatha, N.B.Singh; Castor in In-

dia, Directorate of Oilseeds Research, Hyderabad,

INDIA, (2003).

[10] GT.Jeong,D.H.Park; Optimization of biodiesdl pro-
duction from castor oil using response surface meth-
odology. Appl.Biochem.Biotechnol ., 156, 431-441
(2009).

[11] H.W.Johnson, H.F.Robinson, R.E.Comstock; Esti-
mates of genetic and environmental variability in
soya bean. Agron.J., 47, 318-324 (1955).

[12] O.R.Nechif, R.B.Filimon, L.Szilagyi; Genetic Vari-
ability, Heritability and Expected Genetic Advance
asIndicesfor Yield and Yield Components Selec-
tionin Common Bean (PhaseolusvulgarisL.). Sci-
entific Papers, UASVM Bucharest, SeriesA, 1222-
5339 (2011).

[7]

8]

[9]


http://www.nbc,

186 Genetic variability, genetic gain and relationships of yield and yield components

RRBS, 7(5) 2013

Reguler Peper ==

[13] J.R.Patel, M.P.Saiyed, C.G.Patel, R.K.Bhaitt,
J.P.Bhatt; Genetic variability and correlation stud-
iesin castor (Ricinus communisL.). International
Journal of Agricultural Sciences, 6(1), 129-131
(2010).

[14] H.F.Robinson, PE.Comstock, PH.Harvey; Geno-
typic and phenotypic correlationsin corn and their
implications in selections, Agron.J., 43, 282-287
(1949).

[15] S.R.Searle; Topicsin variance component estima-
tion. Biometrics, 27, 1-74 (1971).

[16] S.Sivasubramanian, PM.Menon; Genotypic and
phenotypic variahility in rice. MadrasAgric J., 60,
1093-1096 (1973).

[17] M.I.Uguru, L.N.Abuka; Hybrid vigour and gene
action for two quantitative traits of castor plant
(Ricinus communisL.), Ghana Jnl.Agric.Sci., 31,
81-86 (1998).

[18] N.I.Vavilov; The origin, variation, immunity and
breeding of cultivated plants. Waltham, MA:
Chronica Botanica, (1951).

[19] E.S.Weiss, Castor, Sesame and Sunflower, Leonard
Hill, London, 59 (1977).

[20] W.Yan,N.A.Tinker; Biplot analysis of multi-envi-
ronment trial data: Principles and applications,
Can.J.Plant Sci., 86, 623-645 (2006).

[21] W.Yan, L.A.Hunt, Q.Sheng, Z.Szlavnics; Cultivar
evaluation and mega-environment investigation
based on GGE biplot.Crop Sci., 40, 597-605 (2000).

[22] A.C.Zeven, PM.Zhukovsky; Dictionary of culti-
vated plants and their centres of diversity.
Wageningen, Netherlands: Centrefor Agricultural
Publishing and Documentation, (1975).



