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Use of RAPD markers to assess the genetic purity of castor hybrids

V. Srikanth, P. Pranavi and V. Dinesh Kumar
Directorate of Oilseeds Research, Rajendranagar, Hyderabad-500 030, AP

Abstract

Assessment of genetic purity of four castor {Ricinus communis L.) hybrids was carried out using Random
Amplification of Polymorphic DNA (RAPD) markers. Genomic DNA isolated from the individual plants of each
parental line was bulked and screened for male parent specific marker and those were used againstthe individuals
of each parental line to confirm their fidelity. The RAPD primers chosen were tried with the DNA of individual hybrid
plants to assess th:e genetic purity.

Key words: Genetic purity of hybrids, grow out test, RAPD primers, castor

Introduction

Realization of the potential yields of hybrids in farmer's field depends primarily on the seed quality, especially of the genetic
purity of the seeds. This is of special concern in case of a cross-pollinated crop fike castor. Conventionally, the method used
for the assessment of genetic purity is grow out test (GOT). GOT establishes purity through assessment of measurable
morphological phenotypes of the hybrid plants to the profile of their parents. It is tim@ consuming, |aborious and is highly
prone to enviranmental influence. A season may be lost to just establish the genetic purity of seeds by this method.
Molecular markers, especially DNA markers offer a rapid and reliable way of establishing the purity of hybrid seeds. Since
each of the parents of the hybrid is homoagenous, genetically, and is different from each other, these characters being
reflected in their DNA sequences, the hybrid must possess the DNA characters of both the parents. All DNA markers exploit
this principle.

Random Ampiification of Polyrmarphic DNA (RAPD) marker is a PCR based dominant PNA marker system and can be used
even in the absence of sequence information of the crop concerned. Briefly, when tested on both the parents, a RAPD
rrarker must give one or more amplicons specific to the male parent or both the parents. By choosing a RARPD marker that
aistinguishes the male from the female would amplify the male specific amplicon(s) in hybrid. In this article, successful
adaptation of RAPD marker systern to establish the genetic purity of four castor hybfids was demonstrated.

Materials and methods

Seeds of the two hybrids viz., DCH-32 (LRES-17 x DCS-5) and DCH-519 (M-574 x DCS-78) along with their parents were
grown in pots. Genetically pure seeds of GCH-2 (VP-1 x JI 35), GCH-5 (Geetha x SH-72) and their parents were obtained
from PC Unit, Gujarat and grown, Genomic DNA was isolated from leaves of individua! plants of hybrids and parents using
standard methods (Sambrook et al., 2001) and the DNA was visually quantified by rynning in 0.8% agarose gel and used
for PCRs, individual samples diluted to required concentration (5-10ng) were used for RAPD analysis of bulked DNA of the
parents. Markers showing differences in the bulk analysis between parental lines wefe used to screen individual parental
plants for the faithfulness of the marker. Operon primers were used for screening and primers which gave robust banding
profiles were selected. PCR reaction was performed in 15 i reaction volume containing 10mM Tris-HCH (pH-8.3), 50mM
KCf, 5-10 ng of genomic DNA, 1U Taq DNA polymerase (3U/ul) (Bangalore Genei), 0.4 UM primer, 1X assay buffer with 1.5
mM MgCl,, 2.5mM each of dNTPs and the volurne made up with double distilled water. PCR cycling conditions used were,
aninitial denaturation at 94°C for 3 min, followed by 45 cycles of denaturation at 92°C for 30 sec, annealing at 36°C for 45
sec, extension at 72°C for 7 min, and finally were incubated at 4°C. The total PCR product along with loading dye was
loaded on1.5% agarose gel and electrophoresed under standard conditions with & voltage of 3-5 v/iem. The gel was
examined and photographed under UV transilluminator after the completion of electrophoresis. Primers that gave male
specific bands were identified and the PCR analysis was repeated with individual plants of the parents to confirm the results.
Once confirmed, the chosen primers were used with the individual plant ONA, of the hybrids to assess the utility of these
primers in purity assessment of the selected hybrids GCH-2, GCH-5, DCH-32 and DCH-519.

Results and discussion

Preliminary analysis of identifying RAPD primers that gave male specific bands was carried out with the bulk DNA of
parents. In this analysis, many primers gave positive results. The primers that gave faint male specific bands were not
considered for further analysis. Also, many of the primers were discarded when they were not consistent on repetition. The
selected primers were tested with the individual plant DNA of parents to confirm that the results were consistent at individual
plantlevel. Based on these criteria, among the 200 primers tried for the hybrids, 1 to 2 priters/hybrid were found pramising
that gave male specific bands on repeated PCRs. The primers were further validated at the individual plant level to assess
their utility in estimating the genetic purity of the respective hybrids. With DCH-32 hybrid, primer OPE12 gave a male
specific band of 1.2 kb (Fig. 1) and fernate specific band of 1 kb (Fig. 1) while the primer OPCS gave a male specific band
of 3.5kb (Fig. 2) with all the individuals and thus proved equally suitable for seed purity assessment. However, with
DCH-519, only primer OPE12 gave a male specific band of 1.2 kb (Fig. 3) with consistent results at individual plant fevel.

For QCH-? {Fig. 4) and GCH-5 (Fig. 5), primers viz,, OPL12 and OPAE19, respectively, proved suitable RAPD markers for
hybrid purity assessment

-
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Fig. 1. RAPD analysis with individuals of DCH-32 using the primer OPEI2
This primer produced a female specific amplicon of 1Kb and a male specific amplicon of1.2Kb.

F - Female, F, - Female bulk 18 - Hyhrids,
HB - Hybrid bulk M - Male, MB - Male bulk

F1F2 F. 1 2 3 4 5 6 7 8 Hb M1 M2Mb Mr

Fig. 2. RAPD analysis with individuals of DCH-32 using the primer OPC9

F - Female, F, - Female bulk, lta8 - Hybrid,
Hb - Hybridbulk, M - Male, " Mb - Male Bulk

FL F2F, 2 2 3 4 5 6 7 8 HbM1M2MbMr

Fig. 3. RAPD of DCHS5-19 individuals with the primer OPE12

F -  Female, F, - Female bulk, 1to8 - Hybrid,
Hb - Hybrid bulk M - Male, Mb - Male Bulk
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Fig. 4. RAPD of GCH-2 individuals with the primer OPL12 primer
F. - Female, F, - Female bulk, H; - Hybrid,

Hy - Hybrid buik, M, - Male, M, - Male bulk

~*200bp

Fig. 5. RAPD of GCH-S individuals with the primer QPL19 primer
F, - Female, H, - Hybrid, M, - Male,

The basic principle in hybrid purity assessment is to look for dominant character(s) in the hybrid that are contributed by the
rnalg parent, in other words, the selected dominant character(s) must be absent in the female so that their presence in the
MyDrid indicate the contribution of the genome from male. RAPD being a dominant marker system, exactly the same analogy
could be extended if one could identify RAPD markers that are present only in the male parent genome. tn the present
Study, this principle was adopted and RAPD primers that give male specific bands were identified. It was further
demonstrated that the identified markers could be used for assessing the hybrid purity in four hybrids. in literature, there
Were many reports of using RAPD markers for genetic purity assessment in several crops such as tomato, chilli, caulifiower,
cabbage, watermelon, cotton and sorghum {Akhare ef af., 2008; Hashizume ef af, 1993 and Paran et al., 1995). The results
showed that RAPD profiles were quite repeatable under standard laboratory conditions.
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Development and validation of gene construct for inflorescence specific
expression of Ethylene Response Factor 1 (ERF1) from Arabidopsis for
conferring Boftrytis tolerance in castor

K.B. Durga Bhavani, Anusha Srinivasan, A. Venkatesh and V. Dinesh Kumar

Directorate of Qilseeds Research, Rajendranagar, Hyderabad-500 030, AP
Abstract

Plants possess inducible defense systems to oppose attack by pathogens. The major defense related pathways
known till date which work against the necrotrophic fungi involve ethylene {ET), and jasmonic acid {JA). Ethylene
plays an important role in plant defense responses to necrotrophic pathogens. To investigate the contribution of
this compound in defense response of castor to the inflorescence specific fungal pathogen Botrytis ricini, a
defense regulatory gene ERF1 (Ethylene Response Factor 1) was studied in the model plant tobacco. Plants
expressing ERF1 under an inflorescence promoter AtACS5 were analysed both at the DNA and RNA level by PCR
and RT-PCR, respectively. The expression was directed only in the inflorescence which is the target region of
infection by the necrotrophic fungal species of Botrytis.

Keywords: Pathogens, necrotrophic fungi, ethylene, ERF1
Introduction

Plants have various defense responses o defend themselves against pathogens. Among the various defense responses
ethylene defense regulatory genes are important signaling molecules produced by plants which requlate in positive or
negative crosstalk with jasmonate subsets of genes involved in defense against necrofrophic micreerganisms (Memelink,
2009). Ethylene signaling plays a major role for plant defense against necrotrophic fungi (Glazebrook, 2005). The
transcription factor ERF 1 integrates signals from jasmonic acid and ethylene defense signaling pathways essential for the
necrotrophic fungal resistance in plants (Farmer ef al., 2003; Guo and Ecker, 2004). Botrylis, a necrotrophic fungus, infects
the inflorescence, the economic part of the plant in most cases. Localized expression of ERF1 in the inflorescence would
induce resistance in plants against this devastating fungi to a maximum limit as the over-expression of this gene enhances
resistarice in many cases.

Materials and methods

Isolation of the florai specific promoter AtACS5 and ERF1 gene from Arabidopsis: Standard PCR procedures were
followed to isolate AtACS5 promoter (GenBank acc no: L2926Q) and the ERF 1 (At3g23240) gene from Arabidopsis by using
specific primers designed based on the sequences available in public domain (www.ncbi.nlm.nih.org). The primers were
designed with appropriate restriction enzyme sites included atthe §' ends to facilitate their cloning in appropriate orientation.
Initially, the amplicons of promoter and the gene were cloned in T/A cloning vector and were sequenced for confirmation.
The confirmed sequences were cloned in pCAMBLA1300 in proper direction to realize the gene construct, The confirmed
pCAMBIA:AtACSSE-ERF1-PolyA plasmid was transferred into Agrobacterium fumnifacieans strain LBA4404 by freeze-thaw
method of transformation.

Tobacco transformation: Tohacco transgenics were developed by co-cultivating the tobacco leaf discs using the pCAMBIA
1300 AtACS5-ERF-PolyA vectortransformed Agrobacterium strain LBA4404. The explants were co-cuitivated on Murashige
and Skoog medium containing 1mg/l BAP and 0.1mg/t NAA (BN-medium). The co-cultivated explants were transferred to
BN medium supplemented with 50mg/l Hygromycin as the selection agent and maintained for two weeks at 20 to 22°C with
cycles of 16h iight and 8h darkness ta obtain the putative transgenic shoots. The shoots on selection were transferred to
elongation and rcoting medium for producing the complete putative transgenic tobacco plantlets which were acclimatized
in the green house.
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Fig. 1. Development of transgenic tobacco expressing ERFT gene

12 3 4 56 7 8 91011 M

Fig. 2. PCR confirmation of ACS5-AMV-ERF1-PS tobacco transgenics

Lane 1-11: ACS5-AMV-ERFI-PS tobacco transgenics; Lane M: Lambda EcoRI/Hindili double
digest Marker; Lane B : PCR blank; Lane +ve: PCR positive

Fig. 3. RT-PCR confirmation of ERFT gene in tabacco transgenics

cDNA synthesized from RNA extracted from ditferent parts (as indicated) was
used for the RT-PCR with ERF! specific primers.

M: Marker; +ve: Positive control (plasmid DNA); B: Blank controi
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Confirmation of transgenic shoots using PCR and RT-PCR: The genomic DNA from the putative ERF1 tobacco
transgenics was isolated by CTAB method of genomic DNA extraction {Doyle and Doyle., 1990). The presence of the ERF1
gene cassette was analyzed by gene specific PCR using 10ng of the genomic DNA. The floral specific expression of the
gene was assessed by isolating the RNA from the leaves (mature and young), different parts of the flower, viz., sepals,
petals, stamens and stigma and checked for the expression by using the reverse primer of the gene for synthesizing the
first strand of cDNA by RT-PCR. Further confirmation was done by PCR using the gene specific forward and reverse
primers.

Results and discussion

The floral specific promoter AtACS5 (Wang et al., 2005; Tang ef al,, 2008} was isolated and confirmed. This confirmed
fragment was cloned into the binary vector pCAMBIA1300. The ERFT gene was isolated from the genomic DNA of
Arabidopsis (At3g23240) by PCR using primers specific for the gene. The isolated gene was cloned in InsT/A cloning vector
and confirmed by PCR and restriction digestion. The clone was confirmed by sequencing with M13 forward and reverse
primers. The confirmed clones, harboring the full length ERF 1 gene with no mutations were cloned downstream of AtACS5
and upstream of a PolyA terminator in pCAMBIA 1300. The developed construct was confirmed both by PCR and restriction
digestion and was mobilized into Agrobacterium strain for transformation of tobacco. Tobacco transgenic plants were
realized using the standard leaf-disc transformation method (Fig. 1). The putative transgenic plants were analysed for the
presence of the transgene using gene specific PCR (Fig. 2). To ascertain the expression of the introduced gene, RT-PCR
was performed. As the promoter used is from Arabidopsis and the expression pattern of the promoter in tobaccao is not well
understood, RT-PCR was performed with total RNA isotated from different plant parts. RT-PCR analyses indicated that the
expression of the introduced gene was predominant in the floral parts and was absent in leaves and sepals.

Plants are subjected to attack by a wide variety of microbial pathogens. In response, they express numerous defense
mechanisms, many of which are induced by pathogen attack. Appropriate regulation of defense responses is important for
plant fitness, as activation of defense responses has deleterious effects on plant growth. It has been suggested that
effective defense against biotrophic pathogens is largely due to programmed cell death in the host, and to associated
activation of defense responses regulated by the salicylic acid-dependent pathway. In contrast, necrotrophic pathogens
benefit from host cell death, so they are not limited by cell death and salicylic acid-dependent defenses, but rather by a
different set of defense responses activated by jasmonic acid and ethylene signaling. The transcription factor ERF1T
integrates signals from JA and ET defense regulated pathways on necrotrophic pathogen attack (Glazebrook, 2005). In
Arabidopsis, the AP2/ERF-domain transcription factor family comprises 122 members {Nakano ef a/., 2006). Overexpression
of ERF1results in activation of many defense-related genes and suppresses the defects in defense-related gene expression
caused by einZ and coit. Plants overexpressing ERFT a closely related member of the AP2/ERF-domain family, were
previously shown to have an elevated PDF1 2 expression level and to be more resistant to B. cinerea {Lobo et al,, 2002).

In addition, overexpression of the transcription factor ERF1 which is encoded by a JA-inducible gene led lo increased levels
of PDF1.2 expression {Pré et al., 2008). Hence, in the present study, inflorescence specific expression of ethylene
transcription factor ERF1 was attempted using the floral specific promoter AtACS5. The reverse transcription results do
conform to the expected expression in the floral parts and its absence in the leaves and further needs to be evaluated by
castor transformations to develop a Botlrytis resistant castor transgenic.
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Transgenic tobacco - as a model for identifying the most efficient PTGS
technology at silencing ricin and RCA in castor, Ricinus communis L.
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Abstract

The present investigation was carried out with the objective of establishing a model system in tobacco for
assessing the efficiency of different PTGS constructs developed for reducing ricin and Ricinus communis
aggiutinin (RCA) in castor. Tobacco plants were transformed, through Agrobacterium-mediated leaf-disc
transformation, with a gene construct containing full-length ricin gene and independently with the five post
transcriptional gene silencing {PTGS) constructs under CaMV 35S promoter. These piants were developed with the
objective of crossing them with the plants expressing ricin gene so that in the progeny the efficiency of each of
the PTGS constructs in silencing the ricin gene could be established. Transgenic tobaccos thus obtained, were
confirmed by PCR.

Keywords: Ricin, RCA, PTGS, castor and tobacco

Introduction

Castor oilmeal, though endowed with around 25% balanced protein, cannot be used as animal feed as it contains highly
toxic proteins such as ricin and RCA. If castor lines not praducing ricint and RCA in the seed are realized, the oilmeal from
such lines could be used as animal feed and it would be of national economic importance (Gandhi et al., 1994). Since ricin
and RCA genes share high levels of homology at the nucleotide level, it is surmised that these proteins could be eliminated
arreduced to acceptable levels using powerful PTGS techniques by choosing appropriate gene segments conserved among
their genes, so that transcripts of both are largeted for degradation

Suitable PTGS vectors have already been developed at the Directorate of Qilseeds Research (DOR), Hyderabad, by
adopting three different viz., antisense RNA, intron hairpin RNA (ihpRNA) and silencing by heterologous 3’ untranslated
region (SHUTR) PTGS technotogies to reduceleliminate the levels of ricin and RCA proteins in the developing castor seeds,
Three approaches have been envisaged, since it was reported that different strategies of silencing differ in their efficiency
in sifencing the target gene transcript and the best one will have to be identified empiricaliy. The logistic requirement in such
an exercise is the production of reasonably good number of independent transgenics with each of the vectors and then
evaluate the transgenic plants for assessing the relative efficiencies of the silencing vectors. However, accomplishing this
would be a daunting task in castor as the transformation protocols reported so far in this crop are of low frequency. This
has necessitated a search for alternate model systemns like tobacco to assess the efficiency and potential of the developed
PTGS technologies in silencing ricin and RCA. Tobacco is a model plant with endospermic seed. it is known for its good
regeneration and highly reproducitle genetic transformation capability. Ricin gene has already been expressed in tohacco
and it has been demonstrated that the ricin protein biosynthesis takes place exactly similar to what is seen in castor with
the resultant protein having proper folding {Frigerio and Roberts, 1998). Thus, tobacco system harbouring different PTGS
constructs could be crossed individually with transgenic tabacco plants expressing ricin and thus facilitate assessing the
potential of the developed PTGS constructs by analyzing the ability of these constructs in reducing ricin gene expression
in transgenic tobacco.

Materials and methods

Allchemicals, mediz. antibiotics, growth hormones and ready-to-use kits work were of molecular biology grade and supplied
Dy standard companies. Tobacco T-3 genotype obtained from the National Research Centre on Plant Biotechnology, New
Delhi and Nicotiana tabacum cv. xanti obtained from International Crops Research iInstitute for the Semi-Arid Tropics,
Hyderabad and maintained at DOR were used as plant material.

The basal vectors used for transformation of tobacco-pCAMBIA1300 and pCAMBIAZ300, were obtained from CAMBIA
(Center for Application of Molecular Biotogy to International Agriculture). The vectors, pCAMBIAZ2300 Ricin1.7kb and
PCAMBIA1300 ihp-RA, ihp-RB, SHUTR-RA, SHUTR-RB, FLA/S-Ricin, developed earlier at DOR were used in this study.

Standard Agrobacterium tumefaciens strain LBA4404 into which binary vectors were mobilized was used for plant
transformation,

S_tandard Agrobacterium-mediated leaf-disc transformation protocol was followed to realize transgenics in tobaceo. Leaf
dIS.CS. were cut aseptically and co-cultivated in MS media supplemented with BA (1.0 mg/l) and NAA (0.1 mg/l) for two days.
This is followed by two subcultures each of fitteen days duration on to MS media supplemented with BA (1.0 mg/l) and NAA
(0.1 mg/l) and cefotaxime and the respective selectable antibiotic marker - (shoot induction phase). The explants giving out
shoots were then subcuftured on to MS media supplemented with BA (0.5 mg/l) and cefotaxime and the respective
Selectable antibiotic markers (shoot proliferation and elongation phase)}. The elongated shoots were then rooted on half
strength MS media with respective antibiotic selectable markers (rooting phase). DNA isolated from putative transgenic as

.7-
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; well as control tobacco plants by modified Cetyl trimethylammonium bromide (CTAB) procedure of Doyle and Doyle (1987)

+ was subjected to PCRs. Putative transgenics obtained were confirmed by PCR amplification of specific component

¢ sequences present in the construct. The PCR reaction mixture consisted of 20 ng of DNA, 0.2 uM each of the forward and

« reverse primers specific for the gene fragment, 1x finat concentration of Tag DNA polymerase buffer {10 mM Tris-HC! {(pH

i 83, 1.5 mM MgCl,, 50 mM KCI, 0.01% gelatin}, 100 M of each dNTP, 1 unit of Tag DNA polymerase, and sterile water to

" make up the volume. The anneafing temperature and extension time were determined based on the primers used and the
expected product size.

Total RNA was isolated from putative transgenic as well as control tobacco plants as per the instructions given by the
suppflier of TRIzol® (i.ife Technologies). Putative transgenic plants that were positive in PCR analyses were subjected to
transcript analysis by RT-PCR. The first-strand cODNA synthesis reaction was carried out following the instructions given by
ihe supplier (Invitrogen).

Resuits and discussion

Genomic DNA jsolated from the transgenic plants harbouring ricin gene and each of the five PTGS constructs independentty
was subjected to PCR analysis for presence of the introduced gene construct in the transgenic plants by using different
primer combination for ricin A chain, ricin B chain, CaMV 35S promoter, catalase intron and polyA. In all the confirmations
of the transgenic tobacco using PCR analyses, both the positive and negative controls gave the expected results indicating
that the PCR conditions were ideal.

PCR analysis of transgenic plants expressing ricin full length gene:

Twenty six out of 31 putative transgenics harbouring full-length ricin gene analyzed showed the required product of 1.7kb
with ricin primers indicating the presence of introduced gene in the shoots. However, the expected amplicon was very bright
in 18 putative transgenics and faint in 8 putative transgenics (Fig. 1). The transgenics which were positive for the presence
of intact full-length ricin gene cassette, were selecied for RT-PCR analyses as these plants were expected to contain the
ricin transcripts. RT-PCR analyses shaw that all the seven transgenics showed required product of 1484bp with ricin A chain
forward and ricin B chain reverse primers indicating the expression of ricin [Fig. 2b(iii)]. But when the amplification was
performed with ricin forward and ricin A chain reverse primers, expected fragment of 478bp was obtained in six transgenic
plants [Fig. 2b{i}]. Absence of amplicon in one transgenic plant could be due to rearrangements in the introduced transgene
or due to PCR failure. Amplification performed with ricin B chain farward and ricin reverse primers gave expected fragment
of 431bp in all the seven samples [Fig. 2b(ii)]. Positive control DNA of pCAMBIAZ300-FL-Ricin also gave the expected
fragment in all the amplifications. cDNA from untransformed tobacco plant and blank (premix without cDNA) as negative
controls did not give any ampiification indicating the experimental set up was appropriate. Thus, from RT-PCR anaiyses,
it could be established that the transgenic tobacco plants were expressing the introduced ricin gene.

PCR analysis of transgenic plants carrying silencing constructs:

PCR analysis of putative transgenic plants obtained with ihp-RA was carred out with 35S promaoter forward primer and ricin
A chain forward primer, The expected band of 770bp was oblained, in all the 27 putative transgenics (Fig. 3b). However,
the expected band was faint in nine transgenics. Simlarly, the PCR analysis with putative transgenic plants obtained carrying
inp-RB cassette indicated that 19/30 plants were positive for the introduced vectar (Fig. 4b). PCR analysis indicated that
7111 and 6/11 plants were positive for the introduced gene casseites with respect to putative transgenics carrying
SHUTR-RA and SHUTR-RB cassettes respectively {(Fig. 5b, 6b). All the 11 putative plants carrying FL-A/S-ricin were
positive when tested for the transgene cassette {Fig. 7b).
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Fig. 1a. Schematic diagram of LBA4404::pCAMBIA 2300 Ricin 1.7kb construct showing

the components and position of different primer binding sites
P1: 35S For; P2: ricin A chain Rev; P3: ricin For; P4: ricin Rev
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Fig. 1b. Confirmation of tobacco harbouring full tength ricin gene by PCR with ricin
forward and ricin reverse primers (expected amplicon size = 1.7kb)

Lane 1-31: Tobacco harbouring full length ricin gene; lane 32: E+H digesed A DNA; Lane 34:
untransformed tobacco; Lane 35: positive control (LBA4404::pCAMBIA 2300 R1.7kb); Lane 36:
Blank (without DNA)

Cle g <K o
Fig. 2a. Schematic diagram of LBA4404::pCAMBIA 2300 Ricin 1.7kb construct showing
the components and binding position of different primers
P1: ricin For; P2: ricin A chain Rev; P3: ricin B chain For; P4: ricin Rev; PS: ricin A chain For; Pé:
ricin B chain Rev
> o ] a) > "

Fig. 2b. Confirmation of tobacco expressing ricin by RT-PCR

{i): with ricin forward and A chain reverse {expected amplicon size — 478 bp}; {ii): With B chain forward
and ricin reverse {expected amplicon size ~ 431 bp); {iii) with ricin A chain forward and ricin B chain
reverse (expected amplicon size — 1484 byp)

-9-



e J. Oilseeds Res., Vol 27 (Special Issue), 2010
>p| _ *py

— B .. g2 - Pd = .
Fig. 3a. Schematic diagram of ihp-RA construct showing the components and binding
position of different primers
P1: 358 For; P2: Ricin A chain ¥~ "2 Intron For; P4: ricin A chain Rev

Fig. 3b. Confirmation of tobacco harbouring ihp RA silencing construct by PCR with 35S
Forward and ricin A chain Forward (expected amplicon size = 770bp)
Upper panel: Lane 1-15: transgenic tobacco harbouring ihp RA silencing construct; Lane 16: E+H
digested A DNA
Lower panel: Lane 1-12: transgenic tobacco harhouring ihp RA silencing construct; Lane 13:
positive control (KBA4404::pCAMBIA 1300 ihp-RA); Lane 14: E+H digested A DNA; Lane 15:
untransformed tobacco; Lane 16: Blank (without DNA)

-

Fig. 4a. Schematic diagram of ihp-RB construct showing the components and binding

position of different primers
P1: 35S For; P2 Intron Rev
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Fig. 4b. Confirmation of tobacco harbouring ihp-RB silencing construet by PCR with 358
Forward and intron Reverse (expected amplicon size = 931bp)
Upper panel: Lane 1-14 & 16-25: transgenic tobacco harbouring ihp-RB silencing construct; Lane
15: E+H digested A DNA
Lower panel: Lane 1-5: transgenic tobacco harbouring ihp-RB silencing construct; Lane 7: positive

control (LBA 4404:pCAMBIA1300ihp-RB); Lane 9: E+H digested A DNA; Lane 10: Untransformed
tobacco; Lanel1: Blank {without DNA)
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Fig. 5a. Schematic diagram of SHUTR-RA construct showing the components and binding
position of different primers
P1: 355 For: P2: Intron Rev; P3: Intron For; P4: polyA Rev

Fig. 5b. Confirmation of tobacco harbouring SHUTR-RA silencing construct with 35S Forward
and intron Reverse (expected amplicon size-1200bp).
Lane 1-8 and 10-12: transgenic tobacco harbouring SHUTR-RA silencing construct; Lane 9; E+H
digested A DNA; Lane 13: posititve contro! {LBA4404:pCAMBIA1300SHUTR-RA); Lane 15:
untransformed tobacco; Lane 16: Blank {without DNA).

i
Fig. 6a. Schematlc diagram of SHUTR-RB silencing construct showmg the components
and the bmdmg posmon of different primers.

Fig. 6b. Confirmation of tobacco harbouring SHUTR-RB silencing construct by PCR

with 358 Forward and intron Reverse (expected amplicon size-1151bp)
[ane 1-8 and 10-12: transgenic tobacce harbouring SHUTR-RB silencing construct; Lane 9: E+H
digested A DNA; Lane 13: posititve control (LBA4404:pCAMBIA1300SHUTR-RB); Lane 1i5:
untransformed tobacco; Lane 16: Blank {without DNA).

P2 o+
Fig. 7a. Schematic diagram of FL-A/S-Ricin construct showing the components and binding
position of different primers.
P1: 35S For; P2: Ricin anti-sense For

1 2 3 4 5 & 9 11 12 13 14 15 16

~ Fig. 7b. Confirmation of tobacco harbouring FL-A/S-Ricin silencing construct by PCR with 358
Forward and ricin anti-sense Forward (expected amplicon size- 1714bp)

Lane 1-B and 10-12: transgenic tobacco harbouring FL-A/5-Ricin silencing construct; Lane 9: E+H
digested A DNA; Lane 13: posititve control {LBA4404::pCAMBIA1300FL-A/S-Ricin); Lane 15: .
untransformed tobacco; Lane 16: Blank (without DNA).
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Towards functional analysis of ricin promoters
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Abstract

Ricin and Ricinus communis agglutinin {RCA) are the most toxic proteins present in castor oil meal, making it unfit
for consumption as an animal feed. Ricin and RCA express and accumulate in endasperm. The present
investigation aims at functional analysis of the already isolated ricin (supposedly endosperm-specific) promoters
from castor {Ricinus communis L) which were earlier isolated using inverse-PCR, as a prelude to silencing ricin
and RCA in castor. :

Keywords: Ricin, RCA, post transcriptional gene silencing (PTGS), endosperm-specific promater, in siico studies,
transient studies, bombardment

Introduction

The endosperm of castor (Ricinus communis L.) contains ricin and RCA, which accumulate to high ievels and are not found
in other tissues of the plant. The genes for these are shown to be very tightly reguiated at the transcriptional level with their
expression clearly restricied to the developing endosperm. If silencing molecules are to be expressed inendospermtissues,
the gene construct for the same must be driven by endosperm-specific promoter. This warranted isolation (Ashfaq et al.,
2009) and characterization of ricin-specific (endosperm-specific) promoters (reported herein), viz., ricin full-fength promoter
(FP) and ricin truncated promoter (TP}. To effect functional analysis of the ricin promoters, transient studies were carried
out with the four constructs developed (results unpubiished). The transient studies included particie bombardment and
Agrobacterium-mediated transformation of developing seeds of castor (47 days after pollination).

Materials and methods
The chemicals and ready to use kits used in all the experiments were of moiecular biology grade.

Seeds of DCS-9 were used for all transient studies. Four constructs have been used in the present study. These included
(1) LBA4404:; pCAMBIA 13917 TP, (2) LBA4404:: pCAMBIA 1391Z FP, (3) LBA4404:: pCAMBIA 13912 CaMV35S, (4)
LBA4404:: pCAMBIA 13912

To effect bombardment of castor seeds, the plasmid DNAs of the four constructs in the E.coli strain DH5a have been used.
To effect Agrobacterium-mediated transformation of developing seeds of castor, the four constructs in the background of
LBA4404 strain have been used.

Readymade mix of Murashige and Skoog {1962) medium supplemented with 3% sucrose constituted the pre-osmoticum
and post-osmoticum media. Decoated seeds were surface sterilized with 0.1% (wiv) of mercuric chloride for 8.0 min and
rinsed thoroughly four times in sterile distilled water. Whole endospermic seeds collected at 47 days after pollination (DAP)
were aseptically pre-incubated on pre-osmoticum medium and stored in the dark.

Transformation with particle gun: Following pre-incubation, whole seeds of castor were sefected for bombardment with
the bialistic PDS-1000 He system (BioRad Hercules, CA). About 9 endosperms were arranged on Whatman No.1 filter
paper in a circle of 1.5 cm diameter in the centre of a 8.0 cm petriplate with osmoticum (0.2 M each of sorbitol and mannitol)
and plasmolysed for 2 h prior to bombardment. The constructs pCAMBIA1391Z FP, pCAMBIA1391Z TP, pCAMBIA1391Z
CaMV355 gus and the hasal vector, pCAMBIA1391Z were used for the experiments,

Preparation of microcarriers: Microcarriers were coated with 6 ug of plasmid DNA/SO u! particle preparation (3 mg
microcarrier/50 pl) using the CaCl, (50 pl, 2.5 M) and spermidine (20 pl, 0.1 M) precipitation method accerding to the
manufacturer's instructions to give a DNA concentration of 2 pg/mg of microcarriers. Following precipitation, the supernatant
was removed and pellet was washed with 300 pl of absolute ethanol. After washing, the particle DNA pellet was
resuspended in 50 ! of absolute ethanol for 8 bombardments. Care was taken to ensure uniform pariicle distribution and
minimize agglomeration. Bombardments were dane under a vacuum of 27 inches of Hg, a 25 mm distance from rupture
disc 1o macrocarier and a 10 mm macrocarrier flight distance for alt the bombardments. The parameters tested included
rupture disc pressures (1,100 psi), microprojectile travel distance (6 ¢m) and microcarrier (gold particle size 1.0).
Naon-bombarded seeds and seeds bombarded with uncoated microcarriers were used as controts. Foliowing bombardment,
the explants were kept in dark at 25°C for 2 h and then transferred to MS-medium containing 3% sucrose and after 2 days,
the explants were checked for p-glucuronidase GUS activity. Transient GUS assays were performed 48 h after
bombardment by incubating the tissues in assay buffer (0.05 M NaH, PO, with 500 mg/l X-Gluc and 30% Triton X-100) for
12 h at 37°C, after which they were destained and stored in 70% alcohol (Jefferson et al., 1987).
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seed with pCAMBIA 13912 355 gus seed with pCAMBIA 13912 TP gus
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Fig. 1. Particle gun-mediated bombardment of developing seeds of castor
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Fig. 2. Agrobacterium-mediated transformation of developing seeds of castor castor
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Results and discussion
Transient assays with the developing seeds of castor

Since the main aim of the present investigation was to effect PTGS of ricin and RCA in the endospermic tissue of castor,
transient assays were performed with the above four constructs possessing gus to validate the tissue-specificity of the ricin
promoters in castor. The assays included microprojectile bombardment of developing seeds of castor (47 DAP) and
Agrobacterium-mediated transformation of deveioping seeds of castor (47 DAP). The transient assays were performed with
developing seeds of castor i.e., 47 DAP since the transcripts of ricin and RCA are known to peak at 47 DAP (Chen et al.,
2005).

Particle gun-mediated bombardment of castor seeds

Seeds of the castor cultivar DCS-9 (Jyothi) were used in all the experiments. The developing seeds of castor were
bombarded using gene gun model "Bialistic PDS-1000/He Particle Delivery System™. The plasmid DNA concentration of
each of the above four constructs used for bombardment was 2 g/ |, The parameters tested included Hetium pressure of
1100psi, target distance of 6 cm and a total of 3 replications for each of the four constructs. A total of 9 seeds were
bombarded per replication. Two controls were also included in the study, viz., the uncoated {without DNA) bombarded seeds
and unbombarded seeds.

The seeds bombarded with 13912 FP yielded blue colouration alt along the endosperm, but prominent, thick, concentrated
blue foci could not be visualized. With 1391Z TP construct, the intensity of blue colour of endosperm was littie less when
compared with the one bombarded with 1381Z FP.

Construct 1391Z 388 gus yielded blue colour which was diffused all along the endosperm. Same was true in the basal
promoter-less binary vector, 1391Z, though the intensity being less compared to 13912 355 gus. The control, uncoated but
bombarded yielded very faint blue colouration. The unbombarded control did not show any colouration. Though three
replications were performed for each of the constructs, there was a lot of inconsistency in the patterns of blue colouration
as a result of bombardment. An attempt has been made to assess relative expression levels, qualitatively, by observing the
density of GUS staining rather than rigorously quantitating the numbers of stained spots (Plate 1).

Agrobacterium-mediated transformation of castor seeds

Decoated, sterilized seeds of castor (47 DAP) of variety DCS-9 were subjected to wounding followed by co-cultivation with
each of the four constructs. After co-cultivation, they were assayed for GUS activity. The controts included unwounded and
untreated (without co-cultivation) seeds and wounded and untreated seeds.

The seeds wounded and co-cultivated with 1391Z FP yielded thick blue colouration all along the endosperm. With 139127
TP construct, the intensity of blue colour of endosperm was similar to the one bombarded with 1391Z FP. Construct 13812
355 gus yielded blue colour which was diffused all along the endosperm.

Same holds true in the basal promoter-less binary vector, 13912, though the intensity being less compared to 13912 355
gus. The control, wounded and untreated, yielded very faint blue colouration. The unwounded and untreated control resisted
any change and was true to its type (Plate 2}. Though this approach is incipient and unsophisticated to address the
tissue-specificity of constructs carrying a variety of regulatory regions, it is a quick and easy method to assess promoter
activity. Preliminary analysis using this approach suggests the expression of ricin promoters in developing seeds of castor.
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Abstract

Castor (Ricinus communis L.} is an important norn-edible oilseed crop that is produced largely in India. Grey mold
disease caused by Botrytis ricini (Godfrey), a necrotrophic fungus, has become a serious threat to castor
cultivation, especiallyin Peninsularindia. To circumvent the probiem, development of transgenic castorexpressing
antifungal genes was envisaged. Chitinases are amongst the widely used antifungal genes for generating funga!
resistant plants. ThEn 42 gene encoding a 42Kd endochitinase from Trichoderma harzianum has shown to impart
tolerance to Botrytis both in vitro and in vivo. In the present study, the native ThEn 42 gene was modified by
optimization of the codon composition, GC content and inclusion of the regulatory sequences for achieving high
tevel gene expression in castor. Codon optimization was carried out using the algorithm synthetic gene designer
by using one amino acid-one codon approach to achieve an optimality factor 0 and codon adaptation index 1. To
boost the translation efficiency by means of G residue at +4 position a GCT codon, and an A-tract of ten adenine
residues was incorporated. AMV 5UTR was employed to increase the mRNA stability. A 21 amino acid signal
peptide from piant source was used for secreting the protein into the apoplastic space. Oligonucleotide primers
were designed for the modified ThEn 42 sequence of 1397 nucleotides which were subsequently used for PCR
based syrthesis. The overlap extension PCR product was cloned into T/A vector and the sequence was confirmed.
This is the first report of fully optimized and modified Trichoderma endochitinase gene for high level gene
expression in castor.

Keywords: ThEn4?2, codon optimisation, Botrytis, heterologus expression
Introduction

Castor {Ricinus communis L) is an important non-edible oilseed crop of arid and semi-arid regions of the world. Castor is
grown in 1.26 million ha of area with 1.14 m. tonnes of production and 902 kg/ha of productivity in the world where India
shares 59.1% of the area and 64% of the total producticn with 1146 kg/ha of preductivity. Thus, India is the world leader
in castor seed production meeting about 90% of the world's castor oil requirement and eams about 1000 crores of foreign
exchange by exporting 3.0 lakh t of castor oil. Although production has increased by five fold in the last 50 years through
conventional plant breeding approaches and other agro-techniques, national production has fallen below the expected
production in recent years. Every year there is an average seed yield loss of 15% in castor due {o different diseases.

Of late, grey mold disease caused by Botrytis ricini (Godfrey) has become a serious threat to castor cultivation, especially
in pgninsular India, where the crop is devastated during cyclonic and incessant rains. The genus Bofrytis is amongst the
?arllegt siudied plant pathogens belonging to the family Sclerotiniaceae. It is a broad host range necrotrophic fungus
invading over 200 plant species. The fungal cell wall, together with the plant cell wall, forms the interface where the initial
plant-microbe interaction occurs and is the site of events that detern ine the outcome of the interaction. The host cell wall
15 the pr_imary target during Botrytis growth on plant tissue. It is evident that, for successful infection by the fungus,
Penetrgtion of the plant cell wal! is essential. Plants overexpressing cell wall degrading enzymes like chitinases are shown
to be highly toterant to fungal pathogens. Transgenic tobacco (Micotiana tabacum) and potato (Solanum tuberosum) plants
overexpressing an endo-chitinase (ThEn42) from Trichoderma harzianum have been shown to be highly tolerant to the foliar
bathogens Alternaria alternata, Alternaria solani and Botrytis cinerea, and alsoto the soil-borne pathogen Rhizoctonia solani
(Lorita ef af 1998} Interestingly, ThEn 42 expression in tobacco had shown abiotic stress tolerance in addition to biotic
stress tolerance. Heterotogous expression of the chitinase in rice has shown to reduce the sheath blight disease index by
about 52%, {(Shah et af.,, 2004). A recent report of co-expression of ThEn 42 in Banana with Stillbene synthase gene from
drape and a SOD gene from Tomato has shown improved tolerance to Botrytis (Vishnevetsky et al, 2010). The present

L’;‘;"‘iz?gation was conducted to carry out cadon optimization and medify ThEn 42 gene for high level gene expression in

Materials and methods

The 1275
pattern sim
for Arapia
Tabulated
alfalfa mo
1987). D
ofaGeT

% C_D_NA sequence of Trichoderma endochitinase gene (accession no. X79381) was analyzed for codon usage
nlar!tles with most preferred codon usages of highly expressed genes of dicot plants. The codon frequency data
Opsis and Ricinus communis obtained from CUTG website hitp/iwww kazusa.or jp/codon/ (Codon Usages
from Gene Bank) were taken as references. A 36 nucleotide 5' untranslated leader of the coat protein mRNA of
Saic virus (AMV) was incorporated to increase mRNA stability and enhance translation efficiency (Gehrke ef al.,
cot plant preferred translation initiation context with ATG GCT (Kozak et al., 1997} was attained by incorporation
codon at second position in the modifed chitinase gene. Ribosomal binding efficiency was augmented by inclusion
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of A-tract of ten Adenine residues downstream of the AMV §'UTR. A 63 nucieotide plant apoplastic target signal wasg
deployed for defivering the protein into the apoplastic space. Codon optimization of the modified 1400 chitinase ang
designing of the ofigonucleotide primers was done with The Synthetic Gene Designer software program
(http:/Awww.evolvingcode.net/caodon/sgdfindex.php) (Wu ef al., 2006). Oligonucleotide gize was chiosen to be 60 nucleotides
with averfap region of 15 nucleotides between the primers. Thitty primers were designed along with two short external
primers carrying restriction enzyme sites of Sall and EcoRl for facilitating cloning. Bioserve biotechnotagies synthesizeq
and supplied all the primers. An overlap extension PCR was performed as follows: a master mix of all the 30 primers was
made with final concentration of each primer being 2pM/uL. 0.5 uL of the reaction mixture was taken to which 1.5 ul of two
short external primers were added at a cancentration of 20 pM/ul. PCR was performed with KOD DNA polymerase from
Thermococcus kodkaraensis supplied by Novagen. PCR was conducted for 30 cycles with denaturation at 80°C for 30
seconds, annealing at 80°C for 30 seconds, extension at 72°C for 20 seconds and a fina) extension at 72°C for 5 min. The
PCR product was cloned into TA vector (Fermentas).

Results and discussion

The cDNA sequence of Trichoderma endochitinase gene encodes a 424 aminc acid protein which exhibited 75% (957/1275
identities) similarity at the nuclectide leve) to the fully optimized gene and 318 nucieotides were altered in the optimized
gene. The native coding sequence had only one third similarity with the most frequently used codon usage of the dicots.
Thirty six per cent of the total native codons in chitinase were the least preferred codens in Dicots especially in Arabidopsis
and Castor. Thirty per cent.of the native codons were moderately preferred. Codon adaptation index (CAl) of 0.670 was
observed for the native gene with a GC content of 53.33%.0ne amino-one codan approach was adopted for codon
optimization with the Synthetic Gene Designer to generate Fully optimized chitinase gene with an optimality factor's = Q'
and Codon adaptation index 1" which altered the GC content to 36%. Expression of the crylA(b) gene when compared to
partially modified (3% nucleotide difference) haad a 10-fold higher level of insect controi protein in tobacco and tomato. Fully
medified (21% nucleatide difference) crifAfb) and cryfAfc) had a 100-foid higher level of CRYIA(D) compared with the
wild-type gene (Perlak ef al., 1991). Kang et al., (2004) reported the expression levels of codon modified Cholera toxin B
subunit (CTB) production to be approximately 15-fold higher compared to tobacco plants that were transformed with the
native bacterial CTB gene. Expression of biotogically active human «-1-antitrypsin in transgenic tomato plants with PR4(a
signal peptide) led to 1.5 fold higher expression and accumutation of AAT in the transgenic pepulation in contrast to protein
expressed with either SPS or madified native signal peptide (Agarwal et al., 2008) Lorito et al. (1998) found that
endochitinase expression and disease resistance were higher in tobacco fransformed with the cDNA sequence of the T,
harzianum endachitinase gene plus a plant secretion peptide than in plants carrying the same cDNA with the fungal signal
peptide. In the present study nucleotide sequence of the sporamin gene of sweet patato encoding a 21 amine acid signal
peptide is integrated downstream of the AMV 5'UTR for targeting the chitinase into the apoplastic region. Also accumulation
of the chitinase in the apoplastic region enables it to interact with the fungal celi wall prior to penetration into the plant cell
membrane. In addition it has been abserved that the degraded fungai cell wall fragments activate the host defence
mechanisms.

Ribosomal binding efficiency enhancing A-tract of ten Adenine residues was included just upstream of the ATG codon in
the signal sequence. The chitinase codon optimized cDNA sequence along with the optimized signal sequence and
regulatory elements was analyzed for the presence of restriction enzyme sites and all the sites were eliminated during
optimization to facilitate the cloning of the gene by increasing the availability of more restriction enzyme recognition sites.
Sal | site was incorparated at the 5" end along with EcoRV at 468 nucleotide positions and EcoRl at the 3' end. The modified
sequence was used as the template sequence for designing overlapping primers using Synthetic gene designer to yield
29 primers of 80 nucleotides and one primer of 92 nucleotides in length. Two short external primers with Sall site in the
forward primer and EcoRl site in the reverse primer were designed. Although ThEn 42 gene has been employed for
heterologous expression in several crops under the influence of CaMV35 promoter and Nos terminator, expression of
optimized gene has not been tested. This is the first report of a fully optimized and modified ThEn 42 gene for achieving
high level heterologous gene expression in castor and other dicots.

1T 2 3 4353 6

1 2 3 4 5686 7 80 10 11 1213

Lanes 1-5 : PCR product; Restriction digestion with Xbal-BamHi
Lane 6 : Supermix DNA ladder ’ Lane 1-12 : Putative TA-Chitinase clones;
' Lane 13 Supermix DNA lagder
Fig. 1. 1.4 Kb overfap extension PCR product Fig. 2. Cloning 1.4Kb praduct ints TA vector
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Directorate of Qilseeds Research, Rajendranagar, Hyderabad-500 030, AP
Abstract

important developmental processes in both plants and animals are partly reguiated by genes whose expression
is modulated at the post transcriptionatl level by mechanisms like post-transcriptional gene silencing {PTGS), etc.
Dicers, Argonautes and RNA-dependent RNA polymerases form the core components that facilitate gene silencing
and have been implicated in the initiation and maintenance of the trigger RNA molecules, central to the process
of PTGS. Investigations in eukaryotes have revealed that these proteins are encoded by variable number of genes
with plants showing relatively higher number in each gene family. In this study, an in silico analysis of castor
Dicer-like genes using the EST database and phylogenetic relatedness among them was presented.

Keywords: Castor, PTGS, Dicer, Argonaute, RNA-dependent RNA polymerase
Introduction

Genetic and biochemical evidence has demonstrated that small non-coding RNAs such as microRNAs (miRNAs) and smalf
"‘-?er_feﬂng RNAs (siRNAs) in eukaryotic organisms play important roles in developmental regulation, epigenetic
modtﬁcations and biotic and abiotic stress responses. These non-coding RNAs, miRNAs and siRNAs, are produced from
different types of precursors. These small RNAs are usually generated by the activities of Dicers, Argonautes and
RNA‘d*?Pendeni RNA pelymerases (RdRPs), which are also sometimes referred to as the core proteins mediating post
transcrsptlonai gene silencing (PTGS) (Kapoor et al., 2008). These proteins are involved in the initiation and maintenance
g’:h;—; trigger RNA that is central to this mode of gene regulation. Briefly, initiation of gene sifencing involves generation of
ij: e sfranded RNA {dsRNA) by several mechanisms, for example, bidirectional transcription of DNA, self-complementary
A foldbacks or RNA-dependent transcription of aberrantly synthesized mRNAs . The complementary dsRNAs are then
gggeszsed by the RNaselll-type activities of Dicers into small RNAs, ~19-31 nucleotides in length (SIRNA or miRNA).
prot:if"y‘ one strand of these small RNAs then associates with the silencing effector complexes through _the Argonaute
com, leSl This confers sequence-specific guide functions to these compiexes that find target mRNAs‘wnh sequences
ea\?a mentary to the small RNAs. Silencing/repression of the target genes then occurs by either blocking translat;on ar
andforgg r\?f the target mMRNA. These small RNAs could also mediate transcriptional gene si{encer_wg by recruitmeqt ofhistone
com A methy!transferases to regulatory sequences of the target genes. Dicer or Dicer-like {DCL) proteins are key
Eonent's in the miRNA and siRNA biogenesis pathways in processing long double-stranded RNAs into mature small
;- in higher plants, insects, protozoa, and some fungi such as Neurospora crassa and Magnaporthe oryzae, Dicer or
is foungrim asmali gene family being composed of two, four, or five members, whereas, only one Dicer protein (called DCR)
2009 _nf: vertebrates, nemato@es, Schfz:osacchammyces pombe, and green alga Chiamydomaonas re_mhardty (Liu et gf.,
classs © idea that a plant might contain multiple Dicer activities was first indicated by the observation of discrete size
§ of small RNAs (21- 24bp) (Qi ef al., 2005).
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Dicer and DCL proteins are large muiti-domain ribonucleases (Fig. 1). Vertebrate, insect, and plant OCL proteins generafly
contain six types of domains including DEAD box, helicase-C, DUF283, PAZ, RNaseill, and dsRB domains. In lower
eukaryotes, one or more of these domains may be absent. The PAZ, RNaseill, and dsRB domains are considerad tg
function in dsRNA binding and cleavage. The PAZ domain of Dicer is directly connected to the RNaseitia domain by atong
o helix and can specifically bind the end of dsRNA containing a 3' two-base overhang. (n addition, the PAZ domain aisg
plays a role in binding single-stranded RNAs. Dicer functions through intramolecuiar dimerization of its two RNaseljj
domains, The dsREB domain has been suggested to play a role in mediating the processes of discriminating different RNa
substrates and the subsequent incorporation of effector complexes. in higher sukaryoles, the DUF283 domain is proposed
to be involved in sIRNA/MIRNA strand selection by recognizing the asymmetry of RNA duplexes directly or by recruitin
another dsRB protein. in plants, generally four Dicer-like proteins (DCL1-DCL4) with different roles are found. DCL1 not only
is associated with miRNA production but also has a role in the production of smatl RNAs from endogenous inverted repeats.
The other three DGLs are siRNA-genarating enzymes (Margis ef a/., 2008). A detailed in silico analysis of the DCLs in castor
using the EST database avaiiable is reported here.

DExXD Helicase-C Duf283 PAZ RNasellt dsRB

Fig. 1. Basic DCL protein structure

Materials and methods

Databases and atgorithms used in the survey. Arabidopsis thaliana DCL sequences dawnloaded from the GenBank
database were used as query to BLASTn search against the Ricinus communis L., genome. DCL protein sequences were
aligned using the clustalw platform avatiable at hitp://www.ebi.ac. uk/Toois/clustalw/. Program InterProScan availabie onling
at EMBL-EB! hitp-/iwww ebi.ac.uk/Tools/InterProScan/ was empioyed to detect conserved domains within DCL protein
candidates in Ricinus communis L. Muitiple sequence afignments and phylogenetic trees were constructed with freely
available online toal at NCBI http:/fwww .ncbi.nim.nih.govitools/cobalt/.

Results and discussion

Prefiminary analysis of the sequences indicated the presence of four DCLs in castor EST database and these were
designated ReoDCL1-4 (Riginus communis DCIL1-4). in sifico analyses of the castor DGLs showed that there were variatians
among the four homologs of DCLs. Inferred amino acid sequences of the castor DCL were analysed using the interProScan
algorithms. Al six domain types were identified and located in most of the castor DCL$. The summary of the analysis about
the presence or absence of each of the domains of DCLs is given in table 1, The twp mOst striking results from this analysis
were the absence of dsRBb domain in ReoDCL2, 3 and 4 and complete absence of dSRB domain in RcoDCL3. Only Reo
DCL1 is having both dsRB domains and it is observed that the second dsRB (dsRBb) domain is completely lacking in
non-plant DCRs. ReoDCL2 protein is different from other Dicer-types by their lack of a complete dsRB domain. Al the
RcoDCLs had the PAZ domain which is not detected in the ciliate, fungal and atgal DCRs but detected in alf of the plant
DCLs. it has been suggested that the absence of a PAZ domain may piay an important role in discriminating which
accessory protein a Dicer interacts with, there by guiding the recognition of its template. The presence of PAZ domain in
all plant Dicer types seems 1o rule out the notion that its presence or absence dictates the function of a DCL in plants.
However, amino acid changes within the domain could be responsible for determining the action of small RNA that they
generate, for exampie by dictating their size.

in Arabidapsis, and probably all plants, the four different Dicer types produce smail RNAs that play different roles. Each
different type requires specificity in recognizing its substrate RNA and the ability ta pass the small RNA that it generates
to the correct effector complex. Unfike all of the other domains, the dsRBb domain, by its presence, absence or type, is a
good candidate for requlating substrate specificity and/ar the interaction with associated proteins o direct processed small
RNAs to the appropriate effector complex. DCL2, 3 and 4 proteins are different from the other Dicer-types by their fack of
a dsRBb domain. There is good evidence that dsRB domains not only bind to dsRNA but also function as protein-protein
interaction domains. it has also been shown that fusion DCL proteins containing both dsRBa and dsRBb domains can bind
to members of the HY1/DRB tamily of proteins that are probably associated with small RNA pathways in plants.

Comparison of ReoDCLs with other DCLs: To determine evolutionary relatedness of DCLs from Arabidapsis, castor, rice,
poplar, Physcomitrella, Vitis vinifera and Brassics, total protein sequences from these organism s were used to construct
a neighbour-joining phylogenetic tree (Fig. 2).

Phylagenetic analysis of different plant DCL protein sequences revealed that these dicot proteins share high sequence
similarity with each other. DCL protein sequences clustered into four subgroups pased on the type of DCL and in each
subgroup the six DCL protein sequences clustered together. It was interesting to note that the RcoDCLs (1-4) clustered
ightly with the corresponding DCLs froi Populus frichocarpa, though castor and Populus befong to different families.
Similar associations were also observed when only domains of each DCL proteins were used to construct a phylogenetic
ree (data not shown).
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ple 1 Locations of domains in castor DCL proteins
Taple 1 =0C%7

Domain Name Reo DCLY Reo DCL2 Reo DEL3 Reo DCL4
0
s 121173 10-117 65-226 128-271
X
Helicase-C 323403 318-483 416.571 475629
puf283 476-571 504-590 601-691 656-748
PAZ 829-981 752-880 915-1024 $55-1054
RNasellia 1001-1163 931-1063 1049-1221 1113.1251
RNasellib 1204-1352 1099-1246 1262-1406 1292-1438
dsRBa 1378-1441 1272-1339 | teare97
dsREb 1465-1540

The lingar arrangé
eight different domai
in the appropriate DCL

ment of domain typically found in DCL proteins is depicted in the Table 1. The table contains te locations in amino acid residues, where the
ing can be found in a DCL molecule. Buxes that have been blacked out represent the absence O failure to detect the presence of the domain
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Fig. 2. Phylogenetic analysis of RcoDCL protein sequences with other DClLs.
The genes are named according to the species in which they are found and their DCL type. At: ArabidopSis thaliana; Pt: Populus trichocarpa;
Reo: Ricinus communis (; V. Vitis vinifera; Os: Oryza sativa; Pp. Physcomitielia patens
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Sources of resistance to Botrytis ricini (Godfrey) in castor germplasm
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Abstract

Grey mold caused by Botrytis ricini {Godfrey) is one of the yield limiting diseases in castor (Ricinus communis L),
Under epidemic condition, it can cause yield loss upto 85%. Botrytis is very severe in Andhra Pradesh and Tami|
Nadu states of India. Non-genetic measures were not effective in controlling castor grey mold. Breeding resistant
cultivars is the only effective way to manage it. All the refeased cultivars are highly susceptible to grey mold. In
orderto search resistance sources against Botrytis, castor germplasm was screened under epiphytotic conditions
in both field and glasshouse over years. Results of multi-year screening and the resistance sources identified are
presented in the paper.

Keywords: Botrylis grey mold, castor, germplasm, resistance
Introduction

Castor (Ricinus communis L.) is an important industrial oilseed crop with world adaptability. Grey mold caused by Botrytis
ricini {Godfrey) was reported in many castor growing countries. Under epidemic condition, it can cause yield l0ss upto 85%
(Raoof and Nageshwar Rao, 1999). it is a serious recurring problem in Andhra Pradesh and Tamil Nadu states of india.
Botrytis ricini becomes severe during cyclonic weather and spreads very fast through air-borne conidia during castar
flowering and capsule formation stages. The disease spreads upwards in the spikes infecting flowers and developing
capsules. It affects capsule development and seed filling. Grey mold on castor appeared fiest time in an epidemic caondition
in 1087 in Andhra Pradesh (Moses and Reddy, 1989). Since then it is reoccurring almast every year and causing sever
damage. Non-genetic measures failed to control grey mold. Raoof and Mehatab Yasmeen (2008) confirmed host specificity
of B. ricini to castor. Breeding resistant cultivars is an effective measure to control Botrytis. All the existing castor varieties
and hybrids are highly susceptible to grey mold. Screening of castor germplasm against Botrytis under epiphytotic
conditions was undertaken in the present investigation. Differential reaction of germplasm against Bofrytis and the resistant
sources identified are presented in the paper.

Materials and methods

A total of 693 castor germplasm accessions along with susceptible check DCS-9 were screened in batches against grey
mold under epiphytotic conditions in the field as well as glasshouse conditions since 2001-02 to 2009-10 at the Directorate
of Oilseeds Research, Hyderabad. The accessions which had 0 to 30% infection in the first year were screened again for
two more years. Screening of two accessions (RG 2737 and RG 2836) was repeated for six years in the field and
glasshouse to confirm consistence of their resistance reaction. Botrytis incidence was scored using 0-9 scaile, where 0: no
incidence, 1:1% of capsule infected, 3: 10% of capsules infected, 5: 11-25% capsules infected, 7: 26-50% capsules infected
and 9: >50% capsules infected,

Results and discussion

Differential reaction of castor germplasm against grey mold Table 1 Differential reaction of castor germpfasm against
was observed (Table 1). The infection ranged from 0 to 100%. grey mold

Reaction of many accessions against Botrytis was not '”fe‘c”g”1gerce”t _ Number Oggccessmns
consistent, A number of accessions which were found 11*_20 132
resistant im the first year succumbed to disease in the second 21-25 65
year. Fourteen accession exhibited consistent resistant 26-30 39
reaction in alf three vears of testing. Five accessions viz., RG 30-50 199
2787, RG 2836, RG 2980, RG 3126 and RG 3139 had 4.5 to 230 34

7.9% infection in first year, C to 4% in second year and 0

t010% in third year. One accession (RG 2732) showed 3.8, 3.7 and 16.7% infection in first, second and third year,
respectively. Eight accessions exhibited 0 to 28% infection in first year, they continued to show similar reaction in the second
(6.7 to 28.3%) and third (4.3 to 30%) year also. Based on consistency of reaction over three years, five accessions were
identified as sources of high resistance, ane for resistance and eight for moderate resistance (Table 2).

Two accessions viz., RG 2787 and RG 2836 screened over six years, exhibited consistently high resistant reaction both
in the field and glasshouse conditions over years, The infection ranged from 0 to 14% in RG 2787 and 0 to 8% in RG 2836
over six years. The susceptible check DCS-9 consistently exnibi'ed 100% infection in all the years under study.
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Table 2 sources of resistance to Botrytis grey mold in castor germplasm
a

Accession Infection (%) Reaction against Botrytis
RG 2787, RG 2836, RG 2980, RG 3126, RG3139 0-10 Highly resistant

RG 2732 16 Resistant

RG 3008, RG 1741, RG 1743, RG 1963, RG 2040, RG 2088, RG 2758, RG 2818 23-30 Moderately ressitant

The resistance SOUTCES reported here would of great value in Bofrytis resistance breeding. These can also be used as base
genetic material to develop molecuiar markers flanked to disease resistant genes as weill to stdy inheritance of Botrytis

in castor.
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Polymorphic studies in parental lines of castor, Ricinus communis L.
using EST-SSRs
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Abstract

The present investigation has been undertaken to assess the variation amaong the six Ricinus communis (Castor)
parents used for making three crosses for multiple disease resistance, collected from different geographical
regions of India. The variation among these parents was characterized using 130 EST-SSR markers. Two EST-SSR
markers showed polymorphism with all the six parental line, whereas eight markers showed polymorphism with
only four of the parentat tines.

Keywords: Ricinus communis, parental polymorphism, EST-SSRs
Introduction

Ricinus communis L. (2n = 20), commanly known as castor bean, is an ancient, industrially important non - edible cilseed
crop, cultivated through out the world. The genus Ricinus 's monotynic with communis as the single species. Castor is a
member of family Euphorbiaceae, it is perennial and predominately cross pollinated crop. It is considered to be native of
tropical Africa, and distributed throughout tha tropics and subtropics, and is well adapted to the temperate regions (Govaerts

etal., 2000). india ranks first in terms of area, production and productivity among the major castor producing countries like
China and Brazil,

zagﬁz‘b_een domestif:ated forits commercial importance of seeds which is an important source of castor oil, the oit_has many

Tned'rc'nal ises, wh|cr_: are primarily used in industry (aviation cil), farming (as a source of hlgh-mtrogen fertifizer) and

ofa W_'ge (as a PUrgallvg) (Allan et af., 2008). Dehydrated castor oil is used in the paint and vgrmsh anUStw._mgnufacture

manu;ae range of sophisticated products like nylon fibers, jet engine lubricants, hydraufic fluids, pfastics, artificial leather,

airerat gtuc;re of fiber optics, bulletproof glass and bone prostheses and as antifreeze for fuels and tubricants utiized in

approximate 2o fockets (Ogunniyi, 2006). The annual castor oil praduction of India reaches to 3.6-4.0 lakh tonnes and
ximately 70 % of it is exported to other countries (Damodaram and Hegde, 2007).

X\::]tgr:he!}:ncreasing f:lemand for castor oil, production and productivity of the castor has to be'eqhanced, Ge_:netic variatign

Criterig Usedpfarents in terms of agronomic traits, disease and pest resistance and other abiatic stresses_ is an _es.sentlgl

parents| ”e or hybrid and variety development. In the current study polymorphism among the geographicaity distinct six

by Or v nes were, studied using 130 EST- SR (Expressed Sequence Tag- Simple Sequence Repeat) markers (supplied
- V. Dinesh Kumar, DOR, Hyderabad).

Materialg and Methods

Geographicay
Polymorphis
fandor;

Y distinct six parental lines of castor (Supplied by Dr. K. Anjani, DOR) were selected for studying the parental
. m, which were used for making three crosses. Genomic DNA was extracted from young tender leaves from a
Mple of ten field grown plants from each parent following the standard CTAB method with minor modificatians
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(Doyle and Doyle, 1990). DNA concentrations were determined using known amount of X-DNA as standards. PCR
optimization and primer survey protocol for the Polymerase Chain Reaction (PCR) was optimized by varying the
concentration of template DNA, Tag DNA polymerase. One hundred thirty (130) primer pairs {data unpublished) were surveq
or screened among the six parents for parental polymorphism.

The amplification reaction with the EST-SSR primers was carried out in a final volume of 20 ul in DNA Thermal Cycler
{Eppendrof version, 2.0, Germany). Each reaction mixture contained 2.0 pi 10 X reaction buffer containing 1.5mM MaCl,,
1.0 U of Tag DNA polymerase; 0.08mM of dNTPs (Bangalore Genei), 5.0 Pmoles of each forward and reverse primer
{Synthesized by Biosciences) and approximately 50 ng of template DNA.

The PCR amplification conditions as follows: initial denaturation at 94°C for 5 min followed by 35 cycles of denaturation at
94°C for 1 min, primer annealing at 56°C for 1 min and elongation at 72°C for 1 min, followed by final elongation at 72°C
for 10 min. 15 pt of the amplified PCR product from each reaction was separated on 3.5 % agarose gel containing ethidium
bromide in 1x TAE at 120 V, finally visualized and photographed using gel documentation (Syngen). Approximately 2 pl of
the amplified PCR product was electrophoresed on 6% denaturing Polyacrylamide gel on Sequi-Gen (BioRad, USA) for 2
hrs in 1 X TBE Buffer at 100 W, 50mA at 50°C. The PAGE gei was photographed after drying.

Results and discussion

Parental polymorphism was assessed among
the six castor parental lines collected from
different geographical regions of India. In the
current study out of 130 EST-SSR markers that
were, screened 2 EST-SSRs primer pairs
showed polymorphism with all the six parents
{Fig. 1), whereas 8 EST-SSRs primer pairs
showed polymorphism with four of the parents.
Eighteen, seventeen, and nineteen EST-55Rs
primer pairs showed polymorphism with parental
lines used for wilt, bofryfis and nematode cross
respectively.

Protein based markers such as peroxidase,
esterase Sathaiah and Reddy (1984; 1986) and
DNA based markers such as AFLP (Allan et al.,

. . Fig. 1. Parental polymorphism with castor EST-SSR on 3.5% Agarose gel
2008), and SSRs (Allan ef a/, 2008; Bajay, Lane 1 (M) : 100bp Marker; Lane 2-7 : Parental lines

2010) has been reported for the genetic diversity

studies in castor. The above study indicates that EST-SSRs markers can be used to study parental pofymorphism and can
also be utilized for genetic diversity analysis, association mapping, development of markers and for other applications in
castor.
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Abstract :

The components of gene effect for characters were studieq following generation mean analysis by using a set of
five basic generations ( Py, P;, F;, B, and B,) derived from six genotype. Non-allelic interaction were preponderant
for all the characters in majority of cross as evident from individual scaling test and joint scaling test. In days to
50% flowering, additive and dominance gene action was in negative direction, which may be further exploited
through pure line. The gene action a xa and d x d type effect observed in effective branches. In length of main spike
and number of capsules observed d x d type of gene action. The involvement of both additive and dominance gene
action and presence of inter allelic interaction in yield component and wilt incitement indicating that straight
selection to improve the traits. Hence, the breeding method like bi-parental mating recurrent selection and
reciprocal recurrent selection can be used to utilize both type of gene action to manipulate the trait supervision

in the target.
Keywords: Gene effect, generation mean, castor

Introduction

Castar is an important non-edible oilseed crop of arid and semi-arid region of India. Itis monoecious in nature favours cross
pedination up to the extent of 50%. India is the largest castor producer in the world. The area, production and productivity
of crop in India during 2008-09 were 8.70 lakh ha, 10.20 lakh metric tonnes and 1331 kg/ha, respectively. Gujarat shares
about 49% of total area and 80 % of the total castor production of the country (Anonymous 2009-10). The five parameter
generation mean analysis provides valuable information on the nature of gene action and relative magnitude of additive,
dominance and epistasis variances. The analysis of generation mean (Hayman, 1958) is useful in testing the adequacy of
different type of genetic models and then estimating the genetic parameters in the form of components of means. The
parameters obtained were useful to the breeders in understanding the genetic structure of populations, their variation and
response to various breeding approaches. Seed yield is a very complex trait controlled by polygene with small effects. Wilt
incidence is a major attribute which limits the castor cultivation and needs urgent attention for improvement. The information
of genetic architecture of yield and its various components is, therefore, the prerequisite for adopting a sound breeding
programmme with the above in view. The present investigation was conducted to study genetic parameters for yield
companents, inciuding wilt incidence. This can be used to select the breeding methodology for  improvement of the
characters under study.

Materials and methods

TfEs study comprising of five families to study gene acticn derived from five crosses viz., RG-392 x JI-258, RG-392 x
LC5-9, RG-390 RG-724 RG-390 x JI-258 and RG-390 x Ji-35. These crosses were selfed and back cross to obtain their
F.. B, and B, generation. Generation of all these five crosses was studied during rainy season of 2003 at Main
Castor-Mustard Research Station, Gujarat Agricultural University, Sardarkrushinagar. The experiment was laid out in a
compact f:‘_imily block design with three replications, whereas five generations of each cross represented individual plot
within family. The spacing was maintained at 90 cm x 80 cm. Additionally, a set of five family was grown in wilt-sick plot

‘é?};ﬂrpfici‘iiﬂg 12 dibbles in P, P,, F, and 4B dibbles in F,, B, and B,. The observations were recorded for eight important
haracters.

Results and discussion

The analysis of variance for the compact family block design for all the five families indicated that the mean sum of square
s‘St\!\-‘een famities were highly significant for all the traits under study except for number of effective branches/plant, which
shgaesdtthat gII the families differed significantly with respect to their mean performance. Whereas the analysis of variance
caps el Si_gﬂlﬁcgnt d!ffer_ences between alf the generations except for days to 50% flowering in cross IV anq V., number of
addit? €s in main spike in cross (t. The estimates of gene effect for 50% flowering in all the five crosses indicated that
o cro:e ?nd dommant_:e x dominance type of non-allelic interaction were also involved in expression of days to ﬂ_owerlng_
Weret sl Itand v epistasis was observed (Table 1). Additionally, additive and additive x additive type of genetic effepts
Both a%lldﬂd to be negative in direction. Which may carry some early transgressives may be further developed into pure line.
89) live and non-additive type of gene action in the inheritance of this trait which support the present finding. Rabadia
estimatand Pate] _(1 991) qiso reported non-additive genetic control for this trait. For number of effective branch_eslplant. the
all the ©s of scaling test indicated that the ‘D' test was significant for all the five cross, whereas 'C' test was significant for
Cross except for the cross Il. The significant scaling test stated that additive x additive and dominance x dominance
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type of epistasis interaction were involved. The significant and higher magnitude of ' and 1" type of estimates for all the
crosses suggested that digenic interaction of a x a and d x d type were mainly involved in the expression of number of
effective branches. Furthermore, the magnitude of epistasis interaction was more indicating the important role of population
breeding method to improve the trait. The same resuiis supported by Dobariya ef al. (1992) and Mehta (2000}. In length
of main spike, observed significant additive and additive x additive gene effect in all five crosses but the additive effect in
crosses i, IV and V and additive x additive gene interaction in all crosses in negative direction. Dominance and dominance
x dominance type of gene effects were also found to be significant in all the five families for this trait. Additionally, the
direction of dominance gene action was negative but dominance x dominance gene interaction was positive in direction.
The estimates of scaling test showed the presence of non-allelic interaction in all the five families for number of capsule.
The additive gene action was significant in all crosses where the dominance gene effect were significant in ali crosses
except cross 1. Among the epistasis interactions, additive x additive type of gene interaction was significant in all the
crosses except for cross I, but the direction of the estimate was negative in all the five crosses.Which indicating that along
with the main gene effects interaction was also operative in decreasing the number of capsule on main spike. The estimates
of dominance x dominance () gene action were significant in all the cross except for cross {1. The crosses |, il and v
expressed duplicate epistasis for the trait while cross |V recorded complementary type of gene action which may give
superior combination in the form of trasgressive in the later generation. Patel (1991) and Dangaria ef al. (1993) observed
non-additive type of gene action for this trait.

Table 1 Estimate of genetic parameters for different quantitative traits in five crosses of castor

Crosses Scale Genetics components :
C D m d h | j
Days to 50% flowering
1 5.00™ 9.00* 50.33* -0.83* -13.33* -5.83 5.33"
il 0.00 -3.33* 53.66"* -2 87 S I 341 -4.44*
| -2.00" -10.00* 58.00"* Q.67+ 5.33™ 500" -10e7
v -§.00™* 4 67" 54,00 2.00* -6.44F -0.44 16.89**
v 13.67* 567 55,33 -0.50" 1.33* 0.50 10.67
Number of effectives branches/plant
i 9.41* 1.12* 846" -0.64* 1.93* -0.46* -11.05
I 0.50 -149* 6.92** 0.85 2,94 278" -2.65*
1t 6.78% =507 6.40% Qg7 268" 419" 228"
I\ -0.31 -4 .09*~ 7.05* 1.38* 2.30™ 5.43** -5.04"
V' 8.02™ 496" 8.60** 0.26* -1.14* -1,43* -4 09**
Length of main spike (cm) -
| 527 18.99* 45.34™ 1.80*" -14.14* -9.90* 33.69**
It -2.07* 8.68™ 47 22* 077 -7.90* -4.60** 14.33*
in -0.39* 15.75" : 54 57+ -7.87** -2.86™ -26.30" 21.52"
Y -4.65" 20.35* 52.58* -881™ -7.33™ -31.97 3333+
v -5.3%* 0.69 48 80 -8.90™ 36 1914 8.03*
Number of capsules on main spike
| 4 85 30.76* 4597 7.85% -6.55™ -4.00* 34 55"
It .41 -5.46* 42 95" -1.58* 0.20 0.59 S P
lil ¢.21 -7.38™ 4113 -B.54* -1.20™ -21.96* 9.54*
v -28.57 . 473 47.74* <2007 4.43™ -4B8.05" 44 39"
v 6.97 -7.67* 46.66" 12.46** 171 -18.64"* -19.52**
Seed vield/plant {g)
| -400.00 -87.33* 125.00** 54 67 128.22* 100.89"* 416.89*
i} -102.00 76.00** 143.67* 63.00™ 38.00™ 159.67"* 3467
in -331.00 63.00* g2.67* 67.50* -32.67™ 37.83* §2533""
v -262.33*" -128.33 130.00** 10.83* 43.33* 63.50™ 178.67"
v -223.00** 8367 149.33™ 2517 79.78** 68,94 185.78™
Wilt incidence (%)
A 18.94** £.60" 17.20m -3.16* -8.27* 1.24™ -34.06™
] 50.16** 1.92* 29.65* 0.00 33.20" 7.08** 64 33"
0 -27.33 - 405" 0.00 9.11™ -4 55™ 36.44*
v -36.99™ 6.18* 12.97* -3.07 -6.99™ -16.30* 56 50**
v -90.26™" 1.36" 17.61* -21.28" 13.74™ -58.50** 12216

*, ** Significant at 5% and 1% levels, respectively
Cross -| :RG-392 x JI-258; Cross -1l : RG-392 x DCS-9; Cross -l : RG-390 x RG-724; Cross -1V : RG-390 x JI-258, Cross -V : R{(-390 x JI-35
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: v for seed yieid/plant , the magnitude of additive and dominance gene action was very high for cross | and Il and
Pamcula!’/nce was predominantly involved in the inheritance of seed yield in cross |, 1V and V. Further more,
the dommata genetic interaction was observed in cross |, 11, IV and V whereas duplicate epistasis was observed in cross
complemenralrythe magnitude of dominance x dominance type of gene action was very high for yield/plant. Thus, the
Ill.pll:a%f;;ﬁm;;rovement approach like bi-parental mating and recurrent will be quite effective in the yield improvement of
po

the present material as they make use of both additive and non-additive type of gene effect. Non-additive gene action was
e :

eported by Dobariya et al. ( 1993) and Patet et al. (1992) and non-additive gene were reported by Mehta (2000) . Which
r

in accordance with finding obtained in present investigation. Wilt incidence is a major attribute, which limits the castor
arel ation and need urgent attention far improvement. In present study, additive gene effect was significant for cross |, IV
cujg:/ and was in negative direction it was desirable. Dominance gene action was significant for all the crosses but having
o live direction in crass t and V. The non-allelic interactions were significant for all families but in cross Iil, IV and V., it
negSE:n negative direction and may prove to be useful for selection of resistant progenies in segregating generation. Malhotra
::d vashistha (1993} and Solanki et al. (2003) observed dominance gene action for resistance to wilt incidence in castor.
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Study of combining ability for yield and its components in castor, Ricinus
communis L.

M.S. Patel, D.K. Patel and C.J. Patel

Main Castor-Mustard Research Station, S.D. Agricultural University, Sardarkrushinagar-385 506, Gujarat
Abstract

Line xtester analysis using seven females and eight males was carried out to estimate combining ability and nature of gene
action in castar {Ricinus communis L.) for eight different characters during rainy season of 2008. The analysis of variance
for ccm_bining ability and the estimates of variance ratio (c°gcala®sca) revealed that the non-additive gene action was
predominantly invatved in expression of most of the traits. The hybrids SKP 106 x SKI 166, Geeta x SKI 330, SKP 117 x
SKI 19.?., Geeta x JI 368 and JP 90 x SKI 192 exhibited higher specific combining ability effects in desired direction for
seed yield/plant and its attributes. The estimates of gca effects indicated that the female parent SKP 120 was good
cognbmer for seed yield and also other important traits. The SKI 329 was good general combiner for length of main raceme
and number of capsule on primary raceme with significant positive gca for total seed yield.

Keywords: Castor, combining ability, L x T analysis
IntroductiQn

Heterosis b
Inordertg i

hnes ang t
identifieq

y seed yield has been exploited in castor (Ricinus communis L.) through development of high yield.ig hybrids.
mprove further productivity of castor through hybrid programme, it is essential to identify high combining parental
heir cross combinations. Therefore, the present study was undertaken. The high combining parents and crosses
were discussed in the present paper.

Materialg and methods

gi‘l’?gglgw?te lines (Geeta, SKP 72, SKP 84, SKP 106, SKP 117, SKP 120 and JP 90) and eight poliinator parents viz.,
COmpon'ent h166, SKI 329, SKI 330, JI 362, JI 368, 37504 and HC 8 having sufficient variability for seed yield and other
with 15 c aracte_rs, were crossed in a line x tester mating design. Fifty six hybrids and ocne standard check, GCH 7 along

Parents (7 lines and 8 testers) were evaluated at Main Castor-Mustard Research Station, Sardarkrushinagar
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Dantiwada Agricuitural University, Sardarkrushinagar during rainy season of 2008. The spacing between row to row wag
120 cm and pfant to plant within a fow was 60 cm. Recommended package of practices (for irfigation condition) were
adopted. Each genatype was grown in a single row of 10 planis. Observation were recorded on five randomiy selecteq
plants for days to 50% flowering, days to maturity, number of nodes up to primary raceme, effective length of main raceme
(erm}, number of capsule on main raceme, 100 seed weight (g), oil content and total seed yield/plant.

Results and discussion

The analysis of variance (Table 1) for combining ability exhibited that the mean square due to temales were significant fo
most of ali characters except seed yield/plant, 100 seed weight and oil contert. Whereas, mean square due to males were
significant for days to maturity, number of capsules on primary raceme and 100 seed weight. The mean square due to ling
xtester interaction were significant for all the characters, which indicates that experimental material passessed considersabls
varabifity and that gea and sca were invoived in the genetic control of various iraits. The gea, sca ratio (o’ geala’sca) was
less than one for most of the characters except number of nodes on primary raceme and length of primary raceme. Thig
indicates that non-additive components of genetic variance was predominantly involved in the expression of yield and itg
characters. Similar results were reported by Patel (2005} for seed yield/piant and number of capsufes on main raceme, Jogh;
et al {2001) for days ta flowering; Solanki and Jashi {2000} exhibited non-additive gene action for days ta maturity, Kanwa)
{2002) and Patel (2005) reported the non-additive type of gene aclion for oif content.

Table 1 Analysis of variance (mean square} for combining ability, estimates of components of variance and their ratios for
different characters in castor

- 50 Daysto Na. of r;odes Length of No. of capsule al § 160 ol

Source of variatian af. ‘z?;ufgrmg ma]!{uriry up':c;g::eary Eancn;fnr: on main rgcemse ;gldip;?g wgig}s?f?;) C"(‘;;S“'
Fernales 5 32,738 3049 3z.05* 1041.70™ 870.43* 1724B01.00  11.8% 1.19
Males 7 24.558 387 515 85.35 706.97 1694278.00 41.04* 1.3G
Females x Males 42 9,308 10.56™ 2.41* 865.72* 199.82% 215141.00** 6.56" 171
Error 55 1.689 169 4.24 5.81 6.07 9641542 0.94 0.27
Pgea 181 218 1.22 37.21 4538 107556 168 0.07
o’sca 3.77 440 1.07 2517 91.94 359471 270 0.73
c’geaie’scs 0.48 0.45 1.14 1.48 0.49 0.30 0.62 0.09

* ang ** significant at P=0.05 and P=0.01 |levels, respectively

The estimation of gea effects {Table 2) showed that among the female parents, SKP 120 was best general combiner
followed by SKP 84 and 3KP 108. The ling, SKP 120 was a good combiner for days to iowering . days 1o maturity, 100 seed
weight and total seed yield, The femaie, SKP 84 was a good general combiner for 1otal seed yield and length of primary
raceme, whereas SKP 108 was good general combiner for total seed yield and number of nodes up to primary raceme.

Table 2 Estimates of general combining ability (gca) effects of the parents for various characters in castor

No. of nodes  Length of No. of )
Source of variation D?f\:g”.snog * 2:{:{;‘; upto primary pf'\rgnar\j capsuies on L—;tﬁ/;iea?\? ;2% I?te?gd} ot n(:;;tenl
raceme raceme  main raceme

Geeta 1.176* 1.286™ 2.388" -1.202 9218 -90.446" 111 0.172"
SKP 72 €.316* (.598* Q013 14298 1.255 -243.258"  -1.098" Q.36
SKP 84 1.429* 161 VR:1< Ve -0002 -3.932™ 340 804 0419 0.029
SKP 106 -0.434 -0.027 -0.487* 5811+ -0.92* 406.744™ -0.797* -0.008
SKP 117 Q. 741 0.723 g.213" -5.514™ 5743 -516.384*  -0.516" -0.495™
SKP 120 -2.179* -2.33g+ -0.85" -2.877+* -0.632 155.179* o511t {1647
JP 90 1.616 -1.402** -2.138" -10514* -10.732"* -62.634 1011 0.102
SEm.t 0.33 Q.33 0.13 0.58 871 T77.54 Q.27 0.2
SKi1g2 -1.33* -0.008 -0.505"* -4.461* 1.723" 37.188 1.437 0.264
SKi 168 1.455 0.491 G.823" 1211 12.766™ §26.106™ 007 0083
8K} 329 0.475 0.277 0.095 1.339" 1.923" 333.259* -2.196" 0.037
SKH330 2.548 -0.938* ~0.605** -0.932 0.709 49598 | -2.461™ 0111
JI 362 -1.045" -0.29% -0.32" -0.561 -§.277* -503.527~  .-0.598" -0.3047
Ji 368 0.147 -0. 795 -0.648%* -1.832™ -10.105™ 195,046 0497 -D. 598"
37504 1741 3.083* 0.585* 2.239* 3352 -172.098* 2.542™ 0.359"
HC & 147 0.205 Q.466™ 308 -1.881" -366.384* 0.708* 0.32
SEmM.2 0.94 0.94 0.37 1.6% 1.59 219.32 0.58 035

* and ** significant at P=0.05 and P=0.01 levels, respectively
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males, Ji 368, the early duration male exhibited good combining ability for total seed yield. Other short duration
° sK:' 182 and Ji 362 were good combiners for number of nodes up to primary raceme. SKi 329 was a good
male p?‘e”‘sb;,-ner for fength of main raceme and number of capsule on primary spike with significant positive gea effect tor
enera, %OTe(d The male 37504 had significant positive gca effect for 100 seeds weight, oit content, length of main raceme
tor:(e;\ :S:rb; of capsule on primary raceme.
a ising hybrids having high specific combining ability effects for seged yield are given in tabie 3. The top hybrid
Most pr "."’h <oa effect for total seed yield, SKP 108 x SKi 166 exhibited significant sca effect in desired direction far totat
hawﬂgth'g olant, oil content in seed and number af capsules on primary raceme. The second hybrid, Geeta x SK{ 330 had
seed e : gca e'ffect in desired direction far tota! seed yield, days to flowering and days to maturity. Another hybrid having
S‘.gmﬁcar;ﬁects for total seed yield was SKP 117 x 8KI 192, i registered significant sca effects in desired direction for days
high 568 ing. days to maturity and number of capsufes on primary raceme. The fourth hybrid Geeta x JU 368 having high
to ﬂm}ﬁg (%r 1atat seed vield showed significant sca in desired direction for 100 seed weight. The fifth hybrid having good
iﬁz szects far total seed yield, days to flowering, days 1o maturity, 100 seed weight and length of primary raceme was JP

93 x SK! 182.

Estimates of variance due lo gca and sca revealed that non-additive gene actions were involved in the inheritance of all the
- aits, Under such situation exploitation of nybrid is more useful in future.

Among th

Table 3 Sca eftect af promising hybrids for various characters

o MNo. of nodes  Length of No. of il

Hybrids Tpﬁaﬁ seed Daysto ‘50 % Days o uplo primary  primary  capsules on 10Q seed cantent

yieidiplant flowering maturity rateme raceme main raceme weight (g) (%)
SKP 106 x SKI 166 1148.259*" -0.58 0.148 -0.198 2.589 12.034* -1839" G832
Gesta x SKI 330 995 161" 225 -2.5* -1,245% -3.05% -22.6548"* 0508 -1.152
SKP 117 x 5K 192 $82.813* -2.67* -2.366* -0.27 2586 4.414" 0.292  -0.597
Geeta x JI 368 939.018* -0.607 -1.143 -1.702" -3.355" 3.168 2,996 0.245
JP BU x SKi 192 707.834* -3.83* 4 24 -1.948™ 6.114* -5.554* 2313~ Q.87
Refarences

Jdoshi, H.L., Mehta, D.R. and Jadan, 8.8. 2001, Combining ability for characters related to earliness in castar. Agricuftural Science Digest,
M(2):71-74,

Kanwal, A. 2002, Heterosis and combining ability studied in castor {Ricinus cammunis L.). M.Sc. {Agri.) Thesis (Unpublished), Submitted
ta Gugarat Agneuiural University, Sardarkrushinagar.

Patel, P.B. 2005. Geretics of yield and wilt resistances traits in castor (Ricinus communis L.). Ph.D. Thesis (Unpublished) submitied to
Guiarat Agriculturat University, Sardarkeushinagar,

Solanki, 8.5, and Joshi, P. 2000. Combining ability analysis over environments of diverse pistillate and male parents for seed yield and
other traits in castar. indian Journa! of Genetics and Plant Breeding, 60 (2} @ 201-212.

Phenotypic stability in castor, Ricinus communis L.

R.B. Madariya, V.P, Chovatia, R.H. Kavani, V.G. Barad and P.R. Padhar

Main Oitseeds Research Station, Junagadh Agricultural University, Junagadh-362 001, Gujarat
Abstract

The gheng
4 littes an
yield and

typic stability of 54 genotypes of castor (40 hybrids resulted from Line x Tester mating design along with
fi 10 testers) grown in four environments {two dates of sowing and two locations) was studied for seed
vk its attr'!butes. The results revealed that only linear component of G x E interaction was significant for
for mu T gf t_aﬁectwe branches/plant and oil content, while both linear ar?d non-lingar camponents were significant
com por: er of ‘-‘;3&‘5'01&_5 on main raceme, 100 seed weight and shelling auttura with preponderance of linegr
racema EH:‘, whach_mdtr:,ated that prediction of performance would be easy for these traits, For length of mair
interacti:;n seed yieldiplant, prediction of performance would be difficult as onfy non-linear component of G x E
on main r: was significant. Among parents, JI-306 was found to be stable for seed yieidiplant, number oit capsules
White thr ceme a\.nd 1 QO set_ed weight. Eleven hybrids were found to be moderately stable with high seed yJeJd}p!ant,
(bi<s Sadet_eohybnds with .hrgh seed yield/plant were responsive to unfavourable/poor environmental conc.ﬂt:ous
stabiii }. Three hybrids viz., JP-84 x JI-285, JP-B4 x SK1-226 and JP-B8 x SKi-226 were the best hybrids {or

ty and could be thoroughly tested over space and time before their exploitation for commercial cultivation,

Ke: . ' .
YWords: G x £ interaction, phenotypic stability, castor
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Introduction

Castor (Ricinus communis L.) is an important industrial non-edible oilseed crop of india. Country earns vaiuable foreign
exchange by the export of oil and seeds of castor. A phenotype is the final product of interaction between genotype ang
environment in which it grows. A specific genotype does not exhibit the same phenotype under the varying environmengg
and different genotypes respond differently to a specific environment. This variation arising from the lack of correspondence
between the genetic and non-genetic effects is known as genotypes x environment interaction. G x E interactions are
generally considered impediment in plant breeding as it baffles the breeders in judging the real potential of a genotype whap,
grown in different environments. The existence of interaction between genotype and environment has been recognizeq
earlier by Fisher and Mackenzie (1923). Several workers considered G x E interaction as tlinear function of environment gng
proposed regression of yield of a genotype on the mean yield of all genotypes in each environment to evaiuate stability of
performance of genotype (Finlay and Wilkinson, 1963, Eberhart and Russell, 1866; Perkins and Jinks, 1968). In the presen;
investigation, the approach suggested by Eberhart and Russell (1966) has been employed to understand the differentig|
G x E Iinteractions of parents and their hybrids {0 assess the stability of seed yield and its attributes in castor.

Materials and methods

The experimental material comprised 54 genotypes consisting of 40 F, hybrids resuiting from a line x tester mating design
invalving four pistitlate lines (JP-65, JP-84, JP-88 and SKP-106) and 10 male parents (JI-257, JI-269, 41-285, }-300, Ji-306,
JI-308, SKI-226, SKI-267, DCS-9 and PCS-124). The experimental material was laid out in a randomized block design with
three replications in four environments. Environments were created by two different dates of sowing 3" week of July; 2
week of August) at two different locations viz., Oilseeds Research Station, JAU, Junagadh and Agricultural Research
Station, JAU, Amreli. Each genotype was grown in two rows of 12 plants each with inter and intra row spacing of 90 cm x
60 cm, respectively. The recommended package of practices for irrfigated conditions was adopted to raise the healthy crop.
The observations were recorded on five randomly selected plants for each entry in each replication and in each environment
for seed yield and its components (Table 1). The mean values were subjected to statistical analysis. The stability analysis
was done as per Eberhart and Russell (1968).

Resulits and discussion

Analysis of variance {Table 1) revealed that the mean squares due 1o genotypes differed significantly for all the characters
indicating the presence of variability in the experimental material. Similarly, environments were also differed significantly
for all the characters. Variance due to G x E interactions was significant for all the characters indicating the differential
response of genotypes in expression of the characters to varying environments.

The partitioning of genotype x environment interactions indicated that only linear component contributed towards the
differences in stability of genotypes for number of effective branches per plant and cil content, while a substantial portion
of variation was linear for number of capsules on main raceme, 100 seed weight and sheiling outturn as compared to
non-linear component, reflecting the predictability of the performance of genotypes over environments for these three traits.
Only nen-linear component was significant for length of main raceme and seed yield per plant indicating that major part of
the interaction was absolutely unpredictable. Similar findings were also reported for different characters by Mandal and
Dana (1994), Manivel and Hussain {2000}, Joshi ef al. (2002), Solanki and Joshi (2003) and Patel and Pathak (2008).

Phenotypic stability of the genotypes was measured by three parameters viz., mean performance over environments (X},
regression coefficient (bi} and deviation from regression (S%di). Breese (1969} and Paroda and Hayes (1971) emphasized
that linear regression should simply be regarded as a measure of response of particular genotype, whereas deviation from
regression should be considered as measure of stability. The data showed that as many as 32 genotypes (8 parents and
24 hybrids) were found to be stable for seed yield/plant as they expressed non-significant deviation from regression.

Prediction of performance was not possible for 13 high yielding genotypes (3 parents and 10 hybrids) due to their significant
deviation from regression. One parent and 14 hybrids with high seed vyield/plant and non-significant deviation from
regressior. are listed in table 2 along with various compenent traits for which they showed stability. The results revealed that
three hyb.ids viz., JP-84 x JI-285, JP-84 x SKI-267 and JP-88 x Ji-257 were found to be stable for unfavourable
environments having high seed yield/plant, significant regression coefficient (bi<1) and non-significant deviation from
regression. The parent, JI-306 and high yielding stable hybrids were average responsive with non-significant regression
coefficient The stable parent, JI-308 also depicted stable performance for number of capsules on main raceme and test
weight with high per se, near unity regression coefficient (bi=1) and least deviation from regression (S%di=0). Among the
hybrids, JP-84 x JI-285, JP-84 x SKI-226 and JP-88 x SKI-226 were the three mast outstanding stable hybrids for seed
yield/plant and could be utilized for boosting the yield of castor seed in specific conditions. In general, most of the hybrids
identified as stable for seed yield/plant also showed stability for one or more important component traits like number of
effective branches/plant, number of capsules on main raceme, length of main raceme, 100 seed weight, shelling outturn
and oil content. This indicated that stability of various component traits might be responsible for the observed stability i
various hybrids for seed yield per plant. Hence, chance of selection of stable hybrids for seed yield/plant could be enhanced
by selecting for stability of yield components, Grafius (1959) also observed that stability of seed yield might be due 10
stability of various yield components. The highest yielding hybrid, JP-84 x JI-285 was responsive to untavourable
environments, also exhibited average stability for 100-seed weight, shelling outturn and oil content and below average (bi>1)
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th of main raceme. Two other high yielding hybrids viz., JP-84 x $K|-226 and JP-B8 x SKI|-226 are

stability for leng vironmental conditions. All these hybrids might be commercialized after thorough testing over time

reSPO"sweftgﬁ:ﬂ:g;ﬁ; the productivity of castor under irrigated condition,

and sﬁa::awsi s of variance for stability of seed yield and component traits in castor

E?—lf— — of Seed yield! No. of effective No. of capsules on Lengthof  100seed  Shefling Oil content
gource of variation R piant  branches/piant main spike main raceme  weight autturn
-—-——""e;"(a_— 53 543293+ 30.96%+ 576.37%+ 161.29"+ 55.39%+  42.65%+ 381"+
Gerjotyp £) 3 5217.63"+ 53.33*+ 662 128.24%+ 11.28"+ 30.00*+ 11,67+
Envronments 159 822 96" d.SG**— 26.06"+ 7.86* 0.67*+ 231"+ 0.35"+
S: fG x E) 162 904.34* 1.64%+ 26.26"+ 10.09* 0.87*+ 2.82"+ 0.56"+
Environment (Linear) 1 15662.8'+9  159.98%+ 109.86*+ 384.72*+  33.88*+  90.28%+ 3500+
G x E (Linear) 53 288.05 1.51% 55.87%+ 5.39 1.06%+ 3.92%+ 0.94%+
Pooled deviation 108  1070.22* 0.23 10.95* 8.93* 0.47* 1.47% 0.05
Paoled erior 424  308.723 0.240 4716 5.168 0.355 0.831 0.105
*Significant against pocled error at 5 % level of probability

+ Significant against pooled deviation at 5 % level of probatility

Table 2 Stable parents and hybrids for seed yield and component traits in castor

Seed yield/plant (g)

Genotypes Mean b a0 Companent traits showing stability
Parent

21308 175.33 0.3 38.93 CR, TW

Hybrids

JP-84 x JI-285 239 42 0.52* 29408 LR*TW, S 0O
JP.84 x SKI-226 224.50 1.07 29073 S

JP-88 x S¥1-226 219.33 1.15 30440  EB,CR+ LR, S, 0
SKP-106 x JI-30¢ 199.25 1.00 -239.28 CR,S% 0

JP-B5 x ))-306 198.08 - 2.90 48.09 LR* TW, O

JP-84 x }i-257 193.00 1.96 -105.94  CR*, TW, O+
JP-84 x SKI-267 189,92 ©o.023 23031 CR* LR+ S, O+
SKP-106 x PCS-124 189,08 1.23 20494 CR". S

IP-88 x PCS-124 187.17 125 © 179,94 EB, O+

J4P-34 x OCS-9 184.67 0.57 13919 O

JP-65 x §KI-267 17747 0.68 9577 CR*, LR, TW, 5*
8KP-106 x SKI-267 176.58 -0.59 49981  CR' LR, 5,0
JP-88 x JI-257 176.50 D.63* 30275 LR, TW, 0"

JP-65 x DCS-9 170.67 0.97 24229  CR, LR*, TW+, §

g i; 1n:liicate stability for favourable and unfavourabie environments, respectively
s =1 umber of effective branchesiplant; CR = Number of capsules on main raceme; LR = Length of main raceme (cm); TW= 100-seed weight {g);
= Shelling outturn (%); O = O content (%)
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In vitro regeneration of castor plant from apical meristem

Rohan V. Kansara, Sanjay Jha, M.K. Mahatma and Suman Kumar Jha

Department of Biotechnology, Navsari Agricuitural University, Navsari-396 450, Gujarat
Abstract

An efficient plant regeneration protoco! was described for castor {Ricinus communis L.) using meristem as explant.
Apical meristems were excised from 5 to 7 days old in vitro grown seedlings and cultured on Murashige and Skoog
(MS) medium supplemented with different concentrations of cytokinins singly or in comhination. Kinetin had
marked effect on shootinitiation and shoot quality. Kinetin (0.5 mg/l) in combination with BAP (0.25 mg/l) produced
maximum number of shoot {13.3) and shoot length (5.1 cm). For root induction, jn vitro produced shoots were
transferred to rooting media containing ¥z MS basal media. Regenerated plantlets were acclimatized successfully,

Keywords: in vilro, apical meristem, castor, Kin, BAP
Introduction

Castor (Ricinus communis L.) belonging to the family Euphorbiaceae is one of the industrially important oilseed crop (Kumari
etal, 2008). tis a semi-tropical perenrial non-edible oilseed crop, widely cultivated throughout tropical regions. The seeds
contain approximately 40 to 60% oil and are the only commercial source of ricinoleic acid used in industrial lubricants,
paints, coatings, and plastics (Caupin, 1997}. India is the (argest producer of castor oil, representing 60% of the global
production followed by China and Brazil (FAO, 2008). Genetic engineering is one of the important tools for the improvement
of cultivars of this species to lower the toxicity of seed meal due to the availability of the toxic ricinoleic derivatives. The
success of using transgenic approach largely depends on an efficient in vitro regeneration system, which is rapid,
reproducible and appiicable to a abroad range of genotypes. However, castor is extremely recalcitrant to in vitro
regeneration (Ahn ef af,, 2007). Therefare, it is necessary to develfop an efficient regeneration protocol by a range of
different techniques which would widen the possibilities for developing transgenic lines and muitiplication of improved
varieties.

Materials and methods

Plant materials and culture media and conditions: Seed of fusarium wilt resistant line SKP 84 was cbtained from the
Castor-Mustard Research station, Sardarkrushinagar Dantiwada Agricultural University, Gujarat. Seeds were decoated
and surface sterilized in 0.1% (wfv) mercuric chloride for 4 min followed by 4 and 5 times rinsing in sterile deionized water.
Four to five seeds were placed in each glass botile containing basal MS medium (Murashige and Skoog, 1962} and
incubated in the light condition for germination. After 7 to 8 days, the apical meristem was excised using sterile surgical
blades and placed on basal MS media supplemented with various concentration alone and combination of BAP
(6-benzylamino pyrine), Kin and TDZ (Thidiazuront). Cultures were maintained by periodic subculturing on fresh medium
once every 1510 18 days. When the regenerated shoots were attained a height of 4 to 5 cm, adventitious shoots were
excised and transferred to rooting media. In all cases, 3% sucrose (w/v) was used as a carbon source. After adjusting the
pH to 5.76+0.01 prior to gelling with 0.8% agar (w/v) (Himedia, India), media were sterilized by autoclaving at 121°C for 15
mts. Cultures were maintained in a growth chamber at 27+1°C under a 16/8h {light/dark) photoperiod supplied by coof -
white fluorescent lamps.

Plantiets with a well developed root system were washed carefully to remove agar and then transferred to the pots
containing red soil, sand and coco peat (1:1:1}. After watering, plantlets were maintained in a growth chamber at 27£1°C
under 16/8- h (light/dark) photoperiod with luorescent lamp. After 30 days, these were kept under green house under shade
for 4 weeks and then placed outdoors under full sunlight. Entire experiment was repeated twice.

Results and discussion

The present findings demoenstrated the possibility for mass propagation of castor through apical meristem. For successful
micropropagation apical meristem cultures are preferred as pre-existing meristem easily develop into shoots while
maintaining genetic integrity, About 80% of the incubated seeds were germinated in the MS-basal medium (Fig. 1a). Excised
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apical meristem of 7 to 8 day old seedlings were cultured on MS-medium supplemented with various concentrations of
BAP TDZ and Kinetin in single as well as combination for shoot regeneration. Varied response with respect to shoot length
and number of shoot buds was observed (Table 1).

Cytokinins are classified into two major groups by their chemical structures synthetic phenyiurea derivates, and adenine
derivates, which may occur naturally. Among different types of cytokinin adenine derivatives showed better result, Although
phenylurea derivative thiadizuron found to be effective in several plants in this study, TDZ prompted vigorous cailus
formation even at low concentration. Within four week of culfure, all the explants cultured were surrcunded by profuse callus.

Among different cytokinins, BAP showed best result for establishment and number of shoot regeneration at lower
concentration (0.50 mg/l) with 86.7% established plants but the number of shoots was highest in media supplemented with
0.25 mg/l BAP (7.8) (Fig. 1b). Superiority of BAP in inducing shogt has been earlier reported in castor by various workers
independently {(Sujatha and Reddy, 1898; Alam ef af., 2010). But the concentration they used was found to be deleterious
in present investigation. Increase in concentration of BAP above 0.50 mg/l resulted in to poor shoot quality and low
multiplication rate (Table 1}. Hu and wang (1983) reported that higher concentration of cytpkinin reduced the number of
micropropagated shoots.

Kinetin consistently gave higher rate of establishment and multiplication as well as shoot length. On visible observation,
the quality of kinetin derived shoot was superior as compared to BAP which gave longer petiolated Jeave (Fig. 1¢). Role of
kinetin in shoot elongation and quality of shoot in castor was also observed by Alam et al. (2010} and Sujatha and Reddy
(1998).

The choice of cytokinin and its threshold concentration required to induce the oplimal response in different parameters
(percentage of shoot formation, mean number of shoots and shoot length) differed. Hence, a combination of cytokinins was
used to improve the shoot multiplication rate, percentage of explants forming shoots and shoot length (Table 2). The
combination of two cytokinins gave better results as compared to alone in all the treatments tested. The maximum number
of shoot (13.3) and shoot length (5.1 cm) obtained in the combination of 0.25 mg/l BAP + 0.5 mg/l Kin (Fig. 1d). The quality
of plants were also found to be better than the results depicted by single cytokinin.

Rooting and acclimatization: Induction of rooting is an important step for in vitro plant propagation. Preduction of plantiets
with profuse rooting in vitro is important for successful establishment of regenerated plants in soil. Excised shoots were
inoculated on %2 MS-basal medium for proper root development with 85% success. Root induction was strengthened within
4 weeks of culture (Fig. 1e). Initially effort made to incorporate auxin for rooting, but even a meager amount of auxin resulted
into basal callusing and disruption in growth of shoot. Ahn ef al. (2007) observed two different rooting patterns using (BA
and NAA. Although Sujatha and Reddy (1998) obtained highest rooting with least callusing using 1.0 mg/l IBA, present
investigation indicated no need of exogenous supply of auxin, since better rooting could obtained in ¥2 MS-basal media.
Rooting of two Salvia species can be achieved in the absence of auxin (Cuenca and Amo-Marco, 2000). This differential
requirement for auxin may be due, in part, to the level of endogenous auxin in cultured shoots.

Fig. 1. In vitro regeneration of castor from apical meristem.
a) Shoot multiplication, b) Elongation ¢)Rooting d) Acclimatization

Plantlets with four to five fully expanded leaves and well-developed roots were successfully acclimatized in the greenhouse,
in pots containing red soil, sand and coco peat (1:1:1). About 55% of the micropropagated plants survived and showed
normal growth and morphological characteristics (Fig. 1f). This report can be very valuable for transgenic plant development
and mass propagation from apical meristem of castor plant.

Acknowledgement: We are thankful to Castor-Mustard Research Station, Sardarkrushinagar Dantiwada Agricuttural
University, Gujarat, for providing seed material to carry out experiment.
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Table 1 Effect of different concentrations of BAP, Kinetin and TDZ for muitiple shoot regeneration through apical meristem

PGR (BAP + Kin + TDZ) (mg/)) Frequency Mean number of shoot and SEx Mean iength (cm) and SEt

BAP
0.25 70.8 7.8+0.4 21+ 01
0.50 86.7 38+0.8 30+0.2
1.00 62.5 4.3+3.4 1.9+0.2
1.50 55.0 5.5+ 05 C O 24+04
200 56.7 4.0+0.5 20+0.2
TDZ
0.25 51.7 2.5+0.5 1.6+0.3
0.50 44.2 2.5+05 2.0+0.2
1.00 917 2.8+0.8 1 6+0.2

, 1.50 333 2.8+0.4 1.7+04
2.00 333 3.3+0.8 . 1.2+0.1
KIN
0.25 66.7 6.0+0.5 22402
0.50 75.0 6.8+0.8 ) 32+02
1.00 6.7 4.0+0.5 23+0.2
1.50 57.5 4.3+0.4 2.1+01
2.00 623 4.0+0.5 21401

Data were recorded after 3 weeks of inpculation; PGR = Plant Growth Regulator
Table 2 Effect of combination of BAP and Kinetin for multiple shoot regeneration through apical meristem

PGR(BAFP+KIN) (mg/i} Frequency Mean number of shoot and SE+ Mean length(cm) and SEx
0.25+0.25 658 8.3+0.9 3.4+0.5
G.25+0.50 733 13.3+0.8 5.1+0.5
0.25+1.00 60.8 7.8+0.8 2.8+04
0.50+0.25 58.3 6.5+40.5 2.5+0.3
0.50+0.50 £8.3 8.0+05 2.3+01
0.50+1.00 49.2 7.8+0.9 2.9+0.2
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Heterosis for seed yield and its component traits in castor, Ricinus
communis L.

Amit Dadheech, Bhavin Purchit, B.N. Patel and J.A. Patel
Regional Research Station, Anand Agricultural University, Anand-388 110, Gujarat
Abstract

Forty eight hybrids of castor (Ricinus communis L.} derived from six pistilfate lines and eight inbred lines were
evaluated for yield and component traits. Data were analyzed for heterosis. Significant heterotic crosses for the
characters under study indicated the presence of genetic diversity among parental lines, Number of crosses
exhibiting significant heterobeltiosis and standard heterosis for seed yield were 23 and 1, respectively. The
significant positive standard heterosis over GCH-7 for seed yield/plant was exhibited by JP-93 x JI-379 (20%). It aiso
exhibited high heterosis and per se performance for yield attributing traits viz., length of primary spike, number of
capsules on primary spike, number of effective branches and 100 seed weight.

Keywords: Castor, heterobeltiosis, standard heterosis, seed yield, yield components
Introduction

Heterosis is of direct relevance for developing hybrids in cross pollinated crops. The exploitation of hybrid vigour in castor
on commercial scale has become feasible and economical due to availability of pistillate lines enabling hybrid seed
- production on large scale. The identification of specific parental combination capable of producing the desired level of F,
heterotic effect is important in improving the yield potential of this crop. Commercial exploitation of heterosis is considered
to be an outstanding application of the principles of genetics into the field of plant breeding. Thus, heterosis can be usefui
only with marked superiority over the best checks. The present study was, therefore, undertaken to determine the extent
of heterosis in castor and to identify most heterotic hybrids.

Materials and methods

The experimental material consisted of 63 entries, comprising of six lines, eight testers and resultant forty eight hybrids
praduced by line x tester mating design were evaluated along with one standard hybrid GCH-7 as check, The experimental
material was sown in a randomized block design with three replications during rainy season of 2009. A single row of 8.0
m iength was assigned to each genotype with 10 dibbles having 80 cm intra-row spacing and 120 cm inter-row spacing.
Five plants were randomty sefected from each repfication for each genotype and the average value/plot was computed for
recording observations on plant height, number of nodes up to the primary spike, length of the primary spike (cm), number
of capsules on primary spike, number of effective branches/plant, total number of branches/plant, 100 seed weight (g), seed
yield/plant (g) and oil content. While days to 50% flowering and days to 50% maturity were recorded on plot basis.
Magnitude of heterosis and heterobeltiosis were computed as per procedure suggested by Meredith and Bridge (1972) and
Fonesca and Patterson (1968), respectively.

Results and discussion

Paoled analysis of variance revealed that the mean squares due to genoctypes were significant for all the characters under
study. Mean squares due to genotypes were further partitioned into mean squares due to parents, hybrids, parents vs.
hybrids and check vs. hybrids. The parents and hybrids differed significantly for all the characters. This revealed the
existence of considerable genetic variability among the parents and hybrids for alithe characters under study (Table 1). The
analysis of variance further revealed that hybrids differed significantly for all the characters. The mean square due to parents
vs. Nybrids were significant for most of the traits except for number of capsules on primary spike, number of effective
branches/plant and tctal number of branches/plant thereby suggesting presence of substantial amount of heterosis in
crosses for most of the characters.

The perusal of data on performance of hybrids with respect to heterosis over better parent revealed that 23 hybrids
manifested significant positive heterosis over their better parents for seed yield/plant. The highest magnitude of
heterobeltiosis for seed yield/plant was exhibited by the hybrid VP-1 x JI-379 {165%). It was observed that hybrids showing
high heterobeltiosis for seed yield/plantin general also manifested heterotic effects for its contributing characters like length
of main spike, number of capsules on primary spike, number of effective branches/plant and 100 seed weight (Table 2).
This study thus substantiates the findings of Kaul and Prasad (1883) and Mehta et af. (1991).

Improvement in yield is one of the important objectives, so the superiority of hybrids over best cultivated hybrid is essential
for increasing its commercial value. In the present study, well known hybrid GCH-7 was used as standard check hybrid in
order to obtain information on superiority of hybrids. The highest yielding hybrid JP-93 x JI-379 had the highest standard
heterosis {20%) over the best check GCH-7. The hybrid JP-93 x JI-379 exhibited maximum seed yield (338 g) and highest
standard heterosis {20%) for seed yield over the check GCH-7. In addition to this, the hybrid JP-93 x JI-379 also exhibited
significant amount of heterosis over better parent (61%) for seed yield (Table 2). Several workers have also reported the
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presence of considerable degree of heterosis for seed yield/plant in castor Joshi et af. (2001), Lavanya and Chandramohan
{2003) and Patel and Pathak (2006). With respect to yieid contribuling traits viz., length of primary spike, number of
capsules on primary spike, number of effective branches/plant and 100 seed weight, hybrids JP-93 x JI-379, SKP 84 x JI
244 were found promising as they exhibited positive heterosis over GCH-7. Thus, high degree of heterosis for seed yield
might be attributed to the heterosis for these component characters. Whitehouse et al. (1958) and Graffius (1956) have
suggested that there cannot be any gene system for seed yield per se, as yield is an end product of the muftiplicative
interaction of several yield components.

Further, the above mentioned promising hybrids exhibited significant negative standard heterosis for days to 50% flowering
thereby suggesting that high yield in hybrids can be achieved along with early maturity. Thus, considerable amount of
heterobeltiosis and standard heterosis abserved for seed yield and other associated characters suggested the presence
of large genetic diversity among the males and the females and presence of high heterotic potential in the present material.
Availability of stable pistillate lines and large scale of hybrid production technology in castor, commercial exploitation of
heterosis is feasible and economical, However, the stability performance of hybrids across the environments is essential
for making their commercial cultivation beneficial.

Table 1 Aralysis of variance {mean squares) for yield and its components

e or PP OBP pan Mo shnodesiorah e ol s o o atectie mumbarot [, serd o
flowering  maturity eignt spike spike spike branches/plant brapr:::tesf weight yield/plant content
Replications 2 1.17 5.69 37.37 0.11 0.10 9.88 1.565 1.80 0.38 53.24 Q.01
Genotypes 63  18550* 44BE2" 1867.60"  14.49™ 41331 1300.48*% 34.72* 39.62" 26.48" 14708.70*" 854"
Parents 13 1B5.50™ 474.56™ 4134.54™  1584"™  418.43*  3748.51™ 39.33™ 33.61™ 46.81™ 15365.63™ 6.16™
Lines 5 20613 476.18* 2430.92"* 1240  291.13**  1057.95* 8.65" 12.92** 41.48*% 25493.86™ 1.03""
Testers 7 18052  537.57** 3B43.67"  18.56* 557.30™  5806.97*" 14.84* 18,52 57.30* 7660.41™ 527
Lines vs Teslers 1 117.18™ 2533 16043.73** 1400* 5680 2092.05™ 365.60™ 242.78™ 19.53™ 18663.69" 38.07*
Hybrids 47  162.19**  396.04* 107876  14.44** 40286 813.47 3543 43.60* 20.00* 1144036™ 6.43*"
Parents vs hybrids 1 1221.89™ 1654.34"" 164.28° 11.07™  1650.59*" 71.13 2.47 1.39  61.90™ 156498.40"" 28.37""
Errar 126 1.17 15.09 33.02 0.1% 6.94 74.44 1.83 2.06 0.88 685.79 0.24

* ** Significant at 5 % ard 1 % levels of probabitity, respectively.

Table 2 Promising crosses for seed yield/plant with heterosis over standard check hybrid, GCH-7 and better parent and
component traits showing significant standard heterosis in castor

Promising hybrids Seed yield (g) Standard heterosis Bﬁtei;z]ir;m Co;r;g:g:rrg g:;;sr:;:wowgr Sé%ﬂgant
JP 93 x J1 379 338.47 20.48"" 6t.69* DF, PH, ND, LS, C, EB, SW

SKP 84 x Ji 244 319.27 13.65 50.03* DF, PH, .8, SW

JP 93 x JI 244 300.20 10.06 45 30 DF, DM, PH, ND, EB

JP B4 x JI 338 295.47 518 17.28* DF ND, EB, TB, SW

JP 93 x SK1 147 28513 - 5.08 40.99* DF.ND, LS5, C -

VP 1 xJl338 i © 28067 . 3.47 30.39* DF, DM, ND, LS, C, EB, OC -
SKP 84 x JI 381 287.47 2.33 49.78* DF, DM, LS, C ' o
JP 83 x Ji 338 281.27 0.12 26.17* DF, DM, PH.ND, C

GCH 7 {Standard check) 28093 - - -

SEmt 21.18 21.18 21.18 -

* ™ Significant at 5 % and 1 % levels of probability, respectively, DF- Days to 50% flowering, LS- Length of primary spike; DM- Days to 50% maturity;

C- Number of capsules on pnimary spike; PH- Plant height, SW- Seed weight, ND-Number of nodes up ta primary spike;, OC-0if content; TB- Total number of
branches/plant; EB- Number of effective branchesiplant
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High yielding and wilt resistant castor variety GC-3 for irrigated areas of
Gujarat

R.H. Kavani, V.P. Chovatia, P.R. Padhar, V.G. Barad and K.L. Dobariya
Main Qilseeds Research Station, Junagadh Agricultural University, Junagadh-362 001, Gujarat
Abstract

GC-2, a wilt resistant castor (Ricinus communis L.} variety yielded 2 to 34% higher than high yielding checks over
locations and year. it exhibited high resistance to Fusarium wilt (5.3% wilt mcudence) It was recommended for
cultivation in Gujarat state under irrigated conditions.

Keywords: Castor, wilt, resistance, variety, yield
introduction

Castor {Ricinus communis L) is an important non-edible oilseed crop grown in various countries throughout the world.
Castor oil is used for number of industrial products. During the year 2008-09, the area under castor crop in India was 8.70
lakh ha, which contributed 10.20 lakh metric t production with a productivity of 1331 kg/ha. Gujarat is the leading state in
the country with respect o area, production and produciivity of castor, covering area of 4.34 lakh ha with the production of
£.52 lakh t and average productivity of 1963 kg/ha. In castor, the most important disease is Fusanium wilt. This disease is
now becoming a serious problem especially in the Gujarat, where continuous castor cultivation is common practice. The
reporied vield loss due to wilt was upto 77%. Another important disease prevailing in the Saurashtra region is the
Macrophomina root rot. The best option for management of the disease in castor is the resistance breeding. Development
of high yielding and resistanceto diseases varieties/hybrids provides better alternate to existing cultivating varieties/ hybrids.

Materials and methods

As a result of castor breeding work at Main Qilseeds Research Station, Junagadh, an inbred viz., J1-273 was developed
through hybridization followed by pedigree method of selection from a three-way cross {(JP-65 x JI-88) x 48-1]. The cross
was effected in the year 1991-92 and the resuiting inbred was tested during 1998-39 to 2004-05 in muitilocation trials at
state level and during 2001-02 to 2003-04 in different AICRP trials at all India level.

Results and discussion

The experimental results indicated that, from 31 testing trials, the variety GC-3 on an average produced 2340 kg/ha seeds,
which was 30.5% higher than the check variety GC-2 (1794 kg/ha). While comparing with four checks viz., GC-2, GCH-4,
GCH-5 and GCH-6 based on 21 testing trials, the variety GC-3 (2316 kg/ha) gave 34.2% and 8.1% higher seed yield than
GC-2 and GCH-4, respectively. In 18 irrigated trials, the variety GC-3 (2336 kg/ha) gave 31.1, 8.4, 2.3 and 10.3% higher
seed yield than GC-2, GCH-4, GCH-5 and GCH-6, respectively. In 10 trials, the variety GC-3 (2393 kg/ha) gave 23.5%,
9.8% and 14.8% higher seed yield than GC-2, 48-1 and DCS-9, respectively.

Table 1 Mean performance of castor variety GC-3 {1998-99 to 2004-05)
Seed yield of GC-3 (JI-273}

Per cent increase over

No. of locations Checks Seed yield (kg/ha)

(kg/ha} check

3 2340 GC2 1794 3047
Ge-2 1726 3417

2 2316 GCH-4 2142 813
GC-2 1781 3114

GCH-4 © 2135 9.42

18 2336 GCH-5 2284 225
GCH-6 2117 10.33

ac-2 1937 23 54

10 . 2393 461 . 2178 g.84
DCS-9 2081 14.97
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GC-3 was found to be highly resistant to Fusarium wilt than all the checks in wilt sick plot at S.K.Nagar. Oif contentin GC.3
was higher (49.7%]) than GC-2, GCH-4, GCH-5 and GCH-6, while 100 seed weight (29.6 g} of GC-3 was higher than GC-2
and GCH-4, where as other yield attributing characters were found at par with checks. GC-3 was recommended for
commercial cultivation in castor growing areas of Gujarat state under irrigated condition by 3® Combined Joint Agresce
meeting held on 12 to 14, April 2007 at Anand Agricultural University, Anand and also recommended by 36" State seeq
sub-committee meeting.

Table 2 Reaction of GC-2 and checks against Fusarium wilt and their agronomic and economic attributes

100 seed  Qil content Plant height Days to

Wilt reaction . No. of nodes to h of main Effective . . .

Entry in sick plot (%) Welaht (g} ) primary raceme Le:pgitkeo(cm) Spike/ptart P10 '(’(‘;'1'; spike m:f;";glg
GC-3 53 20.64 49 67 16 46 9 110 103
GC-2 (C) 80.6 25.94 47.88 14 43 7 109 99
GCH-4 (C) 88.5 27.65 47.58 14 ' 47 9 103 97
GCH-5 (C) 86.2 29.95 4823 16 53 9 118 105
GCH-6 (C) 72.6 32.33 4544 14 50 9 95 96

C = Check

Genetic analysis of plant stature, oil content, earliness and yield
components in castor, Ricinus communis L.

Harshal E. Patil, K.K. Patel and G.C. Jadeja

Department of Agricuitural Botany, B.A. College of Agriculture, Anand Agricultural University, Anand-388 110, Gujarat
Abstract

The genetic analysis was done through Line x Tester design involving 5 pistillate lines and 14 pcllen parents for the
development of a set of 70 hybrids. The preponderance of additive gene action was observed for the control of days to 50%
flowering and days to 50% maturity of main raceme as well as number of nodes up to main raceme. For plant height and
oil content, non-additive gene effect was propounded. The parents, SKP-8, 103745, 1379, SKP-93, TMV-5, Aruna, SH-72
and SK2-8A were good genreral combiners for imparting earliness, former three and VP-1 were good general combiners
for short plant stature, whereas later two and SKP-82, JH-128, SH-41 and 48- 1 were good general combiners for oil content.
The good specific cross combinations for yield were SKP-8 x TMV-5, VP-| x 8KI-41 and SKP 25 x 1379. They were also
identified as superior hybrids for earliness, high oil content and short plant stature, respectively. Hence, these may be
directly exploited for commercial cultivation.

Keywords: Castor, combining ability, plant Stature, oil content and yield
Introduction

Heterasis breeding is the major breeding approach for castor crop in present era. However, the extent of success in
impraving one or more economic characters depends on the judicious selection of parents and subsequent handling of
segregating generations. Line x Tester analysis helps in testing of a large number of genotypes at a time, Thus, present
investigation was undertaken to study the combing ability for identification of good combiners and promising crosses for
future better accomplishment in castor.

Materials and methods

The experimental material was comprised of 70 F, hybrids developed through Line x Tester mating using five pistilate lines
and 14 pollen parents. All the hybrids were evaluated along with parents in randomized block design with four replications.
Each entry was represented by single row accommodating 16 ptants at 90 ¢cm x 60 ¢m ptant geometry. Ten randomly
selected plants from each entry were used for recording various observations. Statistical anatysis was subjected as per
Kempthrone (1957).

Results and discussion

The analysis of variance for combining ability (Table 1) revealed that the variance due to females, males and hybrids were
significant for all the characters except variance due to female for oil content, which suggest that the females, males and
hybrids differed statistically among themselfves. The contrast comparisons due to parent vs. hybrid were also significant for
all the attributes indicating the presence of heterotic effects.

Both the components of genetic variance were significant for all the character revealing importance of both additive and
non-additive genetic variances. However, the large estimates of variance due to general combining ability (gca) for days
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owering, days to 50% maturity and.number of nodes up to the main raceme suggested preponderance of additive
i variance. However, for the plant height, both the components were of equal importance. For il content and seed
_e”e“ﬁe variance due to specific combining ability (sca) was of larger magnitude indicating greater influence of non-additive
e vanance for the inheritance of these traits. The results are in conformity with reports of Singh and Yadava (1981),
gj,';ﬁﬂce, al. (2002), Lavanya and Mohan {2003) and Patel e/ al. (2003).

estimates of gca effects (Table 2) revealed that the females parent SKP-83 and SKP-8 were good general combiners
Trleda s to 50% flowering as weli as days to 50% maturity of main raceme and seed yield. Likewise, lines SKP-25 and
fsokp_syz were good generai combiners for oil content’ and VP-I for plant height.

to 50% fl

sis of variance for combining ability and variance components in castor

Table 1 Analy
Days to 50% Days to 50% Number of
Source df  flowering of main  maturity of main  nodes up to Plant height  Qil content  Seed yield/plant
raceme raceme main raceme '
Replication/season 6 7.10 3164 15.34 228 0.54 149.09
Parents 18 368.20 * 3094 .96 40.94 150.9** 467 11018.40%
L {(Females) 4 21078 1631.53* 7.62™ 58.59"*" 6.04 12963.34™
T (Mates) 13 42354 ** 3678.59™ 48.80* 168.9* 4.04* 5580.32**
LxT 1 278.37* 1361.50™ 72.01* 511.19** 7.42* 74883.75*
Hybrids 69 248.72* 1227 19* 37.48* 544 2% 5.03** 8749.33™
Parenls vs 1 50.88 ™ 2277.75™ 7.87 277.2" 52.8™ 72987.75™
Hybrids
Error 528 278 513 1.77 15.94 0.16 67.86
variance components
ogca 9.15 37.77 1.74 17.81 0.10 321.88
oisca 1.99 28.05 0.55 17.90 0.90 540.99
2¢° gcal2e® sca 0.22 0.74 0.32 1.01 3.03 1.68

*=5% level of probabitity; **=1% tevel of probability
Table 2 General combining ability effects of parents for different characters in castor

Days to 50% flowering of  Days to 50% maturity of Number of nedes upto  Plant . Seed

Parents Y main raceme S ! main raceme ! main raceme P height O SN ialgpiant
Females

SKP-8 -1.30* -2.48** -1.85* -0.97 -0.37 -14,85
SKP-25 -1.26% 1.34™ -0.50 0.47 0.42* -16.93"
SKP- 82 3.08 6.30" . 1.32* -5.31* g.62* 16.04
SKP- 93 -1.12 =572 0.58™ ’ 0.52 0.08* 30.73*
VP -1 0.61 Q.57 0.45** 5.33* . 0.39* -15.00"*
SE (95)+ 0.12 0.17 0.10 0.55 0.03 0.62
Males
4H-128 2.51* 1,34 0.15 T 079 0.19* 5.61*
H-77 7.06* 15.19~ 1.08% 2,234 -0.50* 9.28*
SH-66 -0.16* 3,43 0.72* 10.55** 0.46* 2473
SH-72 2.56** -2.39% 0.10 191 019 1.81
SKi-41 -2.09" - -6.33™ © 014 513* 0.42* -16.57*
SK2-41 -0.51* 0.89* 127 -4 22% a.11* -12.99**
5:12 ‘ -2.24* -4.78 0.24 4.54* 0.35" -17.32%
T™V-5 =171 -0.61* 0.66*" -2.02* -0.09* =127
SPS -35.98 7.56* -8,29* 1.16** 5.29* 013" 16.98™
103745 ; -0.74% -3.38* © 0,58 012 0.07 -23 8o**
1379 -8.31" -14.33* -3.73* -12.86* -0.30* -5.74*
2 e SR VOl
M_ 0.22 0.3 0.18 0.31 0.05 1.12

=5% ievel of prabability, **=1% |evel of probabitity

In
case of pollen parents, SH-41, SH-72, SKI-41, Aruna, 103745 and 1379 were good general combiners for imparting

earli )
sh ness. Out of these, former three were good combiners for oil content, while later two were good generat combiners for
Ort plant stature. _

A 9

a:g‘\’}s_? f Soli lthf total number of hybrids depicted significant sca effects for seed yield, of which, the hybrids SKP-8 x TMV-5

SKP-25 x 137 g h1 were goad specific combiners for seed yield/plant in addition to high oil content and earh~ness. The cross,

hybrids invel ad significant sca effect in desired direction for earliness, short plarit stature and seed yield/plant. These
Clved both or one poor general combining parents, hence these may be directly exploited for commercial
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cultivation. The hyhrid, SKP-82 x JI- 77 had significant sca effects for seed yield and also involved both good general
combining parents. This hybrid may be advanced in addition to commercial exploitation for production of desirable
transgressive segregants for development of improved male and female lines.

Table 3 Estimates of specific combining ability (sca) effects of selected crosses for various characters

Selected cross oS e O acime . up o ma rageme Plant heit Oilcortent il
SKP- 8 x JH-128 ~1.45" -10.19™ 462" 0.25 1.7 9.97*
SKP- 8 x TMV-5 ~2.73 -5.69" 209 0.17 0.21* 7.95"
SKP- 25 x SH-41 ~1.94™ -4.61™ -5.86%* -0.44 -0.24” 0.55
SKP- 25 x SH-72 ~1.14* -8.56" -0.21 0.44 0.51" 18.62"
SKP- 25 x 1378 -1.58™ -3.69" -2.79" 0.58 Q.70 33.48™
SKP-82 x J-77 -1.62* -2.45™ 7.94™ 0.55 0.07 50.78*
SKP- 82 x 1379 -2.42™ -4.05™ -1.49 -1.70" 0.g1™ 2.26
VP- 1 x SK(-41 -1.99* -6.37* -2.14 -0.62 0.68* 29.30*
SE (gi) = 0.44 0.63 11 0.37 0.05 1.12

*=5% level of probability, **=1% ieve! of probabiiity
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Influence of genetic and non-genetic factors on sex expression in castor,
Ricinus communis L. '

P.S. Patel, $.B.S. Tikka and C.G. Patel

Main Castor-Mustard Research Station, S.D. Agriculturat University, Sardarkrushinagar-385 506, Gujarat
Abstract

Information on genetic architecture of sex expression in castor which is influenced by the environmental factors
provides better understanding of sex behaviour, which is helpful in maintenance of pistilate lines. The availability
of 100% pistillate lines helped in commercial exploitation of hybrid vigour in castor which brought about
tremendous breakthrough in productivity in the country particular in Gujarat state. Castor is highly polymorphic
with respect to sex behaviour and a range of variations in sex morphology occurs within the monoecious stage
flanked by complete pistillate and staminate condition at higher extremes, A critical analysis of genetic and
non-genetic factors influencing sexual pollimorphism in castor has helped in identification of three types of
pistilateness N, S and NES. N type pistillateness is controlled by single recessive gene in homogygous condition
(ff), while, S type of pistillateness originating from sex reversal variations is governed by polygenic complex with
dominance and epistatic effects. NES system besides being homozygous for sex switching gene 'f contains
environmental sensitive genes for interspersed staminate flowers (ISF) expressing under high temperature (>32°C).
Use of 'N’ pistiltate lines (conventional} in hybrid seed programme leads to great deal of rouging less hybrid seed
praduction and large scale rejection of hybrid seed plots due to sex instability and reversion to monoecism in any
sequential order spikes. Among the three systems, 'S’ system (modified) appears to be the best because of its
predictable sex behaviour resulting in less rouging, more hybrid seed production/unitarea and high rate of success
of hybrid seed plots besides easiness in development and maintenance of such types of pistillate lines in castor.

Keywords: Pistillate line, ISF, sex expression, sibbed population, intermales, monoecious, revertant plants
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Introduction

Development of castor hybrids was initiated with the introduction of an exotic pistillate line TSP 10 R and development of
VP 1 indigenous pistillate line. Use of these lines facilitated the development of hybrids viz,, GCH-3, GAUCH-1, GCH-2,
GCH-4 etc. Several new pistillate lines viz,, Geeta, JP-65 SKP-84 were developed by new sources and used for
development and release of high yielding castor hybrids viz., GCH-5, GCH-6 and GCH-7. A critical analysis of genetic and
non-genefic factors influencing sexual polymorphism in castor has enabled identification of 3 systems of femaleness viz,,
N, S, NES (Classen and Hoffrman, 1950). Being a highly cross pollinated crop, large quantity of castor hybrid seeds were
rejected due to improper maintenance and multiplication of the VP-1 female. At present female lines were maintained and
multiplied by sibbing and selfing. The drawbacks of this method are low female ratio in population and sex reversion at early
stage. The unstable sex behavior of VP-1 is due to different sources of pollen i.e., monoecious, interspersed and reverted
female plants. In spite of this, well established problem of castor production are (i} fow genetic purity of certified hybrid seeds
{(>85%), (i) higher percentage of seeds failure (30 to 40%), and {jii) low productivity of hybrid seeds (800 kg/ha). These
problems are mostly related to female parents as they are unstable for femaleness and sex behavior under field conditions.
Therefore, it is worthwhile to find out ideal method for maintenance and multiplication of female which gives high female
ratio with less reversals. Hence, the present studies were planned to know the sex behavior and ideal methods of
maintenance of pistillate lines viz., VP-1, Geeta, SKP-35, SKP-52 and SKP-93, which are mostly used in current
hybridization programme for different objectives.

Materials and methods

The material for present investigation consisted of § pistillate lines viz., VP-1 (S), Geeta (S), SKP-35 (N), SKP-52 (N) and
SKP-83 (N). In each female, 3 populations viz., {i) selfed population of late reverted plants, (ii) sibbed population maintained
with late reversed pants and {iii} sibbed population maintained with normal moncecious plants, were used. The female
narents for each line obtained from seifing ¢f late reverted female plants and the pollinators (i) monoecious plants (1:1 ratio
of male and female flowers of main spike), (i) inter type male flowered plants (few male flowers in between female flowers
in main spike) and (iil) environmentally sensitive male flowered femaile plants (full female up to secondary two spikes and
than appearance of few male flowers) and (iv} late reverted female plants (appearance of male flowers after 6" ordery were
used for crossing. The former three pollen parents were selected from sibhed population of late reverted female. To obtain
desired type of plants, each population was sown thrice at an interval of one month from 13.07.1995 to 16.11.95 at Main
Castor Mustard Research Station, Gujarat Agricuttural University, Sardarkrushinagar. In female parents, 20 plants and in
pollen parents, 5 plants were tagged for observations. For maintenance of each female line, standard breeding technigues
were used.

All five populations were raised under two environments i.e., under high (37.5°C on 13-07-1995) and low {(32°C on 16-11-95)
temperature conditions. Experiment was laid outin 3 replications with 90 cm x 80 cm distance. In each replication, 30 plants
for Iate reverted females and 75 plants for other classes were kept for observation. All the recommended agronomic
practices were foliowed to grow the crop successfulfy.

The observations were recorded on true type plants in each class and each replication. The average percentage values
of observed plants were used in the subsequent analysis. The procedure for recordinig observations on various plants,
racemes and traits for sex behaviours is described as under:

1. Number of true type plants/replication: on the basis of phenotypic characters of each female, true type gistillate plants
were counted per replication.

2. Number of 100% pistillste plants/replication : plants which possessed 100% pistillate flowers on main spike were
counted/replication

3. Number of monoecious plants / replication: plants which possessed monoecious sex form (male flowers on lower portion
and female flowers on upper portion in 50:50% ratio) in main spike were recorded/replication.

4. Number of plants with inter type male flowers/replicatian: plants which possessed male flowers intermetently on main
spike were recorded/replication.

5. Number of early revertant (reversion in second, third and fourth order spikes} plants/ replication: plants which produced
few male flowers in second, thitd and fourth order spikes of each females, considered as early revertant plants were
countad for replication.

6. Number of iate revertant {after fourth order spike) plants/replication : plants which produced male flowers in 8", 8", 7",
and 8" order spikes of each females, considered as late revertant plants were counted per replication.

7. Number of non revertant, ( up to 8" order spikes) plantsfreplication : plants which had not revertant up to 8" order
spikes due to high temperature or genetically in each females, considered as non- revertant plants were counted per
replication.

8. Number of plants with environmentally sensitive staminate flowers (ESSF)/replication: plants which developed
environmentally sensitive staminate flowers due to high temperature in 8th order spikes were counted/replication.
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Results and discussion

Since last four decades, exploitation of hybrid vigour in castor on commercial scale has become feasible due to availability
of 100% pistiliate lines. Heterosis breeding plays significant role in increasing the productivity of castor. However, low yielg
of hybrid seed and lower genetic purity in seed production programme are the major problems. Increase of stablg
femaleness in female lines up to 4™ order spikes and reduction of sex reversion in female population are needed to solye
seed production problems,

By virtue of development from broad genetics base and method of reproduction through generation advancement, the
female population exhibits considerable heterozygosity and heterogeneity in sex expression. The persistence of female ang
menoecious regions of spike through entire life span of the plant suggests the variegated nature of sex reversals,
Confirming the onto-genetically irreversible nature of sex reversion form female to monoecious (Shifriss, 1956) attributeq
the change to a particular cell fineage. However, under field condition, it was not possible to maintain the pistillate plants
beyond 15" sequential arder racemes. Poor penetrance and expressivity of |SF character in the development of staminate
flowers after dropping of first developed pistillate flowers was reported by Shifriss (1956). It alse leads to the logical
conclusion that female determining factor is dominate over male determining factor in S-type female with environmentally
sensitive genes (S) for ISF, Patel et al. {1986), Patel et a/. (1990) and Ramachandram and Rao (1993} suggested that the
female maintained with different pollinators gave differential sex behaviour for female and mate flowers and sex reversal
in population. To confirm these hypothesis five castor pistillate lines (VP-1, Geeta, SKP-35, SKP-52 and SKP-93) which are
widely used in selected hybrid breeding programme were tested under high temperature (first fortnight of July) and low
temperature (second fortnight of November) conditions.

Female and male sex expression. The resulis in respect of per cent femate plants in various female populations are
presented in table 1. It was observed that all female lines showed similar sex behaviour pattern under each ctass. Hence,
it is worth to describe the data of female VP-1, which a female parent of three released castor hybrids viz., GAUCH-1,
GCH-2 and GCH-4. In VP-1, 100% femaleness at primary raceme level was observed in papulation pollinated by ESSF and
late reverted selfed plant population under sowing at high and low temperature conditions. Population pollinated by
intermetant male spike showed, 71.1% and 72.3% femaleness under high and low temperature, respectively. Population
VP-1 x monoeciuos, showed 52.3% and 54.1% femaleness under high and low temperature, while sibbed population of
VP-1 exhibited femaleness to the extent of 47% and 52.5% under high and low temperature respectively. The maximum
100% female plants were cbserved in VP-1 x ESSF and late reverted selfed population of VP-1, whereas, minimum
femaleness 47.0 and 52.5% in sibbed population under high and low temperature.

The results of other pistillate lines wiz., Geeta, SKP-35, SKP-52 and SKP-93 also exhibited maximum 100% female plants
at primary raceme level in the population poilinated by ESSF and late reverted selfed populations under both high and iow
temperature conditions. Low frequency of female plants were recorded in sibbed population of each female i.e., in Geeta
{(46.5% and 48.2%), SKP-35 (46.7% and 47.4%), SKP-52 {46.2% and 50.1%) and SKP-93 (46.6% and 47.8%) under both
high and low temperature conditions, respectively.

From the data, it is clear that to obtain maximum frequency of pistillate plants in unit area in any of the S-type female
population, it should be maintained through ESSF pollinator and by selfing of the tate reverted plants. The high recovery
of femaleness under these methods will also be helpful in increasing hybrid seed production. Thus, these are the best
methods for obtaining higher female plant population with higher hybrid seed production along with maximum genetic purity.
These findings are in conformity with resuits of Patel et al. (1986) and Ramachandram and Rao {1993},

Differential breeding behaviour of pistillate lines: The results on sex behaviour in different sequential spike orders of
each female are presented in table 2. In all five pistillate lines and their various classes, none of the females showed sex
reversal in primary raceme but sex reversion stage started from secondary order and was in increasing trend up to 8"
raceme order under both high and low temperature planting conditions. Sex reversion was higher in high temperature
planting condition than in low temperature panting condition in all classes of five females. The maximum non-reveried
female plants up to 8" raceme orders (94.4% under high and 96.2% under low temperature sowing seasons) were recorded
in VP-1 x ESSF papulation whereas, minimum in sibbed populations of SKP-52 (51% under high temperature sowing) and
SKP-35 (53.3% under low temperature sowing). The range of early reversals up to 4" order was 2.3% (VP-1 x ESSF) to
25.4% (Geeta sibbed) under high temperature while, it was 1.6% (VP-1 x ESSF) to 19.2% (Geeta sibbed) under low
temperature sowing conditions. Percentage of late reversals varied fro 3.3% (VP- x ESSF) to 27.3% (VP-1 sibbed) under
high temperature, whereas, it was 2.2% (VP-1 x ESSF) to 26.0% (SKP-35 sibbed) under low temperature planting. The
range of total reversal from low temperature sowing 3.8% (VP-1 x ESSF) to 44.7% {SKP-35 sibbed) under low temperature
sowing conditions.

The results also indicated that progenies which were pollinated by monoeciuos and sib-mated in each females showed
differentiat sex behaviour. July planting {high temperature) produced higher ISF and its proportion graduafly increased in
higher sequential order spikes. This trend continued up to first fortnight of November with littte variation from one female
to another. On the contrary, these progenies when planted in November failed to express ISF character up tos5th sequential
order spikes (3" week of March). Subsequent spikes that flowered towards end of March started throwing ISF in a very
timited proportion of the population, By mid-summer, population produced large number of ISF. Distinctly marked differences
in weekly maximum and minimum temperature that coincided with flowering of high and low temperature planted progenies
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. t females suggested the sensitivity of the sex character to prevailing temperature dqring flowering. For instance,
of differen n of ISF character was well marked in high and low temperature planted progenies, when the maximum and
the .expreStS‘ mperatures ranged from 32° to 43°C and 15°C to 25°C. respectively. On other hand, the flowering in low
mipimeum r‘; lanted progenies which failed to produce ISF coincided with low maximum (25°C to 32°C) and minimum {(8°C
lempféat:;mﬁeratures during the period December-January to end of February. Zimmerman and Smith (1966) observed
trg;rﬁed)penetrance and expressivity of ISF in CNES-1 castor pistillate line when monthly average temperature was 32.7°C

in July.

._1arly. Ankineedu and Rao (1973} reported that 32 to 33°C monthly mean day temperature was desirable for
S'W't :énces of 240, a NES pistillate line. The population maintained by ESSF and late selfed plant progenies in the
bl rE:t studies represent the genotype combining the unconventional dominant factors for femaleness and the
oo lly sensitive recessive gene (s) for ISF, the expression and penetrance of which is dependent on the genotype
ofthe plantand favorable environment. According to variable degreeg of expression of [_SF character, the pro'genies of VP-1
female population fall into three broad categories.as per experimental results. (i} pro_duce's ISF during favourable
temperature irrespective of the development of pistillate flowers. These progenies remained female beyond one year
thereby suggesting late/non reversion to monoecism, (ii) expresses the envi ronmentarry sensitive gene for staminate flowers
under favorable environmental condition on partial or compiete dropping of pistillate flowers d_ue to non-availability of pollen.
This group comprised various reverts, and (jii) does not produce staminate flowers irrespective of the season/environment
and the development of pistiffate flowers, {ate/non-reverts progenies of ail three groups comes under this group. The low
genetic purity in castor hybrid seed production is the main constrain for seed producers. Present studies reveal that the
female population maintained by ESSF pollinators and selfing of late reverted plants showed minimum reversion from
second ‘o 8% order spikes. The less availability of pollen grains fram the revertant spikes in the population, thereby less
chances of selfing in hybrid seed production. Thus, this true type population will be helpful in increasing genetic purity of

hybrid seeds.

From the data, it was also evident that there was high reversion {male induction) in female plants population under high
tempersture (beyond 32°C) as compared to low temperature (below 30°C). Hence, raising the hybrid seed production plots
under low temperature conditions {below 32°C at flowering time) and maintenance of female lines under high temperature
will be advantageous for recovery of higher seed yield with high genetic purity. it was also clear that the reversion {maie
irduction) in female population upto 4™ order (32°C) is under limit. Therefore, it is advocated that for maintenance of high
genetics purity of hybrid seeds, spikes upto 4" order should be harvested.

environmenta

Efficientmethod of maintenance of pistillate lines: The results on maintenance of different pistillate lines through various
poliinators  (Table 1 and 2) indicated that the maximurm (100%) female ptants and non/late reverted female plants (up to
8th order spikes) were recorded in female populations which were maintained through ESSF followed by selfing of late
reverted higher order spikes plants and inter mating under both high and low temperature conditions in all the five females.
The same trend was also observed in early reverted group in all the females under both sowing conditions. The maximum
94.4% and 96.2% non-reverted female plants were observed under high and low temperature respectively maintained by
VE-1 x ESSF. The minimum non revertant female plants 51.0% in SKP-52 sibbed and 55.3% in SKP-35 sibbed population
were ohserved under high and low temperature sowing, respectively.

The sex expression in differential breeding behaviour of the progenies with parficular reference to penetrance and
expressivity of environmentally sensitive gene(s) for ISF indicated the feasibility of manoeuvring the progenies that ensure
100% recovery of female plants as against 45 to 55% in current method. Essentially the aiternate method of reproduction
should be based on the use of true breeding fate/non-reverted female line which carries environmentally sensitive gene(s)
for ISF. Its self reproduction is accomplished in male promoting environment (summer).

[tis a normal practice to keep 15 to 20% monoecists as a source of pollen for seed muttiplication of VP-1 conventional
female which, results in 50 to 60% monoecious plants in female lines of hybrid seed production. These monoecists are to
be rouged out before anthesis in hybrid seed production plots, which result into tow hybrid seed production/funit area.

Ulnremoved monoecists and early revertants deteriorate genetic purity of hybrid seed and lead to rejection of hybrid seed
plots.

Patei ¢t al. {1990) recommended that the maintenance and multiplication of VP-1 (modified) female can be done by selfing
and sibing. For achieving the goal, either earty (June-July) or late (January-February} planting would be helpful. This is
beqause in both the plantings, flowering coincides with higher temperature {(above 32°C). It is worth while to note that the
Maintenance of this line and hybrid seed production could, therefore, be accomplished at the same location by adiusting
the Planting time. Itis also possible to maintain the line by using the female plants «.fthe hybrid seed production programme.
The fgmale VP-1madified has, therefore, advantages for (i) maximum genetic purity in femateness, maintenance by selfing
and glbbing and maintance and establishing crossing block at the same location. Thus, saving inputs and time for separate
Plantings. (ii) seed rate of female line could be reduced from 7.5 kg/ha to 3 to 4 kg/ha as a result of higher recovery of
female plants and reduction in the cost of rouging in seed production programme, (iii} complete absence of monoecists in
female lineg ensuring higher genetic purity of hybrid seed, minimizes the rejection of seed plots.
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Table1 Sex behaviour of different pistiliate lines of castor maintained by different pollinators and raised under high and low
temperature conditions

% female and monoecious piants

Populations High ternperature Low temperature
Female Monoecious Female Monoecious

VP-1 x Mongecious 52.3 477 54,1 459
VP-1 x Inter males 711 289 723 277
VP1xESSF 100.0 00.0 100.0 00.0
VP-1 x {LR) Selfed 100.0 00.0 100.0 00.0
VP-1 x {N) Sibbed 47.0 53.0 52.5 . 475
Geeta x Mongecious 51.3 487 52.9 471
Geeta x Inter males 70.7 29.3 74.5 255
GeetaxE.S.S.F 100.0 00.0 100.0 ) 00.0
Geeta (LR) Selfed 100.0 00.0 100.0 00.0
Geeta (N) Sibbed 48.5 53.5 48.2 51.8
SKP-35 x Monoecious 47 8 522 493 507
SKP-35 x Inter males 667 333 69.5 306
8KP-35xESSF 100.0 00.0 100.0 00.0
SKP-35 (LR} Selfed 100.0 00.0 100.0 00.0
SKP-35 (N) Sibbed 46.7 53.3 47.4 326
SKP-52 x Monoecious 459 54.1 492 49.8
SKP-52 x Inter males 647 35.5 86.5 33.5
SKP-52xESSF : 100.0 00.0 100.0 00.0
SKP-52 {LR) Selfed 100.0 00.0 100.0 00.0
SKP-52 {N) Sibbed 462 538 801 499
SKP-83 x Monoecious 449 55.1 50.0 50.0
"SKP-93 x Inter males 59.1 40.9 66.7 333
SKP-93xE.SSF : 100.0 00.0 100.0 Q0.0
SKP-93 (LR) Selfed 100.0 00.0 100.0 00.0
SKP-83 (N} Sibbed 46.6 53.4 47.8 52.2

LR= Late reverted plants; N= Normal type; ESSF= Environmental Sensitive Staminate Flowers
Table 2 Spike-orderwise per cent female revertant plants in different pistiliate lines under high and low temperature conditions

% lale revertant femaie piants after

4% order spikes % non-revertant

female plants up % revertant

% early reveriant female plants up to
4" order spikes

Progeny back ground Frva to 4™ order plants
spikery $1/82 TT2 Total Q11Q2 P1/P2 H1/H2 Total spikes
[l L H L H L [1] L [&] L H L H L H L [ L H L

VP-1 % Monoecious 000 €00 52 20 77 23 429 43 56 21 68 22 64 32 185 75 686 882 314 118
VP-1 x Inter males 000 060 48 29 75 53 123 82 42 24 54 2B 56 42 152 94 725 824 275 178
VP-1xEB.8F 000 000 12 000 11 18 23 16 000 000 12 00O 21 22 33 22 944 96.2 45 38

VP-1 x (LR} Selfed 000 000 38 000 48 38 B4 38 27 000 39 23 48 24 114 44 802 gt5 198 835

VP-4 % (N) sibbed 000 000 B4 42 96 92 180 134 82 87 95 93 g5 78 273 258 547 608 453 392
Geeta x Monoecious  00.0 000 58 23 80 28 138 58 61 20 67 22 72 22 200 64 662 885 338 114
Geetla x Inter males 000 00.0 47 36 64 48 411 78 44 22 52 32 58 5t 152 108 737 816 263 184
GeetaxESSF 000 000 4 000 12 18 26 1.8 000 000 21 100 25 18 46 20 028 953 72 47

Geeta (LR} Seifed Q00 Q06 41 10 81 21 92 31 38 000 44 32 48 35 123 87 785 602z 215 98

Geeta (N) sihhed 000 Q00 122 72 132 120 254 192 59 68 70 76 89 78 218 222 528 586 472 414
SKP-35 x Monoecious 06.0 006 68 31t 91 .45 157 76 56 29 62 34 &7 36 185 99 658 825 342 17.5
SKP-35xintermales 000 000 48 23 76 40 124 63 47 41 59 47 57 48 173 136 703 801 297 199
SKP-35xE.SSF go.o 0G0 2% 12 29 23 50 35 000 000 30 21 33 28 63 48 887 916 113 84

SKP-35 (LR} Selfed 00.0 000 43 18 62 24 105 42 41 18 48 23 561 25 140 66 757 802 245 108
SKP-35 {N) sibbed 00.0 000 104 79 114 108 218 187 79 75 92 88 97 97 288 260 514 553 486 444
Si-52 x Monoecious 800 000 82 24 90 44 172 68 53 19 64 25 70 35 187 79 641 853 359 144
SiP-52xIntermales 00.0 00.0 53 Q00O 91 59 4944 59 48 36 54 40 67 41 169 117 687 824 313 176
SKP-52xE.SSF 000 000 22 000 31 27 53 2t 000 000 3C 000 32 27 62 27 885 852 115 48

SKP-52 (LR) Selfed  00.0 000 42 000 66 37 108 37 15 000 48 22 52 30 M5 52 777 91.1 223 89

SKP-52 (N}"sibbed 00.0 000 111 B8 1421 102 232 190 79 64 87 65 92 71 258 200 510 610 49.0 390
SKP-93 x Moncecious 00.0 006 62 35 74 40 136 75 52 23 60 29 82 31 194 83 870 B42 330 158
SKP-93 xIntermales 00.0 000 52 23 59 40 1t1 63 45 20 52 28 65 32 162 80 727 851 273 143
SKP-83xE.§ S.F 000 000 20 000 22 28 42 28 0090 000 30 19 a5 23 65 42 893 830 107 7.0

SKP-83 (LR) Seifed 000 000 441 13 66 24 97 37 37 17 38 240 43 20 118 57 785 906 215 94

SKP-93 (N} sibbed 000 000 %13 78 121 103 234 185 72 74 B85 86 85 B8 248 248 520 5687 480 43.3
ESSF= Envirgnmental Sensitive Staminate Flowers, LR= Late reverted plants; H= High temperature sowing (13.7.95), N= Normal type; L= Low temperature
sowing (16.11.95)
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Effect of planting ratio on seed yield of hybrid castor, DCH-177

Basave Gowda
Seed Unit, University of Agricultural Sciences, Raichur-584 102, Karnataka
Abstract

Afield experiment was conducted at seed unit, UAS, Raichur during rabi 2008-09 to know the effect of planting ratio
on hybrid seed yield of castor hybrid DCH-177. Five different planting ratio’s {2:1, 3:1, 4:1, 5:1 and 6:1 femate to male
ratios) were dibbled with 4 replications. The yield parameter like number of capsules/plant, seed yield/plant {g) and
seed yield (kg/ha) were recorded. The study envisaged that, hybrid seed yield of DCH-177 was significantly
influenced by increasing planting ratio (female to male). Increase in seed yield was noticed from 598.8 kg/ha with
existing 3:1 planting ratio to 633.7 kg/ha with 4:1 planting ratio. However further increase in planting ratio
decreased the seed yield. Hence planting ratio of 4:1 is better for seed production of DCH-177.

Keywords: Castor, planting ratio, seed yield
Introduction

Castor occupies an important place in the dryland agriculture owing to its drought hardiness, quick growth, ability to adjust
to edaphic, climatic, and managerial factors and low input requirements. Oil from castor is among the most versatite
products with varied industrial uses. The castor hybrid, DCH-177 was developed by involving DPC- § as female parent
and DSP- 9 as male parent. The planting ratic of mate and female parental lines and row-to-row spacing have a direct
impact on the quantity of hybrid seed produced. In order to enhance hybrid seed yield, availability of polien is must. Present
investigation on effect of planting ratio on seed yield of DCH-177 was undertaken to know the influence of different planting
ratios on hybrid seed yield.

Materials and methods

Parental iines of DCH-177 were grown in randomized biack design with four replications during rabi season of 2008-09.
Seeds of femaie parent (DCP-8) and male parent (OCS-9) were dibbled in 211, 3:1, 4:1, 5:1 and 6:1 with the spacing of 90
cm x 60 cm. Two rows of sorghum were grown two weeks prior to sowing of parental lines to minimize cross pollination
between treatments. Recommended package of practices were fallowed to raise a healthy crop. The yield parameters like
number of capsules/plant, seed yield/plant {g) and seed yield (kgfha) were recorded (Table 1).

Table 1 Effect of planting ratio on hybrid seed yield of castor, DCH-177

Planting ratio Piant height No. of primary No. of 100 seed weight  Seed yield/ptant Seed yield
(cm) branches capsules/plant (g} (g) {kg/ha}
2:1 1336 30 98.7 295 433 534
31 1327 3.0 99.2 29.9 43.1 599
4:1 133.4 38 99.7 305 422 634
5:1 134.8 35 95.0 300 39.0 602
6:1 133.4 34 94.2 296 7.7 593
Mean 133.9 33 97.4 301 411 33

CD (P=0.05) NS NS 345 0.84 233

-43-



J. Qilseeds Res., Vol. 27 (Special Issue), 2010

and JP-102 x JI 376 were found good specific combiners for effective length of primary raceme. Negative values of sca were
considered desirable for days to 50% flowering of primary raceme, height up to primary raceme and number of nodes up
to primary raceme. The magnitude of sca effect revealed that the cross combinations, JP-102 x JI-368, JP-101 x SKI-215,
JP-96 x SKI-215 and JP-102 x JI-377 for days to 50% flowering of primary raceme, JP-102 x SKI-215, JP-96 x JI-368,
JP-101 x JI-376 and JP-101 x SKI-291 for number of nodes up to primary raceme and JP-102 x JI-368, JP-101 x SKI-215,
JP-96 x SKI-215 and JP-102 x JI-377 for days to 50% flowering of primary raceme exhibited significant and negative values
of sca effect. Total 9 cross combinations gave significant and positive sca effect for number of nodes on primary raceme.
The best specific cross combination was JP-96 x 8KI-215 foliowed by JP-96 x JI-377, JP-102 x JI-368 and JP-102 x JI-396.

The reflections on parents viz., JP-102 and 4P-96 (females) and 4-376 and SKi-215 {males) from the combining ability
analysis would suggest that base population buifd up from these parents would certainly be ideal for carrying selection for
higher gca and high sca. A combination of poor combiners also gives several crosses with high and significant sca effects
across the traits, such crosses could be expected to throw up some transgressive segregants in recurrent selectici1. A
progeny selection with pedigree method in such crosses may throw up transgressive segregants feading to develcpment
of good inbreds.

Table 3 Specific combining ability effects in castor

Plant height Effective length No. of nodes No. of capsules

i . . " s to 509 o. of effi .

Crosses uploprimary —ofprimary - uplogrimary onprmary PR TS SRR TOERG Oicontent gy
JP-98 x JI-368 -8.13" -1.57 -0.04 -10.35* 1.85% -0.85 1.02 -0.30 32.57
JP-96 x JI-372 5.5 -4 02 -0.37 FaART 020 -1.30 Q.34 044 2643
JP-96 x JI-376 1.20 0.54 -1.15* -7.48 -1.24 1.04 0.23 0.29 -15.43
JP-86 x JI-377 3.54* 0.76 -1.15* 7.20% 0.87 -0.41 1.33* 028 11.91
JP-98 x §KI-215 8.54* 4,54 2.52™ 19.32™ -3.24** 0.82 -0.39 0.41 20,13
JP-96 x SKI-291 -1.02 -0.24 018 -1.55 178" 0.70 -2.52* -0.54 -22.76
JP-101 x JI-368 1.76 1.82 -0.32 3.43" 220 -0.48 0.04 -0.48 -22.43
JP-101 x JI-372 -1.91* 0.04 ;.69 3.85™ 1.09 -0.91 0.99 -0.35 -45.76™"
JP-101 x JI-376 -5.87™ <2447 1.24* z.98 -0.35 -0.91 0.71 -0.63* 17.91
JP-101 x JI-377 -0.91 248" -0.09 -5.69* 1.76* -0.38 -0.38 0.0 19.91
JP-101 x 5KI-215 2.09* -1.74 -0.43 -7.57* -3.69° 1.54 -1.68* 063" - 9.80
JP-101 x SKI-291 4.54™ -018 -1.09* .20 -1.02 1.09. 033 0.83* 20.57
JP-102 x J1-368 .37 024 .35 £8.93™ -3.B5™ 1.32 -3.08 DI -109%
JP-102 x I-372 7.04™ 3.98*" -0.32 3.48* -1.30 2.20~ -1.33* 0.49 7219
JP-102 x JI-376 4.37" 1.87* -0.09 4.48* 1.59* -0.13 -0.94 0.34 =248
JP-102 x JI-377 -2.63* -3.24% 1.24" -1.52 -2.63* 0.78 -0.94 -0.28 -31.82*
JP-102 x 8KI-215 -11.63* -2.80"" -2.09* -11.74™ 693 «2.35" 2.07* -1.04* -29.93"
JP-102 x SKI-291 -3.52™ 0.43 0.91 -1.63 -0.74 -1.80 2.20* -0.28 219
S E (8i)) 0.96 .85 .51 1.38 0.74 097 0.63 0.29 14.91

* and ™ Significant at P = 0.05 and P = 0.G1 ievels of probability, respectively.
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Genotype x environment interaction and stability parameters for yield and
component characters in castor, Ricinus communis L.

J.A. Patel, B.N, Patel, Alpesh R. Patel and Rajiv Kumar
Regional Research Station, Anand Agricultural University, Anand-388 110, Gujarat
Abstract

The stability parameters were studied with 16 parents (4 pistiflate and 12 monoecious [ines) and their 48 hybrids
using three created environments during crop season of the year 2007-08. Mean square due to genotypes and
environments (linear) were significant for all the characters under study. The values of mean square due to
genotypes x environments interaction were significant for plant height up to primary spike, shelling outturn and
oil content. Accordingly, linear component of G x E interaction was significant for above stated characters, and it
was of greater magnitude than G x E {non-linear) component, which suggested that performance of genotypes
would be predictable in different environments. None of the crosses was stable for all the characters in the same
environment; therefore, the same cross had well adaption to different environments for different characters. The
cross, VP 1 x DCS 47 was well adapted to poor environment for plant height and to better environment for number
of tertiary spikes/plant as well as shelling outturn. However, for seed yield/plant, stability parameters were not
computed as genotypes x environments interaction had non-significant value of mean square; therefore, estimates
of stability parameters for other characters had less importance.

Keywords: Genotype, environment, monoecious line, pistillate line, castor
Introduction

The interplay of genes and environment is of vital significance in the expression of a character. Castor crop is more sensitive
to environmental variations, particularly differences for fertility status of soil, temperature during growth period and moisture
availability. The sensitivity of castor genotypes/ hybrids to environmental variations suggests the need of using array of
environments instead of single environment to study the nature of gene effect controiling the inheritance of components
of adaptation. In view of this, four pistillate lines, 12 inbreds and their 48 F, crosses were evaluated to study response of
genotypes for seed yield and other matricate characters over three varying environments created through dates of sowing
and irrigation schedules.

Materials and methods

Diverse four pistillate fines and 12 monoecious inbreds (inter spersed male flowers) were crossed in Line x Tester mating
design. Seeds of parents and 48 F,s were sown on: (i) August 1, 2007 under rainfed cropping condition; (2) September 4,
2007 with irrigation only at criticat growth stages i.e., flowering initiation and seed development stage and (jii) October 5,
2007 under irrigation condition; as and when required.

The investigation was carried out at Regional Research Station, Anand Agricultural University, Anand during the year
2007-08. The experiment for each environment was laid outin a randomized complete block design with three replications,
keeping a single row of 7.2 m for each entry with 120 cm and 60 ¢m inter and intra raw spacing, respectively. Total 14
characters comprising five growth attributes, seven yield component characters, seed yield and oil content were studied.
The statistical analysis was done as per Eberhart and Russell (1966). However, Bartlett's test of homogeneity of variance
was applied to the error mean squares.

Results and discussion

The Bartlett's test suggested that created environments significantly differed in case of all the characters under study. The
analysis of variance over environments revealed that the mean squares due to genotypes were highly significant for all the
characters. Highly significant estimates of mean square due to environments (linear) indicated existence of considerable
variation among the created environments for all the characters exceptiest weight of 100 seeds. The values of mean square
due to genotypes x environment interaction were significant for plant height up to primary spike, shelling outturn and oil
content, which revealed that genotypes behaved differently with array of environments for these characters.

The values of mean square due to E + (G x E) were significant for plant height up to primary spike, number of secondary
spikes/plant, number of tertiary spikes/ptant, shelling out turn and oil content suggesting variable response of genotypes
to different environments. Further, significance of G x E {linear) component for plant height up to primary spike, number of
tertiary spikes/plant, shelling outturn and oil content indicated that all the regression coefficients were not statically at par
and variation in the performance of genotypes was due to regression of genotypes on environmental indices. Pooled
deviation variance G x E (non-linear) was significant for all the characters except shelling outturn and oil content. However,
observed G x E {non-linear) effect was of Jower magnitude than its counter part G x E (linear), which indicated that the
characters registered G x E interaction had inconsistent performance over environments.
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The observed high magnitude of genotypes x environment (linear) component could iead to the identification of genotypes
deviating from the regression line of unit slope. Accordingly, three kinds of linear response; bi=1, bi>1 and bi <1 have been
observed for the characters under consideration, However, negative bi values were aiso observed, such type of linear
response could be attributed 10 inadequacy of the scale used for analysis, and/or the inherent behaviour of the genotypes
investigated. (Knight, 1970).

For the character plant height up to primary spike, population mean was 73.44 cm, hence, genotypes having less plant
height than population mean, non significant values of S2di and significant deviation from unit slope of regression coefficient
{bi) were considered as stable genotype. Total 12 genotypes were identified as well adapted to various environmental
conditions; of which pistillate line VP 1 and SKP 84, male parents PCS 124, and SK! 192, hybrids Geeta x SKI| 147, VP ¢
xDCS 47, VP 1 xEB 16, vP 1 X EC 38538, VP 1 x 8KI 192 and VP 1 x SKI 270 had above average stability and adapted
fo poor environment as their bi values were betow one. The pistilfate line SKP 24 and hybrid SKP 24 X §KI 202 had farger
bi values thart unity, thereby these had below average stability and well adaptability to better environment.

For the character number of tertiary spikesipiant, populatior mean was 3.44; therefore, genotypes having higher number
of tertiary spikes than 3.44, and fulfilling other stability parameters were identified as well adapted to different environments.
Inbreds, EC 38538 and hybrids VP 1 X DC_S 47 and SKP 84 x EB 16 were well adapted to better environment, none of the
genotypes was well adapted to poor environment: Whereas\ inbred EB16 and hybrid VP 1 x GC 2 were wide adapted
genotypes as both the genotypes had close to one estimate pf regression coefficient. The population mean was 64.95%
for shelling outturn. Total 25 genotypas showed better adaptation to different environments. However, none of the genotype
was well adapted to poor environment. inbred EB16, and hybrids, Geeta x EB16, Geeta x SH 41, Geeta x SKI 147, Geeta
% SPS 44-1, VP 1 x EC 38538 and SKP 84 x DCS 47 had below average stability and well adapted to favourable
environment. Among the genatypes. which showed average stability, hybrid Geeta x PC5124 exhibited the highest shelling
outturn followed by SKP 24 x SPS 41-1, VP 1 x SKI 270 and SKP 84 x EC 38538. Only one inbred, SKI 202 was wide

adapted to different environments.
Table 1 Analysis of variance for phenotypic stability for different characters in castor

Mean sum of squares

Characters %T:r;?s- Environments gxe e+igxe) E;\;l::; . gxe (lineary Codled  Pooled
@) (e) (linear) deviation  error
ar 65 2 130 132 1 65 66 390
Days te 50 % flowering 9408 ™ 7082 * 10.16 11.08 14185 ** 11.52 866 ** 054
Days ta 50 % maturity of primary spike 755.62 " 106.00 ~ 16.92 18.27 21198 ** 14.03 1952 ™ 270
Plant height up to primary spike 980.34 ** 5884.86 ** 38708 * 47038 * 1176931 * 53112 ** 23937 * 14.05
Number of nodes up to primary spike 19.45 ** 2393 * 047 083 * 4786 " 045 049 ™ o2
Effective length of primary spike 363.58 ** 73059 * 6527 75.35 1461.19 ™ 6315 66.37 ** 1345
Number of secondary spikes/plant 502 ** 5800 * 221 306 ~ 11600 * 237 203 *™ 005
Number of tetiary spikes/piant 436 * 3183 * 156 202 < 6366 * 198 * 112 * 005
Number of effective branches/plant 20.28 ™~ 8182 ** 558 6.74 163.63 *™ 6.38 472 = 037
Number of capsules on primary spike 940.98 ™ 312092 ** 298.8% 341.65 6241.83 ** 326.67 267.00 * 2482
Total number of capsules/plant 8320.08* 32002.32 *~ 2427.30 2889.04 6580464 ** 237225 244473 ** 182.97
Seed yieid/plant 7158.10"* 18857.40 * 150066 185228 3771497 ** 162620 153147 * 142.02
Sheliing outturn A 100.04 ™ 99312 * 047 * 1521 * 1986824 ** Q27 * (.07 268
100 seed weight 3757 ™ 065 2.52 249 1.29 2.29 270 ™ 019
Ot content 13.47 ™ 637 ™™ 002 * Q11 * 1274 ™ Q03 * 0.00 0.19

=, = Significant at 5 and 1% leve! of significance, respectively

For oil content, population mean was 49 36%. Total 24 genotypes were well adapted {o various environments; among those,
four hybrids, Geeta x DCS 8 '(49.83%). Geeta x DCS 47 (48.64%), VP 1 x EB 16 (49.86%) and SKP 84 x SPS 44-1
(50.40%) had above average stability, hence, these were well adapted to poor environment. Among the eight well adapted
genotypes to better environment, hybrid VP 1 x SKI 270 had the highest oil content followed by inbred SKP 24 and hybrid
SKP 84 x EC 38538 whereas, among 12 wide adapted genotypes 1o different environments, inbred £C 38538 had the
highest ofl content and other promising genotypes were VP 1 x EC 38538, PCS 124, Geeta x SKI 192, Geeta x EB 16, VP
1 x SKI 202 and VP 1 x DCS 9. Significance of G x E (L} component for piant height up to primary spike, number of tertiary
spike/plant, shelling cutturn and oil content was in accordance with the reports of Henry and Daulay (1985), Solanki and
Joshi (2003) and Patel and Pathak (2006).

None of the hybrids was found consistently stable for all the characters in any environment. For seed yield/plant and
important yield component characters viz., number of capsules/plant, number of capsules on primary spike, number of
effective branches/plant, test weight of 100 seed, effective length of primary spike and number of secondary spikes/plant
G x £ interaction and its linear companent G x E (L) were non- significant, which suggested non existence of linear response
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of genotypes o varied environments, and significance of G x E {non-linear) component revealed that performance of
genotypes could not be predicated over environments for above stated characters.

Table 2 Classification of genotypes based on their adaptation in average, better and poor environment for different traits in

castor
Environments Plant hmgz;?ﬂm primary Nur:;:;solfptlz:;ary Shelling outturn Qil content
Average stability and wide/ VWP1xGC2 Geetax GC 2 Geeta x EB 16
general adaptability Geeta x PCS 124 Geeta x SK! 147
Geeta x SKI 202 Geeta x SKi 192
VP 1 x DCS 47 Geeta x SKi 270
VP t xEB 16 Geeta x SPS 44-1
VP1xSH41 ' VP1xDCS9
VP 1 x SKI 270 VP 1 x EC 38538
SKP24xGC2 VP 1xGC2
SKP 24 x SKi 202 VP 1 x SKiI 202
SKP 24 x SPS 44-1
SKP 84 x EB 16
SKP 84 x EC 38538
SKP 84 x SPS 44-1
Below average stability and  SKP 24 x SKI 202 VP 1 x DCS 47 Geeta x EB 16 VP 1 x SKI 270
adapted to better environment SKP 84 xEB 16 Geeta x SH 41 SKP 84 x DCS 47
Geeta x SKI 147 SKP 84 x EB 16
Geeta x SPS 44-1 SKP 84 x EC 38538
VP 1 x EC 38538
SKP 84 x DCS 47
Above average stability and  Geeta x SK| 147 GeetaxDCS 9
adapted to poor environment VP 1 x DCS 47 Geeta x DCS 47
VP 1 xEB 16 VP 1 xEB16
VP 1 x EC 38538 SKP 84 x SPS 44-1
VP 1 x SKI 192
VP 1 x SKI 270
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Sex expression studies in pistillate lines of castor, Ricinus communis L.

C.J. Patel, M.S. Patel, D.K. Patet and P.J. Patel
Main Castor-Mustard Research Station, S.D. Agricultural University, Sardarkrushinagar-385 506, Gujarat
Abstract

In the present investigation, 20 pistillate lines were planted at two dates of sowings to understand the influence
of date of sowing on pistiliate expression. Recovery of pistillate and moniecious plants was not influenced by date
of sowing while number of interspersed staminate flower was influenced.

Keywords: Castor, combining ability
Introduction

Sex expression in castor (Ricinus communis L.} is influenced by both genotype and environment, where in a better
management improves the proportion of femaleness and stress conditions increase the proportion of maleness. The
development of pistillate lines in castor has played the key role in commercial exploitation of hybrids in castor in Gujarat
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state bringing in gquantum jump in productivity. For seed production of hybrids in commercial scale, a stable pistillate line
is a prefequisite. o

Materials and methods

In the present investigation, 20 promising pistiliate iines developed at the station were planted at two dates of sowing
{August 2 and August 23) in randomized block design with two replications at Main Castor-Mustard Research Station, 5.0,
Agricultural University, Sardarkrushinagar during rainy season of 2004 and evaluated for sex expression traits viz., recovery
of pistiliate and monoecious plants and number of interspersed staminate flowers (ISF) in different orders of spikes viz,
P1l S1l SZ! 831 S1T1x S1T2| 82T1 and Ssz.

Results and discussion

Analysis of variance (Table 1) revealed significant difference among genotype for all the traits. The date of sowing did not
influence the recovery of pistillate and manoecious plants, which revealed that these traits are notinfluence by environment
and are strictly under the genotype control. interaction effect of genotype x date of sowing was also fqund to be
non-significant for recovery of monoecious and pistiliate plants. Which revealed that the behaviour of all the pistillate lines
were consistent over environment. However date of sowing and interaction effect significantly influenced the_ number of
ISF in primary and sub-sequent orders. Which revealed that the number of ISF are highly influenced by environment in
different orders of the spikes among the genotype. The magnitude of a’g and GCV were found less than o’p and PCV,
respectively (Table 2) which also revealed that recovery of ISF in various order of the spikes are highly influenced by
environmental factors. High estimate of heritability (>50%) for number of ISF in different orders of spikes suggested that
the selection will help in be effective in reducing the number of 1SF in different orders of the spikes in these pistiliate lines
of the castor. The pistillate lines SKP 23, SKP 84, SKP 116, JP 65, vP 1 JP 93 and Geeta giving high recovery of pistillate
plants along with less number of {SF in different orders of the spikes appears to be highly stable pistillate line and can be
extensively used in hybrid breeding programme. These results are inconsonance with the finding of Shifriss (1960),
Zimmerman and Smith (1966) and Ankineedu and Rao (1973).

Table 1 Analysis of variance pooled over environments for different sex characters in castor, Ricinus communis L.

Mean sum of square

S:z;i;r?f f. monongcious % pistiliate Numper of 1SF in different order spikes

plant plant e, S, S, s, S.T, ST, s5,.T, s,T,
Replication 1 0.60 000 0.82 1.51* g78~ 027 0.05 0.00 0.00 0.02
Sowing date (E) 1 0.00 0.00 83.08" 005 0.08 0.11 0.1 017 Q.32 0.84
Varieties (G) 19 A51~ 4537 1343 273  23gv™ 248 139" 084 136~ 227
Sowing date x . - .
Variatios 19 060 0.00 7.68 0.09 0.06 007 0.9 0.07 014 0.18
Error 39 0.23 0,235 2.82 0.20 0.11 D.08 0.08 0.05 0.07 0.21
Total 79 1.20 1.21 7.46 0.80 0.65 0.58 0.42 0.27 .40 0.71

*** significant at 5% and 1% leve! of significance, respectively
Table2 Variability parameters, heritability and genetic advance for different sexcharacters forthe data pooled over environment

in castor
% 9 pisti ISF in different order spikes
Parameters monoecious % pistillate Nurmber of i
plants plants Py S, S, S, 5,1, . S,12 5T, S;T;

P 0.534 0.537 4.26 0.38 0.32 0.33 0.23 011 023 Q.39

G 0.317 0.318 3.23 0.25 0.21 0.24 0.16 0.05 017 0.28

E 0.218 0.219 1.03 0.13 0.11 0.09 0.47 0.05 0.06 011

PCV (%) 307.8 0.735 118.2 136.2 148.5 16.30 171.3 179.5 192.5 241.8
GCV (%) 2370 0.567 103.8 110.8 120.0 136.8 1422 125.9 164 8 205.8
Heritability (%) 59.30 5920 75.81 £66.19 65.18 72.60 68.93 49.20 73.34 7240
Genetic advance (%) 0.893 0.894 322 0.84 0.75 0.86 0.68 0.33 0.72 0.93

Mean
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study of combining ability for yield and its components in castor, Ricinus
communis L. through line x tester analysis

D.K. Patel, C..J. Patei and P.J. Patel
Main Castor-Mustard Research Station, S.D. Agricultural University, Sardarkrushinagar-385 506, Gujarat

Abstract

Line x tester analysis using four females and 10 males was carried out to estimate combining ability and nature
of gene action in castor (Ricinus communis L.} for 10 diferent characters during rainy season of 2004. The analysis
of variance for combining abitity and the estimates of variance ratio (c’gcalo’sca) revealed that the non-additive
gene action was predominantly involved in expression of all the traits. The hybrids SKP 106 x PCS 124, SKP 106
% SKI 294, Geeta x SKI 192, SKP 106 x SKI 299 and SKP 106 x SH 41 exhibited higher specific combining ability
effects in desired direction for seed yield/plant and its attributes. The estimates of gca effects indicated that the
female parent, SKP 106 was good combiner for seed yield and also other important traits. Whereas, Geeta was a
good combiner for seed yield, number of effective spikes and oil content.

Keywords: Combining ability, yield companents, castor
Introduction

Hybrid castor (Ricinus communis |..) was a greal success in India, Pistillate liner paved way to exploit heterosis especiaily
for seed yield. in order to obtain high combining aparental combinations, understanding of general and specific combining
ability of parental lines is essential. Therefore, the present study was undertaken to identify high combining parents and
their cross combinations.

Materials and methods

Four pistillate lines (VP 1,Geeta, SKP 42 and SKFP 106 and 10 pollinator parents viz.,, SKI 192, SKI 215, SKI 232, SKI 284,
8K 299, 8H 41, 1-21, J1 273, EC-38538 and PCS 124 having sufficient variability for seed yield and other component
characters, were crossed in a line x tester mating design. Forty hybrids and one standard check, GCH 4, afong with 14
parents (4 lines and 10 testers) were evaluated at Main Castor-Mustard Research Station , Sardarkrushinagar Dantiwada
Agricultural University, Sardarkrushinagar during rainy season of 2004. The spacing between row to row was 90 cm and
plant to plant within a row was 60 cm. Recommended package of practices {for irrigation condition) were adopted to grow
the crop. Each genotype was grown in a single row of 10 plants. Observation were recorded on five randomly selected
piants for 10 characters viz., days to 50% flowering, days to maturity, number of nodes upto primary raceme, plant height,
effective length of main raceme, number of capsule on main raceme, number of effective branches/plant, 100 seed weight,
oil content and total seed yield/plant.

Results and discussion

The analysis of variance (Table 1) for combining ability exhibited that the mean square due to females were significant for
most of the characters except days to 50% flowering and number of capsule on primary spike. Whereas, mean square due
to maies were significant for plant height, number of node up to primary spike, length of main spike and oil content. Further,
the variance due to lines was higher than that of male for all the characters. The mean square due to line x tester interaction
was significant for all the characters except number of effective spikes/plant and seed yield, which indicates that
experimental material possessed considerable variability and that gca and sca were involve in the genetic controt of various
traits. The gea/sca ratio (c*gcala®sca) was less than one for all the characters. This indicates that the non-additive
compaonents of genetic variance was predominantly involved in the expression of yield and its attributing characters. Similar
results were reported by Patel (2005) for seed yield/plant, number of capsules on main raceme and length of main raceme,
Joshi ef al. (2001) for days to flowering, Solanki and Joshi (2000) reported non-additive gene action for days to maturity.
Golakia et al. (2004) reported non-additive gene action for number of nodes and plant height and Kanwal {2002) and Patei
(2005) reported non-additive type of gene action for oil content.

The estimation of gca effects (Table 2) showed that among the female parents, SKP 106 was the best general combiner
followed by Geeta, SKP 42 and VP 1. The line, SKP 106 was good combiner for days to fiowering, number of capsules on
main raceme, oil content and total seed yield. For remaining characters, SKP 108 was a good to average combiner except
plant height and 100 seed weight. The female, SKP 42 was a good general combiner for plant height and 100 seed weight.

Among the males, SKI 294, the early duration male exhibited good combining ability for plant height. Another short duration
male parent, SHB 299 was a good combiner for length of main raceme with good geca in positive direction for days to
maturity, days to flowering, pfant height and number of nodes up to main raceme. The SKI 232 was the most desirable
parent for number of capsule on primary spike. The J1 273 was a good general combiner for length of main raceme and 100
seeds weight with positive gca for number of effective spikes. The male 1-21 had high gca for oil content, length of main
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raceme and 100 seeds weight. The most desirable parents with good general combining abifity effects for number of
capsules on main raceme and seed yield/plant were SKI1 294 and Ji 273, respectively.

For comparative study, most promising hybrids having high specific combining ability effects for seed yield are given in table
3. The top hybrid (SKP 106 x PCS 124) exhibited significant sca effect in desired direction for total seed yield/plant and
number of effective spikes/plant. The second hybrid, SKP 106 x SKI 294 had significant sca effects in desired direction for
totat seed yield, number of capsule on primary spike and length of main raceme. Another hybrid having high sca effects
for total seed yield was Geeta x SKI 192 registered significant sca effects in desired direction for number of effective
spikf_es/plant and days to flowering. The fourth hybrid SKP 106 x GC 2 having high sca effect for total seed yield showed
significant sca in desired direction for length of main raceme, number of capsules on raceme and days to flowering. The
fitth hybrid having good sca effects for total seed yield, iength of main raceme and oil content was SKP 106 x SH 41,

Estimates of variance due to gca and sca revealed that non-additive gene actions were involved in inheritance of all the
traits. Under such situation exploitation of heterosis hybrid is more useful in future.

Table 1 Analysis of variance {mean square} for combining ability, estimates of components of variance and their ratios for
different characters in castor

Days to No. of Length of No. of No. of
Source of df N Days to Plant  nodes upto main capsules effective 100 seed Qil content Total seed
variation T 50% maturity  height main onmain branchesipl weight yield/plant
flowering raceme 20t raceme ant
Females 3 133.61 510.73" 1541.75* 11.25" 147.82* 149.949 12.12* 67.60™ 10.18™ 2908955.**
Males 9 23.84 85.18 546.74* 4.68* 114.62* 92.40 1.97 10.06 6.48* 412680
Female
Males X 27 33.94* 132.75™  116.61* 1.65* 45 75 104.94* 1.63 4.66™ 1.34* 305578
Errar 39 1.563 10.35 6.91 0.38 4.50 447 0.35 0.85 0.45 502382
cgea ' 1.18 14.82 11.12 0.086 8.65 16.30 1.02 0.30 0.24 213906
o’sca 142.06 832.96 34864 7.334 136.13 512.46 7.51 15.96 4.02 1199848
o’geal
Uzgca D.00D8 0.018 0.032 D.012 0.064 0.032 0.136 0.019 0.061 0178

* ae
'

significant at P=0.05 and 0.01% level, respectively

Tabte 2 Estimates of general combining ability effects of the parents for various characters in castor

Soyrqe of Daysto 50 % Daysto gf?ft nocl;:ec; \?:1 to Length of czlp(;utl’és e#gét?\te 100 seed Qil content Tpta! seed
variation fiowering  maturity g main main on main branches/pl weight (g} (%) yield/plant
(cm) raceme  °C°"®  raceme ant
Female
VP 1 -3.037+ -4.35"  -11.095* -0693* -3638~ -1692" -0.54* -2.028*  -0.954** -453.75™
Geeta 2.813* 6.25" 9.665™  1.058™ 0.203 0633 0.2t" 0.2 0.594™* 73.00
SKP 42 1.313" ‘ 185"  -1.905* -0.072 0.493 -1.713 -0.68™ 2383 -0.136 -75.75
SKP 106 -1.087* -3.85"  3.33%~ -0.292 2.942™ 4.037 1.01™ -0.555** 0.496*  462.50™
SEm.t 0.2663 06406 06945 0.1352 0.4651 0.4685 0.1421 02193 0.2077 145.51
Male '
SKI 182 -0.112 -1.65 -4.82* -0.217 -4.207"  -3.058* -0.33 -0.237 -0.667* 79.12
SKi215 3.013~ 3725  7.308" Q608" -0.457 -3.q3z2 -0.005 0.126 0.732* 76.62
K1 232 -1.987** -5.025™ 377 0.183 1.067 4.992* -0.53* -0.793" 0.037 -552.12*
SKI 294 -2.487 -3.025™ .2.47* 0.333 0.542 0.718 0.12 0.351 -0.494 81.00
SKI 299 -1.987™ -2.275  -3.52% -0.068 2.392" 1.543" 0.52* -0.114 -0.495 -58.37
SH 41 0.013 0.875 788 0.082 0.193 0.267 -0.28 -0.263 0.252 47.25
1-21 1.388™ . 4.6* 15.78™  1.458™ 4793 -0.708 0.185 1.823* 213" 48.50
J1 273 0.887 2,225 2.405* -0.193 5.592"* 5867 047" 1.02* 0.607 58.50
EC-38538 0.387* -2.275*  -12.385* -0.818* -5.432™ -3.957"  -0.855% 0.496 -0.878*  -119.62
PCS-124 0.887* 2725 8195 -1.368" -4483* -2633 0695" -2 A1 0.192 339.12
SEm.£ 0.421% 1.0129 1.0981 0.2138 0.7354 0.7407 0.2247 0.3468 0.3285 230.08

* mw
'

significant at P=0.05 and 0.01% level, respectively
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Table 3 Sca effects of the most promising hybrids for seed yield and other traits

Number of  Length of  Numberof  Number of

g [CCesupto - main | caosdesan efieave USRS o fon i G
SKP 106 x PCS 124 394.4 1.2197* -0.817 -0.388 0.695"* -2.41™ 0.583 0.887 -6.195™
SKP 106 x SK{ 294 412.5 0.117 8.057** 5.1683"" 0.12 0.351 -(.384 2487 -2.47

Geeta x SKI 182 771.4 0282 -2 453 -G 492" 1.49** -1.853" 1137 -2 438" -269

SKP 106 x SKI 299 4469 0.418 5.007** 14,138™ 0.52 -0.114 0.957 -1.987** -3.52*
SKP 106 x SH 41 3238 -0.032 2.608 -1.888 -0.28 -0.263 053 0.013 7.68™
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Heterosis for seed yield and its components over environments in castor,
Ricinus communis L.

Alpesh R. Patel, B.N. Patel, J.S, Doshi, J.B. Patel and J.A, Patel

Regional Research Station, Anand Agricultural University, Anand-388 110, Gujarat
Abstract

Forty eight F, hybrids and their parents {4 pistillate lines and 12 monoecious lines) were evaluated to study extent
of heterosis and standard heterosis for seed yield and other important characters over three environments within
crop duration. The parents and hybrids responded differently to environments for their per se performance for most
of the characters studied. The estimates and magnitude of various heterotic effects varied with crosses irrespective
of characters. Inconsistent performance of most of the hybrids acrass the environments for all the characters under
study revealed that parental genes, and their combinations were susceptibfe to environmental variation, which is
general feature of polygenic inheritance. About two thirds of hybrids registered significant and positive
hete, obeltiosis for seed yield. The hybrids viz., SKP 24 x SKI 270 (108.02%); VP 1 X DCS 47 (102.19%); Geeta x SKI
147 (94.30%); Geeta x SPS 44-1 (75.5%) and SKP 84 x DCS 47 {75.35%) and SKP 24 x SK! 270 (40.9%) registered
significant standard heterosis. The heterctic effects for seed yield might have resuited from direct effect of number
of capsules/plant, shelling outturn and test weight of 100 seeds. Accordingly heterotic effects for seed yield could
be outcome of indirect effect of effective length of primary spike, number of capsules on primary spike, number
of secondary spikes/plant and number of tertiary spikes/plant. The magnitude of heterobeltiosis was negative for
development characters leading to earliness. It was also negative for growth attributes related to plant stature, for
seed yield and yield component characters it was positive; for seed quality characters, seed size and oil content,
magnitude of heterobeltiosis was negative. The pistillate lines, VP 1 and SKP 84 and monoecious lines, DCS 47 and
SKI 270 may yield promising cross combinations with other genotypes/parents.

Keywords: Heterosis, heterobeltiosis, polygenic inheritance, pistillate line, monoecious line, castor
Introduction
Heterosis was well exploited in castor with availability of pistillate line. India is the pieneer of castor hybrid. Castor crop has

wide range of sowing period, it is sown from mid August to end of October in Gujarat. Thereby it could be adjusted with
different cropping sequence/ system.

Castor is sensitive to environmental differences, particularly fertility status of scil, moisture availability and sowing period.
Thergfore, it is highly essential to examine the performance of new hybrids over a large range of environments. In
consideration to this, heterotic performance of 48 F, hybrids was studied in different environments within the sowing period
at a single location.

-53-



J. Oilseeds Res., Vol. 27 (Special Issue), 2010

Materials and methods

The experimental material comprised of four pistillate lines, 12 inbreds and their 48 F, crosses was evaluated in randomized
cornplete block design, replicated thrice. An experimental unit was of single row of 7.2 m length. Total 12 plants were
accommodated within the experimental unit with 120 cm and 60 cm inter and intra row spacing, respectively. The parents
and hybrids were randaomized separately in each replication. The experiments were sown on three different sowing dates
with irrigation schedules as under at Regional Research Station, Anand Agricultural University, Anand.

Environment Date of sowing frrigation schedule
£, 01/08/2007 Rainfed
At two critical stages
E, . 04/09/2007 At flowering, and
A seed/ kernel development stages
E, 05/10/2007 As and when required

The observations on five randomly selected competitive plants were recorded for five growth attributes, six yield contributing
characters, seed yield and oil content. Mean value of different treatments were subjected for estimation of heterotic effects
over environments, The heterobeltiosis as well as standard heterosis over the environments were estimated as per Fonseca
and Patterson (1968).

Results and discussion

The estimates of mean square due to genotypes were significant and parents and hybrids significantly differed among
themselves for all the characters under study. The contrast comparison of parents vs, hybrids was significant for alf the
characters, thereby reveaiing possibility of heterotic crosses (Table 1). Mean square due to genotypes x environments,
parents x environments and hybrids x environments interaction were significant for all the characters except shelling out
turn (%) and oil content {3), revealing both parents and hybrids responded differently to the array of environments. The
results on heterobeitiosis and standard heferosis for various characters revealed that the estimates and magnitude of
various heterotic effects varied with crosses irrespective of character. Non-consistent performance of most of the hybrids
across the environments suggested that parental genes and their combinations were susceptible to environmental variation,
which is the general feature of polygenic inheritance. However, a comparative performance of the most five heterotic
crosses for seed yield/ptant and other studied attributes have been presented in table 2.

The results revealed that crosses SKP 24 x SKI 270, VP 1 x DCS 47, Geeta x SKI 147, Geeta x SPS 44-1 and SKP 84 x
DCS 47 depicted above 75% heterotic effects over respective better parent for seed yield, of which cross SKP 24 x SKI 270
exhibited significam slandard heterosis, and it was around 41%. The crosses, which had larger estimates of heterobettiosis
for seed yield also had significant and positive heterotic effects for number of capsules/plant, shelling outturn and test weight
of 100 seeds. Therefore, heterotic effects for seed yield would be outcome of direct effects of above characters, accordingly
heterotic effects for seed yield could be outcome of indirect effects of other attributes like effective length of primary spike,
number of secondary as well as tertiary spikes/plant and number of capsules on primary spike. Among the developmental
characters, days to 50% flowering, plant height up to primary spike and number of effective branches might have contributed
in directly for seed yield.

In respect to top ranking heterotic crasses for seed yield, cross SKP 24 x SKI 270 exhibited the highest heterobeltiosis
(108.0%) as well as standard heterosis (40.9%), the said cross depicted the highest heterobeltiosis for test weight of 100
seeds (15.2%) as well as ranked third for number of capsules/plant (84 .7%). The cross SKP 84 x DCS 47 (75.3%) also
registered significant and positive heterobeltiosis for % shelling outturn (15.4%), number of capsules/plant (61.5%) as well
as number of capsules on primary spike (38.5%). in general, the heterotic crosses for seed yield and other component
characters couid not show significant and desired heterotic effect for earliness and growth attributes for short plant stature.

On the basis of performance of cross combinations, the parents have been identified as promising parents for further
breeding programme. The pistillate line VP 1 could be of immense value for imparting earliness, short plant stature, large
primary spike, number of effective primary branches/plant, number of capsules on primary spike and oil content, but it
should have wilt resistance. The female parent SKP 84 was emerged promising for earlingss, short plant stature, number
of tertiary spikes, number of effective branches/plant, number of capsules/plant, test weight of 100 seeds and oil content.

Among the mate parents, genotype, DCS 47 was promising for seed yield, shelling cutturn, number of capsules/plant as
well as number of capsules on primary spike and effective length of primary spike. Whereas. male parent SKI 270 also
emerged as promising for test weight of 100 seeds, oil content, number of capsules/plant, number of capsules on primary
spike, effective length of primary spike and number of nodes up to primary spike. The extent of heterobeltiosis was high
in nepative direction for days to 50% flowering and maturity of primary spike, number of nodes up to primary spike, shelling
outturn, test weight of 100 seeds and oil content. It was high in positive direction for seed yield/plant, number of
capsules/plant, number of capsules on primary spike, number of effective branches as well as tertiary branches, and
effective tength of primary spike. Whereas, it was of equal magnitude for plant height up to primary spike and number of
secondary spike/plant.
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Table 1 Analysis of variance pooled over environments

3 - -
Days to 50% Days to 50%  Plant height Number of Effective  Number of Numberof  Number of

source d.f. flowering r_naturity qf up to grimary npdes up _to ‘IEngm of sgcondary (eniary effective
primary spike spike primary spike primary spike spike/plant spike/plant branches/piant

Environments 2 227 69* 334,80 17503.50* 70.87* 2127.26* 17117 94,42 244.09
Replications 2(6) 0.39 1.61 23.23 1.68 2.09 0.27 G.G4 117

Genotypes 63 288.95" 2293.93* 3023.31* 58.14* 1091.18*" 14,59 13.30 61,22*
parents 15 385.28* 1819.04* 65105.51*" 86.32™ 1627.04™ 37 67 32.70* 160.70™
Lines . 03 502 77+ 3012.93™ 7269 52 68.74" 2112 66™* 85,52 40.40** 325 36"
Testers 11 342 17+ 1651.76™ £272.86™ 108.05™ 1642 46** 27.50* 31.34* 127 .78
Lines Vs Testers 01 237.04" 77.52*" 11772.98* 50.02™ 0.51 4 52* 24 65 28.68*
Hybrids . 47 2149.76™ 2214.38* 2083.90™ 44,33 799.84" 7.51 7.27 30.59*
Parents Vs Hybrids o 208572 1315615™  942.38™ 134087 6746377 2397 565" 349

Genotypes x Environments 126 29.85™ 51.93* 119528 145" 201.99™ 6.83* 479 17.22™
parents x Environments kli} 258 89+ 70.55* 1156.16* 1.54" 242 74 6.35™ 7.1z 22 47
Lines x Environments 08 2327 29.80* 127.94* 1.32 183,32~ 1562 ‘7 82 37.98*
Tasterx Envircnments 22 28,17 85.43* 1513.13* 1.70" 259 50™ 437+ 7.01* 20.25*
Hybrids x Environments 94 31.48* 4873 1214 28" 1.45™ 158 86** 7.2 4.14* 15.49*
Error 126 (378) 1.54 7.98 42.45 0.64 40.83 0.15 0.14 1.13

Table 1 (contd.) Analysis of variance for experimental design pooled over the environments

Number of capsutes Number of : Shelling outturn . Ol content
Source d.f. on primary sp;:ike capsuisipiant 5269 vieldiptant (og,g,) 100 seed weight o
Environments 2 9306.37™* 103049 97 57490.41* 2888 .44 3.80* 18.24**
Replications 2(6) 14.74 460.14 125.80 0.64 0.76 019
Genatypes 63 2830.42* 25272.34* 21209 59** 308.21% 113.24* 40,63
Parents 15 3914 83" 12346.49** 8666.42" 292 05 211.85* 50.64*
Lines 03 1839.68** 6159 18" 6142.20% 41.79* 23 45" 87 63
Testers 11 4635, 72" 11807.84** 613625 386.86™ 282.00% 44 24%
Lines Vs Testers 01 2210 46" 3FR33 1Y 2207091 002 521 10.32%
Hybrids 47 276G 14" 24219 51 20322.87** 306.43*" a2 58* 37.53™
Parents Vs Hybrids 01 1336763 26864296 251033 09™* 634.72% 75.79" 36.50*"
Genotypes x Environments 126 924.26* 7427 32 4907 .23 0.51 7.48™ 0.04
Parents x Environments 30 858 25" 3892.70" 2022.82** 0.44 6.85* 0.08
Lines x Environments 08 1993.08™ 2895.06™ 2000 23** 0.09 0.12 0.04
Tester x Environments 22 506.40* 4300.10* 2157.65*" " D58 7.85"" 0.06
Hybrids x Environments 94 949,14 B8567.88™ 5832.04* 0.52 7.32* 0.04
Emor 126 (378) 75.56 564 .59 427.48 8.23 0.58 0.60
*, ** Gignificant at 0.05 and 0.01 probability level, respectively
Table 2 Range of heterosis, top ranking crosses and superior parents
Range of heterosis Five top ranking crosses Superior
Character HB % SH % Heterobeltiosis (HB) Value (%) Standa[gﬂfteroms Value (%)  parenis
SKP 84 X GC 2 -30 84** VP41 XDCS9 -17.23% SKP 84
Days to 50% -30.84 -17.23 SKF 84 X PCS 124 -26.41** SKP 84X GC2 -10.30* VP 1
flowering to to SKP 84 X SH 41 -25.65** VP 1 X PCS 124 -9.11* GC 2
9.64 29.31 SKP 84X DCS 9 -25.34™" VP 1 X EC 38538 -7.33% PCS 124
SKP 84 X SKI 192 -24.58** VP 1 X SH 41 -7.33 DCS 9
SKPB84 X GC 2 -44 .68 VR 1 X SH 41 -19.59* SKP 84
o . 44 68 -19.59 VP 1XSH41 -40.30* SKP 84 X GC 2 -19.27 VP A
Efag.:r;%rios/; ety 1o to Geeta X SKI 147 -38.08™ Geeta X SKI 147 1156 SKI 147
20.24 64.13 SKP 84 X SKI 1 47 -30.08** SKP 84 X SH 41 -8.24* GC2
SKP 84 X PCS 124 -29.05" VP {XDCS9 -7.49* SH 41
VP1XGC2 -45.83 VP1 X EC 38538 -56 42** VP 1
Plant height up to -45 83 -86.42 VP 1 X DCS 47 -40.34* SKP 84 X EC 38538 -41 70" GC2
primary spike to to VP 1XEB16 -36.48"~ VP 1 XPCS 124 -23.25% SPS 44-1
49 86 62.68 VP 1 X SKI 202 -34 .87 VP 1 X GC 2 -19.31%*
VP 1 X SPS 44-1 -32.75* VP 1 X SPS 44-1 -13.11*
VP 1XEB 16 -36.51** VP 1 X PCS 124 -33.21*" VP 1
-33.21 VP 1 X SKI 270 -35.27** VP 1 X SKI 270 -32.72™ SKI 270
g“;'i‘::;;':;s:s p /L o GeetaXEB16 -33.63" VP 1 X GC 2 2731+
' 20.91 VP 1 X SPS 44-1 -32.72* VP 1 X SKI 192 -26.08™
VP 1 X SKI 147 -32.66*" SKP 24 X GC 2 -25.95*
SKP 24 X EC 38538 45 22* SKP 84 X SKI 270 13.48" VP 1
Effective length of -21.32 4563 VP 1 X DCS 47 38.74* VP 1 X SKI 270 12.96** SKP 24
primary spike to to VP 1 X PCS 124 29.51™ VP 1 X DCS 47 12.62* SKI 270
y'sp 4522  13.48 SKP 24 X SH 41 26.67" : DCS 47

VP 1 X SKI 202 2421
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Table 2 {contd.) Range of heterosis, top ranking crosses and superior parents

Charact Range of hetarosis Five top ranking crosses Superior
aracier
HB % SH% Heterobeltiosis (HB)  Value {%) Standard heterosis (SH) Value (%) parents
VP 1 X SKI 147 84.40*
Number of -687 8018 ¢ VP 1XDCSe 59,15 ‘
secondary to 885 o VP 1 X SKf 270 58.33" - - -
spikes/plant ga40 SKP 24 X DCS 9 44.92*
SKP 84 X DCS 9 41.46%
SKP 84 X DCS 9 283,08 SKP 84 X DCS 9 22.66* SKP 84
, 7873 T1®2 SKP B4 X SKI 147 177.42** SKP 84 X GC 2 10.34* SKP 24
:“:kmet;?’ ;;:em’” to to VP 1 X DCS 9 130.99*  SKP 24 X SPS 44-1  16.40™ DCS 9
pikesip 283.08  22.62 SKP 84 X GC 2 10936  SKP 24 X SKi 147 00.49™ SKi 147
VP 1 X SKi 147 92.96"* GC2
SKP 84 X DCS 9 11502  SKP 24 X SPS 44-1 243 SKP 34
. 7133 -61.49 VP 1XDCS9 86.28* VP 1
g;?g:’;f;ﬁ““’e to 10 VP 1 X SKI 147 7312~ DCS 9
es/p 11502 243 SKP 84 X SKi 147 65.31™ SKI 147
SKP 84 X GC 2 60 34"
75.54" SKP 84 % SKI 270 25.18% SKP 84
3545 5740 SKboiwECissss | 6795%  SKPBAXDCS47 17377 SKP24
Number of capsules tb té VP 1 X ER 18 46 .40 VP 1 X 8K 270 12.44* VP A
on primary spike 7554 2518 VP 1 X PCS 124 41.02** SKP 84 X 8Ki 202 11.20* DCS 9
' - 38.42* VP 1 X DCS 47 10.89* DCS 47
SKP 84 X DC 547
SKI 270
VP 1 X DCS 47 79.18* SKP 24 X SKI 270 36.40™ SKP 84
Number of 3167 -56.59 Geeta X EC 38538 7834 SKP 84 X 8K 270 2677+ SKP 24
capsuleafplant to to SKP 24 X SKI 270 84.71" SKI 270
P P 7918 36.40 Geela X SKi 147 §3.61™ DCS 47

SKP 84 X DCS 47 61.51

Table 2 {contd..) Range of heterosis, top ranking crosses and superior parents

ch . Range of heterasis Five top ranking crosses Superior
aracter
HB%  SH% Heterobeltiosis (HB)  Value (%) Standard heterosis (SH) Value (%)  Parents
- SKP 24 X SKI 270 108.02** SKP 24
3278 -61.40 VP 1 X DCS 47 102.18*" Geela
Seed yield/plant to to Geeta X SKI 147 3430 SKP 24 X 8KI 270 40.91* SKI 270
108.02  40.91 Geeta X SPS 44-1 75,50 DCOS 47
SKP 84 X DCS 47 75.35"
SKP 84X GC2 15.76™* SKP 84 XGC2 9 89" SKP 84
-29.07  -29.18 SKP 84 X DCS 47 15.41™ Geeta X EB 15 9.8g* Geeta
Shetting outtuen to to SKP 24 X SPS 44-1 15.25% SKP 84 X 0CS 47 g .55 GC 2
15.76 9.89 VP 1 X SKf 270 14.73% SKP 84 X SH 41 9.18* DCS 47
Geeta X SPS 441 1402+ Geela x SPS 441 917" SPS 44-1
SKP 24 X SKi 270 15,23+ gﬁf; f;
, 3146 3273 VP 1 X SKI 270 13.42* SKP 24 X EC 38538 13.48™
;’:‘d;""g’“ of100 " 1o SKP 84 X SH 41 11,73 SKP 84 X ER 16 200w ool
15.23 13.48 Geeta X SH 41 10.35% Geeta X EC 38538 1.65™ i 41
SKP 24 X SH 41 09.76 EC 38538
. ” VP 1
VP 1XDGCS9 5.97 VP 1 X EC 38538 9.66 SKP 84
: -1562  -7.98 VP 1 X SKI 270 BAT VP 1 X SKi 270 g.92* - Geeta
Qil content to - to Geeta XDCS 9 5.46** SKP84XGC2 8.48™ DCS 9
597 9.66 VP 1 X SPS 44-1 5.30** SKP 84 X EC 38538 8.45* K1 270
SKP 84 X GC 2 3.82% Geeta X SKI 270 5.36* 6o 2

*, ** Significant at 0.05 and 0.01 probability level, respectively
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The magnitude of heterobeltiosis was negative for both the development characters, days to 50% flowering and days to 50%
maturity of primary spike. The results were in confirmation with the findings of Mehta et al. (1991), Joshi et al. (2001) and

patel and Pathak (20086).

Large number of crosses depicted signi.ﬂcant aqd negative heterobeltiosis for the growth attributes viz., plant height up ta
primary spike, number of nodes up to primary spike, number of secondary as well as tertiary spikes and number of effective
pranches/plant. The above findings were in accordance with _resuits of Danggrla efaf. (1987), Mehta ef al. (1991), Joshi et
al. (2001) and Patel and Pathak (2096). Whereas, for effective length o_f primary spike, significant positive and negative
crosses were numerically at par, which confirmed the results of Dangaria et al. (1987) and Thakker ef al. (2005}.

Magnitude of heterobeltiosis was positive for number of capsules/plant, number of capsules on primary spike and seed
yie|d,fp|ant‘ and in both directions for shefling outturn. Whereas, for test weight of 100 seeds and oil content, it was negative,
The findings were in agreement with the reports of Dangaria et al. (1987}, Joshi et al. (2001) and Patel and Pathak {2008).

The crosses, which registered larger estimates of heterobeltiosis and standard heterosis for seed yield/plant had also
significant and positive heterotic effects at least for one or two yield component characters. Therefore, heterotic effects for
seed yield couid have resulted from direct and indirect effects of various yield contributing characters, However, positive
and negative estimates of neterosis for various yield contributing characters could have countered each other for exhibiting
high heterotic effect. Hence, it would be difficult to maximize heterosis at a satisfactory level. Therefore, desired levei of
neterosis for each component characters should be determined to identify superior crosses for yield and its characters.
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Standardisation of DNA isolation protocol in castor, Ricinus communis L.

P.K. Parmar, S. Acharya and J.B. Patel
S.D. Agricultural University, Sardarkrushinagar-362 005, Gujarat
Abstract

DNA isolation protocot in castor was standardized by optimizing commonly used Cetyl Tri Methyl! Ammonium
Bromide {CTAB) method. 2X homogenization buffer {10ml) for 3g of leaf material recovered higher amount of DNA
as compared to 1X and 3X homogenization buffer. The concentrations of template DNA (100 ng), MgCl, (15 mM),
Tag DNA polymerase (3 U}, initial denaturation time (94°C for 2 minutes) and annealing temperature (37°C) were
observed to be the vital factors that influenced the pattern of amplified products. The concentration of MgCl, found
to be the most important factor for the unambiguous and reproducible pattern of DNA amplification. The
concentration of Tag DNA polymerase at 0.5 units was found to be the most optimum. As such 100 ng template
DNA, 2.5 mM MgCl,, Taq DNA polymerase 3U/pl, 200 uM dNTPs, primer 25 pmol and 40 number of cycles were found
to be the most optimum conditions for amplification of DNA in castor.

Keywords: DNA isolation protocol, sandardisation, caster
Introduction

Castor (Ricinus communis L.) belonging to family Euphorbiaceae is an important non-edible oilseed crop of arid and semi
arid regions of India. Castor has muitifarious application in the manufacture of wide range of industrial products such as
nylon, fibers, engine lubricants, hydraulic fluids, dyes, detergents, soaps, ointments, greases, pains, varnishes and
perfumes etc. Consequently, it earns good amount of foreign exchange for the nation. Morphological and biochemical
markers manifest the genetic potential with biasness attributable to genotype x environmental interactions, whereas
molecular markers are practically uniimited in number and are not affected by environmentat factors and/or developmental
stages of the plant growth (Winter and Kahl, 1995; Ram ef al., 2007). As such DNA based molecular markers could be an
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important tool for assisting conventional preeding methods. Standardization of DNA protocol is a prerequisite for
ascertaining molecular markers and application thereof in molecular assisted breeding.

Materials and methods

The study on standardization of protocal was carried out in the Centre of Excellence for Research on Pulses,
Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushiragar, Gujarat and National Research Centre for
Medicinal and Aromatic Plants, Boriavi, Anand, Gujarat. Seeds of 12 diverse genotypes of castor were grown in green house
chamber. One-week old seedlings were used for the extraction of DNA. Total genomic DNA was isolated by commonly used
Cetyl Tri Methyt Ammonium Bromide (CTAB) method (Doyle and Dayle, 1890). Crude DNA dissssolved in the TE buffer was
purified by giving RNAse treatment. Quality of DNA was checked by Agarose gel electrophoresis and quantification was
carried aut by UV - spectrophatometet.

Results and discussian

DNA extraction: Leaves of one week old seedlings were used for DNA extraction as per commonly used CTAB method
{Doyle and Doyle, 1990). Approximately 3g of fresh leaves were homogenized with a mortar and pestle in liquid nitregen.
The homogenized powder was transferred to 25 mi sterile falcon tube with 10 ml of CTAB buffer. The extraction buffer
consisted of 2% (whv) CTAB, 1.4 M NaCt, 20mM EDTA, 100mM Tris HCI pH 9.5 and 0.2% (v/v) -mercaptoethanol. The
homogenate was incubated at 65°C for 1hr and then extracted with an equal volume of chlaroform: iscamylatcohol solution
{24:1). Then it was centrifuged at 10,000 rpm for 20 mis at room temperature (25°C). The upper aqueous phase was
pipetted out and mixed with 2/3™ volume of isopropanol. The precipitated DNA was pooled out and washed twice with 70%
ethanol, and finally dried in microfuge tube and dried DNA was then dissolved in TE buffer (Tris 10mM. EDTA 1mM pH 8.0}

The results indicated that 2X homogenization buffer (10 mll for 3g of leaf material recovered higher amount of DNA as
compared to 1X and 3X homogenization buffer. The quality of DNA was also excellent. On the other hand, the DNA recovery
was low both at 1X and 3X concentration of homogenization buffer. This could mainlty be ascribed lo insufficient
cancentration of CTARB in case of 1X while higher concentration of CTAR interfered with, DMA recoyery in 3X concentration,
Consegquently, both 1X and 3X concentration of homogenization buffer resulted in lower recovery of DNA. Results indicating
2X concentration of homogenization buffer method to be less efficient for DNA extraction have been reported by Sagha
Maroof et af. {1984), Doyle and Doyle (1990) and Hasibe and Asly {2008).

PCR amplification: The PCR ampiification conditions need to be precisely defined to obtain distinct pattems of ampiified
products. The crude DNA dissolved in the TE buffer was purified of RNA by giving 2 ml of RNAse/m! of TE treatment
followed by incubation at 37°C for one hr. Then 1 m) of equilibrated pheno! was added and shook for 10 mts. The resultant
mixture was centrifuged at 10,000 rpm for 20 mts and the supernatant was collected 1o which 75 ul of chioroform:
isoamylaicohol (24:1) was added and again shook for 10 mts followed by centrifugation at 10,000 rpm for 20 mis.
Supernatant was collected to which 1/10" vofume of sodium acetate having pH 5.2 was mixed. Finally 2.5 ml of chilled ethyl
alcohol was added and centrifuged for 5 mts at 10000 rpm. The DNA was spooted out and air dried. After air drying it was
dissolved in 200 ul of TE buffer and stored at 4°C for further use.

The quality of DNA was checked by Agarose gel electrophoresis and quantification was carried out by UV -
spectrophotometer. For quantification, the stock of genomic DNA was diluted to 1:50 in distilled water and Q.D. was
measured at 280 nm. The conceniration of DNA was calculated as: DNA {ug/iil ) = OD260 =50 x 20.

The quality of DNA was checked on 0.8 % agarose containing 10 it of Ethydium bromide (1 mg/ml)/100 ml of gel. Genomic
DNA (5 pf} from stock was mixed with 2 pt of bromophene! phue tracking dye and was loaded onto the get. The gel was run
at 80v for one hr. The bands were visualized under UV and scanned by gel documentation system. Purity of DNA was
checked by UV- double beam spectrophotometer for all the 12 genotypes of castor (Table 1)

The influence of various combinations of template genomic DNA (20ng, 25ng, 50ng, 75ng and 100ng), MgCi, (1.0, 1.5, 2.0,
2.5 mM), Taq DNA polymerase (0.5, 1.0, 1.5, 3.0 U/ul) and annealing temperature (35, 37, 40, 42, 45 and 50°C) on
amplified products indicated that concentrations of template DNA, MaCl,, Tag DNA peolymerase, initial denaturation time
and annealing temperature were vitat factors that influenced the pattern of amplified products. The yield and profile of PCR
amplified products varied with the concentration of template DNA, There was a positive visual association of concentrations
of DNA with number of bands, with 100 ng concentration giving the best results. Hawever, high coricentration of DNA
template gave big blots of DNA / some spuricus bands. The concentration of MgCi, appeared to be the most important
factor for the unambiguous and reproducible pattern of DNA amplification. In consonance to the present findings,
Zangenberg ef al. {1999), Paredes et al. {2002} and Chaudhurty et al. (2008) have also reported that concentration of MgCl,
altered the amount and type of product of PCR reactions. Similar results of PCR amplification that high levets of MgCl,
increased the production of amplified DNA was reparted by Pammi ef ai. {(1994) in sorghum. The concentration of Tag DNA
polymerase at 0.5 units was found to be the most optimum. Pammi et al. (1994) also reparted that variatians of Taq DNA
polymerase from 0.18 units to 3:04 units influenced the results only at limiting polymerase levels. As such 100ng template
DNA, 2.5 mM MgC1,, 3U/ul, 200 M dNTPS, primer 25 pmol and 40 numbers of cycles were found to be the most optimum
conditions for amplification of DNA in castor. In consonance to the present results, Ahmad (1999) and Basha et af. (2008}
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have also reported immense impact of concentrations of DNA template, MgCl,, Taq DNA polymerase and reported
reproducible amptification resutts at 1.5 mM MgCl,, 5C ng template DNA and 1.5 units of Tag DNA polymerase per 25 |

reaction in chickpea for RAPD analysis.

Annealing temperature of 38 to 40°C was observed to be optimal for producing highest number of reproducible amplification
in castor genotypes. Annealing temperature below and above the optimum temperature of 38-40°C resulted in less number
of bands in castor. Zangenberg et al. (1999) also reported that the lower annealing temperature often resulted in overall
increase in non-specific amplification, while the higher annealing temperature ensued in more specific amplification.
However, Pammi et af. (1894) reported little amplification at 36°C, optimal at 48°C and significant reduction in amplification
patterns above 48°C for chickpea RAPD analysis. Similar results were reported by Nkongolo (2003} in PCR amplification
of Malawian cowpea landraces.

Thus, it can be concluded that 2X homogenization buffer (10ml) for 3g of leaf material was most appropriate for recovering
higher amount of DNA as compared to 1X and 3X homogenization buffer. The concentrations of template DNA (100 ng),
MgCl, (15 mMy), Tag DNA polymerase (3 U}, initial denaturation time {84°C for 2 mts) and annealing temperature (37°C)
influenced the pattern of amplified products. Further, the concentration of MgCl, appeared vital for the unambiguous and
reproducible pattern of DNA amplification. The concentration of Tag DNA polymerase at 0.5 units was found to be the most
optimumn. As such 100 ng template DNA, 2.5 mM MgCl,, Tag DNA polymerase 3U/ul, 200 uM dNTPs, primer 25 pmol and
A0 numbers of cycles were found most optimum conditions for amplification of DNA in castor.

Table 1 DNA quantification using UV- double beam spectfrophotometer

Wave fength % transrnission % absorbance concgrr?t}r\a ion  Protein  Absorbance
sampte 260 280 320 260 260 320 gy | Coneentration - ratio
46-1 750 83.7 160 or2s 0077 0000 5.1 248 162
GEETA 741 840 100 0130 0076  0.000 5.4 19.5 171
J1-258 755 844 100 0122 0074 0000 5.0 225 165
P65 765 856 100 0116 0068 0000 4.8 17.7 171
J1-96 753 848 100 0423 0072 0000 5.1 186 171
$KP-34 762 852 100 o118 0070 0000 49 19.3 169
VP-4 73 858 100 0412 0067 0000 46 19.2 167
VI-9 79 854 100 0114 - 0069 0000 a7 208 165
LRES-17 774 852 100 011 0070 0000 45 246 1.59
JI-35 776 850 100 0410 0071  0.000 49 269 155
TMV-5 713 797 958 0147 0098 0019 5.2 272 160
SH.72 743 789 953 0447 0103 0021 50 1.8 154
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Standardization of hybrid seed production techniques in castor for Andhra
Pradesh
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Abstract

A field experiment was conducted during winter season of 2009-10 to evaluate the effect of sowing dates, spacings
and growth regulators on hybrid seed production of castor hybrid, PCH-111. The parental lines of DPC-9 (female)
and C8-1 (male} were sown in 4:1 ratio with three sowing dates and three different spacings. Growth regutators
(Ethrel @ 0.1, 0.05 and 0.01 %} were sprayed at 27 days after sowing (DAS) and 47 days after sowing on seed parent
to determine their influence on sex expression. Highest seed yield was recorded from September and October
sowings with a spacing of 90 cm x 90 cm and 120 cm x 60 cm. Ethrel @ 0.1 % enhanced the seed quatity compared
to GA, treatment and control. Maximum genetic purity (92.7-95.1%) was recorded in September and October
sowings with ethrel @ 0.1% spray was very effective for obtaining better quality seed by suppression of
interspersed staminate flowers (18F) in the seed parent.

Keywords: Castor, hybrid, sowing, spacing
Introduction

Castar (Ricinus communis L) is an important non-edible cilseed crop grawn for its vast industrial uses, (ndia is the world's
largest producer of casior seed and meets most of the global demand for castor oil. in Andhra Pradesh, castor is
predominantiy grown in Mahaboobnagar, Naigonda, Kurnoal, Ananthapur, Prakasam and Warangal districts. Castoris one
of the important ailseed crop having high plasticity suiting to wide range of soil environments and capacity to adjust its
growth according to moisture availability conditions of the soil. The productivity in Andhwa Pradesh is low (440 kgrha) as
against its national average of 1148 kg/ha (Damodaram and Hegde, 2007). The reason for low yields could be growing this
crop under rainfed conditions, low input management besides use of poor quality seeds. Thougn itis easler for farmer to
produce true to type seed of good quality high yielding varieties of castor, producing hybrid castor seeds by farmers has
remanded a challenge. Castor is a unique crop having different types of inflorescence i.e., monoecious and pistillate and
the expression of maie and pistillate flowers depends mostly on the enviranmental and sail factors and hence, the genetic
purity of the F, hybrid seed prescribed was 85% as per the certification standards. Though, the castor crop is being
cultivated in large areas in Andhra Pradesh, its seed is being imported from atner states due to very limited seed production
of the crop in the state. Hence, it was considered as one of the priority areas of research for the development of hybrid seed
production zones within Andhra Pradesh in order to develap seed producers of castar and to supply quality seed to the
castor growers in the state.

Hence, a study was undertaken to standardize the dates of sowing, spacing requirement and suppressian of interspersed
staminate flowers (ISFs) in pistillate lines of castor for quality hybrid seed production. Such works conducted by scientisis
eisewhere have brought out the best season for castor crop to be sown in their respective regions for realizing higher yields,
June 15 in Maharashtra (Dhoble ef al., 1987), May in Gujarat (Sukhadia et af., 1982) and June 30 in Madhya Pradesh
(Sawarkar and Thakur, 1999).

Materials and methods

Experiment was conducted in a farmer’s field of Batapanoor village, Nandyal Mandal, Kurnool! district a non traditional area
for castor cultivation, as on-farm trials during rabi, 2009-10 fallowing spiit plot design with three replications. Three dates
of sowing (1% September, 1* October and 1% November, 2010) and three different spacings viz., 90 cm x 60 cm, 80 cm x
90 cm and 120 cm x 60 cm. Also the growth regulator (Ethret @ 0.1, 0.05 and 0.01%:) were apptied at 27 and 47 days after
sowing (DAS) on female parent in order to determine their influence on sex expression and quality hybrid seed production,
After harvesting the crop, grow out test was conducted to assess the genetic purity (%) of hybrid seed.
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parental fines of PCH-111 castor hybrid, DPC-9 (female) and CS-1 (male) were sown in 4:1 ratio on three dates with three
ditferent spacings in orde( ta standardize and maximize the yieid of hybrid seed production ir castor. The seeds were
manually dibbied by foliowing ihree different spacings (30 cm % 60 cm, 90 cm x 90 cm and 120 cm x 60 cm) with different
dates of sowing and the plot size was 6 rows of @ m length. Cther practices were followed as per the recommended
package of practices. The observations were recorded on days to 50% flowering, plant height (cm), number of nodes/plant,
duration (days), 100 seed weight (g), number of ISF/plant, seed vield (kg/ac) and genetic purity (%).

Results and discussion

The experimental results showed that the days to 50% flowering stightly increased in November compared to September
and October sowings irrespective of the spacings adopted (Table 1). Plant height was observed to be more in case of 90
cm x 60 cm spacing with different dates of sowing cornpared to 80 cm x 90 cm and 120 cm x 80 cm spacing. Due to
increased plant height in 80 cm x 60 cm spacing in all three different dates of sowings, the last picking was ot done from
the quaternary cpikes which resulted in yield reduction. The test-weight of the seed was more in September and Octoper
sown crop with different spacings while November sown crop recorded less test weight due fo reduced seed filling and the
seed weight, Maximum seed yield was recarded in September sowing (584 kg/ac and 549 kgfac) followed by Oclober
sowing (572 kgl/ac and 548 kg/ac) with a spacing of 90cm x 90 cm and 120 em x 60 cm, respectively and there was a
significant reduction in seed yield in 80 cm x 60 cm spacing. it was also observed that there was significant increase in the
tallmess of the subsequent branches after secondaries with 90 cm x 60 ¢cm spacing i.e., due to close spacing. It was
observed the spacing of 90 cm x 60 cm was not sufficient in the location wherein the soil fertility was very high and hence
resulted in poor seed yield in September and October sown crop. However, there was no such observation in November
sown crop as it was not possible to harvest any seed from the later order spikes due to increase in temperatures and poor
seed setting. Low seed yield was recorded in Novermer sowings irrespective of spacings.

Resuits indicated that the effect of different dates of sowing showed significant effect on sex expression in castor. More
number of ISF/plant was recorded on November sown crop than September and October sowing {Table 2). Number of
interspersed staminate flowers on the female plants in September and October sowing were less compared to Navember
sowing and it may be dueio Ncreased temperatures in March and Aprit months. Hybrid seed obtained from September and
October sowings with different spacings recorded higher genetic purity (92.9-95.4%) compared to November sowing
(87 58-89 1%). Ethrel @ 0.1% enhanced the expression of pistillate flowers by suppression of ISF in the seed parent. Ethrel
treatment resulted in higher genetic purity due to suppression of ISF and subsequently the selfed plants and maintained
the genetic purity.

Similar resuits were obtained by Ankaiah et al. (2010) wherein the September and October sowing recorded higher seed
yietd and resulted in quality hybrid seed production in castor. |t was concluded that September and October sowing with
90 ¢m x 80 cm and 120 cm x 60 cm spacings were congenial for castor hybrid seed production in order to harvest maximum
seed yield.

Table 1 Effect of sowing dates and spacing on yield and yield parameters of PCH-111 castor hybrid seed production

Treatment f ov?eanyr?gk()p?i?:iry) Plant height {em) No. of nodes/plant Duration (days)  Test weight (g) Genetic purity (%) Seed yield (kg)iac
D, S, 51 72 14 152 27 948 476
0,5, 49 70 13 168 27 95.2 584
D,s, 49 69 14 178 28 95.4 547
0.s, 51 72 - 5 154 28 91.9 440
0,8, 51 89 14 172 26 926 - 572
D,S, 52 64 14 182 27 835 548
D;S, 53 63 14 154 22 88.2 250
D,S, - 54 : 60 14 156 23 87.6 323
D,S, 54 57 14 180 24 BO.1 318
(Pixc.)os) SEms (P%I.DOS) SEmy (p:é)[.)osy SEmz (Pnges) SEm: (P=(ilf.}05) SEms {Pg.)m SEm (ngasy SEms
Main 1.39 0.36 128 033 579 148 105 027 274 o 205 053 180 046
Sub N.S 0.8Q 212 ¢.69 275 0.89 1.51 0.49 212 0.69 0.74 1.61 0.52

i‘;‘i’na’same’e"e”’f NS 062 27T 057 549 257 270 048  ADY 122 447 ©& 29% 079
Main at same or N.S 078 3.5

N
different leve! of sub 1.03 5.92 1.95 236 074 404 126 I AT 239 0.87

D, - September sowing; D, - October sowing; D, - November sawing; S, - 90 x 6Ccm; 8, - 90 x 9C ¢m; S, - 120 x 80 cm
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Table 2 Effect of growth regulators on the expression of ISF of PCH-111 castor hybrid seed production

Number of ISF/plant observed In different sowing dates and spacings

Treatment September October November
90x60cm  80x90cm  120xB0cm Mean | 90x60cm  90x%0cm  120x60cm  Mean | 90xB0cm  90x80cm  120xB80cm  Mean
Ethrel @ Q.1% 9 8 7 B 6 8 7 7 8 7 5] 7
Ethrel @ 0.5% 9 9 8 9 9 8 8 8 8 7 7 7
Ethrel @ 0.01% 10 10 B 9 9 9 7 8 10 8 8 9
Contral 17 19 17 18 16 18 18 17 21 18 23 21 -
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Increasing productivity by improving pistillate efficiency and seed set in
castor, Ricinus communis L.

M.K. Kalarani, V. Palanisamy, S. Venkatesan and S.R. Venkatachalam
Tapioca and Castor Research Station, Yethapur-636 119, P.G. Palayam, Selam District, TN
Abstract

Field experiments were conducted in castor, Ricinus connunis L. undet rainfed condition during rainy season of
2008 and 2009 at Tapioca and Castor Research Station, Yethapur, Tamil Nadu to study the effect of exogenous
application of chemicals on pistillate production efficiency, seed setting % and seed yiefd. This investigation was
carried out with castor varieties viz,, TMV5 and TMV 6 and hybrids viz.,, TMVCH1 and YRCH1. Chemicals viz.,
gibberlic acid (GA,) {100 mg/l), Naphthal acetic acid (NAA) {40 mg/l}, Salicylic acid (100 mg/l), Ethrel (50 mg/l),
Brassinisteroid (0.1 mg/l) and plant growth regulator (PGR) consortia (100 mg/l) were sprayed eight days before
initiation of flowering. Among the chemicals tried, irrespective of the genotypes, PGR consortia induced earliness
{7 to 13 days) increased number of pistilfate flowers (7 to 45 flowers) and developed compact raceme with 92% of
seed set. Among the hybrids, YRCH 1 recorded the highest seed yield {1744 kg/ha) followed by TMVCH 1 (1388
kg/ha}in PGR consortia sprayed plot. Among the varieties, TMV & recorded the highest yield {1215 kgiha) followed
by TMV 5 (1128 kg/ha) in PGR consortia treatment.

Keywords: Castor, PGR consortia, pistillate flowers, seed setting
Introduction

Castor is one of the important non-edible oilseed crops. Globally castor is grown in an area of 1.26 m ha with annual
production of 1.14 MT and average productivity of 902 kg/ha. Where, india shares 53% of the area and 70% of the total
production with 1392 kg/ha of productivity. Thus, india is the world ieader in castor seed production and meets around 90%
of the world requirement of castor oil. Annual earning was around Rs. 2000 crores of foreign exchange by exporting 3 lakh
tonnes of castor oil (Pathak, 2008). Castor is a sexually polymorphic monoceious species. There is considerable variation
both within and among genotypes in the proportion of pistillate and staminate flowers on the racemes and these proportion
can also be strongly influenced by environment (Shifriss,1960). Regulation of sex especially improving pistillate flower
praduction by exogenous application of hormones will be of great importance to obtain higher yield and guality (Ramesh
et al,, 2000). Therefore, the present investigation was carried out to study the effect of exogenaus application of chemicals
on pistillate production efficiency, seed setting % and seed yield.

Materials and methods

Field experiments were conducted in research farm of Tapioca and Castor Research Station, Yethapur, Tamii Nadu during
rainy season of 2008 and 2009. The experiment comprised of five main plots of castor varieties, TMV5 and TMV6 and
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hybrids TMVCH1 and YRCH1 and subplots of treatments in different chemical sprays viz., GA; (100 mg/y, NAA (40 mg/l),
Salicylic acid (100 mg/l), Brassinastgrmd (0.1 mgf), Ethrel' (50 mg/l) and PGR (Plant Growth Regulator) consortia (100 mg/l)
and control (without spray) was Ia:d out in split plot design and repl.lcated two times. Normal recommended package of
practices was followed. The chemicals were spr_ayed to all the varieties and hybrids for eight days before flower initiation,
Observations on five randomly selected competitive plants were recorded for number of pistillate flowers and seed setting
o Days to 50% flowering for assessing earliness and seed yield were recorded on plotbasis. The recorded data statistically
analysed as per Panse and Sukhatme (1961).

Results and discussion

Days to 50% flowering: All the varieties and hybrids of castor showed their positive responses to the application of different
chemicals on induction of earliness in terms of days to 50% flowering. Among the hybrids, YRCH 1 responded well than
TMVCH 1 ( Table 1). Originally the days to 50% flowering in TMV 5 was 51 days after sowing (DAS), TMV6 was 64 DAS,
TMVCH1 was 54 DAS and YRCH1 was 58 DAS. Among the chemicals, PGR consortia sprayed plants attained 50%
flowering by 8.5, 7.0, 9.0 and 13.5 days early in TMV5, TMV6, TMVCH1 and YRCH1, respectively.followed by salicylic acid
sprayed piants. Datta and Nanda (1985) reported that the application of salicylic acid has promotery effects on individual
free aminoacids, protects nitrate recutase activity and prevents protein degradation. This promoter effects help to initiate
and development of floral buds. It can be suggested that PGR consortia contained this type of floral initiation hormones
which leads to induce early flowering.

Number of pistillate flowers/spike: Among the genotypes, YRCH 1 recorded more number of female flowers (74.5)
fotowed by TMVCH 1 (31}, TMV 8 (18.5) and TMV 5 (28) under non-spray condition than other entries.  Among the
treatments, sex differentiation to femaleness was highly induced by PGR consortia (119) followed by nitrobenzene (113.5),
salicylic acid (111) and GA; (86.5) in YRCH 1 (Table 1). Jaiswal and Aravind kumar (1990) reported that at the onset of
flowering, arginine was present only in male flowers while leucine appeared only in female flowers, PGR consortia and
nirtrobenzene could be induced leucine level in floral primordia. This might be the reason for improving pistillate efficiency
in castor.

Seed setting %: All the genotypes showed positive and significant response with regard to seed setling % in all the
treatments compared to control (Table 2). Among the treatments, PGR consortia increased the seed setting as compared
to control in all the genotypes The seed setting % increased by PGR consortia ranged from 61.9 to 91.8 among genatypes
studied. Shifriss (1961) reported that castor is a long day plant. This fong day condition and moderate temperature promote
femaleness. High temperature and short day condition promote male tendency. Some hybrids, varieties and pistillate lines
are naturally having 80-95% pistillateness. But all these pistillate flowers could not changed into capsules due to jow seed
setting % and malformation under high temperatures. Shifriss (1956) opined that high temperature of 40°C or above for even
relative short day period results in blasting of flowers and poor seed set in castor. PGR consortia may act as a substitute
for long day conditions and stimulate the action of long days and improve seed setting and maintain compact raceme even
under unfavorable condition.

Tabte 1 Effect of foliar application of chemical on days to 50% flowering and pistillate flowers

TMV5 TMVE YRCH1 TMVCHA1
Main plot / Sub plot Dgg;oto pf:fi‘”;’fe Dggg/ﬂto p?sI(tJiiI:tfe Days to 50% pli:?iilgtfe Days to 50% p:?maofe
flowering flowers flowering ﬂowers flowering flowers flowering flowers
Controf { No Spray) 50.5 28.0 63.5 185 575 74.5 54 0 310
GA, 50 mg/| 48.5 245 61.5 295 555 96.5 485 470
NAA 40 mg/l 46.5 29.0 62.5 25.0 55.0 835 480 475
Salicylic acid 100 mg/l 450 295 585 30.0 44.0 1115 445 40.0
Brassinosteroid 0.1 mg/l 52.0 285 60.0 28.0 525 75.5 52.0 51.0
Nitrobenzene 100 mg/| 46.0 26.5 56.0 285 450 113.5 465 525
Etheral 50 mg/l 52,5 275 61.5 225 515 74.0 48 5 48.0
PG consortia 42.0 35.00 56.5 335 44.0 119.0 4550 55.50
Days to 50% flowering No. of pistillate flowers
SEd CD (P=0.05) SEd CD {P=0.05)
M .49 1.56 M 028 0.90
T 0.80 165 T 1.02 ' 2.09
MatT 1.58 3.42 MatT 1.93 4.00
TatM 1.61 3.30 TatM 2.04 : 4.18
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Seed yfeld: All the genotypes and different chemical treatments were highly significant from each other in their effect on
seed yield ( Table 2). Among the hybrids, YRCH 1 recorded the highest seed yield (1744 kg/ha) followed by TMVCH 1
{1388 kg/ha) in PGR consortia sprayed plot. Among the varieties, TMV 6 recorded the highest yield (1215 kg/ha) followeq
by TMV 5 (1128 kg/ha) in PGR consortia tfreatment. Maintenance of balanced hormones leads to desire modification ang
finally increases economic yield in crop plants {Mallika Vanangamudi and Kalarani, 2001).Similar findings were also
reported by several researches in castor (Mary Varkey ef al,, 1982; Ramesh ef a/,, 2000 and Sujatha ef al,, 2007}.

PGR consoriia developed at TCRS, Yethapur increased seed yield when sprayed at 8 days before appearance of flowering
in castor genotypes. PGR consortia is a hormonal mixiure. Exogenous application of hormones changes endogenous level
of naturally occurring hormones and allows desired change . PGR consortia could maintaine hormonal balance in the crop
plants and initiate flowering, induced femaleness, improved seed set and increased seed yield.

It is concluded that the response of plant hormones vary with genotype. Even a single genotype responds differently
depending on its age, environmental conditions, physiological stage of development and nutritional status. As for as PGR
concerned, the growing conditions did not affect its action but its effectiveness mainly depend on genotype and stage of
treatrment in relation to plant growth,

Table 2 Effect of foliar application of chemicals on percentage of seed sefting and seed yield

) TMVS TMVE YRCH1 TMNCH1
Main plat / Sub plot Percent Seedyield Percent Seedyeld Percent Seedyield FPercent Seed yield
seed seiting  (kg/ha)  seed setting  {kgfha)  seed setting  (kg/ha)  seed setling (hg/na)
Control { No Spray) 61.9 957 67.8 983 75.0 1399 68.9 991
GA, 50 mgh 79.8 1051 BO.4 1111 863 1585 848 1228
NAA 40 mg/ 77.5 1041 81.8 999 823 1552 85.4 © 618
Salicylic acid 100 mg/! 733 1059 82.¢ 1191 879 1565 88.2 1265
Bragsinosteroid 0.1 mg/| 72.9 997 486.1 998 80.6 1494 g2.8 1009
Nitrgbenzene 100 mgfl 75.8 1110 84.0 1201 896 1698 85.6 1300
Etheral 50 mg/l 78.1 1036 81.4 1011 82.3 1562 837 1202
PG consortia 81.6 1128 854 1215 at1.8 1744 892 1388
Per cent of seed setting
SEd CD(P=0.05}
M Q.41 1.31
T 0.87 1.79
MatT 1.68 357
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pevelopment of designer seed for improving early @mergence and
establishment in castor, Ricinus communis L .

v. Palanisamy, M.K. Kalarani, K. Thirukumaran and G. Senthilkumar

Tapioca and Castor Research Station, Yethapur, P.G. Palayam-636 119, Salem District, TN

Abstract

Laboratory experiment was conducted at Tapioca and Castor Research Station, Yethapur, Tamil Nadu to deve
designer seed for increasing seed quality characters viz., speed of emergence and establishment in castor un
rainfed conditions. The investigation was conducted with YRCH1 castor hybrid with diffay
treatments. Among the seed treatments, the castor seeds designed with polykote (red} @ 3
g) + imidacloprid (5 g) + Pseudomonas (4 g) + Azospirillum @ 20 g/kg of seeds recorded the
(85%), root length (11 cm) shootiength (9.1 cm)and vigour index (941).

top
der
ent pre-sowing seed
mi + carbendazim (5
aximum germination

Keywords: Castor, designer seed, seed germination, vigour index
Introduction

Quality seed is the most basic input for agricuitural output and accounts for 25-30% of yield incre
quality seed continuous to be one of the greatest impediments to bridge the vast yield gap. E
soil, water and climate, maximum crop yield and quality could not be obtained with inferior seed. Low quality seed
compromise the proper plant stand, influencing directly the productivity of crop. High quality seeq is the key to suc);lcessf 5|
agriculture. Each and every seed should readily germinate and produce a vigorous seedling ensuring high yield. Ind Ianl:j
agriculture, drought resistance of the plant is one of the very important factors to get higher yielq. Castor ia a.n ne rgrta
non-edible oil seed crop of the arid and semi-arid regions of the world. India is the world leader in castor seed proguctiom
and meets about 90% of the world’s requirement of castor oil earning about Rs. 2000 crores of fOreign exchange (Pathal?
2009). ,

All the modem day castor hybrids are semi-dwarf and are highly productive under irfigated ecosyste
however, not that much productive under rainfed ecosystem as they lack drought tolerance. in T
castor area is in rainfed areas with limited irrigation possibilities. Drought, pest and diseases
constraints for castor in such situation. In this context, the present investigation is proposed to dev
to enhance seed quality viz., speed of emergence and establishment and seed yield and to st
pre-sowing seed treatments on seed quality. Designer seed is an integrated pre-sowing see
addition of nutrients, plant protectants and bicingcutants.

ase. However, lack of
Ven with ideal conditions of

*M. These hybrids are,
amil Nadu, majority of the
are the major production
€lop castor designer seeq
udy the effect of different
d treatment that involves

Materials and methods

The laboratory experiment was conducted at Tapioca and Castor Research Station, Yethapur, Sz
2009 in randomized block design with three replications. The treatment details are presented in ¢
mm of radicle from the seed coat was taken as criteria for germination (Goswami and Baruah, 199 o

was recorded on the 2™, 4™, 6", 8" and 10" day after sowing. Root length (cm) of seedlings was me:gﬁ?eedegngg\:gl:.zzgﬂn T/n
selected seedlings in each replication on 7th day after sowing (DAS) and the mean was taken. The shoot length (Cmr)n){r
the seedlings was measured on five randomly selected seedlings in each replication. On 7" day, the mean was comput 3
Vigour index (V1) was worked out according to Abdui Baki and Anderson (1970). VI = Germination o, x (root length +psh§of
length). The data were analysed as per Panse and Sukhatme (1961)

em, Tamil Nadu during
able 1. Emergence of 2

Tabie 1 Effect of treatments on germination, root length, shoot length ancd vigour index

Treatments Germination (%)  Root length {cm) Shoot length (cm) Vigour index
T, : Dry seed 60 9.4 6.1 570
T, : Seed soaking with water 81 96 90 813
T, . Seed fortification with KC! . 69 96 85 677
T,: Palykote (red)+ Imidachloprid 5gm + Carbenq;\zim 85 11.0 : 9.2 941
5gm + Pseudomonas fluorescens 4 g+Azospinilium 20 g
T, : Polykote {black)+ Imidacloprid 5gm + Carbepc_iazim 65 10.3 78 587
5gm+ Pseudomonas fluorescens 4 g+ Azospiritium 20 g
Te: T3+T, . 80 10.1 8.5 817
T, Ty*T, _ 62 10.0 88 536
SEd ‘ 423 1.26 0.81 120
CD (P=0.05} . 9.21 2.97 ‘ 175 263
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Resuits and discussion

Germination percentage of treated castor seeds differed significantly due to treatments. Among the treatments, T, recordeg
the highest germination % (85). The root length of seedlings differed significantly due to treatments. The maximum root
iength (11 cm) was measured in T, and minimum (9.4) in T,. Similar resuits were reported by Jeyanny ef al. (2007) and
Hagiwara and imura (1991) in rice. The shoot length of seedlings differed significantly due to treatments. The treatment T,
registered maximum shoot length (9.2 cm) while T, had the minimum shoot length of 6.1 cm (Table 1).

The vigour index was significantly differed between treatments (Table 1). Seeds of T, recorded maximum vigour index (841),
The dry seed (T,) recarded the minimum value (570). In ISTA (1976) it was quoted that the pre-sowing treatment with
chemicals and water improves germination % and vigour index due to increased cytechrame oxidase activity. Basu (1934)
also reported that pre-sowing seed treatment with nutrients, biofertilizers and pesticides could madify the physiological ang
biochemical nature of seed so as to get the characters that are favourable for drought resistance pest and disease
resistance. These might be the reason to improve germination % and vigour index in the present investigation. So it is
concluded that, the castor seeds designed with polykote (red) @ 3 ml + carbendazim (5 g} + imidachloprid (5 g} +
Pseudomonas (4 g) + Azospinlium @ 20 g/kg of seeds can increase germination per cent, roct length, shoot length and
vigour index.
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Variability for essential DUS characteristics in released varieties and
hybrids of castor, Ricinus communis L.

N. Mukta, C. Lavanya and A. Praveen Reddy
Directorate of Qilseeds Research, Rajendranagar, Hyderabad-500 030, AP
Abstract

The protection of plant varieties is based on the establishment of distinctiveness (D), uniformity {U) and stability
{8} of essential characteristics listed in the crop specific guidetines. The information on range of character
expression in released cultivars is essential for the grant of rights through the establishment of distinctiveness.
In this context, nine released varieties and ten hybrids of castor were characterized in accordance with the DUS
guidelines, The frequencies for expression of different states of essential characteristics are discussed. The
information generated on range of variability will be valuable for comparison of newly developed cultivars.

Keywords: Castor, DUS characteristics, variability
Introduction

Castar {Ricinus communis L.) is an important industrial oilseed crop glabally, India is a key producer of castar in the world
with 0.8 m. ha of area and production of 1.0 m. tonnes (Damodaram and Hegde, 2007). Breeding initiatives have resulted
in the development of many improved varieties and hybrids (DOR, 2003; Lavanya and Mukta, 2008). With the enactment
of Pratection of Plant Varieties and Farmers’ Rights (PPV & FR) Act, 2001 for grant of protection to plant varieties based
on their distinctiveness (D}, uniformity (U) and stability (S), the information on range of character expression in the released
varieties and hybrids of castor is necessary. Crop specific guidelines form the basis of DUS characterization of the reference
as well as the candidate varisties. The draft guidelines for the conduct of test for distinctiveness, uniformity and stability for
castor were formulated in 2006 (Chakrabarty et al., 2006) and have been finalized and published {Anonymous, 2009). The
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nformaton genersisain e present study will form the basis for distinguishing the candidate variety from the most similar
variety.
Materials and methods

The material for the present investigation comprised of breeders’ seed of 9 varieties (AKC-1, DCS-9, GC-2, Haritha, Kiran,
Kranthi, VI-9, TMV-5, 48-1) and 10 hybrids (DCH-32, DCH-177, GAUCH-1, GCH-2, GCH-4, GCH-5, GCH-6, DCH-519,
RHC-1, Ti MVCH- 1} of castor obtained from the respective breeders.

The experiment was conducted at research farm of the Directorate of Ollseeds Research at Rajendranagar, Hyderabad
during rainy season of 2004, 2005 and 2006. Each genotype was raised in 10 rows of 6 m length with a spacing of 90 cm
x60cm. The experimentwas laid out in randomised block design with two replications. Recommended agronomic practices
and prophylactic measures were adopted for growing a good crop. The test plot design and datg recording of 20 essential
traits was based on the draft guidelines (Chakrabarty et al., 2006) while states are based on the finalised version of
guidelines of DUST on castor given by PPV&FR Authority (Anonymous, 2009).

Results and discussion

The DUS guidelines for castor consist of 30 traits of which 20 are essential characteristics which are marked by an asterisk
in the final draft (Anonymous, 2009). The asterisked characteristics are the traits which need to be evaluated for the
assessment of distinctiveness. Assessment of variability through the presence of different states of expression among
released varieties and hybrids of castor was undertaken and the frequency distribution for various states of characteristics
occurring in @ varieties and 10 hybrids has been presented (Table 1).

Tabte 1 Frequency distribution for various states of characteristics in 9 varieties and 10 hybrids of castor

oh reristics Frequency of different states of train
aracteri

Varieties Hybrids

Leaf : anthocyanin pigmentation of young emerging leaves absent(2), present(7) absent{4), present(6)

Leaf : waxi bloom on upper side absent(2), present(7) absent{2), present(8)

Leaf : waxi bloom on lower side absent(0), present(8) absent{1), present{9)

Stem : waxi bloom absent(0), present(9) absent(0), present{10)

Stem : colour (after removal of bloom} green(2), mahogany(4), red(3)  green(4), mahogany(6)

Stem : type of internodes elongated (normal} (9) elongated (normaf) (10}

Plant : time of flowering of primary raceme early to medium(3), medium {5), early to medium{4), medium (3),
medium to late(1) medium to late(3)

Stem : number of nodes on main stem tow(1), low to medium(8}, low(2}, low to medium(5), medium (3}
medium(1), mediurr to high(1),

Leaf : shape flat{g), shaltow cup(3) flat(7), shallow cup(3}

Petiole : surface smooth(7), rough(2} smooth(6), rough{4}

Inflorescence: type of flowers on primary spike monoecious(9) monoecious(9), pistillate(1)

Inflorescence: spike compactness loose(1), semi- compact(4), semi- compact({10)
compact(4)

Capsule : spininess absent {2), dense (7) sparse {1}, dense (9)

Capsule : length short{6}, short to medium(3) short(7),

short to medium(3)

Plant : branching pattern divergent(9) divergent{10)

Seed : weight of 100 seeds (g} low to medium(B), medium (1),  jow to medium{4), medium (4),
medium to high (2) medium to high (2)

Seed: shape elongated(1), oval(8) elongated(2), oval(8)

Seed: coat colour dark brown{ (9) light rown (1), dark brown (9)

Seed : mottling high (9) high (10)

Among the leaf characters, varieties and hybrids exhibited presence and absence of anthocyanin pigmentation of young
emerging leaves. Seven varieties possessed triple bloom while only 2 exhibited double bloom. Among the hybrids, one
single, one double and 8 tripte bioom types were observed. Pink and purple stem colour was not represented among the
hybrids and varieties. Among the varieties, there was one cultivar possessing red stem colour while this was absent in
hybrids. Different varieties and hybrids with early, medium and late flowering were present. All hybrids possessed low to
medium node number. Among the varieties, medium to high node number was also recorded. There were more number
of varieties and hybrids possessing smoath petiole surface compared to rough surface. Condensed internodes on stem,
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deep cup shaped leaf, long capsules and convergent branching were not represented among the varieties and hybrids
characterized.

Among the reproductive characteristics, monoecious type of primary spikes were present in all the varieties and nine
hybrids, only one hybrid exhibited mostly pistiltate expression. All hybrids evaluated possessed semi-compact spikes while
all states of expression for this trait were recorded among the varieties characterised. There were no varieties possessing
sparsely spiny capsules while non spiny capsules were not represented among the hybrids. High seed weight, square
shaped seed and low seed mottling were not represented among the varieties and hybrids characterized. Limited variability
for seed coat colour was recorded; there were no cultivars with white, maroon and black seed colour.

The general introduction to the examination of distinctiveness, uniformity and stability and development of harmonized
descriptions of new varieties of plants has been described in detail (UPOV, 2001). The information generated on range of
variability will be valuable for comparison of newly developed cultivars.
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Breeding behaviour of male lines in castor, Ricinus communis L.

C.lLavanya
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Abstract

Castor is a sexually polymorphic species. Genetic quality of foundation seed of the varieties or male lines of
released hybrids is affected by completely male plants or plants with 100% male flowers in all spike orders. An
attempt was made in the present study to understand the breeding behaviour of such completely male plants.

Keywords: Pistiflate, completely male, castor
Introduction

Castor is a sexually polymorphic species with different sex forms viz., monoecious, pistillate, sex revertants and pistiitate
with interspersed staminate flowers (ISF) in between pistillate flowers. Sex expression in castor is highly influenced by
environmental factors like day temperature, photoperiod, fertility, age of the plant, nutrition, etc. The interaction of sex
expression with environmental conditions is documented earlier by Shifriss (1960) and Lavanya (2002) while the role of
modifying genes for pistillate character was also indicated by Lavanya (2002).

India is the first country to exploit heterosis in castor by two line breeding based on indigenous, stable S type pistillate line,
VP-1 and several other diversified pistillate lines as reported by Lavanya et al. (2006). Pistillate expression in hybrid seed
production plots is highly unstable and varies with nutrition, irrigation, season and age of the plants. The ideal time of sowing
of certified hybrid seed production plots is identified as September second fortnight to October fortnight (DOR, 2009).

The genetic purity of certified hybrid seed also depends on the stability sex expression of pistiitate line and tendency of male
lines to produce minimum number of male flowers. A male line with high proportion of male flowers (40-100%) in centified
hybrid seed production plot ultimately results in low yielding hybrids in commergial cultivation. The tendency to produce high
number of male fiowers even in released varieties either due to genetic or environmental factors is of serious concern for
further spread of the high yielding varieties. An attempt is made in the present study to under stand the genetic nature of
plants with 100% male flowers in all spike orders.

Materials and methods

The material has been generated as a part of segregating material involving hybridization between two pistiltate lines M-619
and M-584 and 3 male lines SKI-232, 5KI-233 and JI-240. The 4 resulting F,s were selfed to study the F,s along with the
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parents in rainy season. About 300 plants of each F, were raised in a compact family block design along with both the
parents of 50 rows each. Standard agronomic practices were followed to raise the crop. Few plants in each of the 4 crosses
showing highly male expression were selfed, in addition to the completely female ptants with desired yield component traits.
Seed set from highly male plants was low ranging from 5-10 capsules/plant. The progenies were raised in a pfant to row
to check for the breeding behaviour of the male lines.

Observations on sex expression were recorded by counting the number of floral whorls with male flowers and the total
number of fioral whorls in every spike order up to 7" order as given by Solanki and Joshi (2000).

Number of male whorls (NMW)
% male flowers = % 100
Total number of flowering whorls in every spike (TFW)

The plants were graded for the sex expression based on proportion of male flowers as: 0=complete female or pistillate,
1-10=highly female, 11-76=monoecious, 71-99=highly male and 100=completely male. in addition, the proportion of male
flowers is also guantitatively estimated in %age as follows:

(Total spike length - effective spike iength / Total spike length) x 100
Results and discussion

All the 4 F.s derived from cross between pistillate line x monoecious were monoecious indicating the dominant nature of
monoecious character over the pistillate character. In all the 4 F s, the segregation for sex expression varied from plants
with completely female or pistillate (0% male flowers) to completely male (100% male flowers). Selection pressure was
appiied from both the extremes ranging from highly/completely female and highly/completely male plants simultaneously.
Eleven individual plant selections with 89-99.9% male flowers in ail spike orders (5-7") from 4 crosses were selfed before
apening of flowers using butter paper covers. Seed set was low ranging from 5-10 capsulesi/plant over all spike orders. The
progeny was raised in a progeny row trail and graded for the sex expression in F, and F, generations. In F,, though initiafly
in the primary spike, monoecious varied 50-80%, gradually with increasing spike orders, all the plants have become highly
male (up to 90%) to completely male (100%). Seven selections could not be continued as there was no seed set and plants
completely dried at the time of last picking (150 days maturity) (Table 1).

Simultaneous selection for individual plants with low proportion of male flowers (0-10% male flowers) and their selfing for
5-6 generations resulted in 10 homozygous selections. Selfing was done mainly on individual plants with high proportion
of female flowers (95-100%) and monoecious plants were completely avoided. These selections were also based on seed
yield components like good branching potential, long and effective spike fength, high number of effective spikes/plant etc.
These 10 sefections along with other 140 promising selections were evaluated in a prefiminary varietal trial in an augmented
randomized block design along with two checks DCS-9 and 48-1 after every 10 rows. Despite the high selection pressure
for high female lines, the proportion of male flowers varied from 10-25% with a mean of 17.7% (Table 2).

Table 1 Breeding behaviour of 11 selections from highly or completety male plants

_Proportion of male flowers in different generations (%)

Selection No. Cross  Pedigree F 5
2 3 A
2001-16 Cross 1 M-619 x SKI-232 99 80-90 80-100
2001-18 M-619 x 8KI-232 £9 99 100
2001-24 Cross 2 M-619 x §KI-233 g9 80-80 NS
2001-30 M-619 x SKI-233 99 50-30 NS
2001-33 M-619 x SKI-233 . 99099 50-20 NS
2001-105 Cross 3 M-584 x JI-240 99.9 100 NS
2001-106 M-584 x JI-240 99.9 80-90 NS
2001-109 M-584 x JiI-240 99.9 ) 100 NS
2001128 M-584 x JI-240 899 80-80 90-100
2001129 M-584 x JI-240 99.9 80-90 §9-100
2001-145 Cross 4 M-584 x SKI-233 94 100 NS

*- male proportion increased from tertiary order of spikes, NS-No seed set on selfing due to complete male lines

Selection for the high male or completely male types bred true to the parents which increased with age of the plant.
However, the high female or complete female types did not breed true to their parents even after 5-6 generations of seffing.
The extent of heterosis in castor is due to the increase in number of capsules or pistillateness of the spikes as documented
t?y Moshkin {1988) and Weiss (1983). The possibility of devetoping complete male plants indicates the scope for a three
line system in castor.

GEneticaHy divergent parents with extremes of female (complete female) and male (complete male) may increase the
heterosis to the desirable extent {>50%). The role of endogencus growth regulators in sex expression has been extensively
studied in cucurbits by Karchi and Anneke (1972), Marbhal and Musmade (2007}, in mulberry by Kumar et al. {1985}, musk
Melon and castor by Lakshmamma ef al. (2002), Varkey et al. {1982), Mohan Ram and Rinaseth, (1980}, Ramesh ef a/.
(2000) and Gopalakrishna Murthy et al. (2003). The role of ethrel or other growth regulators 1o induce female flowers even
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in highly male or completely male lines may be explored for the maintenance of male lines. This may open the avenues for
the exploration of indigenous CMS source in castor as done in other crops like red gram and safflower.

Table 2 Evaluation of advanced selections for seed yield, yield components and proportion of male flowers

Days to 50%  No. of nades Plant heightNo. of effective 100 seed Total spike Effective spike Proportion of male

Selection No. flawering to primary {cmi)  spikes/plant weight (g) length {cm} length (cm) flawers (%)

5 52 147 74 7 29 39 34 13

6 47 137 80 6 29 50 41 18

7 41 157 116 6 28 64 56 13

8 48 151 129 6 29 47 38 20

9 47 t4.1 105 & 29 49 36 ‘ 25

10 ' 52 18.7 104 5 24 41 " 16

11 61 165 70 4 28 38 30 22

12 69 19.7 108 4 33 3z 25 24

13 68 147 79 4 26 4 31 10

14 58 18.1 118 5 26 35 28 16
Dcs9 46 146 84 7 27 29 25 13
48-1 42 131 82 6 25 39 34 13

Ci-Vi 39 10.3 75 10 17 19 20
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Study of genotypes for some quantitative traits in castor, Ricinus
communis L.

S. Kumar, R.R. Gupta and N.S. Sachan
Oilseeds Section, C.S. Azad University of Agriculture and Technology, Kanpur-208 002, UP
Abstract

A set of 15 diverse early, medium and late genotypes, including promising and recommended checks viz., Ballia
chayan, (7911), Aruna, Kalpi-6 and Type-4 were evaluated at Kalyanpur, Kanpur centre of C.S. Azad University of
Agriculture and Technology, Kanpur in rainy season of 2007. Genotype, CK-62 recorded highest seed yield
(35.8g/ha) and matured in 170 days. It recorded ICC-57 yielded more than 35 g/ha in the medium group. Genotypes,
KC-65 and KC-1 also belong to the same group and recorded high yield (32.3 and 30.1 g/ha), respectively, Variety,
Aruna used as a check recorded minimum yield {12.5 g/ha} and matured in 176 days. Culitivar, Kalpi-6 a late variety,
matured in 225 days and produced high seed yield (25.8 g/ha). It also had a good number of nodes and spikes.

Keywords: Castor, genotypes, quantitative traits
Introduction

Castor is one of the most important non-edible cilseed crops of the country. Normally, the crop is grown in arid and semi
arid tropic soils {Hoshkin, 1986). India, Brazil, China, Russia and Thaitand are the major growing states of the world (Path_ak,
2009) as sizeable area is grown in these countries, In Uttar Pradesh, chiliies+castor is much prevalent inter-cropping
system. Also, intercropping with jowar, pearimillet, mary gold, radish and other crops is a common practice in Uttar Pradesh.
Considering the importance of the crop and low productivity compared to the other states the present study was conducted
to understand the potential and the perpetuating variability in genotypes.

Materizls and methods

A field experiment involving some early, medium and late genotypes was conducted at experimental farm, Kalyanpur,
Kanpur of C.S.A. University of Agriculture and Technology, Kanpur to study the yield performance and evaluation in few
metric traits. Fifteen diverse castor genotypes were planted in complete randomized block design with four replications. Row
spaced at 90 cm while the plant to plant distance was maintained 60 cm apart. Recommended doses of fertilizers were
applied to have good growth in genofypes and needed cultural operations were carried out. On physiological maturity, the
plot was harvested fo evaluate the yield performance and data on ten randomfy chosen piants were recorded with respect
to metric traits, maturity period, number of nodes/plant and number of spikes/plant. Data were analysed as per Panse and
Sukhatme (1961)

Results and discussion

The perusal of data in table 1 showed highly significant differences among the genotypes, signifying the presence of genetic
variability. Table 1 showed that the entry CK-62 contributed highest seed yield of 35.8 a/ha over check varieties, Ballia
chayan (earty), Aruna and Type-4 (medium) and Kalpi-6 (late). Genotypes, ICC-57 and KC-65 yielded 35.5 and 32.3 g/ha
seed yield respectively and showed a promise. Genotype, KC-1 contributed 30.1g/ha as against other entries. Probably,
high gene order leading to contribute more yield is presentin these cultivars. Among the varieties, the performance of Aruna
as check was not satisfactory because of low yield which indicates that high yielding genes were not present. Seed yield
data indicates that early maturing materiat showed weak relationship with yield. However, late genotype indicates strong
relationship with seed yield/plant.

Days to maturity: Most of the genotypes are in medium group except Ballia chayan and Kalpi-6. Ballia chayan matures
in shortest period of 130-140 days and promising lo cultivate along with winter season crops particularly wheat, rapeseed
mustard, etc. Kalpi-8 (late genotype) matures in 225 days and recently it has been replaced by Chandraprabha which is
highly productive and recommended for cuitivation in the state of Uttar Pradesh including Bundelkhand areas. In medium
maturity group, the range varies from 168-190 days. Genotype, ICC-60 matures in 160 days while, KC-61 matures in 190
days with high seed yield. A clear relationship was observed between days to maturity and seed yield.

Number of nodes/plant: For this trait, the variation was 12.3-23.3 among the 15 genotypes. Castor genotypes KC-85 and
CK-61 showed highest number of nodes (23.3) and it was at par. CK-62 possessed high number of nodes/plant and
contributed high seed yield too. Genotype KC-1 also produced high number of nodes with high yield. In check entry, number
of nodes was poor except Kalpi-6. There was a good refationship between number of nodes/plant and seed yield.

Number of spikes/plant: Number of spikes/plant varied from 3.3-7.5. Genotype, KC-1 showed 6.4 spikes/plant producing
high yield of 30.1 g/ha except the check variety Aruna which possessed 7.5 spikes/plant. A strong relationship between
number of spikes and seed yield was observed. Most of the entries shows good number of spikes/plant indicating high
quantum of variability in the genotypes. Genotypes CK-61, ICC-57 and CK-55 on an average showed more than 5
spikes/plant, means more number of capsules were present to give rise higher productivity. Aruna possessed high number
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of spikes {7.5) but, produced minimum yield of 12.4 g/ha which clearly showed that there was a weak correfation between
number of spikes/plant and seed yield. More number of spikes/plant means more number of capsuies/piantproportionateiy,
there will be more production.

Table 1 Seed yield and gquantitative traits in castor genotypes

Genotypes Seed yield g/ha No. of nodes/plant No. of ypikes/plant Days to maturity
CK-52 28.9 18.3 5.1 170
1CC-98 19.5 17.3 3.3 . 175
KC-1 . 301 19.3 8.4 190
CK-55 ' 30.0 18.3 53 170
KC-65 323 23.3 53 172
KC-12 . 27.9 18.3 45 170
CK-61 357 233 ) 53 172
CK-62 _ 358 - 20.0 5.3 170
1CC-57 356 18.3 55 173
1CC-60 259 17.0 53 168
DCS-8 28.0 153 4.0 174
7911 (c) ' 17.0 125 33 140
Aruna {c) 12.5 15.6 7.5 176
Kalpi-6 (c} 258 22.3 ) 6.3 225
Type-4 (c) ' 14.7 12.3 33 190
SEmz - 0.2

CcO G.6

V% 28
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Correlation and path analysis of yield attributing traits in hybrids of castor,
Ricinus communis L.
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Abstract

Twenty F, hybrids of castor were evaluated during rainy season of 2009 for genetic diversity in respect of seven
quantitative traits. Analysis of variance revealed significant differences among the hybrids for all the seven
characters studied. High GCV and PCV, high heritability and genetic advance as percent mean were observed for
the number of capsules in primary spike, effective spike length and number of spikes/plant, Seed yield/plot showed
the significant and positive assogiation with the number of spikes/plant. Number of capsules in primary spike
showed a significant and positive association with spike length. Path co-efficient apalysis revealed a maximum
positive direct effect for the number of spikes/plant on seed yield.

Keywords: Castor, path-coefficient analysis, quantitative traits
Introduction

in India, castor is mainly grown in Gujarat, Andhra Pradesh, Tamil Nadu, Karnataka and Orissa states accounting for about
90% of area and production. The success of any crop improvement programme essentially depends on the nature and
magnitude of the genetic variability present in the crop. The exploitation of heterasis has heen an important breeding tool
in castor with the availability of stable pistillate lines, exploitation of heterosis on a commercial scale has become feasible
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and economic (Gopani et al, 1968). Information on the association of plant characters with seed yield is important for a
breeder in selecting desirable genotypes. Since the information on those aspects is limited, the present investigation was
carried out to gather information on variability, character association and path co-efficient analysis in 20 F, hybrids of castor
for seven characters.

Materials and methods

The experimental material comprised of 20 F, castor hybrids developed by using LRES-17 as a female parent with twenty
elite male parents along with two checks were tested in randomized block design with two replications during rainy season
of 2008 at Zonal Agricultural Research Station, Hiriyur, Karnataka. Each entry was planted in 3 rows of 10 dibbles keeping
90 cm row to row and 60 cm of plant to plant distance. Recommended package of practices was followed for raising the
normal crop. Observations on five randomly selected competitive plants were recorded for seven yields and yield attributing
traits. However, days to 50% flowering and seed yield was recorded on a plot basis. Phenotypic and genotypic components
of variation were worked out based on the formula given by Lush (1940), Heritability in the broad sense was derived based
on the formula given by Hanson et al. (1956). Genetic advance was obtained by the formula prescribed by Johnson et al.
{1955), The method addpted by Burton and De Vane (1953) was used to calculate phenotypic and genctypic co-efficient
of variation. The genotypic and phenotypic carrelation co-efficient was worked out by following Al-ji-bourie et af. (1958} and
path co-efficient analysis as suggested by Dewey and Lu {1959).

Results and discussion

Analysis of variance revealed highly significant differences among the genotypes for ali the characters indicating the
presence of a high amount of variability among the material used in the study. The phenotypic and genotypic co-efficient
of variation {Table 1) were highest for the number of capsules in the primary spike, seed yield/plot, primary spike tength and
number of spikes/plant, suggesting that these characters are under the influence of genetic action, hence these characters
can be relied upon for simple selection for further improvement. These results are in consonance with those of Sarwar and
Bootar Choudhry (2008) and Patel et al. (2010).

Oil content, days to 50% flowering and 100 seed weight recorded a low phenotypic and genotypic co-efficient of variation,
as reported by Pathak and Dixit {(1992). High heritabiiity coupled with high genetic advance was observed for the number
of capsules in primary spike, seed yield/plot, primary spike length and number of spikes/plant. This indicates the lesser
influence of envirecnment in expression of these characters and presence of additive gene action in their inheritance, hence,
amenabile for simple sefection. Similar results were reported by Sarwar and Haq {2005) and Sarwar and Boota Choudhry
(2008). Barad et al. (2009) observed high heritability with moderate genetic advance was recorded for 100 seed weight,
days to 50% flowering and il content indicating that the characters were governed by both additive and non additive gene
action.

Genotypic correlation in general was higher than the phenotypic correlation (Table 2) indicating less influence of

environmental factors. Number of spikes exhibited highly significant and positive association with seed yield/plot. [tindicated

that this trait was a reliable indicator. Spike length also exhibited positive and highly significant correlation with the number

of capsules. Similar association was observed by Sarwar and Boota Choudhry (2008). Number of spikes showed a negative

and highly significant correlation with days to 50% flowering, number of spikes/plant and number of capsules/spike were
" negatively associated with one another,

The results of the path co-efficient analysis revealed (Table 3) that the number of capsules/plant had maximum positive
direct effects on seed yield/plot followed by 100 seed weight and spike number. Similar results were observed by Ramu
et al. (2005). Therefore these traits may be considered as the principal traits while selecting for seed yield. In other words
main emphasis should be placed on the number of capsules, 100 seed weight and number of spikes for improvement of
seed yield.

Table 1 GCV, PCV, h? and advance (% of mean) for hybrids of castor

GCv PCV h2 A (%) of mean
100 seed weight 9.794 9.926 897.35 19.906
Qit (%) 5.571 5.688 85.93 11.240
No. of spikes/plant 20.495 22217 8510 38.948
Primary spike length 28.666 30.092 90.75 56.254
No. of capsules in primary spike 33.558 34932 92.29 66.410
Days to 50% flowering 9.216 9.260 99.06 18,896
Seed yield/plot 31.467 32.045 96.43 63.654
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Table 2 Genotypic {(above diagonal} and phenotypic correlation (below diagonal) in castor hybrids

No. of Primary spike

100 seed weight Oif (%) No. of capsules Days to 50% flowering Seed yield

spikes/plant length
100 seed weight 1.00G -0.265 4.033 -0.087 -0.311 0.143 (.083
Ol { %) -.260 1.000 0123 g.112 0.169 0.077 0.214
No. of spikes/piant 0.018 -0.107 1.000 -0.324 -0.132 0.890™ 0 591+
Prirmary spike length -0.075 0.110 -0.266 1.000 0.750* 0.384 0.120
No. of capsules -0.269 0.148 -0.069 0.760™ 1.000 0.272 0.306
Days to 50% flowering 0.140 0.074 -0.821 0.376 0255 1.000 -0.479*
Seed yield/plot 0.068 0.204 0.553*" 0.108 0.297 -0.467* 1.000

*, ** significant at 5% and 1% level, respectively
Table 3 Direct and indirect effects of different characters on seed yield in hybrids of castor

No, of Primary spike

100 seed weight Oil (%) spikes/plant lanath

No. of capsuies Days to 50% flowering R values

100 seed weight 0.404 -0.078 0.007 0.0114 -0.210 -0.070 0.063
Oir (%{ -0.107 0.286 -0.026 -0.018 0107 -0.038 0.214
No. of spikes/plant 0.013 -0.036 0.212 0.052 -0.089 0.438 0.591+
Primary spike length -0.027 0.033 -0.069 -0.161 0.532 -0.189 0.120
No. of capsules 0126 0.047 -0.028 -0.127 0.673 0.134 0.306
Days to 50% flowering 0.058 0.023 -0.188 -0.062 0.183 -0.493 -0.479*

*, ** significant at 5% and 1% level, respectively
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G x E and stability studies on castor hybrids for yield and its attributing
characters

D.A. Thakkar, R.A. Gami and P.S8. Patel
Main Castor and Mustard Research Station, 5.D. Agricultural University, Sardarkrushinagar-385 505, Gujarat
Abstract

Stability analysis for castor hybrids along with their parents was carried out overthe seasons to know the existence
of genotype x environmental (GxE) interactions and stability for yield and its attributes. Analysis of variance
revealed significant differences among parents and their hybrids for all the characters indicating diversity in the
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material. Presence of significant G x E interactions were noticed for all the characters under study. Significance
of G x E (linear) and pooled deviation for various traits suggested importance of both linear and non linear
components of G x E interaction with respect of all the characters. Parent VP 1 and SKP-4 found responsive to poor
environments for seed yield per plant. $H 72 inbred found stable for the node number whereas TMV-5 was stabfe
for plant height and number of capsules on main spike. SKP-5 as pistillate line and SH 72 as male were found stable
for effective branches/plant. SKI 119 was responsive to better environments for capsules per plant of the five high
yielding hybrids none was found stable for seed yield/plant. However Geeta x SKI 147 shown stability for some
yield attributes and recorded responsiveness in better production environments for seed yield. On the basis of per
se performance and stability were yield attributing characters, Geeta x SKi 147, SKP 49 x SPS 43-3 for promising
hybrids offering good scope far commercial exploitation.

Keywords: Stability analysis, G x E interaction, hybrids

’

introduction

Castor { Ricinus commuris (L.) ] is an important non-edible oil seed crop of arid and semi-arid regions of India. The crop
has wide adaptability and is grown in tropical, sub-tropical and temperate regions of the world. The area, production and
productivity of the crop in India during 2008-2009 were 8.3 lakh ha, 11 lakh tonnes and 1331 kg/ha, respectively, against
14.3 jakh ha of area, 14 .3 1akh tonnes of production and 1000 kgfha productivity of the crop at the wortd level (Anonymous,
2008-09)_itis an urgent need to have stabilized pistillate, inbred lines and hybrids to fulfill the demand. Hence, the present
investigation was taken up to study the G x E interaction and stability of castor hybrids for yield and its attributes.

Materials and methods

The experiment was carried out in L x T mating design (Kempthrone 1957) of 5 pistillate lines {(SKP-5, SKP-4, VP-1, Geeta
and SKP-49) and 15 inbred lines {SH-72, 48-1, TMV-5, UM-6, SKI|-180, SKI-147, DCS-9, SKI-80, HC-8, GC-2, SH-41,
DCS-30, EC-103745, SPS-43-3 and SKI-119} at Regional Research Station, Sardarkrushinagar. The Twenty parents (8
pistillate lines and 15 inbreds) and 75 F, and national check GCH-4 were grown in randomized block design with three
replications. Two experiments {One at the onset of monsoon and other at late monsoon) were taken up each year, keeping
plot size of 7.2m long single row accommodating 12 dibbles at 90 cm row to row and 60 cm plant to plant. Totally four
environments were created, Five randomiy selected plants excluding terminal ones/ptot/epiication in all four environments
were chosen to record observations of the characters viz., days to flowering, days to maturity, plant height, numbers of
nodes up to main raceme, effective branches/plant, numbers of capsules/plant, 100 seed weight, oil content and seed
yield/plant. Analysis of variance was performed and stability parameters were worked out following the model proposed by
Eberhart and Russell (1966) and Breese (1969). The type of stability was decided on the regression coefficient (bi) and
mean values (Finaly and Wilkinson, 1963).

Results and discussion

The magnitude of components of G x E interactions for various traits were estimated and the analysis of variance is
presented in table 1. The mean sguares due {0 genotypes and environments were found to be significant for all the
characters when tested against pooled deviation. The genotype x environment interaction was highly significant for all the
traits when tested against pooled error. This indicated that genotypes interacted significantly in different environments. Mean
squares due to genotype x environment (linear) were highly significant for days to flowering, capsule on main spike, effective
branches/plant, effective length of main spike, oil content and seed yield/plant when tested against pooled deviation.
Performance of genotypes over environments based on regression analysis might not be very reliable. Similar findings were
reported by Joshi (1993), Patel (1994a), Patel (1994b) and Tank (2000).

Siability of the pistillate line revealed (Table 2) that ali the females had significant deviations from regression for days to
flowering days to maturity, capsules on main spike, oil content and 100 seed weight, However, SKP-4 and VP 1 had
non-significant deviation from the regression and regression coefficient less than one for seed yield/plant indicating their
stability for seed yield under low yielding environments. SKP-5 had non- significant regression, and the deviation from
regression for effective length of main spike. SKP-49 performed better in the favourable environment for nodes up to main
spike.

Estimation of stability parents of inbred lines revealed that none of the inbred exhibited higher mean, unit regression and
non significant deviation from regression for ait the 11 characters. Any generalization regarding stability for ali the characters
was, therefore impossible. However, among inbred SKI 119 had high mean performance for capsules/plant along with
regression value more than one and non-significant deviation from regression indicating its responsiveness to a better
environment for this important yield attributing character. SKI-147 was stable for effective branches/ptant. TMV-5 for plant
height and SH-72 for the number of nodes up to main spike recorded nonsignificant deviation from regression.

High heterotic crosses over GCH-4 for seed yield/plant when examined for their stability for seed yield and its components
revealed that although they had high per se performance but significant deviation from regression indicated that their
performance was not predictable undervarying environment, Cross Geeta x SKI-147 was stable for effective branches/plant
and 100 seed weight as indicated by nonsignificant deviation and responsive to better environment with regression
coefficient more than one for capsules/plant, capsules on main raceme. SKP-49 x SKI-180 was stable for effective length
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of main spike and responsive to the better agronomic conditions for capsules on main raceme. Cross SKP-49 x 5P5-43-3
was found responsive to the favourable environment for effective branches/plant. Geeta x HC-8 performed better in the
favourable environment for capsules on main spike.

None of the cross combinations recorded high seed yield with higher capsules/plant having unit regression and non
significant deviation from regression. However, VP-1 x 48-1 had high mean value, regression co-efficient less than one and
nonsignificant deviation from regression for seed yield and capsules/plant indicating environments alse. Cross SKP-5 x
SKI-80 was stable capsules on main spike SKP-5 x SPS-43-3 for effective fength of main spike and Geela x SKI-147 for
number of effective branchesiplant and 100 seed weight had non significant deviation from regression indicating their
stability. Based on the result, Geeta x SKI-K17 was found to be stable for the number of effective branches, 100 seed weight
and responsive to the better environment for capsules/plant, capsules on main spike and effective length of main spike with
high heterotic value and good specific combining ability effects. The parents were with good general combining ability for
yield and other contributing characters, hence it would be advantageous to exploit this cross in the breeding programme.

Table 1 Analysis of variance showing mean sum of squares for phenotypic stability with regard to different traits in castor

No. of Effective No. of

Days Days Plant nodesup  length capsules | TTCOWY®  caosules: 100 seed Seed yield! o
Source df to 1o : . : ~ branches/ Ol (%)
fowerin maturity height  to mair of main  on main sant plant weight plant
9 spike spike SpIKE P
167 15" 430. 59** 762.51™ 8.03* 17201 8&17.42" 849" 10047 B9 23.73*"  4883.26"" 7.59™
Genotypes (G) o4 +4 ++ ++ ++ ++ ++ ++ 4 ++ ++ ++
. 83290 **111968.05 **20410.03 ** 153.6§ * 16709.98 ** 15998 00 ** 135.01 ** 38361488 ** 35167 " B575506* 387.94™
Environment {E) i - - - - o ", . - . .t
GxE 282 50.44*  140.38** 11561 173" 35.63* 14166 3.07* 4295 79 327" 1547 g@** 354+
£ (Linear) 2497 72 33569.28*"61230.16 ** 489,20 ** 50129 47 **47994 30 ** 405.03 ** 1150840.40) ** 1054.95 ** 257268.44 ** 116337
{Linea 1 ++ ++ ++ +¥ ++ ++ ++ ++ ++ ++ ++
. B0.93* 14873 92.59%* 1.64*" §2.35** 207.69* 3.99* 4855.72™* 289  2073.10™ 6.81™
G x E (Linean) 94 + ++ ++ + ++ ++
Pooled 4477
Deviation 180 ' 13575  125.78" 175" 10.54* 10.75" 258" 3924.09™ 3437 12211 1.88"
{Non-linear)
Pooled error 752 015 0.17 28.85 8.22 7.68 15.09 0.39 212,84 902 71.56 0.03

* ** Significant at 5 and 1% respectively. When tested against pooled error; +, ++ Significant at 5 and 1%, respectively. When tested against pooled deviation.
Table 2 Mean, regression c¢oefficient and deviation from regression for various traits

Plant height Effective length of main spike
Parents/hvhrids Xi bi S2di  Parents/hybrids Xi bi S2di
SKP 4 39.62 42 -437 SKPS5 42.13 1.08 1.21
VP 1 29.76 0.37* 6.61 SH72 34.88 0.90 3.45
SKP 48 44 17 0.48 1873 GC2 29.43 a.re™ -0.78
TMV 5 6240 076 20.04 SKP5xSPS 433 50.78 1.21 4 86
GC2 6262 .59 -446 SKP4xTMVS 40.72 1.11 4.44
DC 30 50.64 Q.45™ 1780 SKP49xDCS9 ' 44 52 0.86 434
SKFP 9% TMV & 6765 1.04 11.91 SKP 49 x SKI 180 53.12 1.18 243
SKP 5xDCS 30 76.74 1.09 17.33
SKP4xTMV 5 57.68 0.88 12.49 Capsules/plant

VR 1 . 137.75 041 -25.81
Numbers of nodes up fo main raceme SKI 119 244.33 1.43* -46.25
SKP 49 15.55 1.70* 0.55 Geeta x SK| 147 32525 1.82™ 86.30
SH 72 14.03 09 . 034  Geeta x SKI 180 307.00 1.29*" 9.95
48-9 15.49 0.65* 001 VP 1 x4B -1 28300 Q.34 8.06
TMV 5 13.23 0.36* 0.42
Geela xHC 8 16.18 284 0.36 100 seed weight
SKP 4 x SKI 80 13.28 0.69 0.12 Geeta x SKI 147 28 .42 1.18 0.05
VP 1xTMV 5 12.5¢ 0.94 -0.02

Oil content
Numbers of capsules on main spike Geetax DCS 9 46 69 2.33* 0.01
TMV 5 34.43 0.83 1.89
DCS 9 37.75 0.44 10.43  Seed vield/plant
SKP 5 x SKI 80 62.50 1.20 8.20 SKP 4 51.41 -0.49** 7.39
SKP49xGC 2 . 50.05 1..15 6.56 VP 1 8824 ~0.25* 2526

VP1xGC2 19415 1.74> -26.06
Effective branchesiplant Geeta x DCS 9 172.56 0.62* -.0.54
SKP 5 4.93 0.33 0.07 VP 1x4841 202,84 0.15™" 18.12
SKI 147 8.67 . 0.82 0.08 VP 1x SPS 43-3 . 162.71 1,25% -7.12
§PS43-3 _ 8.00 -0.08** 010
Geeta x SKi 147 8.40 : 1.54 0.24
SKP 49 x S¥i 180 7.41 1.16 -0.05
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Genetic variability studies in castor, Ricinus communis L.

B.R. Najan, J.R, Kadam and A.D. Kadiag

AICRP for Dryland Agriculture, Krishak Bhavan, Near DAV College, MPKV, Solapur-413 002, MS
Abstract

Fifteen genotypes of castor (Ricinus communis L.) were evaluated for variability parameter like seed yield and its
related characters. The genotypes were evaluated during rainy season of 2009 in randomized block desigh with
three replications at Zonal Agricuitural Research Station, Mulegaon Farm, Solapur. The resuits indicated that
significant variation were observed for seed yield and its components. High heritability with high genetic advance
and genotypic coefficient of variation were observed for plant height, days to maturity and seed yield, indicating
direct selection of these traits were effective. High heritability with moderate genetic advance was observed in
number of capsules to primary spike and effective primary spike length. Studies showed that selection of these
traits were effective.

Keywords; Ricinus communis, GCV, PCV, heritability, GA
Itroduction

Castor (Ricinus communis L) is an important oilseed crop cultivated for its premier oil with manifold uses. Genetic
variability is the most important feature of any population and variability present in the population are the pre-requisite in
response to selection for crop improvernent programme. Selection of superior varieties will be possible only when adequate
variability exists in the gene pool. Hence, the insight into the magnitude of variability present in a gene pool of a crop
species is of utmost importance to ptant breeder for starting a judicious plant breeding programme. The coefficient of
variation expressed in phenotypic and genotypic levels are used to compare the variability observed among different
characters, A wide range of variation has been reported for seed yield and its contributing character. The heritability
estimates aid in determining the relative amount of heritable portion in variation and thus, help the pilant breeder in selecting
the elite inbreds from a diverse poputation. Therefore, the present study was undertaken for assessing the extent of genetic
variability, heritability and genetic advance in castor genotypes.

Materials and methods

The materia! for the present study was comprised of 15 castor genotypes including checks obtained from Directorate of
Oilseeds Research, Hyderabad. The experiment was conducted at Zonal Agricultural Research Station, Mulegaon Farm,
- Solapur during the rainy season of 2009. Each genotype was sown in six rows of 6 m length with a spacing of 90 cm x 60
tm in randomized biock design with three replications. Five plants were selected from each genotypefreplication for
recording the observations on seed yield and its component characters viz., plant height, days to 50% flowering, days to
maturity, number of capsules to primary spike, humber of nodes to primary raceme, effective primary spike length, number
ofeffective spikesfplant, test weight and off %. Analysfs of variance and estimates of genotypic and phenotypic coefficients

of variation, broad sense heritability and expected genetic gain were worked out by using conventional methods (Falconer,
1981).

Results and discussion

T_he analysis of variance revealed significant differences for all the ten traits studied {Table 1). The range of variation was -
high for the characters (Table 2) viz., days to maturity (87.7 to 123.3) followed by plant height (84.3 to 122.3 cm), number
of nodes to primary raceme (7.7 to 17.7) and seed yield (7410 154 a/h}, while it was the fowest in the case of number of
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effective spikes/plant (4.3 to 6.7). In general, PCV values were marginally higher than GCV values indicating the role of
environmental variances as reported earlier by Kaushik ef af. (2007). The characters studied in the present investigation
showed moderate to low PCV and GCV values. The magnitude of variation was maximum for the plant height, number of
capsules to primary spike, number of nodes to primary raceme, effective primary spike length and seed yield. These resuits
are in accordance with the resuit of Patel et al. {2010). Moderate levels of PCV and GCV were obtained for days to maturity,
nurmber of effective spikes/ptant and test weight. Prasanthi ef ai. (2009) also reported simitarly. However, fow values were
obtained for days to 50% flowering and oil content as reported by Sujatha et al. {2002). However, high variance values alone
are not the determining factors of the expected progress that could be made in gquantitative traits (Falconer, 1881). ltwas
suggested that the GCV together with the high h? estimates would give a better picture of the extent of genetic gain to be
expected under selection.

In the present investigation, all the character expressed high heritabiiity ranging from 57.2 to 99%. The highest heritability
was recorded by plant keight {29%) followed by effective primary spike length (93.9%) and number of nodes to primary
raceme {B6.2%). The genetic advance was the highest for seed vield (344 4) {ollowed by plant height (45.2), days to
maturity (22 .4) and number of capsules to primary spike (15.3}). While, the genetic advance as % mean was the highest
for plant height (58.8%) followed by number of capsuies to primary spike (42.2%), effective primary spikes length (41.3%),
number of nodes to primary raceme (40.9), seed yield (33.6%) and number of effective spike/plant (22.1%) and rest of the
character recorded medium to low genetic advance as % mean. High heritability coupled with high genetic advance as %
mean were noticed for the character viz., plant height, effective primary spike length, number of nodes to primary raceme,
number of capsules to primary spike and seed yield suggesting the presence of additive gene action controlling these traits.
Similar results were reported by Patil ef al. (1996), Patel et al. (2010}, Sujatha ef al. (2002) and Kaushik et a/. {2007) where
heritability was high and genetic advance as % mean was low, as the environment influences these traits. The expression
of traits is unstable hence, breeder shouid not rely on the estimates of heritability alone.

Table 1 ANOVA for seedyield and yield attributes of castor

Mean sum of squares

Character

Replications Treatment Error
Plant height (cm) 1.742 1466.736™ 5.160
Days to 50% flowering 1.156 44 .851* 2227
Days to maturity ] 2.866 438.628™ _ 23.723
No. of capsules to primary spike §2 156" 292447 : 13.203
No. of nodes to primary reo 4.422 19.565*" 0993
Effective primary spike length (cm) 4.822 144.736** ' 3.084
No. of effective spikes/plant 0.355 1.755* 0.260
Testweight (g} _ 6,459 20833 1647
Oil content {%) 45 411 5.489* 1.095
Seed yietd (kg/ha) 13286.51 104511.82* 5826

* Significant at 5% level; == Significant at 1% level

Table 2 Estimates of variability, heritability and genetic advance in castor

Range i i PCV GCV itabili ; a
Character g FPhenotypic Genotypic Heritability broad Genetic GA as %

Min  Max variance variance {%) (%) sense. (h’} advance mean
Plant height (cm)} ' 84.3 1223 49235 487.19 2886 28.71 99 4523  58.82
Days to 50% flowering 457 5887 15692 13.48 7.38 65.81 858 7 13
Days to maturity 877 1233 162.02 138.30 1223 1130 85.4 22,38 2150
No. of capsules to primary spike 237 543 79.50 66.30 2455 2243 83.4 16.32 4219
No. of nodes te primary raceme 77177 7.18 6.19 2308 2141 86.2 4.75 40.94
Effective primary spike length (cm) 217 467 50.30 47.21 2133 2066 93.9 13.71  41.25
No. of effective spikes/plant 43 87 Q.75 0.49 1632 1323 65.7 t.17 22.08
Test weight {g) 226 3.2 8.08 6.39 10.69  9.53 79.5 464 17.52
Qil content (%) 46.7 522 2.56 1.46 3.20 242 §57.2 1.88 3.77
Seed yield (a/ha) . 74 154 3872137 3289322 1821 17.71 85.0 344.36  33.62

Heritabitity in broad sense - Below 28 {(Low), 25-50 {Medium) and above 50 (high)
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Studies on varied sex expressions in castor

A.J. Prabakaran and G. Balakishan
Directorate of Qilseeds Research, Rajendranagar, Hyderabad-500 030, AP
Abstract

A study was conducted to understand the pattern of variation among segregating materials of the prebreeding
programme in terms of sex expression. Crosses were attempted between three pistillate lines and six staminate
plants. The hybrid plants in each combination showed differential sex expression varying from complete male
(staminate), interspersed staminate flower (ISF}, interspersed pistillate flower (IPF), pistillate, monoecious and
monoecious with ISF. etc, The frequency table clearly showed that the sex expression in castor, whichis influenced
by environment, is highly variable. The influence of different pistillate lines over the expression of staminate
character and the significance-of the materials studied are discussed in detail.

Keywords: Castor, sex expression
Introduction

Development of complete pistillate lines and the presence of exploitable levels of heterosis for seed yield paved the way
for hybrid castor development in India. Subsequently, hybrid vigour was commercially exploited by utitizing female lines
namely TSP.10R initially and VP .1 later in Gujarat and the first castor hybrid, GCH.3 (TSP 10R x [1.15) yiefded 124 % over
the variety under cultivation. Since then, a large number of hybrids have been developed and released for cultivation in
India. The introduction of hybrids has resulted in increased area, production and productivity of castor giving India a virtual
monopoly in internationat market.

Castor is normaily moncecious with pistiflate (female) flowers on the upper portion of the raceme and staminate (male) .
flowers on the lower part. In normal inflorescence the pistillate flowers occupy about 30-50% of the portion of the spike and
the remaining lower portion by staminate flowers. The ideal sex phenotype of a vartety or a hybrid should have female
flowers from the base of raceme with staminate flowers confined to bottom 2-3 whorls, which is just sufficient to provide
required pollen. The proportion of pistillate to staminate flowers in different orders of castor racemes vary within and among
genotypes as a result of variations in day temperatures, age of the plant and nutrition levels. High temperature (>32°C)
during the crop growth period, low nutrition and higher age of the crop promote maleness while femaleness s more in young
plants growing under higher nutrition levels and low temperature. The proportion of female flowers in different order racemes
has a strong bearing on ultimate seed yields. In normal monoecious varieties, the percentage of pistillate flowers on
racemes is usually highest on main raceme and decreases gradually on subsequent raceme orders. A proporiionate
increase in number of male ftowers related with proportionate decrease of pistillate flowers is highly influenced by seasons.
Female tendency is highest in spring/early summer or winter, while male tendency is maximurm in mid and late summer.
The effect of temperature on the maleffemale flower ratio was studied. Moderate temperature (32°C) promotes female
tendency while high temperature promotes male tendency. It is also related to the age of plant; femaleness being strong
in young plants with high tevel of nutrition while maleness is strongest in old plants and with low level of nutrition. It was
found that female tendency increases after severe pruning of well-established plants.

Castor though a typically monoecious type is a sexually polymorphic species. The basic sex forms in castor range from
monoecious to pistillate and hermaphrodite forms. Shifriss (1960) classified the sex variants as conventional and
unconventional types and described three types of pistiliate mechanisms as N type, S type and NES type based on the
genetic control of the trait. The S type pistillate castars are being used in the hybrid develepment programmes but the
changing sex expressions influenced by environment are the major bottleneck in hybrid seed production. in the absence
of a cytoptasmic male sterility-fertility restoration system in castor, understanding the mechanism of sex expressicn is a
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paramount importance as the hybrid seed production is solely depended on the pistillate system. In this context, a study -

was initiated to Understand the pattern of variation among the segregating materials of the prebreeding programme where
several sex variants have been recorded.

Materials and methods

Interestingly, among the several cross combinations studied under prebreeding programme, in F, generation a high
frequency of plants showing cormnplete male flowers (staminate plants) were observed only in combinations where one of
the parents is Kiran, Six plants bearing only male flower in the entire spike have been selected in the segregating material
of crosses involving variety Kiran as one of the parents. The plants were stable in the expression of only male flowers til
the last spike observed and are being maintained under in vitro conditions, as sexual propagation is impossible. The
materials for the present study included these six staminate plants and three pistillate lines viz., DPC 9, M 574 and Geetha,
female lines of highly adapted popular castor hybrids.

Cros_ses were attempted between the three pistillate lines and the six staminate plants during the rainy season of 2008. The
hybrids were evaluated by following randomized biock design with three replications during the rainy season of 2009 and
winter season of 2009 so as to observe the sex expressions over a period of time (till sixth order spikes). The presence of
pistillate and staminate flowers, the type of sex expression and arrangement of flowers in the spike were recorded from
individual plant of each combination studied time to time.

Results and discussions

Ageguate quantities of hybrid seeds were obtained in each of the 18 combinations irrespective of the staminate plant used.
It is important to mention that though all the six staminate plants were found to be stable in sex expressions, they were F,
segregants and hence, each one is different from each other in other morphological traits. Interestingly, these staminate
plants also showed varying degrees of pollen fertility. The hybrids between complete staminate and pistillate plants showed
segregation for different morphological traits and hence not uniform as expectedin F 1 plants in each individual combination.
Since, the interest was only to study possible variants in sex expression, the variability in other morphological traits, other
than inflorescence, have been neglected.

The hybrid plants in each combination showed differential sex expression varying from complete male (staminate), ISF
(interspersed staminate flower), IPF (interspersed pistillate flower), pistillate, monoecious and monoecious with ISF, etc.
(Table 1). The frequency of each class mentioned above varied from combination to combination as expected. While
studying the influence of different pistiilate lines over the staminate character, it was interesting to note that only M 574 with
M, and Geetha with M, showed plants with complete male flowers. Contrastingly, DPC 8 in ail the combinations invariably
showed plants either towards pistillate or monoecious character but not towards staminateness. High frequency of
monoecism (monoecious and monoecious ISF) followed by pistitiateness (pistillate and 1SF) have dominated when
combinations with M 574 and Geetha as the single common pistillate parent were pooled together. However, dominance
of pistilateness has been proved beyond doubt whenever DPC 9 was the common pistiliate parent. Only in two
combinations staminate plants were observed with the frequency of 40-51%. These combinations have been advanced
further to study the inheritance pattern of the trait. Interestingly, a new class of sex expression, IPF has been recorded in
7 out of 18 combinations, mostiy involving Geetha as pistillate parent where male and female flowers have been arranged
in a fashion just opposite to that of ISF. The entire spike is dominated by staminate flowers with a few pistillate flowers
interspersed. The frequency table clearly indicates that the sex expression in castor, which is influenced by environment,
is highly variable. Two extreme types, pistiltate and staminate, have been identified. While the pistillate types survive by
changing to ISF expression under different environment so as to perpetuate the progenies, the staminate types get
eliminated as the trait seems to be stable and not influenced by environment. However, the role of IPF in maintaining
staminate lines has to be established as it was done in the ISF with pistilfateness. The intermediate types like IPF, 1SF and
monoecious types have significant role in maintaining as well as sustaining these special plant types of castor.

The §tudy clearly showed out the varied types of sex expression in castor and their significance. The next step would be
to bring out the genetic control and mechanism of these varied sex types of castor. The ideal materials for such a basic
study would be a pistillate line and an isogenic staminate line. Substitution BCs have been effected in the selected
combinations to develop isogenic staminate and pistillate stocks to understand the genetic control of this trait. The

understanding of the genetic mechanism assumes importance as the trait has a very significant role in the success of hybrid
seed production. .

Rejections of hybrid seed lots due to failing in grow out tests are very common in castor. The genetic purity of the hybrids
and their female parents viz., pistiliate lines, determined mainly by the environment, the isolation distances and the seed
crop agronomy followed (Prabakaran et al., 2009). Though by adopting isolation of the seed crop prescribed for different
categories of seeds and proper agronomical practices thereby avoiding stresses particularly moisture and nutrient stresses,
one can produce seeds with adequate genetic purity. However, with the changing climate the environmentally sensitive
pistillate lines change their sex expression causing havocs in seed production plots leading to rejection and heavy economic
losses to the growers. Hence, development of a stable pistillate line is the need of the hour till a CMS-fertility restoration
system is identified to make castor hybrid seed production viable.
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Table 1 Frequency of sex variants in crosses involving staminate and pistillate plants

Combination Number of plants observed to be
Pistillate parent Staminate parent Pistillate  ISF Monoecious  Monoecious ISF IPF Staminate  Total
M 574 M2 13 5 18
M3 2 11 13
M6 1 1 4 16
M9 3 3 6
M1 6 1 1 1 8 17
M7 1 10 1
DPC 9 ' M2 5 2 3 ' 10 20
M3 4 2 11 17
Me 2 14 4 20
M9 1 15 C 2 18
M1 1 19 20
M7 7 8 15
Geetha M2 2 6 4 8 20
M3 5 14 1 20
M6 8 10 1 19
M9 8 2 4 2 16
M1 1 17 18
M7 11 6 17
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In planta transformation of castor, Ricinus communis L.

Vijay Sheri, Kadher Basha and M.Sujatha

Directorate of Oitseeds Research, Rajendranagar, Hyderabad-500 030, AP
Abstract

Transgenic castor plants have been produced by a tissue culture independent method using Agrobacterium
tumefacienstransformation procedure. Ten-day-old-seedlings of castor variety (cv. 48-1) were wounded with sterile
scalpel blade and immersed in suspension of Agrobacterium LBA 4404 strain culture that carries 2301 piasmid with
B-glucuronidase p35s GUS INT and plant selectable marker Neomycin phosphotransferase gene (nptil). Apical
meristems of the differentiated embryo of the germinating seedling were infected with Agrobacterium. The first
proof of transformability in the T, generation was indicated by the GUS histochemical analysis of the plants, at
various stages and also with PCR. Four PCR positive plants were recovered. Molecular characterization and GUS
expression analysis suggested the feasibility of the method to generate transgenic plants in castor.

Keywords: In ptanta transformation, castor, Agrobacterium tumefaciens
Introduction

Castor {Ricinus communis L), is an important non edible oilseed crop and India with an area of 0.75 m ha. and production
of 0.7 mt, is the leading producer of castor in the world. Castor owes ils importance to the unigueness of its oil which is
rich (80-85%) in ricinoleic acid, the hydroxyl fatty acid, Castor oil was primarily used for medicinal purposes and as
high-quality lubricants for heavy equipment or jet engines.
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Genetic improvement of any crop species through genetic engineering techniques requires an efficient in vitro regeneration
system which is rapid, reproducible and applicable to a broad range of genotypes. However in castor, research efforts for
the last three decades have failed to provide a reliable protocol of in vitro plant regeneration. Reports on in vitro studies in
castor suffer from non reproducibility, low muRiplication rates and involvement of pre-existing meristems (Athma and Reddy
1983 Reddy et al, 1987; Reddy and Bahadur 1989, Sarvesh et al., 1992; Malina and Schobert 1995; Sujatha and Reddy
1998).

To tackie the problems pertaining to regeneration in castor and certain other recalcitrant crops, alternate methods to
minimize or eliminate the steps of regeneration such as in planta methods are being standardized. Research wih
Arabidopsis has benefited from the development of high throughput flora!l transformation methods that avoid plant tissue
culture (Azipiroz- Leehan and Feldmen, 1997). In planta transformation methods have also been standardized for rice
(Supartana ef al., 2005), buckwheat (Kojima et af. 2000), sunflower {Sankara Rao and Rohini, 1999}, safflower (Rohini and
Sankara Rao, 2000), peanut (Rohini and Sankara Raa, 2001). The strategy essentially involves in planta inoculation of
embryo axes of germinating seeds allowing them to grow into seedlings ex vitro. These in pfanta transformation protocols
are advantageous over other methods because they do not involve regeneration procedures and therefore the tissue
culture-induced somaclonal variations are avoided. This paper presents genetic transformation of castor by following in
planta transformation protocol.

Materials and methods

Seeds of castor variety 48-1, were soaked in water for 1 hr and were surface sterilized with 0.1% HgCl, for 5 min followed
by 3 washes with distili water and later with bavistin 1% for 5 min. The seeds were allowed to germinate on the sterile
vermiculite in plastic trays and 1-14 day-old-seedlings were taken as expiants for Agrobacterium infection. For
transformation experiments, disarmed Agrobacterium strain LBA4404 with the binary vector pCAMBIA 2301+35s promoter
was used. The vector carries neomycin phosphotransferase gene (npt!) and -glucuronidase under the control of Camv
35s promoter. Bacteria was cultured initially in LB medium at 28°C and resuspended in Winan's AB medium (Winans et
al., 1988) for overnight at 28°C.

Transformation, selection and recovery of transformants; Seedlings were harvested from vermiculite trays and washed
with distill water and meristems were splitted into 2 halves with sterile scalpel blade and imbibed in Agrobacterium
suspension and shaken in dark for 12 hr at 25°C. After 12 hr, explants were taken out and washed with distill water followed
by gentle agitation for § min in distill water containing 250 ug/l. cefotaxime and transferred directly into pots with soil in green
house. For each experiment, 300 explants were inoculated with Agrobacterium. The variables tested include, age of the
seediings (0-14 days), bacterial titre {0.1-1.0 OD), use of vir gene enhancer acetosyringone (50-200 uM), wounding fype,
incubation period, etc. At various stages, the transient expression was recorded by the GUS histochemical assay and the
putative transformants were confirmed for the presence of introduced transgene by PCR analysis.

Polymerase chain reaction: Genomic ONA was isolated from the plants using CTAB method (mini prep). PCR was
performed with genomic DNA from primary transformants to check the presence of uid A gene. The PCR reactions were
carried out in a total volume of 10ul containing 100 ng template DNA 1pl, 6.9yl sterile mg water, 1yl 10X PCR buffer, 0.6yl
dNTP mix, 0.15ul of the primer set and 0.2u! of tag DNA polymerase {3 U/ul) (Bangalore Genei, Bangalore). PCR was
initiated by a hot start at 94°C for 4 min foliowed by 30 cycies of 1 min 94°C, 30s 60°C, 1 min 72°C. The products were
rasclved on 1.4% agarose gel at 90 volts.

Results and discussion

Preliminary experiments on the effect of different variables that can enhance the frequency of transient GUS expression
were carried out. The variables included bacteriai titre (0.2, 0.4, 0.8, 1.0 OD), incubation period {1, 2, 4, 8, 12 and 24 hr},
age of éxplants (2, 4, 6, 8, 10, 12, 14 day-old), acetosyringone, a phenolic compound which acts as an inducer of vir genes
(0-200 uM), wounding (pricking with needle, incision on meristematic zone with blade, meristem split into two halves with
blade). The effect of all these parameters with the exception of explants and bacterial cell density was found to be
nen-significant. Transient GUS expression at a bacterial O 0.6 was 80% while it was 40-50% at 0.2-0.4 OD. The frequency
of transformation declined with increasing seedling age, survival of seedlings after subjected to blade injury and incubation
in Agrobacterium suspension for 12 hr, 2 to 6 day-old-seedlings were not survived. The maximum frequency survival
observed from 10 day-old and above. Optimization of the parameters for in pfanta transformation indicated a higher
frequency of transformation and plant survival with 10 day-old-seedlings infected with 0.5 OD of bacterial culture containing
100 yM acetosyringone with 12 hr shaking.

Molecular analysis of putative transformants

To confirm the presence of the transgene, GUS histochemical assay was done at different stages. The putative
transformants were confirmed using PCR analysis with specific primers

GUS assay: The method of Jefferson (1987) was used to assess the histochemical Uid A gene expression in the tissues
of primary transformants.
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Centrol leaf Trassgeroe joal

Fig. 1.

Fig 1k shows the GUS expression in the primary leaf 7 days after infection where as endogenous GUS-like activity was seen
in the non transformed caontrols Fig 1a. 7 days after co-cultivation, primary leaf from each seedling were harvested and kept
in x-gluc solution and incubated at 37°C for 12-15 hr to analyze the presence of the introduced genes. The tissues were
later transferred to 75% ethanol to clear the chlorophyll.

DNA analysis: For isolating genomic DNA and analysis of the plants individually from each batch is a time consuming
process hence, they were divided them into groups, each group contains 5 plants. From the positive group, genomic DNA
isolated individually and analyzed for presence of transgene. A total number of 956 plants were analyzed by 200 groups.
Analysis for Uid A gene revealed the presence of a 1.2 kb amplicon in 4 plants of 18 plants tested. No amplification was
observed from DNA of untransformed castor piants (Fig, 2).

- -

Fig. 2. PCR analysis of primary transformats showing amplification of 1.2 kh fragment of GUS gene.

M: Hindlii+EcoRi double digest marker, PC: positive control (pCAMBIA 2301 DNA), NC: negative control, Ut: DNA from untransformed confrof, 1-18: DNA
from primary transformants.
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Efficiency of different methods of transformation in castor, Ricinus
communis L.

M. Tarakeswari and M.Sujatha
Directorate of Oilseeds Research, Rajendranagar, Hyderabad-500 030, AP
Abstract

Plant regeneration through tissue culture based methods is a major limitation in castor. Hence, development of
transgenics was done through exploitation of the excessive proliferating ability of meristematic explants. Genetic
transformation in castor was carried out using both vector- mediated and direct gene transfer methods. For
Agrobacterium-mediated transformation embryo axis and hypocotyl tissue from zygotic embryo axis explants were
used. For direct gene transfer using particle gun bombardment, embryo axis from mature seeds were used as target
tissues. There was no significant difference in the frequency of transformation with these methods. In
Agrobacterium- mediated genetic transformation method, the frequency of recovery of putative transformants after
three cycles of selection was 1.18% and 0.78% with embryo axis and hypocotyls explants, respectively. In particle
gun bombardment, the frequency of recovery of putative transformants after three cycles of selection was 1,14%.
Both the methods are being used to develop transgenic castor harboring insect resistance (Cry lAa, Cry IEc, Cry
lAc) genes.

Keywords: Castor, meristem-based transformation, genetic transformation, Agrobacterium tumefaciens, particle gun
bombardment

Introduction

Castor is one of the major oilseed crops of India and in fact, India with an annual production of 11.2 lakh tis the leading
producer of castor in the world. The major problem limiting castor production in India is the susceptibility of released
varieties and hybrids to a number of foliage feeders of which castor semilooper, Spodoptera litura and capsule borer cause
economic yield fosses. Genetic enhancement of host plant resistance through conventional breeding procedures is
constrained by lack of acceptable levels of resistance in the cultivar germplasm. Hence, alternative approaches like alien
gene transfer and biotechnological innovations are envisaged for genetic upgradation of this crop. Genetic transformation
in the studies carried out so for are based on meristem-based method {Sufatha and Reddy, 1998) which results in very low
transformation efficiency (@1%). Furthermore, the genes deployed in the earlier studies were Cry 1Aa, Cry 1Ec (Sujatha
et al., 2009) and Cry 1Ab (Malathi et af., 2008) which have been used independently and for different target pests.
Incorporation of these genes requires several generations of crossing and back crossing. Against these limitations, it is
desired to develop transfarmation protocols with improved transformation efficiency and to deploy a single fusion gene that
is effective against a wide range of major insect pests on castor.

Materials and methods

Seeds of castor cv. DCS-9 were used in the study. Decoated seeds were surface sterilized with 0.1% mercuric chloride for
12 min and rinsed five times with sterile distill water. The endosperm was _cut carefu_lly to expose the embryos. The papery
cotyledons were excised and the embryo axes were used for transformation experiments.

Embryo axes were transformed through Agrobacterium-mediated and particle gun bombardment methods. The protocol
for Agrobacterium tumefaciens-mediated transformation was according to_Sujatha and Sailaja (2005). Embryo axes from
decotyledonated embryos were pre-cuftured on medium suppfemented with 0.1 mg/l 6-Benzyladenine (BA) for five days
in dark. Elongating embryo axes were injured at the swollen meristematic center with a needle and incubated for 10 min
in overnight grown Agrobacterium suspension {OD at A,,, nm = 0.2) under agitation and subjected te vacuum infiltration
for 30 min. Explants were co-cultivated for 48 h on basal MS medium and transferred to medium supplemented with 0.5
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mg/l Thidiazuron (TDZ) for 10-12 days. The explants were subjected to proliferation and selection for three cycles on
medium supplemented with 0.5 mg# BA, 250 mg/l cefotaxime and the appropriate antibiotic.

In the modified protocol of Agrobacterium-mediated transformation method hypocotyl tissues from zygotic embryo axis
" explants were pre-cultured on medium supplemented with 0.22 mg/l TDZ+MES and 4.0 mg/l BA+MES { Ahn ef al., 2007)
for five days in dark. Elongating embryo axes were injured at the swollen meristematic center with a needle and incubated
for 10 min in gvernight grown Agrobacterium suspension (0D at A, nm = 0.2) under agitation and subjected to vacuum
infiltration for 30 min. Explants were co-cultivated for 5 days onbasal MS medium and transferred to medium supplemented
with 0.22 mg/l TDZ+MES and 4.0 mg/l BA+MES for 20-22 days. The explants were subjected to proliferation and selection
for three cycles on medium supptemented with 0.4 mg/l BA+MES with 250 mg/| cefotaxime and the appropriate antibiotic,

Particle gun bombardment was carried out with embryo axes preincubated on 0.5 mg/t TDZ for five days according to Sailaja
et al. {(2008). Bombardments were done with 1.0 pm gold micro carriers at a helium pressure of 1100 psi and a target
distance of 6 cm in 2 PDS He 1000 gene qun (Biorad, Hercules, CA). Explants were pre-plasmalysed for 2 h on osmoticum
medium containing equimolar (0.2 M) concentrations of mannitol and sorbitol and subjected to post-osmoticum for 2 h and
transferred to shoot proliferation on MS medium containing 0.5 mg/l BA and after 15 days the explants were transferred to
selection medium. The cultures were maintained at 2612°C under a 16/8-h photo period with light provided by cooi white
fluorescent lamps at an intensity of 30 ymol/ m/s. Regardless of the method of transformation, selection was carried on
increasing concentration of hygromyein {20-40-60 mg/l) and kanamycin (50-100-200 mg/l) with constructs harboring hpt
and npt genes, respectively, Foliowing three cycles of selection of two-week duration each, putative transformants were
transferred to medium with 0.5 mg/t BA and 0.2 mg/l BA for shoot proliferation and elongation, respectively. Rooting was
accomplished on hatf-strength MS medium with 2.0 mg/l NAA, Rooted shoots were acclimatized in sterile vermiculite for
7 to 10 days under high humidity and were transferred to soil in pots in transgenic greenhouse. The putative transformed
plants were analysed by PCR, RT-PCR and Southern analysis.

Results and discussion

In Agrobacterium mediated transformation, variables like bacterial strains (LBA4404 and EHA105 harboring p**“&* 1304
plasmid), bacterial cell density (8.7x107, 1x107, 2x10°, 4x1G?, 8x10° cells/ml), bacterial incubation peried (10, 20, 30 min),
meristematic explants (cotyledone node, embryo axis from mature seed, shoot apices of seedling explants and embryos
from mature and immature seeds), MS salt strength during co-cultivation (full, 1/2, 1/4, 1/8), genotypes (48-1, Aruna, VP-1,
DCS-9, Bhagya), acetosyringone a phenolic compound which acts as an inducer of virgenes (0-200 uM), micro-wounding
(glass beads, pricking with hypodermic needle, incision anmeristematic zone with blade, particle gun bombardment at 1,100
psiusing uncoated microcarriers) were tested. Amang all these variables use of 5day-old embryo axes injured at the swollen
meristematic center with a needle and incubated for 10 min in overnight grown Agrobacterium suspension {QD at A600 nm
= (.2) under agitation and subjected to vacuum infiltration for 30 min showed significantly high gus expression (Sujatha and
Satlaja 2005). In Agrobacterium mediated genetic transformation method, the frequency of recovery of putative
transformants after three cycles selections was 1.18%. While it was 0.78 % in the modified protocol of Agrobacterium-
mediated transformation. Ahn et al (2007) stated that the protocol described by them could give a higher frequency of
transformation but our study showed that the transformation frequency from hypocotyls tissues was significantly lower than
that for embryo-axis transformation developed in the laboratory.

In particle gun bombardment method, preliminary investigations were carried aut with different concentrations of DNA (1,
2, and 5 ug/mi), osmoticum (pre, post, or both pre and post), explant (er.1bryo axes from mature seeds, very young embryos,
immature embryos, proliferating shoots from shoot apices, coteledonary nodes and shoot tips), helium pressure (450, 650,
800, 1,100 and 1350 psi}, microcarrier type and size (gold 0.8, 1, 1.6 pm, tungsten 1, 1.7 um), target distance (6, 8 and 12
cm ) and number of bambardments (single and double), etc. Use of osmoticum (mannitol and sorbitol} in the bombardment
medium increased the frequency of transient and stable transformation. Compared to all particle sizes and helium
pressures, 1.0 ym particle size (gold) and 1100 psi with 1 pg/ml DNA concentration showed significantly high gus
expression, whereas the pressure of 850 psi showed a low response. In particle gun bombardment method, the frequency
of recovery of putative transformants after three cycles of selection was 1.14%,

Both Agrobacterium-mediated and particle gun bambardment methods are being used to transform castor with constructs
harboring insect resistance (Cry 7Aa, Cry 1Ec, Cry 1Ac) genes. There is no significant difference among all these methods
because transformation involves meristem-based transformation. Transformation of meristematic tissues is refrected to
produse chemaras and hence, attempts are underway to optimize tissue culture protocols for whole plant regeneration in
castor,
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Assessment of genetic diversity in castor (Ricinus communis L.) using
RAPD and ISSR markers

K. Prathap Reddy, N.V.P.R. Ganga Rao and M. Sujatha

Directorate of Cilseeds Research, Rajendranagar, Hyderabad-500 030, AP
Abstract

The present investigation has peen undertaken to assess the extent of genetic diversity in a representative set of
31 accessions of Ricinus communis L. from 6 geagraphic origins in the world. Out of 214 RAPD primers tested,
145 primers produced amplification products of which 125 revealed polymorphic fingerprint patterns. Out of a total
797 bands, 428 {54%) were polymorphic with an average of 3.5 polymorphic bands/primer. The total number of
bands/amplification varied from 1-12 in the molecular size range of 200-3,100 bp. Out of 100 ISSR primers tested,
42 primers produced amplification products of which 25 revealed palymorphic fingerprint patterns, Out of a total
227 'S8R bands, 83 (33%) were polymorphic with an average of 3.5 poiymorphic bandsiprimer. The total number
of bands/amplification varied from 1-15 in the molecular size range of 200-3,100 bp. The present investigation
indicates a modest level of genetic variation in the Ricinus communis L. accessions as revealed by RAPD and ISSR
marker techinique. The 31 accessions were classified into four clusters, cluster | inciuded 4 accessions, cluster it
was a major cluster comprising 20 accessions, cluster 11l includes only one accession and cluster IV inciudes 6
accessions.

Keywords: Castor, genetic diversity, RAPD, ISSR
Introduction

Castor {(Ricinus communis L., 2n=2x=20, Euphorbiaceae), is an industrially important non-edible oilseed crop widely
cultivated in the arid and semi-arid and well adapted to the temperate regions of the world (Govaerts et af., 2000). The
seeds of castor contain more than 45% oil which is rich (80-90%) in an unusual hydroxy! fatty acid, ricinoleic acid (Jeong
and Park, 2009). Owing to its unique chemical and physical properties, the oif from castor seed is used as raw material for
varied industrial applications, such as manufacture of polymers, surface coatings, lubricants for air crafts, cosmetics, etc.,
" and production of biodiesel (Jeong and Park, 2009). The world production of castor seed hovers around an average of 15.8
lakh t. The major castor producing countries are India, China, Brazii, Paraguay, Ethiopia, Philippines, Russia and Thailand.
India accounts around 70% of the shase in production with a production value of 11.2 lakh t (FAQSTAT, 2008).

Germplasm collections constitute one of the world's most readity available sources of plant genetic material (Allard et al,,
1991). Managers of these coilections strive to accumulate and maintain these collections as a way of preserving the
biological diversity of crops and other economically important plant species (Gitbert ef a/., 1889). An understanding of the
extent of genetic diversity is critical for the success of a breeding programme. Traditional methods using marphoelogical
characteristics for establishment of genetic diversity and relationships among accessions are largely unsuccessful due to
the strong influence of environment. Hence, selection based on genetic information using neutral molecular markers is
essential, as it is more reliable and consistent. In Euphorbiaceae, molecular markers such as RAPD, RFLP, AFLP, and
SSRs have been employed for determining the extent of genetic diversity in efite rubber (Hevea brasiliensis) clones (Besse
et al., 1994, Varghese ¢f al., 1997, Lakawipat et al., 2003), cassava (Asante and Offel 2003, Fregene ef al., 2003), Jatropha
(Basha and Sujatha 2007), present investigation, we examined the genetic diversity among the castor germplasm from
different geographic origins. To examine the genetic diversity of castor bean germplasm we employed two marker methods
viz RAPD and ISSR were employed.

Materials and methdds

We selected 31 accessions of Ricinus communis L. representing getmplasm distribution of castor from seven countries
(USA, Nigeria, Kenya, Egypt, Brazil, USSR and India} (Tabte 1}, The seeds of 31 accessions were grown at the research
farm of the Directorate of Oilseeds Research, Hyderabad, india.
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Accession Number Country/Origin/Source
RG-102 United States of America
RG-2443 United States of America
RG-2444 United States of America
RG-2451 United States of America
RG-2452 ~ United States of America
RG-2674 United States of America
RG-2677 United States of America
RG-798 Nigeria ‘
RG-798 Nigeria

RG-801 Nigeria

RG-802 Nigeria

RG-1155 Nigeria

RG-1163 Nigeria

RG-1164 Migeria

RG-1171 Nigeria

RG-1172 Nigeria

RG-1174 Nigeria

RG-15814 Kenya

RG-1582 Kenya

RG-761 Egypt

RG-792 Egypt

RG-100 Brazil

RG-117 USSR

VP-1 India

M-574 ' India

DPC-9 ' India

pDPC-14 India

DPC-15 India

DCS-9 India

48-1 India

Kranthi India

DNA extraction

The total genomic DNA was extracted from younger leaves of ten plants for each of the castor accessions following the
standard CTAB method with minor madifications (Doyle and Doyle 1990). Five grams of leaves were ground in liquid
nitrogen, then homogenized in 20 mi of extraction buffer (2% CTAB, 20 mM EDTA, 2% PVP, 1.4 M NaCl, 100 mM Tris-HCI
pH 8.0 and 1% p-mercaptoethanol) and incubated at 65°C for 1 h. The supematant was twice extracted with
chloroform:isoamylalcohol {24: 1 viv), treated with RNase A (100 ug/ml) and incubated at 37°C for 30 min. The pelleted DNA
was air dried and resuspended in 500 pl of sterile MilliQ water and stored at -20°C. The DNA concentration was determined
electrophoretically using known amount of L DNA as standard.

RAPD analysis

The PCR amplification reaction {10 pl) consisted of 2.5 ng of DNA, 1x PCR buffer (10 mM Tris pH 8.0, 50 mM KCI, and 1.5
mM MgCl,), 100 uM of each of the four dNTPs, 0.4 uM of RAPD primer and 0.3 U of Tag DNA polymerase {Bangalore
Genei, India). PCR amplifications were performed in a GeneAmp 9700 Thermat Cycler (PerkinElmer Applied Biosystems)
with an initial denaturation at 84°C for 3 min foffowed by 45 cycies at 94°C for 45 s, 36°C for 30 5 and 72°C for 2 min with
a final extension at 72°C for 7 min. The PCR products were separated on 1.5% agarose gel in 1x TAE buffer by
electrophoresis at 100 V for 3 h and visualized with ethidium bromide staining. All the PCR amplifications included a
negative control (no DNA) to avoid erroneous interpretation.
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ISSR-PCR amplification

The PCR ampiification reaction (10 pl) consisted of 2.5 ng of DNA, 1x PCR buffer (10 mM Tris pH 8.0, 50 mM KCI, and 1.5
mM MgCl,), 200 uM of each of the four dNTPs,0.2 i of 25 mM MgCl,, 0.4 uM of 1SSR primer and 0.6 U of Tag DNA
polymerase {(Bangalore Genei, India). PCR amplifications were performed in a GeneAmp 9700 Thermal Cycler (PerkinElmer
Applied Biosystems) with an initial denaturation at 94°C for 4 min followed by 35 cycles at 92°C for 30s, 1 min at the
annealing temperature (36-60°C depending on the primer) and 72°C for 2 min with a final extension at 72°C for 7 min. The
PCR products were separated on 1.7% agarose gel in 1x TAE buffer by electrophoresis at 100 V for 3 h and visualized with
ethidium bromide staining. All the PCR amplifications included a negative control (no DNA) to avoid erroneous interpretation.

The gel images were recorded using the Alpha Innotech Fluorchem gel documentation system. For each RAPD and ISSR
primer, the presence or absence of bands in each accession was visually scored and set in a binary matrix. The number
of polymorphic and monomorphic fragments for each primer pair was scored and the monomorphic markers were excluded
from the analysis. The binary matrices were read by NTSYS-pc version 2.02i with Jaccard's similarity coefficients and
estimates of genetic distances for all pair wise comparisons between accessions were determined using Similarity for
Quaiitative Data (SIMQUAL). Dendrograms based on UPGMA (Unweighted Pair Group Method with Arithmetic Mean) were
constructed for the both marker systems.

Results and discussion

RAPD: Out of 214 RAPD primers tested, 145 primers produced ampilification products of which 125 revealed polymorphic
fingerprint patterns. Qut of a total 797 bands, 438 {54%) were polymorphic with an average of 3.5 polymorphic bands per
primer. The total number of bands per amplification varied from 1-12 in the molecular size range of 200-3,100 bp (Fig. 1).
Simitarity matrix values using Jaccard's coefficient ranged from G.70 to 0.85. The highest value similarity coefficient (0.90}
was detected between accessions 18 and 19 from Kenya.

MNC1 2 345 6 7 8 9101112 1314151617 1819202122 23 24 252627 28293031

Fig. 1 Electrophoretic analysis of DNA amplification produced using RAPD primer OPO 18. Lanes designated as M represents x. DNA double
digest with EcoRf and Hindilf restriction enzymes, Nc-negative (no DNA) control, and 1-31 the samples used in the study

ISSR: Out of 100 ISSR primers tested, 42 primers produced amplification products of which 25 revealed polymorphic
fingerprint patterns. Out of a total 227 bands, 88 (38%) were polymorphic with an average of 3.5 polymorphic bands per
primer. The total number of bands per amplification varied from 1-15 in the molecular size range of 200-3,100 bp (Fig. 2).
Similarity matrix values using Jaccard's coefficient ranged from 0.70 to 0.96. The highest similarity coefficient value (0.95)
was detected between accessions 18 and 19 from Kenya,

The RAPD and 1SSR data were combined for UPGMA cluster analysis. The clustering pattern of the genotypes was almost
similar with both the marker systems and maost of the accessicns were placed in their respective clusters (Fig. 3). The 31
accessions were classified into four clusters, cluster | included 4 accessions from USA (3), Nigeria (1). Cluster || was a
major cluster and included 20 accessions from USA (4), Nigeria (8), Kenya (2), Egypt (2), India (3) and Brazil {1). Cluster
Il included only one accession from Kenya. Cluster IV included 6 accessions from India.
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MNC123 4 56 78 9 1011 12131415161718 13202122 232425262728 29 3031

21226 . 8
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Fig. 2 Electrophoretic analysls of DNA amplification produced uslng ISSR primer UBC-834. Lanes designated as M reprosents ), DNA doubk
digest with EcoRi and Hindili restriction enzymes, Nc-negative (no DNA) control, and 1-31 represent the samples used in the study

5
| 3
a8
_.._[_ .
17
™ "
]
[
- =
2%
] \______1___—( ”
38
0 13
L 13
U]
— L y
16
&
— —_
7
15
]
H
5
2]
0
l - Al
T T T i T T T+ T T T T T LR L T 1
on 015 09 L2 LE7]
Couffoient

Fig. 3 UPGMA dendrogram representing genetic relationships among 31 accessions of Ricinus communis L based on genetic simllartty matrix
obtained using the pocled alielic profiie of RAPD + ISSR primers
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Numerous PCR-based markers are employed for characterization of genetic diversity in plants for both wild and cultivated
populations. in the present study, 214 RAPD and 100 ISSR primers produced 526 polymorphic bands that discriminated
the 31 castor genotypes into four clusters. RAPD markers exhibited a high level of polymorphism (54%) compared to ISSR
markers (38%).

UPGMA- dendrogram of both RAPD and ISSR displayed simifar grouping of accessions with minor deviations. UPGMA-
dendrogram of RAPD + ISSR classified the total agcessions into four main clusters. Cluster )l is the major cluster with 20
accessions in it. Accessions 18 and 19 from Kenya) showed the highest value of similarity coefficient with both RAPD and
ISSR markers. These studies indicate a modest level of genetic variation in the castor accessions despite the geographic
distance.
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Variability, heritability and genetic advance in castor, Ricinus communis L.

V. Rajesh, P. Venkata Ramana Rao, V. Gouri Shankar, A. Vishnuvardhan Reddy and J.V.P. Pavani
QOilseeds Scheme, Regional Agricultural Research Station, ANG Ranga Agricultural University, Palem-509 215, AP
Abstract

Genetic variability and heritability of different characters were studied using 70 genotypes including two standard
checks. The genotypes showed wide range of variation for all the characters. High coefficient of variation was
observed for plant height, spike length and effective spikes/plant. High values of heritability coupled with high
genetic advance as % of mean was observed for days to 50% flowering, plant height and primary spike length.

Keywords: Variability, heritability, PCV, GCV, genetic advance
Introduction

The seed yield being complex character, governed by mutinie genes and highly influenced by environment and a thorough
knowledge of variability owing to genetic factors i.e., actual genetic variation heritable on the progeny and the genetic
advance that can be achieved through seiection is essential. Moreover, heritability estimate along with genetic advance is
more useful than the heritability estimate alone in predicting resultant effect for selection of the best individual from
segregating papulation. Therefare, the present investigation aimed at to assess the variability, heritability and genetic
advance of seed yield and other quantitative characters to select superior genotypes.

Materials and methods

The experimenta) material consisted of 70 castor genotypes including, two standard checks viz., Kranthi and Haritha, were
grown in a randomized block design, replicated thrice with a spacing of 90 cm x 80 cm during the winter season of 2009
at the Regional Agricultural Research Station, Palem. Five plants were randomly selected from each entry/replication a.nd
observations were recorded for days to 50% flowering, plant height, number of nades upto primary spike, primary spike
length, effective spikes/plant, 100 seed weight and seed yield/plant. The phenotypic and genotypic variance, phenotypic
and genotypic coefficient of variation, heritability and genetic advance as % of mean were calculated following standard
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methods. The estimates of PCV and GCV were classified as low {less than 10%), medium {10-20%) and high {(greater than
20%) (Sivasubramanian and Madhavamenon, 1973). Heritabitity estimates (broad sense) for yield components of sunflower
genotypes were worked out following Singh and Chaudhary (1985). The heritability estimates were categorized as
suggested by Robinson et al. (1949} (0-30% = low: 31-60% = moderate; above 80% = high). Genetic advance was

estimated by adopting the method given by Johnson et al. (1955) (more than 20% = high; 10-20% = moderate; less than
10% = low).

Results and discussion

The analysis of variance revealed significant genotypic differences for all the seven characters studied. The range of
variation was maximum for ptant height (35.6-117.1 cm), followed by primary spike length (17.1 to 67.2 cm) and yield/plant
{53.0t0 109.7 g) (Table 1). The higher mean was associated with high range, indicating the scope of irhprovement through
simple selection procedure,

Variances and coefficient of variation (Table 1) indicated that there were little or no differences between phenotypic and
genotypic variance for some of the characters viz., days to 50% flowering indicating that these characters were less affected
by environment. On the other hand characters such as number of nodes upto primary spike, primary spike iength, effective
spikes/ptant, 100 seed weight and seed yield/plant were the most affected by the environment.

For meaningful comparison among characters for variability, standardization with respective mean values was done to get
PCVs and GCVSs. It is clear that using coefficients of variation as a measure, the magnitude of variation was maximum for
plant height followed by effective spikes/plant, primary spike length and yield/plant. L.ow variability was observed for 100
seed weight, number of nodes upto primary spike and days to 50% flowering. The results are generally in agreement with
ihe reports of Pate! and Jaimani {1988), Lakshmamma et al. {2008) and Golakia et al. {(2007).

High heritability (broad sense) estimates were observed for days to 50% flowering, plant height and primary spike length
indicated that the dependence of phenotypic expression reflect the genotypic ability to transmit the genes to their off spring.
Johnson ef al. (1955) further suggested that high heritability considered together with high genetic advance is more reliable
in predicting desirable impravement for plant height and primary spike length. It further showed that these characters are
amenable forimprovement by selection, particularly by mass selection {Krishnawat and Sharma, 1998). Such values of high
heritability and genetic gain may be attributed to additive effect (Panse, 1957). Hence, selection in segregating generations
would be very effective for these characters.

Table 1 Variability parameters for seed yield and its component characters in castor

Characte Range Variance Ceefficient of variation Heritability Genetic
racter

Minimum Maximum Mean Phenotypic Genotypic Phenotypic Genotypic (%)  as % mean
Days to 50% flowering 43.3 65 53.6 33.987 23.18 10.87 8.97 €8.2 15.2
Plant height (cm) 356 1171 67.4 454 54 433.00 31.75 30.99 95.3 62.3
No. of nodes upto
primary spike 105 19.0 14.7 412 1.28 13.79 7.69 311 8.8
Primary spike length {cm) 17.1 67.1 39.8 133.44 81.66 29.01 22.69 61.2 365
Number of effective
spikes/piant 4.666 M7 7.7 573 2.36 31.00 19.92 413 263
100 seed weight (a) 21.0 306 258 6.93 2.85 10.20 6.55 41.2 8.6
Seed yield/plant 53.0 109.6 77.0 185.29 113.76 18.33 13.85 571 215
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Molecular tagging of Fusarium wilt resistance gene(s) in castor, Ricinus
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Abstract

Inheritance studies on Fusarium wilt resistance and molecular tagging of the resistance gene(s) was taken up.
Based on screening resuilts in wilt sick plot, Kranthi was used as susceptible parent and Haritha and Jwala as
resistant parents and mapping populations {F, and BC,) were developed. Inheritance studies revealed resistance
to be dominant over susceptibility and is governed by single dominant gene in Haritha and Jwala, Parental
polymorphism was studied using 160 operon primers. Of the 330 repeatable amplified fragments produced by these
160 primers, 56 primers (16.96%) showed polymorphism between the parents between Kranthi and Haritha and 48
primers (14.54%) showed polymorphism between Kranthi and Jwala. In bulked segregant analysis, 2 primers i.e.
t12, J15, were polymorphic between resistant and susceptible bulks in the cross (Kranthi x Haritha) and 1 primer
i.e. J15 was polymorphic in cross (Kranthi x Jwala). Screening of mapping populations revealed that the markers
H12 and J15 were closely linked to Fusarium wilt resistant genes in castor.

Keywords: Castor, Fusarium wilt, genetic resistance, molecutar mapping
introduction

Castor (Ricinus communis L) plays an important role in the country's vegetable off economy. Castor is an important
non-edible oilseed crop of Andhra Pradesh, mainily grown in Mahaboobnagar, Nalgonda, Ranga Reddy, Kurnool, Kadapa
nd Prakasam Districts. The productivity of the crop in the state is 511 kg/ha, which is far below the national average of 1339
kg/ha. The major reason for the dismal state of production in the state is erratic rainfall and poor management practices.
Apar from these biotic and abiotic stresses constitute the major yield destabilizing factors to realize the fult potential of the
currently available vareties. Fusarium wilt and Botrytis grey raot contribute significantly to yield losses. Though wilt resistant
varieties were deveioped for cuitivation, breakdown of resistance has become a serious concern. Further, it was observed
the existence of more than one race, which is common for soil borne pathogens. Molecular marker technology, among its
variety of applications, enables precision in selection/screening at genotype level and in unfolding the hitherta hidden
variability of breeding value. In this context, it was attempted to study the genetics of Fusanum wilt resistance (FWR) and
to tag the gene(s) governing the Fusarium will resistance. The identified markers will be used in marker-assisted selection
(MAS) for gene pyramiding to develop durable resistant varieties.

Materials and methods

The experimental material consisted of 35 germplasm lines and three released varieties viz., Kranthi, Haritha and Jwala,
A wilt sick plot developed at RARS, Palem with the Fusarium cuture was used for screening of the genotypes. During the
rainy season of 2007, the test material was sown in the sick plot and the susceptible variety was sown all along the
circumference of the plot. Each entry was sown in a single row of 6m length. Susceptible check, Kranthi (85-100 % wilt} and
resistant check, Haritha were included after every five test rows. Nematode population was controlled by soi! application
of carbofuron {1 kg a.i./ha} before sowing and normal management practices were taken for the control of other diseases
and insect pests. Observations were recorded for % wilt incidence on susceptible plants from the first appearance of the
wilt at an interval of 30 days upto crop maturity (150 days), The resistance of the test material was confirmed only when the
test material is free from wilting, while the susceptible variety showed wilting symptoms and died subsequently. The plants
die at different stages of crop duration upto 150 days were classified as a susceptible.

Per cent of disease incidence (PD{)} was caiculated by using the formula

Number of plants infected

PO = “Total number of plants in each genctype

x 100

On the basis of the disease reaction (PDI), the genatypes were grouped into the following categaries:

Resistant ' 1 less than 20% wilt incidence
Moderately resistant : 20 -50% wilt incidence
Susceptible . : more than 50 % wilt incidence

-92-



J. Oilseeds Res., Vaol. 27 {Special Issue), 2010

Based on the disease reaction, Kranthi was used as susceptible parent and Haritha and Jwala were used as resistant
parents for hyhridization. The mapping popuiation for t2gging the genel(s) conferring resistance to the disease was
developed using two crosses viz., Kranthi x Haritha and Kranthi x Jwala, Crosses were effected at the RARS, Palem during
the winter season of 2007. During the rainy season of 2008, the Fs were selfed to produce f,. Also, F, plants was used
as mate parent and susceptible recurrent parent {Kranthi) were used as female parent to produce backcross population.
At the time of harvest, the seed from each BC, plant was harvested separately and stored for future use. During winter
season of 2008, all the five populations viz., P, P,, Fy, F,, B, (backcross with Kranthi) of both the crosses (Kranthi x Haritha)
and (Kranthi x Jwala) were screened for Fusarium wilt in wilt sick plot. To study the genetic basis of resistance to wilt, 500
F, plants from each cross were screened for reaction to wilt disease. Also 200 plants in BC, were screened to confirm the
results obtained in F, screening. The data was analyzed using chi-square test. For fagging of Fusarium wilt resistance
gene(s) 100 F, and 8BC, individual plants of both crosses were utilized. The genomic DNA was isotated from the parents
(Kranthi, Haritha and Jwala), F,, F,s (Kranthi x Haritha), and (Kranthi x Jwala) and back cross populations [Kranthix (Kranthi
x Haritha)] and [Kranthi x (Kranthi x Jwala)]. The Genomic DNA was isolated from the fresh leaves collected from the field
by using CTAB method (Doyle and Doyle, 1987), with a few modifications. The DNA quantification was done by using a
spectrophotometer. PCR anaiysis was carried out following the technique developed by Williams et a/.,1990), with slight
madifications. The primers used in this study obtained from Operon Technologies Inc., Almeda, California. A single primer
was used for each PCR amplification reaction (Welsh and Mc Cleliand, 1990).

To study parental polymorphism a set of 160 operon RAPD primers were screened hetween the parents, Kranthi, Haritha
and Jwala. Following parental polymorphism using appropriate RAPD primers, closely linked markers to resistance will be
identified by bulked segregant analysis (BSA) (Giovannoni ef al., 1991; Milchemare ef al., 1991). The essence of this
procedure is creation of a butk sample of DNA for analysis by pooling DNA from individuals with similar phenotypes
{resistant/susceptible). One bulk containing DNA from five plants that were resistant to wilt and the second bulk containing
DNA from five plants that were susceptible to wilt. In the analysis the resistant and susceptible bulks were made from F,
and B, generations. The markers identified to be polymorphic between parents were used to screen in the bulked segregant
analysis. The markers which showed clear polymorphism between parents and bulks were identified. Those markers were
used in screening of mapping poputation.

Results and discussion

Inheritance to Fusarium wilt resistance was studied in two crosses vz, Kranthi x Haritha and Kranthi x Jwala. The F, in both
the crosses (Kranthi x Haritha) and (Kranthi x Jwala) were resistant to the disease. F, segregating population from the
crosses (Kranthi x Haritha) and (Kranthi x Jwala) were studied to understand genetics. A segregation of 3:1 {resistant;
susceptible) was observed in F, generation in both the crosses (Table 1). Both the backcrosses (Kranthi x (Kranthi x
Haritha) and [Kranthi x (Kranthi x Jwala)] gave a segregation ratio of 1 resistant: 1 susceptible pfants. From the resuits it
can be concluded that resistance was dominant over susceptibility due to its expression in F, and the genetic nature of the
disease resistance was governed by a single dominant gene. The resuits were confirmed with backcross segregation ratios.
The results were in confirmation with Desal ef al. (2001).

For tagging molecular markers linked to Fusariumn wilt resistance gene(s), parental polymorphism was studied using a set
of 160 operon RAPD primers were screened between the parenis, Kranthi, Haritha and Jwala. Of the 330 repeatable
amplified fragments produced by these 160 primers, 56 primers (16.96%) showed polymorphism between the parents
between Kranthi and Haritha (Fig. 1) and 48 primers (14.54%) showed polymorphism between Kranthi and Jwala. The
scoring of the population was done on the basis of the presence of band (1) and absence of the band (Q) and given code
as A or B respectively. The markers identified to be polymorphic between parents were used to screen in the butked
segregant analysis. In the cross Kranthi x Haritha, two primers (OPH12 and OPJ15) (Fig. 2) and in cross Kranthi x Jwata,
one primer {OPJ15) showed clear polymorphism between parents and bulks. These identified primers were used in
screening of mapping poputation.

Table 1 Mode of inheritance of Fusarium wilt resistance in various segregating genetations of castor in two crosses {Kranthi x
Haritha and Kranthi x Jwala}

Total Observed frequencies Expected frequencies

Generation plants  Resistant (R) Susceptible () Resistant (R} Susceptible (5} Ratio R'S X
Kranthi x Haritha
P, 42 9 23 - - - .
P, 44 41 3 - - - -
F, ’ 43 39 4 - . . - -
F, 500 387 113 375 125 31 1.55
8C, 200 116 94 : 100 100 1:1 0.08
Kranthi » Jwaia _ : .
P, 46 g 37 - - - -
P, 47 44 . 3 - - - - -
F, : 46 -7 39 - - _ ‘ - -
F, 500 an 129 375 125 31 0.128
BC, 200 108 92 100 100 1:1 0.32
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Screening the mapping population of the cross Kranthi x Haritha with OPH12 primer revealed that 100 F, individual plants
gave a segregation of 84 resistant and 36 susceptible plants (Fig. 3}. The F, ratio confirms with the expected ratio
3:1(resistant. susceptible). Further, the back cross of 100 plants segregated with a good fit to 1 resistant: 1 susceptible
plants. Like wise, screening the mapping population with of the cross Kranthi x Jwala with J15 primer indicated that 100 F,
individuals of segregated in the ratio of 68 resistant to 32 susceptible plants. The F, ratio confirms with the expected ratio
3:1(resistant: susceptible). Further, the backs cross of 100 plants segregated with a good fit to 1 resistant: 1 susceptible
plants. It can be concluded that the marker H12 and J15 were closely linked to Fusarium wilt resistant genes in castor. The
amplicon size amplified by both the primers was close to 1584 bp by which it can be concluded that binding site far both -
these primers was possibly same.

Acknowledgements: The authors would like to thank Agri-Biotech Foundation, Hyderabad for funding under the project
entitled "ldentification of (1) Host Resistance to Botrytis Grey Rot and (2) Linked Molecular Markers to Fusatium Wilt
Resistance Gene(s) in Castor (Ricinus communis ..}".
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Fig. 2. Bulked segregant analysis in cross Kranthi x Haritha using QPH12 and OPJ 15
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Fig. 3. Screening of mapping population {F,) in cross Kranthi x Haritha using OPH 12
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Heterosis studies in castor, Ricinus communis L.

V. Gouri Shankar, P. Venkata Ramana Rao and A. Vishnuvardhan Reddy

QOilseeds Scheme, Regional Agril. Research Station, ANG Ranga Agril. University, Palem, AP
Abstract

Seven elite lines consisting of released varieties {Haritha, Kranthi, Kiran}, advanced breeding lines {PCS-170,
PCS-171}and pistillate lines {(VP-1 and DPC-9) were crossed in diallel method excluding reciprocals. The resultant
21 hyhrids were evaluated alang with their parents and a standard check, GCH-4 in a randomized block design,
replicated thrice. Observations were recorded on days to 50% flowering, plant height, number of nodes up to
primary spike, primary spike length, number of effective spikes/plant, 100 seed weight and seed yield/plant. Data
obtained was subjected to heterosis analysis to estimate heterosis, heterobeltiosis and standard heterosis. From
the present investigation four hybrids viz., Haritha x DPC-9, Haritha x VP-1, Haritha x Kranthi and Haritha x Kiran .
were identified as promising for seed yield and most of the desirable characters,

Keywords: Heterosis, castor, hybrids
Introduction

Castor (Ricinus communis L) plays an important role in the country's vegetable oil economy. The crop is grown for its
non-edible oil (45-50% oil in seeds) which is completely biodegradable with its utilization in several fields such as
manufacturing lubricants, printing inks, nylon fibers, hydraulic fluids, cosmetics, varnishes, pharmaceuticals and similar
others. Castor cake is considered to be excellent organic manure, Eri-silk culture is an emerging field wherein the castor
leaves are fed to eri-silk worms. Besides meeting the domestic requirements towards its use in various fields and a variety
of diversified products the country is presently dominating internationat castor oil market. In the present investigation efforts
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were made to know the nature and magnitude of heterosis in the form of average heterosis, heterobeltiosis and standard
heterosis for seed yield and its components.

Materials and methods

The experimental material consisted of seven elite lines including released varieties (Haritha, Kranthi, Kiran), advanced
breeding lines {(PCS-170, PCS-171) and pistillate lines (VP-1 and DPC-9). These lines were crossed in a diallel method
excluding reciprocals during the winter season of 2008 at Regional Agricultural Research Station, Palem. The resultant 21
hybrids were evaluated along with their parents and a standard check, GCH-4 in a randomized block design, replicated
thrice at Regional Agricultural Research Station, Palem during the rainy season of 2009.

Each entry was sown in fwo rows with a row length of 6 m with a spacing of 90 cm x 60 cm. Five piants were randomly
selected from each entry and replication and abservations were recorded on plant height, number of nodes up to primary
spike, primary spike length, number of effective spikes/piant, 100 seed weight and seed yield/plant. Days to 50% flowering
was recorded on plot basis. Standard package of practices were followed for growing the crop. Data obtained was subjected
to analysis to estimate heterosis, heterobeltiosis and standard heterosis.

Results and discussion

The analysis for variance revealed significant differences for all the characters indicating wide diversity in the material
studied. Qut of 21 hybrids studied, certain hybrids had significant heterosis over their mid parental, better parent and
standard check values.

Faor days to 50% flowering, piant height, number of nodes up to primary spike and primary spike length, ten, one, three and
one hybrid, respectively recorded significantly superior standard heterosis (Table 1 and 2}. For number of effective
spikes/plant four hybrids registered significant positive standard heterosis. Two crosses Kranthi x PCS-170 and Kiran x VP-1
recorded significant positive standard heterosis for 100 seed weight (Table 2), Similar results were reported by Lavanya
et al. (2006), Golakia et al. (2008) and Patel ef al. (2009)

The experimental results indicated that for seed yield/plant heterosis to an extent of 26.2 and 26.8% in desirable direction
over belter parent and standard check GCH-4, respectively, were recorded. Heterosis for seed yield was generally
accompanied by heterosis for yield components, From the present investigation Haritha x DPC-9, Haritha x VP-1, Haritha
x Kranthi and Haritha x Kiran were identified as promising for seed yield and most of the desirable characters, which couid
be considered for exploitation of hybrid vigour in castor (Table 2).

In the two crosses viz., Haritha x DPC-9, Haritha x VP-1, one parent is the male line and other one is the pistillate line.
Hence, these hybrids should be further evaluated before commercial use. Other two hybrids wiz., Haritha x Kranthi and
Haritha x Kiran, both the parents are high yielding male lines. From these hybrids superior segregants are expected in
further generations.

Table 1 Heterosis, heterobeltiosis and standard heterosis for days to 50% flowering, plant height and number of nodes upto
primary spike in castor

Cross Days 10 50 "% fiowering Plant height No. of nodes up to peimary spike

Mid Better Check Mid Better Check Mid Setler Check
Haritha X Kranthi 7.95% 7.24* 10.14* -11.55 -13.28 0.98 5.78 578 8.18
Haritha X Kiran 288 .62 BT 1.72 -11.59 -1.07 8.13 686 11.82*
Haritha X PC5-170 -8.1 -13.48 4.05 -28.01 -33.4 -25.48 4.26 -B.16 227
Haritha X PCS-171 . 3.05 1.33 27 2472 -2.64 B.G4 13.88* 7.56 10
Haritha X VP-1 1187 7.33" 8.78" -3.85 -28.17 -18.62 3.83 0.00 2.27
Haritha X DPC-9 £.67 1094 0.68 £.02 -12.39 -1.97 2.22 2.22 455
Kranthi x Kiran 10.54* 7.45" 16.89™ -12.01 -24.8 -12.43 ~2.42 -3.48 a.91
Kranthi x PCS-170 3.03 -4 449 14.86* -3362 -39.69 -29.77 -3.85 -4.890 541
Kranthi x PCS-171 -7.07 9.1 -8.76 03 -23.26 -10.64 -2.12 -7.56 -§5.45
Kranthi x VP-1 -3.69 -5.26 =27 16.29* -14.24 -0.13 3.46 -0.44 182
Kranthi x DPC-9 -5.36 -9.08 1.35 497 -3.92 11.89* -17.78 -17.78 -15.91
Kiran x PCS-170 0.29 -4.49 14.86"" -38.23 -42.29 -45.11% -12.21 -14.9 523
Kiran x PCS-171 1373 8.07" 1751 -13.37 -23.78 -37.01 32.09 23 48" 28.09*
Kiran x VP-1 -1.00 A07 0.00 9.43 -8.66 -24.54 -14.16 -18.26 -14.55
Kiran x DPC-9 o.82™ 848" 20.95* -7.58 -14 .33 -17.12 -10.33 -11.3 -7.27
PCS-170x PCS-171 . -13.93 =219 -6.08 -8.97 -24.44 -28.12 -13.26 -21.22 -12.27
PCS-170 x VP-1 g -11.24 6.78 -12.63 -30.82 -34.29 14.79* 6.12 g
PCS-170 x DPC-¢ -11.95 -15.17 2,03 -26.47 -27.08 -29.46 -8.51 -12.24 -2.27
PCS-171 x VP-1 21.55 18.62*" 16.22™ 31.04 23.2 -22.62 .0.49 -1.44 -5.82
PCS-171 x DPC-8 -12.26 -171.53 -8.14 4.51 -§3.82 -18.83 ~14 .35 -19.11 -17.27
VP-1 xDPC-9 11.56 2.42 14.19™ 1.15 -20.52 -23.11 13,16 8.89 11.35
* : Significant at 1% level; *: Significant at 5% level
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Tabie 2 Heterosis, heterobeltiosis and standard heterosls for primary spike length, number of effective spike/plant, 100-seed
weight and seed yield in castor

Primary spike length {em) No. of effective spikes/plant 104 seed weight (q) Seed yield/plant (q)
Cross Mid _ Befter _Check Mid Better Check  Mid _ Better Check  Mid _ Befter Chack
Haritha X Kranthi 214 -6.00 1558 -11.06 -16.2 1603  -3.18 6.17 -1.30 18.52* 16.36" 17.65"
Haritha X Kiran -888 1573 458 -28.7 -356 -21.15 423 -2.63 -3.90 21.60"™ 10.55 1t1.76*
Haritha X PC5-170  -11.34 -19.13  -8.42 -1.29 -19.9 -192 -822 1184 -12.99 2645 B;N 8.08
Haritha X PCS-171 -142 222  -11.90 7.59 -14.66 4.49 -8.87  -13.16 -14.2% 4.48 -16.81  -8.583
Haritha X VP-1 6.90 1.02 14.40 36.12 19.37 4615 963 7.8 6.49  41.88™ 2545 2684
Haritha X DPC-8 1497 1379 28.86™ 17.45 1099 3590 694 132 00 3469 2073 2206
Kranthi x Kiran -58.85 -63.33 -54.91 -9.18 2222 769 3.40 B6.17 -1.30 1347 -20.00 -22.06

Kranthi x PCS-170 -38.00 -4546 -32.95 13.43 -12.04 2179 17.88" 9.88 1558* 6.81 -8.30  -10.66
Kranthi x PCS-171 -28.45 -3742  -23.06 14.63 1296  20.51 4.00 -3.7 1.30 1.3 1472 160

Kranthi x VP-1 -11.81 -19.75 -1.34 17.22 -2.31  3526* -168 -6.17 -1.30  22.43* 1019 735
Kranthi x DPC-8 -3.18 -7.89 13.24 -1.04 -11.57  22.44 2.0t -5.17 -1.30 13.87* 3.77 1.10
Kiran x PCS-170 -54.04 -5472 -56.44 26.01* 11.69 10.26 1028"™ 7.14 -2.60 361 -4.44 -20.96
Kiran x PCSATY 4001 1192 1525 6391+ 41.56™ 3974 -2.22 -4.35 -14.29 3.58 -3.56  -20.22
Kiran x VP-1 -2.57 478 -4.03 0.67 -2.6 -3.85  24.64™ 18.21*+ 12.99* 2357 2000 -074
Kiran x GPC-9 -32.02 -38.52 -29.59 1.23 -3.53 §13  10.45* 882" -3.90 8.35 867 -11.76
PCS-170 x PCS-171  -14.14  -1471 -2038 -10.82 -13.45  -33.97 0.72 0.00 -9.09 5.21 412 .-25.74
PCS-170 x VP-1 9.18 5.15 5.98 2319 12.5 3.85 B.64~ 5.88 1.30 26.37** 1981 6862
PCS-170 x DPC-9 -2097 2723 -19.28 1.04 -14.12 641 -2.80 -4.28  -12.99 -5.39 -11.47 -29.04
PCS-171 x VP-1 -3.42 -7.57 -6.83 -8.25 -16.67 -23.08 463 -7.61 1169 1921 1415 -11.03
PCS-174 x DPC-9 -1850 -22668 -1422 -13.48 -2824 2179 1825 1738 519 2.91 275 2206
vP-1 x DPC-9 -5.48 -9.79 0.06 -3.18 -10.59 -2.56 4.52 0.54 -3.90 27.91** 2615 110
*: Significant at 1% level, ** : Significant at 5% lavel
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Modified triple test cross analysis in castor, Ricinus communis L.

Y, Satish, P. Venkata Ramana Rao, V. Gouri Shankar and A. Vishnuvardhan Reddy

Agricultural Research Station, ANG Ranga Agricultural University, Darsi, Prakasam District, AP
Abstract

Six elite pistillate lines of castor (VP-1, PPL - 1008, PPL-1010, PPL-1018, PPL-1024 and PPL 1038) were crossed with
two extreme types as testers PCS-274 (red stem, zero bioom, non-spiny capsule, early maturing, dwarf) and
PCS-511 (green stem, double bloom, spiny capsule, late maturing and tall) during winter season of 2008 at RARS,
Palem. The resuiting 12 castor hybrids were evaluated along with their parents for various yield and yield
contributing traits during rainy season of 2009 at ARS, Darsi. The data were subjected to modified triple test cross
analysis to estimate the additive (D} and dominance (A} variance and to detect the presence or absence of epistasis.
The results indicated that the estimates of additive component {D) were greater in magnitude for all the eight
tharacters studied indicating the partial dominance. Epistatic component of genetic variation was found to be
Present for all the characters and these characters can be improved through recurrent selection procedures.

Keywords: Castor, modified triple test cross, epistasis
Introduction

Castar is an important non-edible oilseed crop of Andhra Pradesh, mainly grown in Mahaboobnagar, Naigonda, Ranga
Reddy. Kurnool, Kadapa and Prakasam districts. The productivity of the crop in the state is 511 kg/ha, which is far below
the national average of 1339 kg/ha. So, there is an urgent need to increase the yield and productivity. Yield is governed by
Comptex phenomenon and breeder has to understand thoroughly the gene action controlling the traits. Various biometrical
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designs are vague to understand the gene action controlling different traits which assume absence of epistasis, which is
an integral part of genetic variance.

One of the best designs for detection of epistasis is triple test cross (Kearsey and Jinks, 1968). Though this design is
efficient, it requires four populations P,, P,, F; and F,. Hence, itis a tedious and time consuming process. Jinks ¢f al. (1969)
proposed a modification for this model in which a set of lines are crossed to two extreme testers. This design is simpler,
instead of F,, population a set of inbred lines (Pi) are crossed to two testers (L, and L;) of opposite extreme to generate L

and L, families. Thus it requires only tester parents, lines and F,s. In the present investigation, an attempt was made to
assess the genetic components of variance viz., additive, dom!nance and epistasis in castor using the modified triple test
cross analysis.

Materials and methods

Six elite pistillate lines of castor (VP-1, PPL - 1008, PPL-1010, PPL-1018, PPL-1024 and PPL 1038) and two extreme
testers PCS-274 (red stern, zero bioom, non-spiny capsule, early maturing, dwarf) and PCS-511 (green stem, doubie bloom,
spiny capsule, late maturing and tall) were crossed to generate 12 F, hybrids during winter season of 2008 at RARS, Patem.
The F, hybrids along with their parents were evaluated at ARS, Darsi during rainy season of 2009 in a randomized block
design, replicated twice with a spacing of 80 cm x 60 cm. Each entry was sown in four rows with each row of 6 m length.
Ten plants were randomly selected from each entry and replication and observations were recorded on number of nodes
up to primary spike, plant height up to primary spike, number of effective spikes/ptant, 100 seed weight (g) and oil content
(%). Seed yield, days to 50% flowering and days to maturity were recorded on plot basis. The data were subjected to
modified triple test cross analysis (Jinks et al., 1969).

Results and discussion

Epistatic gene action is an integral part of genetic architecture and to test it, modified triple test cross model was adopted
using two extreme testers which differed morphologically for several characters. The results obtained (Table 1) gave the
information on additive, dominance and epistatic components of genetic variance without any inflation or deflation.

The results revealed that variance due to sums (L, + L,) were significant for all the eight traits studied. Hence it can be
concluded that additive component of genetic variance (D) governed all the characters studied. The analysis of variance
due to differences (L, - L,) measuring the dominance component (H) was significant for all the traits. But the additive (D)
component was higher than the dominance component. The variance due to epistasis (L, + L, - P,) was significant for yield
and yield contributing traits indicating the presence of epistasis in the genetic variance. Thus to have a clear picture about
" the genetic systems controliing these characters if a procedure assuming no epistasis had been used.

The degree of dominance (H/D)" revealed the preponderance of partial dominance for days to 50% flowering, days to
maturity, plant height, number of nodes up to primary spike, number of effective spikes/plant, 100 seed weight, seed
yield/plot and oil content. Similar results were reported by Venkata Ramana Rao ef al. {2009) in castor. Also, Satyanarayana
et al. (2001), Rao ef al. (2004) and Shankar ef al. (2006) reported the significance of epistasis in sunflower for yield and
its contributing traits.

Therefore, it may be concluded that all the three components of genetic variance i.e., additive, dominance and epistasis
were playing significant role in controlling the traits. So the breeding programme to be followed should not only exploit
fixable gene effects but also ponder the non-additive gene effects for further improvement of base population and
broadening the genetic base.

Table 1 Detection of additive, dominance and epistatic components of variation in castor using modified TTC mode!

Days to 50% Days No. of nodes up to Plant height Nc. of effective 100 Seed Seed Oil content

Source df flowering  to maturity  primary spike {cm) spikes/plant  weight {g)  vield/plot (%)
Mean

PCS 274 (L) 45.0 84.0 11.4 54.60 24 29.1 856 39.8
PCS 511 (L) 1) 108.8 17.2 112.25 7 22.4 18285 49.0%
Additive

Replications 1 11.45 6.48 0.67 2.78 0.08 0.02 11412.50 6.68
Sums, L, + L, (Additive) 7 45 67 54.47" 14.18** 370.14* 2.65% 44 .38 114565 50 58 45
Sums x blocks (Error) 7 335 12.65 1.97 4575 .31 7.25 14286.28 478
Dominance

Replications 1 4.25 28.57 1.56 4425 0.12 0.07 115.65 4.46
Differences, [, -[ﬁ (Dominance) 7 24 48" 47 .89 1.21* 279.32* 0.897 26.85" B2540.78" 27.84+
Differences x blocks (Error) 7 493 5.98 0.09 34.15 0.19 B.57 14210.99 5.19
Epistasis

Replications 1 7.32 7.49 1.47 4.48 0.02 3.98 32872.25 8.39
Sums, [, + [, - P, (Additive) 7 40.43* 154.85™ 574" 879 63** 1.60% 50.75"  212583.00* 449"
Sums x blocks (Emor) 7 8.69 15.81 1.42 35.09 0.25 10.91 3521614 9.86
Degree of dominance (H/D)'? 0.78 0.94 0.34 0.78 0.64 0.87 0.78 0.69

Note: L, and L, in the ANOVA represent the two testers employed, whereas P, represent the pistillate lines
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However, the experiment was conducted at one location for only one year, the estimates of additive and dominance
components are confounded with environmental effects {locations, years, elc.). The characters which showed absence of
epistasis may give evidence of epistasis under other environmental conditions. Similarly the characters which showed the
presence of significant epistasis may not do so if tested under other environments. Therefore, more elaborate experiments,
conduced at different locations for more than one year will give a clear picture about the genetic systems controlling these
characters and heip in developing more efficient breeding procedures {Subbaraman and Rangasamy, 1989).
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Analysis of genetic divergence in castor, Ricinus communis L.

J.V.P. Pavani, V. Gouri Shankar, P. Venkata Ramana Rao, A. Vishnuvardhan Reddy and V. Rajesh

Qilseeds Scheme, Regional Agril. Research Station, ANG Ranga Agricultural University, Palem, Mahaboobnagar, AP
Abstract

Seventy genotypes were evaluated for seven metric traits to quantify genetic diversity existing among them by
Mahalanobis Dstatistic. The genotypes fellinto 16 clusters. Maximum inter cluster distarice was observed between
cluster Xl and XIV (D=10.73) followed by clusters X and XIV {D=10.65) and cluster Vil and XIV {D=10.3). Among the
seven characters studied, plant height contributed maximum {64.8) towards genetic divergence followed by days
to 50% flowering (10.4), primary spike length (8.7), seed yield/plant {7.3). The genotypes of cluster XIV exhibited
highest mean value for plant height and number of nodes while the genotypes of cluster X recorded lowest mean
for number of nodes and spike length. Genotypes of cluster X recorded lowest mean for the traits plant height and
100 seed weight. The relative divergence of each cluster from other clusters (inter-cluster divergence) indicated
high order of divergence between clusters Xl and X!V (D=10.73).

Keywords: Castor, genetic divergence
Introduction

Genetic improvement mainly depends upon the amount of genetic variability present in the population. Information on the
nature and degree of genetic divergence would help the plant breeder in choosing the right parents for breeding programme
{Vivekanandan and Subramanian, 1983). For any hybridization programme, parents having high variability and diversity
are selected for seed yield. The crosses between genetically diverse parents are likely to produce high heterotic effect and
more variability in segregating generations. Multivariate analysis using Mahalanobis D? statistic {1938) is a valuable tool
in qualifying the degree of divergence among biological population. This has been successfully utilized in castor to classify
the genotypes and determine their interrelationships by many workers (Sevagaperumal et al., 2000, Lakshamma et al., 2002
and Zareena Begum ef al., 2009). The present study was carried out to ascertain the nature and magnitude of genetic
divergence among castor germplasm collected from Directorate of Cilseeds Research, Hyderabad.

Materials and methods

Seventy castor germplasm accessions obtained from Directorate of Qilseeds Research, Hyderabad comprised the
experimental material in the present study. These genotypes including two standard checks viz., Kranthi and Haritha were
raised in a randomized block design with three replications, each genotype raised in two rows of 6.0 m length at spacing
of 90 cm x 60 cm at Regional Agricultural Research Station, Palem during winter season of 2009. The recommended
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agronamic practices were followed. Observations were recorded on five random plants of each genotype per replication
for seven gquantitative traits. Genetic divergence was estimated by Mahalanobis D? statistic (1936) and the genotypes were
grouped. Average intra and inter cluster distances were estimated as per the procedure outlined by Singh and Chaudhary
(1977).

Resuits and discussion

The analysis of variance revealed significant differences among the genotypes for each character, indicating the existence
of variability among the genotypes for the characters studied. Based on the relative magnitude of D? values, 70 genctypes
were grouped into 16 clusters (Table 1). Cluster | had 18 genotypes followed by cluster 1l which had 16 genotypes. Cluster
Vi had 11 genotypes while cluster V had 7 genolypes. Cluster XIV had 5 genctypes while three genotypes were grouped
in XV genotypes. Clusters [Il, IV, VII, VIIL X, X, X1, XII, XIIl and XVI had single genotype in each cluster. The pattern of
group constellations praved that significant amaunt of variahility existed.

The intra and inter cluster distance (Table 2) revealed that there is no genetic diversity among the genotypes in almost
all clusters except clusters [, [{, v, VI, XIV and XV which indicates that unidirectional selection practiced in the past might
have resulted in uniform features with less divergence between the genotypes. The maximum intractuster distance (D=3.08)
was abserved in cluster VI Selection with this cluster might be exercised based on the highest mean for the desiratle traits.

The relative divergence of each cluster from other clusters (inter-cluster divergence) indicated high order of divergence
between clusters X and X[V {D=10.7) followed by clusters X and XIV (D=10.7) and cluster VIIl and XIV (0=10.3). The
hybridization between genotypes from these clusters will result in maximum hybrid vigour and highest number of useful
segregants for melric traits. Hybridization between genetically distant genotypes to generate promising breeding material
has been suggested by Vivekanandan and Subramanian (1993).

The contribution of individual characters towards the divergence (Table 3) indicated that the plant height exhibited the
maximum contribution (64.8), followed by days to 50% flowering (10.4), primary spike length (8.7), seed yield/plant (7.2),
100 seed weight (4.4} and effective spike length (3.2) towards total genetic divergence. The trait number of nodes {1.3)
showed negligible cantribution towards genetic divergence. Thus, four characters plant height, days to 50% flowering, spike
length and seed yield were important since they contributed 91.2% towards total divergence.

There was a wide range of variation in the cluster mean value for most of the characters under study (Table 4). For the trait
plant height, genotypes of cluster X1V {112.7 cm} recorded highest mean and lowest mean was recorded by genotypes of
cluster X1 (36.1 cm). Genotypes of cluster V (61.4) recorded highest mean for days to 50% flowering while mean was lowest
in cluster XV (43.7). For the trait number of nodes, genotypes of cluster X1V {17.12) recorded highes! mean and lowest
mean was observed in cluster X {10.5).

Table 1 Clustering pattern among 70 castor genotypes

Ciuster  No. of genotypes Name of genotypes

| 18 RG-247, RG-1096, RG-18, RG-1095, RG-247, RG-226, RG-2813, PCG-193, PCG184, RG-43, RG-25,
RG-1713, PCG-191, RG-1482, RG-1826, PCG-195, PCG-185, RG-3068
I 16 Haritha, Kranthi, RG-122, RG-1337, RG-1628, RG-890, RG-3082, RG-1701, RG-2752, RG-941, RG-
1713, RG-172, PCG-194, PCG-206, RG-1427, RG-1526
i 1 RG-25
v 1 RG-409 :
v R ¢ PCG-215, RG-51, RG-2134, PCG-214, PCG-204, RG-1117, RG-122,
v 11 RG-235, RG-72, RG-111, RG-430, RG-68, PCG-213, RG-297, RG22, RG1721, RG-1117, RG-2727
il i RG-2162
R 1 PCGE-202
£X 1 RG-1826
X 1 PCG-216
X 1 PCG-205
Xt 1 PCG-192
X 1 PCG-210
XV 5 RG-2773, RG-2763, RG-2005, RG-1634, RG-52
XV 3 PCG-212, RG-17, RG-232,
XV 1 PCG-178 ]

In cluster XV, highest mean for primary spike length (61.8 cm), was observed and it was lowest in cluster X (17.1 cm). Far
the trait number of effective spikes/plant, genotypes of cluster Xlf {11.5) recorded highest mean and genatypes of cluster
IV (4.7) recorded lowest mean. In cluster IX (29.0), highest mean for 100 seed weight was observed while it was lowest in
cluster X| (22.3). Genotypes of cluster XV (109.7) recorded highest mean for the character seed yield/plant while mean
was lowest in cluster Vill (53.7). The genatypes of cluster XIV exhibited highest mean value for plant height and numbe’
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of nodes while the genotypes of cluster X recorded lowest mean for number of nodes and spike length. Genotypes of cluster
X recorded lowest mean for the traits plant height and 100 seed weight. The genotypes of cluster XVi recorded highest
means for seed yield/plant and lowest mean for days tc 50% flowering. Thus, these genotypes hold great promise as
parents to obtain promising hybrids and create further variability for these charatters. Crosses among diverged parents are
likety to yield desirable combinations. Therefore, a crossing programme should be initiated between the genotypes
belonging to different clusters. Two important points to be considered: (i) Choice of particular clusters from which genotypes
are to be used as parents in crossing programme and (ii) Selection of genotypes from selected groups. The greater the
distance between two clusters, the wider the genetic diversity amang the parents to be included in hybridization programme.
Parents combining high yield potential with wide genetic diversity are likely to yield superior segregants within a short period
{Vivekanandan and Subramanian, 1893). The genotypes with high mean value on any cluster can either straight away be
used for adoption or can be used in hybridization for yield improvement.

Table 2 Intra (diagonal} and inter ciuster distance of D values of 70 castor genotypes .

Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster

| I ] [\ v Vi Vil VIl 1X X X! Xli Xl Xiv XV XVI
Cluster | 2.1 4,76 27 271 579 385 243 275 25 299 274 258 27 909 32 327
Cluster Ii 238 306 302 333 329 505 624 393 615 436 444 451 542 517 4.5
Cluster It Q 22 368 241 266 392 2.8 436 391 246 223 6.99 35 345
Cluster IV 0 449 2968 333 409 182 375 422 332 338 74 365 297
Cluster V 2.3 388 589 684 528 734 725 554 501 438 626 612
Cluster VI 306 428 488 382 536 521 373 3.9 BBE 457 445
Cluster VII 0 351 272 2.7 202 281 185 929 342 272
Cluster VI 0 402 368 265 363 374 103 357 517
Cluster IX 0 298 385 294 262 835 3.4 2.3
Cluster X 0 238 435 3496 1065 4.51 297
Cluster Xi ) s} 3.7 34 1073 40Z% 38z
Cluster X1 0 212 863 264 35
Cluster Xill 0 8.41 33 34
Cluster XIV 288 924 897
Cluster XV 2.3 4.53
Claster XV 0

Table 3 Contribution of each character to divergence

Source Times ranked first Contribution %
Days to 50% flowering 251 10.39
Plant height {em) 1565 64 8
No. of nodes up to primary spike _ _ 31 ' 1.28
Primary spike iength (cm) 211 _ B.74
No. of effective spikes/plant 77 319
100 seed weight {g) 105 435
Seed yield/plant 175 7.25

Table 4 Cluster maans for different characters

Cluster Days to 50% Plant height No. of nodes upto  Primary spike  Effective 100 seed weight Seed yield/plant
- flowering {cm) primary spike length (cm) spikes/plant {9 (a}
Cluster | 52.91 483 138 352 8.1 262 765
Cluster |j 49.5 78.3 15.2 447 6.6 25.9 785
Cluster 11 56.6 §2.9 15.4 385 86 24.0 80.6
Cluster tv ' 483 : 62.1 141 345 47 27.0 70.6
Cluster v 61.3 87.8 156 - 2357 8.1 26.6 78.6
Cluster v 53.7 69.1 14.5 <Y 5 S 9.4 246 69.0
Cluster vi) 57.3 47.4 : 14,7 - 338 64 2286 101.3
g::::er Vil 59.3 38.2 13.8 302 9.0 27.6 53.6
Cluster X 49.3 56.2 12.5 38.2 5.0 290 80.0
Cmmerx 50.0 428 10.5 17.1 48 246 92.0
Cluster Xt 56.3 36.0 14.9 241 7.3 223 . B53 -
cnus,er X 526 430 15.1 87.9 114 26.0 84.6
Ciuater Xl 60.0 529 15.2 43.7 8.7 266 101.6
Clust:r Xl 57.6 112.6 17.1 47 .4 71 26.4 . 732
CmsthV 55.4 445 134 61.7 6.0 25.4 70.0
er XV 436 54.9 13.8 34.2 62 24.0 109.6
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Combining ability analysis in castor, Ricinus communis L.

P. Venkata Ramana Rao, V. Gouri Shankar and A. Vishnuvardhan Reddy
Qilseeds Scheme, Regional Agril. Research Station, ANG Ranga Agril. University, Palem, Mahaboobnagar, AP
Abstract

Seven elite lines consisting of released varieties (Haritha, Kranthi, Kiran), advanced breeding lines {PCS-170,
PCS-171) and pistiltate lines {VP-1 and DPC-9) were crassed in diallel method excluding reciprocals. The resultant
21 hybrids were evaluated along with their parents in a randomized block design, replicated thrice. The analysis
of variance for combining ability revealed significant differences among the genotypes, indicating wide diversity
in the material studied. The mean squares due to general and specific combining ability {gca and sca) were highly
significant for all traits indicating that both additive and non-additive types of gene action were involved in the
inheritance of these traits. The gca effects of the parents revealed that three parents Haritha, Kranthi and VP-1 were
promising general combiners for seed yield and other yield contributing traits. Based on the sca effects and per
se performance four hybrids viz., Haritha x DPC-8, Haritha x VP-1, Haritha x Kiran and Haritha x PC5-170 were
identified as promising for seed yield/plant and other characters.

Keywords: Combining ability, diaflel, Castor
Introduction

Castor (Ricinus communis L.} plays an important rolg in the country's vegetable oil economy. The crop is grown for its
non-edible oil {45-50% oil in seeds) which is completely biodegradable with its utilization in several fields such as
manufacturing lubricants, printing inks, nylon fibers, hydraulic fluids, cosmetics, varnishes, pharmaceuticals and similar
others. Castor cake is considered to be excellent organic manure. Eri-silk culture is an emerging field wherein the castor
leaves are fed to eri-silk worms. Besides meefing the domestic requirements towards its use in various fields and a variety
of diversified products, the country is presently dominating international castor oil market. Seed yield is a complex character
involving number of components each of which is polygenically controlled and thus susceptible to environmenta)
fluctuations. Thus selection of parents for hybridization is therefore, a complex problem. Combining ability analysis helps
in identification of suitable parents for exploitation in breeding programmes. With a view to identify the lines and crosses
with good combining ability for exploitation of heterosis, the present investigation was under taken.

Materials and methods

The experimental material consisted of seven elite lines including released varieties {Haritha, Kranthi, Kiran), advanced
breeding lines (PCS-170, PCS-171) and pistillate lines (VP-1 and DPC-9). These lines were crossed in a dialiel method
excluding reciprocals during winter season of 2008 at Regional Agricultural Research Station, Palem. The resultant 21
hybrids were evaluated along with their parents in a randomized block design, replicated thrice at Regional Agricultural
Research Station Farm, Palem during rainy season of 2009, Each entry was sown in twe rows with a row length of 6 m. Five
plants were randomly selected from each entry and replication and observations were recorded on plant height, number
of nodes upto primary spike, primary spike length, number of effective spikes/plant, 100 seed weight and seed yield/plant.
Days to 50% flowering was recorded on plot basis. A standard package of practices was followed for growing the crop. Data
obtained was subjected to dialiel method |l analysis to estimate general and specific combining ability effects and their
respective variances.

Results and discussion

Analysis of variance revealed significant differences for all characters, indicating wide genetic variability among genotypes
(Table 1). The mean squares due to general and specific combining ability (gca and sca) (Table 2) were highly s.igniﬁ{:gmt
for all traits. Thus, both additive and non-additive types of gene action were involved in the inheritance of these trails.

<102 -



" J. Oilseeds Res., Vol 27 (Special Issue), 2070

Hence, improvement of these traits may be brought about by recurrent selection or selective diallel mating system. Lavanya
et al. {2008), Chandramchan et al. (2006) and Patel et al. (2007) reported similarly.

among the parents studied Haritha, Kranthi and VP-1 were good combiners as indicated by their significant positive gca
effacts (Table 3). All these parents contribute maximum positive alleles for the increase of seed yield/plant. The Haritha is
a good general combiner for seed yield/plant, number of effective spikes/plant, primary spike length and days to 50%
flowering. The parent Kranthi is good general combiner for seed yield/plant, 100 seed weight, number of effective spikes
per plant whereas VP-1 is for seed yield/plant, 100 seed weight, primary spike length, plant height and days to 50%
flowering. These parents can be extensively used in breeding programme for getling better combination for seed yield and
other agronoric characters because of iheir capacity to transmit their characters to the off springs. Similar results were
reported by Solanki et al. (2004) and Venkataramana et al. (2005}.

Among the hybrids, four (Haritha x DPC-9, Haritha x VP-1, Haritha x Kiran and Haritha x PC$-170) were identified as
promising hybrids based on the specific combing ability and per se performance . Of which, three combinations viz., Haritha
x DPC-9, Haritha x Kiran and Haritha x PCS-170 had one parent as good general combiner while the other parent was poor
combiner, while in other cross Haritha x VP-1 both the parents were good combiners (Table 4). Solanki and Joshi (2000)
and Kavani et al. (2001) also reported similar results. :

Table 1 Analysis of variance for seed yield and yield components in castor

Source gt Daysto50%  Plant No. of nodes upto Pdmary No. of effective 100 seed ~Seed
flowering height primary spike spike length  spikes/plant weight yield/plant
Replicates 2 2.726 103.14** 0.43 4.15 2.03* 077 22.96
Treatments 27 55.48 5068 67 749" ar4 21 4.00* 1277 631.76™
Pzrents 6 60.31** 899.93* 2.88* 121.91* 4.69* 9. 14™ 361,20
Hybrids 20 56.45™ 399.70™ 8.84™ 416.12** 3.91 13.63™ 655.18™
Parent vs Hybrid 1 667 286.29* ¢.02 1050.02™ 1.57 17.39™ 1786.67
Errer 54 3.96 18.47 1.02 3p.22 0.62 1.23 4218

Table 2 Estimates of general and specific combining variances and proportionate gene action for seven characters in castor

Source df Days to '50% Plgnt No. of nodes upto Primary No. of effective 100 _seed ' Seed

flowering height primary spike spike length  spikes/plant weight yield/piant
GCA & 22. 76" 483.50™ 1.52* 251.62™ 2.69* 581" 62063
SCA 21 17.26™ 78.99" 2.64™ 88.48** 0.94" 381 93.43"
Error 54 132 6.157 0.34 10.075 0.207 0413 14.066
o’ gea 2.38 53.03 013 26.83 0.27 0.60 67.39
o’ sca 15.94 72.84 2.30 78.41 0.73 340 79.36
o’ gca ! o’ sca 0.15 0.72 0.05 0.34 0.37 - 017 0.85

Table 3 General combining ability (gca) effects of parents for seven characters in castor

Parent Days to 50% Plant No. of nodes upto  Primary spike No. of effective 00 seed Seed
flowering height primary spike length spikes/plant weight yield/piant

Haritha -0.71* 9.13* 0.58* 7.05% 0.44™ -0.01 14.58™
Franthi -0.53 973 0.12 1.10 0.88" 142 376"
Kiran 2.58™ -3.62" 0.26 7.07 . 0.06 -0.38 -3.27"
PCS-170 1.54% 6.40™ 0.35 539 -0.58" -0.31 7.97
PCS-171 204" ag2r -0.46* 342+ 067 .01 -9.78™
V-1 -1.04" 7.37 -0.10 3.98 -0.03 0.65* 3.91™
bre.g 0.21 346" o -0.49™ 344" 0.02 -0.35 -1.23

S 0.35 0.76 0.17 0.97 0.14 0.19 115
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Table 4 Specific combining ability (sca) effects of crosses for seven characters in castor

Cross Days to _50% Plfa\nt No. qf nodes_upto Primary spike No. _of effective 100 §eed _ Seed
’ flowering height primary spike length spikes/plant weight yield/plant
Haritha x Kranthi 3.23" -6.51™ 0.60 4.42 -0.81* -0.85 5.14
Haritha x Kiran 088 561" 0.75 1.33 -1.79% 0.30 6 84"
Haritha x PCS-170 ' -1.84 1041 -0.74 -2.44 -0.27 211 8.21*
Haritha x PCS-171 1.08 13.78" 1.2+ 662" 0.16 -1.74* -6.31
Haritha x VP-1 3.08* -4 77 -0.29 064 1.68* 1.92* 13.32™
Haritha x DPC-8 -2.84+ -2.44 0.43 g.08" 1.09* 1.27 14.14™
Kranthi x Kiran 327 -3.45 -0.14 -20.22 0.73 0.48 -13.01*
Kranthi x PCS-170 331 -13.91* 0.50 -9.90* 0.52 378" 203
Kranthi x PCS-171 377 -1.42 -0.35 6.77" 0.55 082 -1.82
Kranthi x VP-1 277 917" 0.36 -2.02 0.68 -1.52* 6.47
Kranthi x DPC-9 2,03 7.20" -1.86* 6.49* 005 . -0.51 5.95
Kiran x PCS-170 0.19 -11.68** -1.52% -14.55* 0.88* 0.93 027
Kiran x BCS-171 5.12** 7.43* 433" 5.68* 251 137+ 2.21
Kiran x VP-1 " -4 55 4.62* -2.43" 4.70 -0.40 3.96* 6.18
Kiran x DPC-9 453" -068 -0.98 873 0.01 054 1.32
PCS-170 x PCS-174 5,51 1.68 -1,83% 1.21 -0.81* 011" 1.92
PCS-170 x VP-1 -0.18 -0.17 2.28™ B.49* 0.51 0.89 5.55
PC5-170 x DPC-9 377 7,40+ 034 477 0.08 AT QB4
PC5-171 x VP-1 8.08* 6,75 057 078 -0.79* 1,74 3.36
PCS-171 x DPC-9 -5.18** 0.38 -1.72% 427 -0.78" 3.60* -1.49
VP-1 x DPC-9 ' 482 -1 .60 242 -3.59 042 -0.41 5.81
5 1.03 222 0.52 284 0.40 057 336

When we compare per se performance with gca effects of parents/sca effects of hybrids, some crosses were comman but
occupied different pasitions. It is suggested that selection of cross combination should be made on the basis of per se
performance and sca effects. It would be more useful if the crosses showing high sca effects involving parents with high
gea effects. Most of the crosses showing high sca effect for different characters involved atieast one good general combiner
forthattrait. Thus, either additive x additive and or additive x dominance genetic interaction was predominant in the material
under study. In such cases where non-additive gene effects play an important role in association with additive compenents,
the recurrent setection or reciprocal recurrent selection can be used to exploit both the compaonents simultaneoushy.
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Heterosis and combining ability analysis for seed yield and its
components in castor, Ricinus communis L.

R.H. Kavani, P.R. Padhar, V.P, Chovatia, M.B. Patel and K.L. Dobaria
Main Oilseeds Research Station, Junagadh Agricultural University, Junagadh-362 001, Gujarat
Abstract

A Line x Tester analysis, using three female (line) and eight male (tester) parents, was conducted on seed yield and
some component traits in castor (Ricinus communis L.). The results revealed that mean sum of squares due to
general and specific combining ability were significant, suggesting the importance of both additive and
non-additive components of genetic variance. Among the females, SKP 84 and males, J 368 and SKP 215 were good
general combiners exhibiting high gca effects for seed yield and some of its component traits. The crosses SKP
84 x JI 355, JP 103 x SKI 291 and JP 103 x Ji 273 had high sca effects for seed yield/plant.’Amongst, SKP 84 x Ji
355 expressed the highest sca effect for seed yield/plant along with the highest per se performance in F,. The
hybrid SKP 84 x JI 342 expressed the highest heterotic values over mid {50.7%) and better parent (42.6%) for seed
yietd/plant,

Keywords : Castor, combining ability, heterosis
introduction

Among several non-edible cilseed crops cultivated in India, Castor (Ricinus communis L.} is an important oil-producing crop
of (ndia. Seed yield in castor is known to be a polygenic controlled complex character and determined by number of
quantitatively inherited yield components. The general and specific combining ability estimates are useful to assess the
nicking ability of parents and at the same time helps in identification of potential parents and crosses which supply basic
material an which the success of a breeding programmme rests. Also these estimates elucidate the nature and magnitude
of gene effects in controlling various traits. The parents with high gea effects are utilized to produce synthetic varieties, while
the lines showing superior effects in specific combinations are used in hybrid breeding. The line x tester mating design is
used to estimate the combining ability of parents and cross combinations. The present study was, therefore, conducted {o
estimate combining ability of parents as well as nature and magnitude of heterosis for yield and its components in castor.

Materials and methods

Three pistillate lines (female} viz., JP 103, JP 104 and SKP 84 and eight male parents viz., J 220, J 273, J342, J 355, J
368, J 378, SKi 215 and SKI 281 were selected en the basis of desirable agronomic characters and wide genetic base,
These genotypes have also resistance to one or more diseases. They were crossed in line x tester mating design. The 24
hybrids and their 11 parents were sown in randomized block design with three replications at Main Qitseeds Research
Station, Junagadh Agricuitural University, Junagadh during 2009-2010. Each enrtry was assighed double row plots of 6.0 -
m length. Row to row and plant to plant spacing was 90 cm and 60 cm, respectively. Recommended agronomic practices
of the region were followed to grow the crop. The observations were recorded for nine characters viz, height up to primary
raceme (cm), effective length of primary raceme (cm), number of nodes up to primary raceme, number of capsules on
primary raceme, days to 50% flowering of primary raceme, number of effective raceme/plant, 100 seed weight (g), oil
content (%) and seed yield/plant (g) on five randomly selected plants. Mean data were used for statistical analysis, The total
variation among F,s was partitioned further into variance due to lines, testers and their interaction effects and used for
combining ability analysis (Kempthorne, 1957). The degree of heterosis in F, over mid parent {Jinks, 1983) and better parent
{Turner, 1953) was calculated for individual character and expressed in %,

Results and discussion

The mean squares due to hybrids were significant for all the traits (Table 1). The lines (female) and tester (males)} varied
significantly for their general combining ability for all the characters. The hybrids also showed significant variation in specific
combining ability as judged from line x tester interaction mean sum of squares for all the traits. The gea variance (o’gea)
was found to be higher than sca variance (c?sca) for effective length of primary raceme, number of capsules on primary
raceme, number of effective racemes/plant and 100 seed weight indicating the predominance of additive component of
heritable variation. The o’gcala’sca ratio was substantialty less than unity for height up to primary raceme, days to 50%
flowering of primary raceme, oil content and seed yield/plant suggesting that these characters were governed predominantly
by non-additive components of heritable variation. The results indicated that both the additive and non-additive genetic
variances were important for these traits. The findings, in general, are in conformity with results reported earlier (Barad ef
al, 2009; Gondaliya et al., 2001 and Fatteh et al., 1998). These observations suggest that a breeding method that can
exploit both additive and non-additive genetic components would be useful. Recurrent selection method, which provides
better opportunity for selection, recombination and accumulation of desired genes, should help to increase fixable as well
as non-fixable types of gene effects.
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The gca of the female {Table 2) indicated that JP 103 expressed significant gca effects for height up to primary raceme,
days to 50% flowering of primary raceme and 100 seed weight. Similarly, JP 104 showed significant gea effects for effective
length of primary raceme, number of nodes up to primary raceme, number of capsules on primary raceme and number of
effective raceme/plant while, SKP 84 showed significant gca effects for effective length of primary raceme, number of
capsules on primary raceme and seed yield/plant. Whereas the male J| 342 for effective length of primary raceme, JI 355
for number of nodes up to primary raceme, JI 368 for number of effective raceme/plant, 100 seed weight and seed
yield/plant, J1378 for days to 50% flowering of primary raceme, SKI 215 for height up to primary raceme, number of capsules
on primary raceme, number of effective racemelplant and seed yield/plant and SK| 291 for effective length of primary
raceme and cil content expressed the significant gea effects. No significant association was observed between gea effects
and per se performance of the parents {dala not reported) for all the characters. It is indicative of involvement of non-additive
genetic effects. Thus, ability to transmit desirable characters from parent to the progeny can not be predicted from
phenotypic performance aione, therefore gea effects should be taken into acgount while selecting the parents.

Three top ranking cross combinations selected on the basis of sca effect involved high, medium and low general combiners
{Table 3). Parents were classified as high ar good, medium or average and low or poor combiners on the basis of their gea
effect. Parents with significant desirable gea effects were cansidered as high or good combiners (H), while parents showing
non-significant estimates were classified as average or medium combiners (A). Poor or low combiners had undesirable
significant gca effect {L). The crosses, SKP 84 x J1 355, 4P 103 x SKI 291 and JP 103 x JI 273 had high sca effects for seed
yield/plant. Amongst, SKP 84 x JI 355 expressed the highest sca effect for seed yield/plant along with the highest per se
performance in F,. The cross SKP 84 x SKIf 215 for height up to primary raceme, SKP 84 x SKI 291 for effective length of
primary raceme, JP 104 x SKI 291 for number of nodes up o primary raceme, SKP 84 x Ji 342 for number of capsules on
primary raceme, JP 104 x SKI 291 far days to 50% flowering of primary raceme and number of effective raceme/plant, JP
104 x JI 368 for 100 seed weight and SKP 84 x SKI 215 for qil content identified as the promising crosses with high per se
performance and significant sca effects in desirable direction. The superiority of average x average, average x low, or low
x low combinations for most of the characters may be due to the presence of genetic diversity among the parents and there
could be some complementation indicating importance of non-additive effects. The findings were supported by several
earlier reports like, Patel et 4/ {1988), Tank ef al. {2003), Dobaria ef a). (1992) and Dangaria et al. {1987).

Table 1 Analysis of variance for combining ability for seed yield and other traits in castor

Heightupto  Effective length No. of nodes upNo. of capsules  Days to 50% No. of

Source of variations  df primary raceme  of primary to primary on primary _ﬂowermg of effective 13(;59?1?:1 cog)i[:ml ¥i ei?:l?i(lfa nt
{cm) raceme raceme raceme primary raceme raceme/plant

Crosses 23 137.90* 94 73" 1.55% 21504 34.72* B.17* 14.56™  1.90*" 1304.94
Female 2 278.35 414.54 5.06" 1243.50™ 100.54 17.18” 78.81™ 028 4402 08"
Mate 7 146.03 92.15 1.70 108.24 . 2584 G 05" 12.23 187 1133.89
Female x Male 14 113.76* 5G.34* G.g8™ 121.52*" 29.76** 3.16" 6.53™ 2157 G48.01*
Error 68 9.92 8.10 0.38 11.60 1.31 1.40 1.39 0.30 106,38
o gea 1212 14.80 018 4007 3.74 0.70 267 0.05 160.77
o sca 33.87 13.72 a18 3560 843 .56 1.66 8.61 277.50
o*gecald’sca 0.36 1.08 0.98 113 0.4C 1.27 1.60 007 0.58

* and ** Significant at P = 0.05 and P = 0.01 level, respectively
Table 2 Estimate of gca effects for seed vield and other traits in castor

Heig_ht up to Effective tength of No. of nodes  No. of qapsules Days tc_) 50% No. of effective 100 seed Oil Seed
Parents rag‘r::(? m) primary racgme up ::CF;':;":W or;apgé:nnaew prgg:;npa%:;\e raceme/plant  weight content vyieid/plant
Females
JP 103 374 -4 79* 003 1.89 -1.96™ -0.40 1.36* 012 -14 96"
JP 104 -2 93 247 -0.44* 5.00* 0.7 067" D.70 0.03 362
SKP 84 -0.81 263 0.47 3.256% 213 -0.67* -2.06" 0.09 11.44*
SE % {Gi) 0.74 062 013 0.78 025 0.25 0.25 0.12 2.19
Males .
JI1 220 -1.89 0.08 -0.10 1.99 -0.83* 0.07 030 -0.33 -10.20%"
H273 ) -0.89 -1.47 013 o2 272 -5 058 412 -50.81**
Jl 342 158 4.08" -0.10 -1.90 0.39 -0.49 0.56 0.20 6.06
J 355 -2.56% -2.92 -0.89* -1.46 -0.39 -0.49 003 -0.25 2.64
Ji 368 -2.22 -5.03= 0.24 -6.68* -2.28* 1.40% 1.8 089 15.85"
Jt 378 -4.67 0.64 -0.21 1.54 . -1.50* 0.51 -2.34™ 029 -11.74>
BKi 215 8.33 0.31 046" 5.10* -0.17 1.29* 0.07 0.37 13.86™
SKI 291 211 4,31+ 0.46* 1.21 2.06* -1.15™ -0.83* 048" 576
SE 1 (§i) 1.16 1.01 0.22 1.28 0.41 0.41 0.42 0.19 3.58

* and ** Significant at P = 0.05 and P = 0.01 level, respectively
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The results of heterosis over mid and better parent are given in table 4. Pronounced heterotic effects were observed for
seed yield/plant and number of effective raceme/plant. The cross SKP 84 x JI 342 gave the highest heterosis over mid
(50.66%) as well as better (42.59%) parents for seed yield/plant. Whereas, the crosses JP 103 x JI 368 {36.59%)
manifested the highest heterosis for number of effective raceme/plant over mid parent. Seven and 3 crosses manifested
significant heterosis for height up to primary raceme as compare to mid and better parents, respectively. Likewise, 11
crosses over mid parent and 16 crosses over better parent found significantly superior far number of nodes up to primary
raceme. The crosses JP 103 x J| 355 over mid parent and SKP 84 x JI 368 over better parent manifested the highest
heterasis for height up to primary raceme, respectively. Similarly, the crosses SKP 84 x JI 273 over mid parent and SKP
84 x J1 355 over better parent showed the highest heterosis for number of nodes up to primary raceme. For days to 50%
fiowering of primary raceme, 16 and 20 crosses expressed significant heterosis over mid and better parent, respectively.
Likewise, 10 and 1 crosses gave significant heterosis over mid and better parent for 100 seed weight, respectively. Very
few OF NO CrOsses were observed significantly superior for remaining characters, High heterosis could primvasity be atiributed
to contribution of favourable alleles by their parents. Heterosis over better parent for seed yield/plant ranged from -50.72
to 42.58% which was also reported by Lavanya and Chandramohan {2003).

Table 3 Three top ranking cross combinations on the basis of sca effects along with their respective gca status and per se
performance for seed yield and other traits

Character Cross scaeffect 968 status of Per se performance

parents in F,
Height up to primary raceme (cm) SKP 84 x SK1 218 1.58* LxH 8233
JP 103 x JI 355 5.60** HxL 70.00
JP 103 x N 273 5.38* HxA 71.67
Effective length of primary racerme (cm) SKP 84 x SKI 291 6.2 HxH 61.67
JP 104 x N 220 517 LxA 55.33
JP 104 x N 273 4.39% LxA 53.00
No. of nodes up o primary raceme JP 104 % SKI 284 -1.00* LxH 14.33
No. of capsutes on primary raceme - SKP 84 x JI 342 9,83 HxA 76.67
JP 104 x JI 368 6.89* HxL 71.00
JP 103 x 1 378 5.58* AxXA 64.67
Days to 50% flowering of primary raceme JP 104 x SKI 291 -4.39% AxL 44 67
: SKP 84 x J1 220 -3.46% LxH 45.00
JP 104 x Ji 273 . -3.08™ Axl 46.67
No. of effective racemae/piant JP 104 x SKI 291 1.69" HxL 8.67
SKP 84 x JI 355 1.57* LxA 7.67
100 seed wt. (g) JP 104 x 1 368 2.59™ AxH 36.50
Oil content (%) ' SKP 84 x 5K1 215 1.15* AxA 50.05
Seed yield/plant (g) SKP 84 x JI 355 28.51* HxA . 153.70
JP 103 x SKI 281 2293 Lxt 113.33
JP 103 x J1 273 18.58** L xL 103.93
*and ** Significant at P = 0.05 and P = 0.01 level, respectively
Table 4 Summary of % heterosis for seed yield and other refated traits in castor
No. of crosses No. of crosses Cross combination showing highest heterosis in
Chara significantly significantly desired direction over
oter superior to mid Range superior to better Range Mid parent Better parent
parent parent P P
Hei i R R
,aggl’,}e“f;gf"maw 7 1522 3 BT P 1031355 SKP 84 x JI 368
Effective length of -26.‘i 5to -32,1.2 to -
:Iri.mary raceme {cm) L 13.50 0 3.04 SKP 84 x SKI 291 -
0. of - - -
orimary ot t© 1 123810 16 200050 SKP 84 x JI 273 SKP 84 x JI 355
No. of capsules on 8 -33.08 fo 0 5286 to - i i
pD”maW raceme 6.50 9.75
ays to 509 i A7 R .
of gmaw rﬁ;"::””g 16 1793t 20 25i94?,1t° SKP 84 x JI 220 SKP 84 x JI 378
No. of effective -45.45 to 57140
raceme/piant 1 36_59 0 26 00 JP 103 x JI 368 -
100 seed wt, (g) 10 ook 1 OIS U103 %I 220 JP 104 x JI 368
Oil content (3) 1 48310 0 et JP 104 x J1 342 .
Seed yield/ptant (g) 7 3208 o 2 SOTZI0 SKP 84 xJ) 342 SKP 84 x J) 342
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Genetic variation for some morphological characters in castor, Ricinus
communis L.

R.R. Gupta and 8. Kumar
Oilseeds Section, C.S. Azad University of Agriculture & Technology, Kanpur-208 002, UP
Abstract

A group of 100 genetically diverse germplasm, including some exotic were grown in complete randomised biock
design with three replications at ocilseeds research farm, Kalyanpur, Chandra Shekhar Azad University of
Agriculture & Technology, Kanpur during rainy season of 2007. All the lines were classified for some important
morphoiogical characteristics namely, plant height, days to 50% flowering, stem colour, bloom character, capsule
attribute, spike trait, length of a raceme, number of capsules/raceme and number of nodes/plant. Attributes, plant
height, days to flowering, stem colour, length of raceme, number of capsules/ raceme and number of nodes/plant
showed a high range of variation indicating the presence of wider genetic variability in the accessions. Additive
genetic variance was predominantly observed with these characters. For stem colour, green predominantly
appeared.

Keywords: Castor, variation, morphological characters
introduction

Castor is a non-edible oil crop and is grown in diverse situations like semi-arid and arid zones. The crop has the great
potential in India and foreign countries. The average productivity/unit area (11.5 g/ha) is much less for this oilseed, when
compared with other countries fike Brazil and China and so on. India occupies a very high position in cultivation and seed
production programme and meets about 90% of the world's requirement of this non-edible oil crop earning above ~ 2000
crores of foreign exchange through export of about 3.0 lakh t of its ail. In our country, some of the states, Gujarat, Andhra
Pradesh, Karnataka, Rajaghthan, Tamil Nadu is the major castor growing states while, Gujarat retains its upper edge in
area, production and productivity,

In Uttar Pradesh, castor is grown normally with inter-cropping of chillies, radish, tomato, pearl millet and sorghum eic.
However, castor + chillies are the very comman practice in rainy season and in winter season castor is grown on bunds of
the fields and wheat crop in side the fieids as main crop. The work conducted in this oil crop with special reference to
morphological variability is limited for improvement purposes. Conseguently, it is vital to take up the present study to
augment the productivity and oil content, etc., through the collection of larger variability,
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Materials and methods

One hundred genotypes with some exotic entries from various sources were pfanted in complete randomized block design
with three replications atthe oilseeds research farm, Kalyanpur of C.S. Azad University of Agriculture & Technology, Kanpur
in rainy season of 2007. Each genotype was sown in five rows, each row of 5 m length spaced at 90 cm apart, with check
entries Type-3, Tarai - 4 and Kalpi-6. Five plants randomly chosen were lagged in each accession to record data on 9
morphological characters. Recommended dose of fertilizers and other needed cultural operations were carried out timely
to have a good crop condition. Observations were recorded with respect fo the characters, plant height {cm), days to 50%
flowering, length of a raceme {cm), number of capsules/ raceme, capsule characters, stem colour, bioom character, spike
character and number of nodes/plant to study the genetic variation for isolating promising lines.

Results and discussion

The perusal of data furnished in table 1 indicated the wider/Targer genetic variability with pfant height (55-200 cm), days to
50% blooming, length of a raceme (40-80 cmy), number of capsules/raceme (45-75) and number of nodes/plant (15-30)
symbolizing that additive genes showed their cumulative effect in expression of these characters. The larger genetic
variation in the characters is much helpful to be involved the genotypes for recombination breeding {(Anjani, 2001).

Stemn colour: Based on the colour, genotypes were grouped in to three categories such as, green, red and pink colour, Out
of 100 accessions, 62 represented green stem, 6 for red and 32 for pink, Stem colour study revealed that green stem is
prominent followed by pink. Red stem appeared in less frequency. Normally, green stem is highly productive in less
duration, Pink is also prominent and in most of the cases it matures in for a longer duration producing very high seed yield,
Red is less productive and observed in very low frequency. Practically, there is wide scope of attempting hybridization
programme within the genotypes of green stem and the genotypes possessing pink for expression of the stem calour,
different gene combinations are responsible, Experiences revealed that to develop short duration varieties, green stem
would be preferred, whereas, to develop tate duration varieties pink shauld be stressed upan.

Capsule characters: Capsule trait was grouped in to two categories, spiny and non spiny. In the spiny group, 45 genotypes
were marked whereas, in non spiny group 55 were observed. Presence of a spine on capsule is a highly distinguishable
morpholegical feature in this non edible oilseed. Spiny capsule nature is predominant over non-spiny nature. Spiny nature
of genctypes is easily crossable and manifested high production.

Non-spiny nature is found to be less in the number and the capable of producing high yield due to various gene
combinations, Spiny character was observed to be governed by dominant alleles. Colour of the capsule was also noted in
the material and normally, green capsule colour was found te be the most common morphological character. Some-times
unfavourable environment was observed to disturb the colour character. However, the character is to be governed by genes
as such in low intensity other characters appeared. Capsule characters are much important to isotate the genotypes of spiny
nature and green in colour.

Table 1 Genetic variation for morphological attributes in castor

Attributes Genetic variation

Plant height (cm) 55-200

Days to 50% flowering 45-90

Length of raceme (cm) 40-80

Number of capsulesiraceme 45-75

Capsule characters ‘ Spiny {80}, Non spiny (20),
Green capsule (65), Pink (35)

Stem colour i Green (62); red {(6), and pink (32)

Bloom character B0 (8); B1 (24); B2 (18), B3 (50)

Spike characters Compact (8); Semi compact (30); Loose (62)

Number of nodes/plant 15-30

Bloom character: Afl the genotypes were classified in to four groups of bicom i.e., B0, B1, 82 and B3. Maximum number
of genotypes (50) fell in B3 group followed by B1 group {24). Minimum number of genoctypes (8) showed aimost B0 bloom
and B2 represented 18 accessions. Normally, bloom appeared on the stem and lower and upper surface of the leaf named,
triple bloom. Stem and its lower surface represented double bloom. Of 100 accessions, 50% genotypes showed the
presence of the bloom on upper surface of leaf and stem. Eight genolypes showed no appearance of bloom either on leaf
or stem, means B0 bloom. Twenty four genotypes showed bloom on stem and 18 genotypes marked on both stem and leaf.
The higher intensity of bloom was observed when the termperature went down very low in winter season. Bloom character
Was meant to isolate the genotypes based on its intensity.

spike characters: Genotypes were classified in to three groups namely, compact {8}, semi-compact (30} and locse {62).
Maximum number of genotypes exhibited looseflax nature of spike whereas, compact nature was minimum. it obviously
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showed and observations revealed that loose nature of spike is not highly productive. Compact nature of spike showing
compact arrangement of the capsule at raceme may attract high incidence of insect-pests and diseases. Semi-compact
nature in castor is preferred more as it provided good scope for hybridization breeding to develop varieties having high yield
and high oil content.

Number of nodes is an important character in castor to assess the maturity duration of the crop during selections in breeding
programme and in the coliection of castor genotypes. Fewer number of nodes are caused to reduce the maturity duration.

In the present study, some genotypes were identified to be promising in yield and other characters were ICC-9801, 7911,
KC-1, KC-5, KC-12, KC-85, KC-61, ICC-9810, ICC-9708 and ICC-9825, which could be utilized further in the breeding
programme,

Reference
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Tissue culture studies in castor, Ricinus communis L.

D. Sandeep Kumar, G. Madhavi and M. Sujatha
Directorate of Oiiseeds Research, Rajendranagar, Hyderabad-500 030, AP
Abstract

The present investigation has been undertaken to assess the in vitro responses of cultured tissues of castor.
Regeneration of different explants {cotyledonary leaf, hypocotyls, roots, primary leaf and decoated seed endosperm
with embryo) was tested on Murashige and Skoog (MS) basal medium fortified with cytokinins (BA, TDZ, 2ip, Kn)
and auxins {(NAA, 1AA, IBA and 2,4-Dj} singly and in combination. Green nodular organogenic calli were obtained
on MS basal medium fortified with TDZ (0-6.0 mg/l) +NAA {0-1.0 mgfl); BA {0.2-5.08 mg/l) +NAA {0-1.0 mg#) from
primary leaf and cotyledonary leaf respectively. Brownish friable calli were induced on medium with BA (0.2-5.0
myg/l) + 2,4-D (0.1-5.0 mgy/l) from cotyledonary leaf and hypocotyls. Somatic embryo like structures were observed
in 2,4-D {0.1-5.0 mg/l)+2ip {0.2-10 mg/l) combination from cotyledonary leaf. MS medium with 2,4-D + Kn induced
white flaky callus which is non organogenic. White flaky callus also obtained on MS medium with 2,4-D +Kn with
different osmoticum {sucrose=3, 6, 9, 12, 15, 18%) from decoated seed embryo as an explant. Very poor response
of callus induction was obtained from roots on TDZ, BA with 2,4-D combination. Further investigations are
underway for obtaining direct adventitious shoots and callus mediated shoot regeneration in castor,

Keywords: Castor, in vifro propagation, organogenic callus, cytokinins, auxins
Introduction

The castor-bean is one of the medicinally important crops, largely cultivated for its industrially valued oil. Castor oil was
primarily used for medicinal purposes and as a general industrial lubricant. Castor seed oil and its derivatives have become
important commodities and an increasing number of uses are being found for them in the industrial world. The derivatives
are used in a range of sectors including agriculture, textite industry, paper industry, plastics engineering, rubber and
pharmaceuticals. However despite the high industrial demand, its cultivation poses serious health concerns due to the
presence of the ricin toxin (Lord ef al., 1984, Hartley and Lord, 2004). Genetic engineering appears to be an effective
approach to reduce the levels of these hazardous proteins and to confer resistance to biotic stresses, Therefore, an efficient
regeneration protocol of castor needs to be established. Castor is extremeiy recalcitrant to in vitro regeneration, Most of
the early studies using vegetative tissues as an explanis have proven to be either inefficient or difficult to reproduce (Athma
and Reddy 1983; Reddy ef al., 1987, Reddy and Bahadur, 1989; Sarvesh et al,, 1992; Ahn 2007; Ganesh Kumari ef af.,
2008). Few studies were reported for whole plant regeneration through meristem based (shoot tip and embryo axes) cuiture
(Sujatha and Reddy 1998; Iftekhar Alam et al., 2010). Owing to difficulties with tissue culture based regeneration protocols,
genetic transforrmation of castor was carried out using meristamatic explants (Sujatha ef al.,, 2005; Malathi ef a/., 2008;
Sailaja et al.,, 2008 and Sujatha ef al., 2008). The transformation efficiency of meristem-based protocols was found to be
very low (0.08%). However, and use of meristems leads to chimaeras. Hence, it is therefore proposed to develop a reliable
and efficient tissue culture regéneration system as a prelude for development for transgenics in castor.

Materials and methods

Seeds of castor cv. 48-1 (Jwala) were obtained from the seed producing Unit at the Directorate of Oilseeds Research,
Hyderabad, India. Mature seeds were decoated and rinsed in running tap water for 30 min. The decoated seeds were
surface sterilized with 0.1% (w/v} aqueous mercuric chloride solution for 12 min and subsequently rinsed 3 times with sterile
distifled water and a final wash was carried out for 5 min with an antibacterial agent streptomycin (1 mg/mi in sterite water).
The material was blotted dry on sterile filter paper and germinated on half-strength MS basal salt media (Murashige and
Skoog, 1962) with 1.5% sucrose, pH 5.8 and gelled with 0.8% agar {(Hi-media, Mumbai, india). The seedling explants used,
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viz., root, hypocotyl, cotyledonary leaf from in vitro as well as from vermiculite, whole seed endosperm, primary leaf from
seedlings raised in pots, young feaf from field grown plants.

Direct shoot induction and callus mediated shoot regeneration was assessed on MS basal medium fortified with 400
combinations and concentrations of cytokinins and auxins which includes 8-Benzyladenine (BA) (0.2-5.0 mg#), Thidiazuron
(TDZ) (0.1-6.0 mg/l), Kinetin (Kn} {0.5-5.0 mg/l), N6-[2-1sopentenyl]adenine (2ip) {0.2-10.0 mg#), with Naphthaleneacetic
acid (NAA) (0-1.0 mg/l), Indole-3-acetic acid (IAA) (0.1-1.0 mg/), Indole-3-butyric acid(IBA) (0.2-1.0mg/L});
2.4-Dichlorophenoxyacetic acid (2,4-D) (0.1-5.0 mg/l), and also tested with different sucrose concentrations (3-18%).
Cultures on MS medium fortified with different levels 2, 4-D (0.2-15 mg/f) were incubated in dark for direct somatic
embryogenesis. The cultures were incubated at 2721°C under a 16/8 h photoperiod provided by cool fluorescent lights at
intensity of 30 pmol/m?fs.

Results and discussion

The aseptically cultured seeds were exhibited 95% germination after 6-10 days of inoculation on half-strength MS basal
salt media. When different types of explants were compared in terms of callus induction with above combinations,
cotyledonary teaf and primary leaf showed best callus induction after 25 days of culture while hypocotyls and roots showed
poor callus induction after 25-30 days of culture. Out of 400 different types of growth regulator combinations, BA (0.2-5.0
ma/l) +NAA (0-1.0 mg/l) favoured formation of green nodular cailus from cotyledonary leaf. Medium with TDZ (0-6.0 mgf)
+NAA {0-1.0 mg/l) showed green nodular, brownish nodular, yellowish compact calli from primary leaf (obtained from 10
day old seediings raised in pots} after 25 days of cuiture. Somatic embryo and shoot like structures were observed on
medium supplemented with 2,4-D (0.1-1.0 mg/)+2ip (0.2-5.0 mg/1); BA (0.2-5.0 mg/1}+2,4-D (0.1-5.0 mg/!) combinations
but maost of the calli were turned brown on BA with 2 4-D combination after 25 days of culture. White flaky callus was
observed from whole endosperm with embryo on MS basal medium fortified with 2, 4-D and Kn with 3% and 6% suctosé
concentration. The effect of orientation of cotyledon explant (adaxial vs abaxial) on callus formation and shoot regeneration
were investigated. Cotyledonary leaf explants when placed with adaxial side touching medium surface showed greater
response as compared to abaxial side touching the medium. The callus response from in vitro seedlings is superior than
seedlings from vermiculite, Explants derived from young seedlings (8 day old) possessed better regenerative potential when
compared to older seedlings (10 to 20 day old).

Callus induction from cotyledonary leaf and hypocotyls showed greater response in light than in dark on MS medium fortified
with different levels of 2, 4-D (0.2-15 mg/l), in dark most of the cultures produced white flaky callus which was non
organogenic, Thus, in terms of regenerative potential cotyledonary leaf and primary leaf showed superiority for callus
induction followed by hypocotyls and roots. Further, investigations are underway for obtaining adventitious shoots through
direct and callus mediated regeneratian.
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Molecular markers and marker assisted breeding in castor : Current status
and future prospects
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Abstract

Studies based onmorphological parameters and biochemical markers like isozymes and total seed protein profiles
did not reveal the variability among castor genotypes effectively. The current status of use of different molecutar
markers in understanding the genetic relationships in castor is briefly reviewed. Development of Expressed
sequence tag simple sequence repeat (EST-SSR) markers from the enormous complementary DNA sequence data
available in the public database is advocated. The genomic SSRs and EST SSRs generated in related species like
Hevea, Jatropha and Cassava can be tried in castor owing to their transferability. The need for development of
appropriate mapping populations for linkage map construction and estahlishing marker traitlinkages for practising
marker assisted selection in castor is emphasised.

Keywaords: Single nucleotide polymorphism, homoplasy, microsatellites, ESTs, linkage maps
Introduction

Castor (Ricinus communis L., 2n=2X=20, Euphorbiaceae), is an industrially important non-edible oilseed crop widely
cultivated in the arid, semi-arid and the temperate regions of the world. india is the leading producer of castor in the world
with an annual production of about 0.73 Mt which accounts for nearly 60% of the world's production. The seed contains
more than 45% oil and is rich in a hydroxy fattyacid, ricinoleic acid (80-90%). Owing to ils unique chemical and physicat
properties, castor oil is used as a raw malterial for numerous and varied industrial applications including manufacture of
polymers, coatings, lubricants for air crafts, cosmetics, etc., and for production of biodieset. The significance of castor in
recent years has increased as it brings in a sizeable amount of foreign exchange to the country.

Efforts have been concerted world wide in preserving and exploiting the available limited genetic diversity for crop
improvement programmes, Four centers of genetic variability were observed for castor viz,, Irano-Afghanistan-USSR region,
Palestine-SW Asia, india-China and the Arabian Peninsula, each with its own specific plant characteristics supporting its
polyphyletic origin (Moshkin, 1986). The USDA-ARS plant genetic resource conservation unit (Griffin, GA, USA) maintains
1,043 diverse worldwide accessions of castor as ex-sity collections. Attempts were made to collect, conserve and study
the variability of castor from different parts of india (Anjani et al., 1994, 1999).

Genetic diversity

An understanding of the extent of genetic diversity in the germplasm is critical for the success of breeding programmes.
Traditionat methods using morphological characteristics for establishment of genetic relationships among castor genotypes
were largely unsuccessful due to the strong influence of environment. Various biochemical markers including isozymes have
been employed to determine the genetic refatedness of Ricinus with the related species Jatropha (Sathaiah and Reddy.
1984; 1985). Peroxidase and esterase activities and seed protein profiles were used to differentiate tall and dwarf varieties,
for hybridity confirmation of F,s and to predict positive heterobeltiosis for seed yield in castor. Total seed storage protein
profiles based on SDS- PAGE revealed very limited intraspecific variability between castor genotypes belonging to different
geographical regions (Cheema et al., 2010}. Selection based on genetic information using neutral molecular markers i
essential, as it is more reliable and consistent, The importance of molecular markers in accurate assessment of genetic
diversity has been realized and during the past 2 to 3 years various molecular markers have been employed for determining
the extent of genetic diversity in castor. Randomly amplified polymorphic DNAs revealed greater polymorphism (80.2%)
when compared to Inter Simple Sequence repeats (68%) in a set of 22 castor genotypes (Gajera et al., 2010). Tanya et al.
{2010) reported a genetic distance of 60-72% between castor and different species of Jatropha using ISSRs. A study on
a worldwide castor germplasm collection representing 35 countries of five continents using Amplified fragment tength
polymorphic and SSR markers revealed tower genetic diversity values (He=0.126) with AFLPs when compared to SSR
markers {He=0.188) (Allan et af., 2008}.
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Genomics
sequencing of castor has been initiated at the Institute for Genomic Research (TIGR) and the genome size was
estimated to be ~ 400 Mb consisting of 25,828 contigs. The genome has been assembleq and sequenced to 4.6 X coverage
using a whole genome shotgun s?rategy (Chan et al., 2010). A tot‘al of 1,32,839 pudeotnde sequences, 63,388 expressed
gequence tags and 63,072 protein sequences have been deposited in the public database. The ather refated species in
the family Euphorbiaceae are also being sequenced to various levels and a lot of sequence information in Cassava (81,010
ESTsand 1328 nucleotide sequences), Hevea (13,016ESTs, 1842 nucleotide sequences) and Jatropha (26,446 ESTs, 749
nucieotide sequences) is available in the public database. These sequences offer a valuable resource for development of
enic microsatellites and EST-SSRs. Microsatellites or Simple Sequence Repeats (SSRs) are one of the mast widely used
molecular markers in plant breeding, agricultural genetics, mapping, marker assisted selection, and genetic diversity
studies. Genomic SSRs in castor represent a moderate level of genetic diversity and the SSR loci in the untranslated
regions are found to be more polymarphic than those in the exons {Bajay et al., 2009). SSR markers in castor were relatively
limited because their denove development is expensive, laborious and time consuming. But with the availability of enormous
sequence data from the public databases and with the advent of bivinformatics tools, it has become cost effective and fast
approach to scan for microsatellite markers. However size homoplasy is often a concern (Estoup et al., 2002).

Genome

Cross-genera transferability

Expressed sequence tag databases have been proven to be a valuable source of polymarphic SSRs in a number of plant
species and owing to their evolutionally conserved nature are known to show a high degree of transferability. Recent studies
showed that the transfer efficiency of EST-SSRs was higher than that of genomic SSRs in cross-species/genera {Aggarwal
ef al,, 2007). Recently, single nuclectide polymorphisms have emerged as an increasingly valuable marker system for
assessing population genetic structure in castor. Their higher evolutionary conserved nature makes them less subject to
hemmoplasy. With the advent of novel and relatively cheaper sequencing technologies they have gained greater utility in
recent times. Genome wide assessment of genetic diversity in castor using SNPs revealed low genetic diversity {Foster ef
2., 2010). The possibility of transferring EST-SNPs from barley to other cereal species has been demonstrated indicating
their transferability across species {Kota ef al, 2001).

Inspite of the availability of several molecular markers like RAPD, ISSR, AFLP, Genomic SSRs and EST-SSRs efforts on
development of a linkage map in castor are lacking. Appropriate segregating populations generated from crosses with
relatively distant parents is a prerequisite for linkage map construction. Development of £, populations is relatively easy
and takes less time while recombinant inbred lines (RILs) and near isogenic lines (NILs) take 6 to 7 seasons through single
seed descent method and backcrossing respectively. Backeross populations are essential in crosses where the donor is
agronomically very inferior and two to three rounds of backcrossing is done to recover the genome of the recurrent parent.
Recently a linkage map was constructed in Cassava in the family Euphorbiaceae from EST and genomic SSRs (Kunkeaw
et al., 2010). Genomic SSRs owing to their highly polymorphic nature and EST-SSRs owing to their availability in large
numbers are the markers of choice for constructing framework linkage maps, marker assisted selection and introgression
of traits of interest in castor, The EST-S8SRs developed from the refated species Hevea (90%) and Cassava (15.3%) had
greater transferability rates (Feng ef al., 2009; Raji ef al., 2009) in castor and thus offer a great potentiat for their use in
marker assisted breeding programmes in castor. Efforts to identify linkage of molecular markers with traits of interest are
lacking in castor in order to practise marker assisted selection. Several sources of resistance to major diseases of castor
were identified and their genetics being predicted to be under monogenic/oligogenic control (Anjani et al., 2004). Such
gionors may be crossed to elite varieties to generate appropriate segregating populations to map the resistance genes
involved with the available set of genomic and EST-SSRs. Conversely foreground selection can be practiced with the donor
parent alleles of the linked markers, background and recombinant selection with the recipient parent alleles of the unlinked
polymorphic markers for introgressing the genes of interest with least linkage drag. Once saturated genetic linkage maps
are constructed, and marker trait linkages established, marker assisted introgression of important traits and map based
cloning of the genes involved can be practised with great success in castor.
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Canonical correlation analysis for determination of interrelationships
between root and shoot characters in castor
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Abstract

In this study, canonical correlation analysis has been used to understand the relationship between and among
shoot and root characters. The study revealed that shoot dry weight and stem weight followed by stem girth and
plant height are the important variables contributing towards the root characters. And among the root characters,
root dry weight and root volume are the important characters which influence more on shoot characters.

Keywords : Canonical correlation, root characters, shoot characters

Castor crop frequently grown in marginal and sub marginal shallow soils under rainfed conditions with low inputs. As it is
considered as drought tolerant, limited attempts were made so far to identify genotypes that perform well under rainfed
conditions. With the prediction of extreme events due to climate change, world over now there is more emphasis on
breeding varieties and hybrids that toferate drought. Earlier studies indicated that variations do exist among the genotypes
for their drought tolerance.

Among the several factors contributing for drought tolerance, root characters play crucial role in the mechanism of
dehydration postponement since they govern the plant growth, extraction of water and nutrients from deeper layers of the
soil. Plants with large root system could thus maintain a high rate of water uptake from the soil when faced with depleted
water potential. This in turn influence the performance of the shoot growth and have a bearing on yield potential. This
implies there exists a strong association between root and shoot characters. Knowledge about these complex
interrelationships is essential to understand the underlying root characters responsible for drought tolerance. The
complexities of these interrelationships are not exploited so far. Simple correlations are inadequate to address these
complexities existed between shoot and root characters, as root and shoot characters are neither independent from each
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er noramong themselves. Therefore one has to consider the correlation between these sets of variables simultaneously.
oth correlation, a well-known multivariate technique, measures complex relationship between two sets of interrelated

rables. tis also concerned with two sets of varigbles related to each other and with how much variance of one set is
Vammon with or predictable for the other set ( Weiss. 1972, Akbas and Takma, 2005, Mahmoud Toorchi et al., 2008).
gc;nonical correlation analysis mode] that facilitatgs the studyl of linear interrelationships between a set of independent
yariables and a set of dependent variables. Canomcgl correlation analy_sis de\{elops a canonical function that maximizes
correlation coefficients between the two canonical variates. Each canonical variates is interpreted with canonical loadings/
gtructural canonical correlations with their individual variables and canomcal.cross loadings with the other set of variables.
A detailed description and computational procedure for the canonical analysis can be obtained from Johnson and Wichern
(2002). Thus, in the present study an attempt has been made to find the strength of association between root and shoot

characters.
Materials and methods

canonical

An experiment with 67 castor genotypes is conducted in randomized block design with two replicates in specially
constructed structures during rainy season, 2009. Observations on 5 shoot traits viz., plant height (cm) (PH), stem girth
(cm) (SG), leaf area index (LAl),) stem weight (g) (STW) and shoot dry weight (g) (SDW) are considered as shoot variables
root length {cm) (RL), root volume (RV), root  dry weight (RDW) |, root density {(RD) and root ta shaot ratio (RS) are
considered as root variables to study the interrelationships between the root and shoot characters.

The data based on mean over replications were subjected to simple and canonicat correlation analysis using PROC CORR
AND PROC CANCORR procedures in SAS 9.2 ver. Statistical software.

Results and discussion

The preliminary analysis of the data revealed that the data contains wide variation and there exists high simple correlations
among the shoot and root characters. Although there are high correlations among and between the characters it would be
more informative instead of interpreting many simple correlations among variables if the linear function of the correlated
variable of the two sets are considered. This would enhance the interpretation of results since the characters themselves
are correlated. Hence, canonical correlation analysis was computed.

Wilk's Lambda showed 0.015 (p<0.01) indicates the presence of non-zero canonical correlations and there exists the linear
' relationship between shoot and root characters. The first canonical function shows a canonical correlation coefficient of
. 0.98 and second canonical function is with 0.78 canonical correlation. The likelihood ratios for first two canonical variates
- 0.15 and 0.89, respectively are significant (P<0.01) and the rest of the three canonical variates are not significant. This
implies that the linear functions of the root characters and shoot characters have strong association and 99.5% of the
variability explained by the first two canonical functions. Thus, only first two canonical variates are described in the present
study. Since canocnical loadings/structural canonical correlations are helpful in identifying and their contributions to the
canonical variate they are presented in table 1. These inter-set structured correlations give the magnitude and direction
of relationship between individual variables to the canonical variate. A perusal of the table 1 shows that ali the shoot
variables are having high correlations ranging from 0.78 10 0.98 with Shoot1 canonical variate and Shoot 2 canonical variate
is mostly influenced by pH (0.48) and SG (0.38) and there is week negative correlation with LAl and SDW. Similarly Root1
is most influenced by RDW (0.91) and RV(0.88) and RS and RL have highest structural correlations with Root2.

There are two types of contributions that define the relationship between the two variable domains. One is the liner function
of raot characters i.e., root cangnical variates and their importance in the expression of individual shoot characters and
the other is individual contribution of root characters on the expression of the shoot characters and vice versa. The
contribution of all the root characters to the expression of SDW is 92% by the Root1 canonical variate and 94% from the
first two root canonical variates. This was followed by a contribution 87% for the STW and 72% for the plant height.
Similarly, the contribution of shoot characters to the expression of 88% for RDW and 87% for the RV ( Table 2).

Table 1 Canonical loadings and cross canonical loadings for shoot and root characteristics

Shoot vanable Shoot1 Shoot2 Root1 Root2
PH 078 0.48 0.76 0.37
sG 0.81 0.38 0.79 029
LA _ 0.80 -0.02 0.78 -0.02
STW 0.95 0.08 0.93 0.06
SDW 0.98 -0.16 0.96 -0.12
Root variable Rootd Root2 Shoott Shoot2
RL 0.30 0.58 0.29 0.45
RV 0.88 0.48 0.86 0.36
RD -0.12 -0.13 -0.11 .10
RDW 0.91 0.37 0.89 0.29
RS -0.01 0.94 -0.01 0.73

Shoot 1 and 2 ae shoot canonical variates; Root 1 and 2 are roat canonical variates
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The cumulative redundancy measures for a given set of variables gives the average squared multiple correlation which
exptains the amount of total variability in one domain accounted by other domain. The result showed that 78% variange
in the shoot characters explained by the root variates and 52% of the total variance in the root characters explained by the
root characters. Based on the interrelationships existing in the shoot and root characters it can be concluded that shog
dry weight and stem dry weight are the important characters for prediction of root characters and root dry weight and rogt
volume are for predicting the shoot characters.

Table 2 Cumulative proportion variance of characters contributing to their opposite canonical variates and cumulative

redundancy

Shoot character Roott Root2 Root Character Shoott Shoot2
PH 0.58 0.72 RL 0.09 029
SG ) Q.62 0.71 RV 075 0.87
LAl 0.61 0.61 RD 0.01 0.02
STW 0.86 0.57 RDW 0.80 0.88
sSDw 0.82 0.94 RS 0.00 0.53

. Cumuliative redundancy 0.72 0.78 Cumuiative redundancy 0.32 0.52
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Abstract

Genetic diversity among parents is essential since the crossing programme involving genetically diverse parents
is fikely to produce high heterotic effects and also more variability could be expected in the segregating
generations. In the present investigation, genetic diversity of 15 castor genotypes using EST-SSRs was studied.
Ali the castor genotypes showed polymorphism with the EST-SSR primers tested with mean (2.83) number of alteles
per locus. Cluster analysis using UPGMA showed that castor genotypes grouped into three major groups with the
correlation coefficient ranged from 0.50 to 0.94.

Keywords: Castor, EST-SSRs, genetic diversity, marker
Introduction

Ricinus communis L.. (2n = 2x = 20), commonly known as castor, is one of the most important non-edible oil seed crops that
are widely grown in India, China and Brazil. The castor seeds are primarily used in industry, farming and medicine. Heterosts
levels in castor hybrids are not up {o the desired level due to narfow range of diversity between male and female fines and
development of parental from few common sources (Lavanya et al., 2008). Genetic diversity among parents is essential

since the crossing programme involving genetically diverse parents is likely to produce high heterotic effects and also more
" variability could be expected in the segregating generations. The present study was carried outto know the genetic diversity
of castor genotypes using EST-SSRs,

Materials and methods

Plant material and DNA extraction: Genomic DNA was extracted from bulk sampling of minimum of 1Q individual plants
for each genotypes, foliowing the procedure described by Doyle and Doyle {1990} with minor modifications.

EST-SSR analysis: Six EST-88R primers developed in the Directorate of Qilseeds Research (data not published) were
used for screening 15 castor genotypes. The reactions were performed in a total volume of 20l reaction volume containing
2.0ul 10xassay buffer containing 1.5mM MgCl, (Bangalore Genei, India), 0.08 mM dNTPs (Bangalore Genei, India), Spm
of each forward and reverse primer, 1.0 Tag DNA polymerase (Bangalore Genet) and 25 ng template DNA. The PCR
. reaction was programmed as follows: denaturation at 94°C for 5 min followed by 30 cycles of denaturation at 92°C for 30
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¢, primer annealing at 56°C for 30 sec and primer extension at 72°C for 30 sec. The last cycle was followed by final
sitén sion at 72°C for 6 min. PCR products were kept at 4°C and the ampilifications were repeated twice to confirm the
e sults. The samples were electrophoresed in 6% denaturing polyacrylamide sequencing gel on a Sequi-Gen (BioRad, USA)
frgr 2 hin tX TBE at 100W, 50 mA at 55°C. The PAGE gels were dried completely and photographed using digital camera.

pata analysis: Ampiification products were scored for the presence (1) or absence (0) of bands and binary matrices were
assemoled for the EST-SSR markers. The binary matrices were subjected to statistical analyses using NTSYS. The
Smitarity matrices were deduced and dendrogram was constructed by applying unweighted pair group method with
arithmetic mean (UPGMA) clustering algorithm. For individual primer, number of polymorphic bands (n), percentage

olymorphism (P number of banding patterns {N), polymorphic information content {PIC) was calculated according to
Anderson et al. {1993).

Results and discussion

Al the loci (100%) were polymorphic. A total of 17 polymorphic alleles were detected and the number of alleles detected
on a single locus ranged from 2 to 3, with an average of 2.83 alleles per locus. The molecutar size of the alleles ranged from
145 to 292 bp and allelic frequencies ranged from 0.13 to 0.60. The PIC of EST-SSR primers tested ranged from 0.48 to
0.64 with a mean of 0.57. Cluster analysis showed that castor genotypes grouped into three major groups. The correlation
coefficient ranged from 0.50 to 0.94 (Fig. 1). The genetic variation among the castor genotypes is low in the studies with
EST-SSRs, which is similar to the results of Foster ef al. (2010) and Allan et al. (2008). in world wide genotyping of castor
germplasm from different geographical areas by Foster et al. (2010}, no unique alleles in any of the accessions across
different regions are found, which is consistent with a domesticated species in which genetic variation, has been reduced.
Allan ef al. (2008) also found similar results; the nine SSR loci showed the average number of alleles per locus, 2.4 and
found limited genetic diversity and structure for populations in genome wide diversity studies in castor. The lower PIC of
EST-SSRs relative to genomic SSRs is perhaps due to higher conservation of coding regions among the genotypes within
a species (Eujayl et al.,, 2002). In spite of the higher polymorphism, gencmic SSRs could not reflect agronomic differences
in the genetic resource evaluation, which could be explained by the fact that all genomic SSR markers were not found in
the transcribed regions (Li et af., 2006). Therefore, EST-8SRs would be more efficient for evaluating the polymorphism,
differentiation, phylogenetic relationship and population structure and genetic resources. Genetic diversity in castor
germplasm found relatively low as compared to levels of genetic diversity found in different plant studies (Nybom, 2004).
Low levels of genetic diversity in castor are consistent with comparable reduced variation in many cultivates species, such
as soybean (Hyten ef al., 2006) and wheat (Hilu, 1994).
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Simultaneous selection index for yield and stability for selecting castor
genotypes

K. Alivelu, C. Lavanya and C. Sarada

Directorate of Qilseeds Research, Rajendranagar, Hyderabad-500 (30, AP
Abstract -

The additive main effects and multiplicative interaction [AMMI) model was performed to develop the yield stability
index for 12 castor genotypes grown in 19 locations during 2007-08. Combined analysis of variance showed highly
significant (p<0.01) genotype environment interaction effect indicating that possibility of selection of stable
genotypes. The resuits of AMMI analysis showed that 87 % of the total Sum of squares was contributed by
environmental effects. itindicated that the environments were diverse and causing most of the variation in the grain
“yield. According to mean yield the genotypes RHC-199, NBCH-2007-2 can be selected, whereas genotypes
NBCH-2007-2,JHB-958, SHB-348, Sagarsidhi and RHC-199 can he selected based on simultaneous selection index.

Keywords: Castor, vield stability index, AMMI model
Introduction

In muiti-location trials assessment of cultivar performance is difficult because of the presence of significant genotype x
environment interaction. Presence of such interaction can reduce progress from selection. A universally acceptable
selection criterion that takes G x £ interaction in to consideration does not exist. Whenever an interaction is significant, the
use of main effects {overall genotypes means across environments) is questionable,

Hence stability of performance should be considered as an important aspect of yield trials. There is need of statistic that
provides a reliable measure of stability or consistency of performance across arange of environments. However, the stability
measure alone is of limited use. For a successful breeding or cultivar testing programme, both stability and yield must be
considered simultaneously. Kang (1993) developed yield stability statistic for selection of varieties, But this method has one
disadvantage that it has biased towards yield performance. Rao ef al. (2007) proposed an simultanecus index by utilizing
the information on cultivar yield and cultivar contribution to pooled MS(Y/L).

The additive main effects and multiplicative interaction (AMMI) modelis a powerful tool for muiti-environmental trials. Zobel
ef al. (1988) first used the AMMI mode! in the analysis of yield trials. This is also called as FANOVA. [t includes both
additive and multiplicative components in to an integrated least square analysis (Mohammadi ef af., 2007). The present
research was carried out to quantify interaction effect on yield and to develop index for determining stable entries with high
yielding performance.
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Materials and methods

This study was carried out with 12 cas;tor genotypes with GCH-S,‘DCH-1 77 and QCH-4 as standard checks at 19 {ocations
in winter season of 2007. The experimental layout at each location was randomized block design with three replications.
Combined analysis of variance gnd mean comparison was dong using IVI_STAT-C and bartletts test was done for
nomogeneity of error variance using SPSS software. AMMI analysis was carried out using following model suggested by
Crossa ef a’- (1991)

Yii=u+gl+e;+zﬁ‘nain7jn+eij
n=

where, Y; is the yield of | th cultivar in j th location, p is General mean, g, is I" genotypic effect, e; is j" location effect,
3 are given vafues of PCA axis n, «;, and y,, are the l‘f‘ genotype and | environment PCA scores for the PCA axis n and
npare no of PCA axis retained in the model. AMMI stability vaiue (ASV) (Purchase, 1997) will be calculated based on PCA1
and PCAZ2 scores for each genotype. The larger the PCA score, the more specifically adapted to certain environments.
Simultaneous selection index for each genotype was calculated based on mean yield rank across environments and rank
of AMMI stability value which incorporates both maen yield and stability index in singie criteria.

Results and discussion

Combined analysis of variance showed highly significant genotype environment interaction effect. [tindicates thatthe effect
of environment on genotypic effect. The ranking of genotypes based on Duncan's multiple range test revealed that the top
rank goes to RHC-189 genotype and minimum seed yield beionged to genotype NBCH-207-1. As interaction effect showed
significant effect, we can further proceed to AMMI analysis. In AMMI analysis the yield sum of squares was partitioned in
to genotype, environment and their interaction. The interaction effect is further partitioned in to principal components. The
results of AMMI analysis showed that 87% of the total sum of squares was contributed by environmental effects. It indicated
that the environments were diverse and causing most of the variation in the grain yield. The first PC captured 32.4% and
PC2 captured 21.9% of interaction effect. The mean squares for both principal components were significant. These results
indicated that AMMI model fits the data well. Genotype with least ASV score is most stable genotype. The ranks based on
mean grain yield and genotypic stability index were presented in table1. The least index is considered as most stable
genotype with high yield. According to mean yield the genotypes RHC-199, NBCH-2007-2 can be selected, where as
genotypes NBCH-2007-2, JHB-958, SHB-849, Sagarsidhi and RHC-199 can be selected based on simultaneous selection
index. Therefore for the selection of stable and high yielding genotypes, simultaneous selection index can be used and
make use of effect of genotype and environment interaction.

Table 1 Genotypic stability index and mean grain yield of castor genotypes

Genotype Yield(kg/ha) (kg/ha) Yield rank GSI G35l rank
DCH-177 @ 1829 7 13 5
SHB-849 ' 1863 4 7 3
RHC-270 _ 1712 9 19 10
GCH-5® 1881 3 14 7
Sagar Sidhi 1833 8 10 4
JHB-958 1855 5 6 2
NBCH-2007-1 ° : 1667 12 20 12
SHE 846 1676 10 19 1
RHC-199 1947 1 13 5
GCH-4 © S 1729 8 15 8
SHB-834 : 1670 11 16 g9
NECH-2007-2 1902 2 4 1

€ = Standard check
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Approaches of indirect selections for quantitative traits in castor, Ricinyg
communis L.

M. Vaithiyalingam, V. Manoharan and N. Ramamoorthi
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Abstract

A set of 15 castor accessions was used to study the correlation coefficient and direct and indirect effects of paty
coefficients to study the effect of characters for improvement in yield. It was observed that genotypic were higher
than the phenotypic correlation coefficients. Seed yield exhibited significant positive association with number of
nodes to primary spike, number of spikes/plant and 100 seed weight. Path analysis revealed that 100 seed weight
recorded maximum direct effect on seed yield followed by number of spikes/plant and number of hodes on seed
yield.

Keywords: Castor, correlation and path analysis
introduction

Before initiating any breeding program, it is essential to obtain information regarding the interrelationship between various
yield attributing characters with seed yield. A knowledge of association between yield and yield components will serve to
make simultaneous selection for more characters. Castor as a non-edible cilseed crop plays an important role in indian
economy. The crop is grown for its non edible oil which is completely biodegradable with its utilization in several fields such
as manufacturing lubricants, providing inks, pharmaceuticals, etc. To develop elite genotypes, knowledge on inter
relationship among yield and its component characters and direct and indirect contribution towards yield is important.
Hence, the present study was undertaken to derive information on phenotypic, genotypic correlation, direct and indirsct
effects of yield compaonents in castor genotypes.

Materials and methods

Fifteen genotypes were evaluated in a randomized block design with three replications at Qilseeds Research Station,
Tindivanam under rainfed conditions of 2007 -08. Each genotype was raised Observations were recorded on five randomly
selected plants in each genotype/replication for the traits viz., days to 50% flowering, plant height {cm), number of nodes
to primary spike, number of spikes, 100 seed weight (gjand seed yield. The genotypic and phenotypic correlations
coefficients (Singh and Chaudhary, 1979) and path analysis (Dewey and Lu, 1959) were computed.

Results and discussion

Analysis of variance revealed that all the entries were significantly different for the characters studied. The genotypic
correlations were higher than their corresponding phenotypic correlations which may be due to the modifying effect of
environment on association of characters at genetic levet (Tabie 1.

Table 1 Genotypic {G) and phenotypic {(P) correlation coefficients between different traits of 15 castor genotypes
Days to 50%

Number of nodes 100 seed

Traits flowering Plant height to primary spike Number of spikes weight Seed yield
Days to 50% G 1.0 a.615 0.696* -1.017* -0.433" -12.89*
flowering P 1.0 0.168 0.098 -0.458* 0.022 0.122
Ptant height G 1.0 0.985** -0.401* 0.340 -1.87%
P 10 0.581"* -0.260 0.080 0.046
Number of_nodes to G 1.0 -0.599* 0.073 2.18*
nrimary spike P 1.0 -0.451* 0.054 0.022
Number of spikes G 1.0 0171 3.35"
P 1.0 0.145 -0.274
100 seed weight G 1.0 3.5
P 1.0 0.271

*, ** Significant at P = 0.05 and P 0.01 lavel, respectively

Seed yield had highly significant and positive association with number of nodes, number of spikes/plant and 100 seed
weight but negative association with plant height and days to 50% flowering. This reveals the importance of number of
nodes, spikes and 100 seed weight in increasing the seed yield. Similar results were obtained by Mehata and Vashil (1998).
The highest degree of association between 100 seed weight and seed yield was the most reliable component of yield and
could be very well utilized as an indicator of yield. The earlier studies also indicated the importance of 100 seed weight as
one of the important yield component (Mehata and Vashil, 1988 and Bhat and Reddy, 1981). Plant height and number of
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des showed significant and positive inter correlations among themselves. Days to 50% flowering had significant negafive
nosociauon with 100 seed weight, number of nodes, number of spikes/plant. Number of spikes had significant negative
::Sociauon with number of nodes and plant height.

The path coefficient analysis on ger_totypic correlation of seed yield is given i‘n tgb!e 2. The direct effect was high and positive
for 100 seed weight, number of spikes followed by number of nodes. The indirect effect of 100 seed weight through 100
seed weight, number of spikes, number of ‘nodes and plant helgh{ were positive. These results are in conformity with by
Mehata and Vashil (1998). In this study residual _effect was low indicating adequate characters were utilized for the study.
it could be inferred that reliance on 100 seed weight followed by number of spikes/plant and number of nodes will result in
improvement of seed yield in castor,

Table 2 Direct and indirect effects of different traits on seed yield

Effect via
Traits Days to 50% flowering  Plant height Number of nodes  Number of spikes 100 seed weight  Seed yield
Days to 50% flowering 0.355 -1.151 0.715 -1.074 :0.541% -12.89*
Prant height 0.218 -1.872 1.01¢ -0.424 0.425 -1.87*
Number of nodes 0.247 -1.843 1.626 -0.633 0.092 218"
Number of spikes -0.361 0.751 -0.615 1.055 0.215 335"
100 seed weight -0.153 -0636 0.075 0.181 1.251 3.51*

Residuat effect = 0.72 Diagonal vaiues denote direct effect,
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Pistillate castor DPC-9 : Stability and probiems in seed production

G. Balakishan and A.J. Prabakaran
Directorate of Qilseeds Research, Rajendranagar, Hyderabad500 030, AP
Abstract

DPC 9, the female parent of the castor hybrid DCH-177, was grown for the production of breeder and foundation
seed of the pistiliate line and for the production of certified hybrid seeds of DCH 177 at various locations during
summer and winter season respectively, during 2007-08, 2008-09 and 2009-10. Observations on sex expressions
were recorded at suitabie intervals to rogue out the off-types The results showed that though the pistillate character
is influenced by weather parameters, high level of nutrition and regular irrigation could help to avoid stress and
maintain pistillateness in the female fines. Even under unfavourable weather situations, it wouid be possible to
produce seeds with adequate genetic purity. The various implications of sex reversal in pistifiate fines in seed
production piots on the purity of seed produced is discussed.

Keywords: Pistillate, sex expression, weather, seed production, genetic purity
introduction

Castor (Ricinus communis L.} is an important non-edible oilseed crop grown in varied agro-climatic conditions for oil, which
is suitable for industrial uses especially in lubricants, detergents, wax etc. Castor is sexually polymorphic with different sex
forms viz., monoecious bearing staminate flowers at base and pistillate flowers at the top of the raceme, only pistillate
flowers along with raceme, pistillate with interspersed staminate flowers (ISF), sex revetsals etc. Sex expression in castor
is known to be highly influenced by environmental factors (Ramachandram and Ranga Rao, 1988). Seed yield in castor is
influenced by several factors out of which sex expression L.e,, % pistillateness is very important.

The identification of pistillate line VP-1 led to the development of castor hybrids in India. GCH 4 castor hybrid using VP 1
pistillate line was released for rainfed and irrigated conditions of castor growing areas in the country. Subsequently,
researchers developed a number of other pistillate lines viz., Geetha, DPC-9, JP-65, M-574 and SKP-84 and several hybrids
suited to varied growing situations have been released. However, sensitivity to the changing environment and various
stresses due to improper crop management limits their use in hybrid seed production pragrammes. Directorate of Qilseeds
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Research, Hyderabad had released promising hybrids, DCH 32, DCH 177 and DCH 519 of which DCH 177 is very popytar
among the farmers of Andhra Pradesh. The pistillate line, DPC 9 which is the female parent of the said hybrid showed varieq
expressions of sex when grown in different locations and seasons for hybrid seed production as well as pistillate ling
muitiplication. This paper discusses the stability and problems in using DPC 9 in seed production.

Materials and methods

The castor pistiliate line DPC 9 (VP 1 x REC 128-1) was deveioped at the Directorate of Ollseeds Research, Hyderabag
and is the female parent of DCH 177 castor hybrid. The pistillate character in DPC 9 was derived from VP-1 which is a's
type pistillate line having different sex patterns like: - monoecious, pistiliate, pistillate with ISF and earlyflate revertants. The
pistiltate iine DPC @ is being maintained from nucleus seed through interspersed staminate flowers (ISF) under summer
environment to produce 95 to 100% pistillate plants in the foundation and certified hybrid seed production. The certifieq
seeds/foundation seed of the pistillate line is used in the hybrid seed production plots under winter environment favouring
pistillate expression. DPC 9 (female) was sown for the production of breeder and foundation seed of the pistiliate line at
various locations like DOR farm Narkhuda, DOR-ICRISAT farm, Patancheru, Directorate of Medicinal and Aromatic Plants
{DMAP), Anand, Anand Agricultural University {AAU), Anand and Directorate of Sorghum Research (DSR), Hyderabad. For
{he production of certified hybrid seeds of DCH 177, the female tine (DPC 9) was sown at farmer's fields of Mahaboobnagar
district of Andhra Pradesh and DOR-ICRISAT farm, Patancheru during summer season and winter season, respectively,
during 2007-08, 2008-09 and 2009-10. Observations on sex expression were racorded at suitable intervals ta rogue aut the
off-types and the resuits are discussed below.

Results and discussions

During 2007-08, DPC 9 was sown at DOR farm, Narkhuda in the month of January 2008 for breeder seed production and
it was observed to produce interspersed staminate flowers (ISF) from primary spike itself till later order spikes. In this case,
no monoecious and high 1SF type plants were found and the interspersed staminate flower induction was quite nermal to
produce adequate seeds in female piants in seed production plots, Bui at DMAP, Anand where the foundation seed
production of DPC 9 was taken up during January 2008, the |SF production was insufficient to pollinate the female flowers
in primary to tertiary order spikes resulting in very poor seed set. Though the temperature and other weather parameters
were favourable for ISF production, it was felt that change in agronomic schedules like irrigation and fertigation would cause
the kind of stress required for triggering of sex variations like |SF. Hence, adequate ISF production was observed in the later
order spikes and the produced pollen was sufficient to pollinate fermale flowers in those orders, ultimately resulting in
average seed set under moderafe climate and nutrient management,

Similarly during 2008-09, in the hybrid seed production plots of DCH 177, DPC 9 expressed complete pistillateness when
sown in October, 2008 at DMAP, Anand. The frequency of plants with ISF was less to negligible since the crop was raised
under irrigated and good nutrient management conditions. The crop sown at DOR-ICRISAT farm in January, 2009 showed
good percentage of ISF in the foundation seed crop of DPC 9 which had undergone mild moisture stress leading to good
seed set. interestingly, DPC 9 sown during Oct/Nov, 2009 for hybrid seed production of DCH 177 showed high frequency
of plants producing ISF and monoecism resuiting in rejection of the hybrid seed produced from that ptet. During January
2010, female plants produced ISF in the primary spikes though the weather parameters during the flowering period (winter)
were favourable to maintain pistiltateness in the female parent. This could contaminate the secondary order spikes in seed
production. The frequency of ISF plarnts was very high. When the cause for such a reversion was examined, it was found
that there were some crop management problems due to which the crop received inadequate irrigation at wide intervals
causing moisture stress. However, in the certified hybrid seed preduction plots of DCH 177 grown in three different farmers'
fields under participatory seed production programme in Mahaboobnagar district, AP during the same period (winter season
of 2009-10) the results were quite contrasting. in the first farmer's field, the crop was sown on 6-10-2009 in low-level fertility
Chalka soil along with slope with recommended dose of fertilizers. The crop received less irfigations and due to the slope
of the 1and, the plants could not receive adequate moisture for proper development. Because of moisture and nutrient
stress, the female plants produced 5-8% of monoecious plants and 20-30% plants with [SF in primary, secondary and
tertiary arder spikes under optimum weather conditions. tn the second farmer's field the crop was sown on 7-10-2009 in
well-levelled moderately fertile soil with recommended dose of fertilizer and adequate irrigation at 10-12 days interval, DPC
9 produced only 2-4% moncecious plants and 5-8% female plants with interspersed staminate flowers that too from tertiary
spikes onwards under similar favourable weather conditions. Though sowing was little late in the third farmers’ field {crop
was sown on 16-10-2009) in rice fallow with recommended dose of fertilizer and irrigation at 15 days interval, only 3-5%
monoecious plants were observed while other female plants were free from 1SF in primary and secondary order spikes.
However, 2-5% femate plants with 1SF were observed frorn tertiary order onwards. Hence, sex expression in DPC 9 was
normal pistifate under good nutrient management even though the temperature was more than 32°C favouring ISF
production. Interestingly, we experienced two cantrasting behavigur by DPC 9 sown during summer 2009 in two different
locations. The crop was sown during February 2010 for foundation seed production at AAU, Anand in fertile soils with
recommended dose of fertilizers and good crop management. The growth of plants was luxuriant and plants expressed
complete pistillateness in all the spike orders up to the 7* without any ISF even though the crop had experienced high
temperatures of 45°C during summer. In this plot, the plants failed to produce seeds because of absence of male flower
in the form of ISF. At the same time, breeder seed production was taken up at DSR, Hyderabad during January 2010 with
recommended dose of fertilizers and seed crop management in black scil. The crop was well managed with irrigation at
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0 days intervals during the crop growth period. In this case, the female plants produced 1-2% interspersed staminate
f2]0W6r5 in primary and secondary orders, 3-5% in tertiary and quaternary orders and 6-8% in subsequent orders,

All the above observations are indicative that though the pistillate character is inﬂuenceg:l by weather parameters, with high
evel of nutrition and required intervals of wngatlon one could avoid stre_sses and r_naintaln the pistillateness. Shifriss (1956)

bserved that sex tendency in castor is subject to extreme non-genetic fluctuations, female tendency is relatively strong
0 oung plants and under moderate temperature, moderate vegetative growth conditions and high level of nutrition. In
mez;erall the harsher environment like moisture stress, high temperature, low nutrition/fertility, etc., may increases male
flowers and 1SF occur at the transition phase of these conditiops._An understandling of the actual mechanism of sex
expression influenced by the ahove rqentnoned factors is efssentlal in seed prc_)duc’uon. By adopting proper agronomical
practices especially moisture and nutrient stresses, seed with adequate genetic purity can be produced.
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Rapid laboratory tests useful for characterization and identification of
castor, Ricinus communis L. genotypes
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Abstract

Variety identification has great significance from seed production, breeding as well as intellectual property rights
point of view. Investigations were carried out under field and laboratory conditions to characterize 29 castor
genotypes, including 10 hybrids and their parents on the basis of seed shape, colour, mottling, caruncle, seed
weight and rapid chemical tests. The hybrids were more similar to their female parents with respect tc seed
morphology parameters. A key was prepared using the above parameters to identify the castor hybrids and their
parents,

Keywords: Variety identification, seed morphology, GA,, 2,4-D, seed keys
Introduction

Castor bean (Ricinus communis L.) is an indeterminate, non-edible oil seed crop grown in low rainfall regions of semi-arid
tropics and sub-tropics. A number of hybrids of castor having a significantly higher yield potential than open pollinated
varieties are being cultivated, both in rainfed and irrigated conditions. For an effective seed quality control programme it
is very important to describe, differentiate and characterize these hybrids and their parental lines. Many of the descriptors
that are conventionally used, based on plant morphology are unable to distinguish these genotypes. Also the expression
of some of these characters is effected by the environment (Ramachandram and Ranga Rao, 1989). Hence there is a need
to develop alternative descriptors which can supplement the morphological data. The development of laboratory tests to
differentiate cultivars has been emphasized (Payne, 1979; Wagner and McDonald, 1981). Laboratory technigues offer the
promise of being more rapid and less expensive than field testing. Further, analysis time is flexible and numerous additional
traits usefu! in taxonomic characterizations are available. In the recent decades, considerable interest has been focused
on the use of biochemical methods for plant variety discrimination and identification (Cheema ef a/., 2010). The objective
of the present study is to characterise 10 castor hybrids and their parental lines on the basis of seed morphology and rapid
laboratory tests.

Based on the seed morphology and chemical tests, an identification key was developed for characterization of 10 castor
hybrids and their parents. These markers have been used successfully for distinguishing both hybrids and their parents.

Materials and methods

Plant material: Genetically pure seed of 29 castor genotypes including six released varieties, 10 hybrids and their parental
lines which are released since 1987 and the old ones still active in seed production chain, obtained from Directorate of
Oilseeds Research, Hyderabad (Table 1) were studied for various morphological characters by visual observations and rapid
chemical tests.

Seed morphology: The seeds were examined at maturity stage using a lens and characterized according to their shape
(elongated, oval and square), cotour (white, maroon, brown, dark chocolate and black), mottling (less conspicuous and
conspicuous), caruncle {less conspicuous and conspicucus) and seed weight (low, medium and high).
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Rapid chemical identification techniques:

a) Growth chamber tests (ISTA, 1996). The anthocyanin pigmentation on seedlings under controlled conditions wag
studied. Seediing were raised in 4" pots at 25°C under 24,000 Lux continuous fight. Sterilized quartz sand was used ag
growth medium, They were walered every fourth day with distitl water for rest of the days. Pigmentation was observed gt
25 days after planting. The genotypes could be grouped into two categories viz., green and purple.

b) Seedling growth response to 2,4-D: The response of genotypes to the herbicide, 2,4-D was tested at 5 mg/l and 1g
mg/l concentrations at complete emergence of the seedlings and complete expansion of the cotyledonary leaves. Response
was recorded as the time (in days) taken to show the signs of injury like tip drying, inward curling of leaf margins, stem
thickening, stunted growth and finally death of the seedling.

¢). Gibberellic acid (GA,) test: Randomly selected 40 seeds were placed on a germination paper towel moistened with
GA,; @ 25 mg/lin four replications of 10 each and covered with another sheet of chemical moistened towel and rolted. The
towel was kept vertically in a germinator at 25°C and 65-70% relative humidity for 7 days. The coleoptile length was
measured on 7" day and the seedling growth response to GA, was studied and ciassified into three graups as a). High
response (>39.8% increase over control), b). Medium response (26.7 to 39.6% increases over control) and ¢). Lowresponse
{< 26.7% increase over control).

Results and discussion

The data for seed and seedling characters presented in fig. 1 showed an ample variation among the varieties, hybrids and
parental lines of castor for seed shape, colour, mottling, caruncle and 100 seed weight. Three types of seed shapes were
observed in the genotypes studied. Among the 29 castor genotypes, majority of the genotypes (18) were found to be ova,
five were elongate and only three were found to be square shaped. Different seed colours were noticed i.e., these main
groups were then further subdivided into sub-groups on the basis of differences in seed colour. For example 19 genotypes
with oval seeds are subdivided into four sub groups on the basis of seed colour (Fig. 1). Among them, DPC-9 with white
and GCH-5 with maroon are distinct.

Genotypes with elongated seed shape were divided into four sub groups hased on colour j.e., seeds with black, dark
chocolate, brown and marpon. Latter three colours were also indentified with the oval category while biack seed colour has
been identified only with AKC 1 genotype while 50% of the genotypes with elongated seed shape were found to possess
brown seeds. On the other hand, only one genotype (TMV5) has been identified with dark chocolate coloured seeds
and one (JI 96) with maroon seeds. Only two distinct seed colours were identified in square shaped seeds. Of the three
genotypes, two genotypes were distinguished with dark chocolate colour (DCS 5 and DCS @) seeds, while only one
genotype was distinct with maroon seed coat (DCH 177). Subsequent ciassification of oval seeds with brown seed coat
were further made based on seed mottling i.e., less conspicuous {JI 35) and conspicuous (LRES 17, GAUCH 1, GCH
2,Vi9, VP 1 GCH 4, PCS 136 and TMVCH 1}. The hybrids were mare similar to their female parents with respect to the
above parameters and these results are in accordance to Varier ef al. (1999). A key based on the seed characters was
constructed as an aid for the identification of these hybrids and their parental lines. The genotypes were alse
grouped on the basis of the reaction of seeds to the various chemical tests (Table 2to 4) .

Growth chamber tests: The anthacyanin pigmentation on seedlings under controlled conditions was used to categorize
the genotypes in two groups viz., green and purple. Out of the 29 genotypes, nine had purple and the rest had green
seedlings

2,4-D test: Based on the degree of herbicide-injury or chemically altered growth to the herbicide 2, 4-D the genotypes were
grouped as high, moderate and low sensitive. High sensitive varieties took less than nine days, moderately sensitive
varieties took about 15 days, and low sensitive varieties showed no symploms even after 20 days. Of the 29 genotypes,
seven were categorized as high sensitive, 12 as moderately sensitive and ten genotypes as low sensitive (Table 3}. Kumar
et al. (1995} also distinguished pearl millet hybrids on the basis of 24-D test.

Gibberellic acid {GA,;) test: Study of seedling growth response to GA, indicated that the castor genatypes differed
and thus growth response to GA, could be used as a criterion for distinguishing castor genotypes. Majority of the
genotypes (18) exhibited medium response while seven genotypes ( 48-1,PCS 136, DPC @, DCH 177, GCH 6, AKC 1
TMV 5) showed fow and four genotypes (GCH 5, DCS g, JP 65 and RHC 1) high seediing response to GA,. Gupta and
Agrawal, (1998) used caleoptiles growth response to GA, for distinguishing paddy varieties. These results are in line with
results of Nethra et al. (2007) in rice. Response of seeds to different chemicals helped in grouping the genotypes
rather than clear cut differentiation fram each cther. No individual chemical test was efficient in distinguishing the
genotypes individually. However, they can be used as a supplement to each other.

The results of the present study suggests that the genotypes of castor examined can, not only be distinguished on the
basis of seed characters; rapid laboratory tests such as presence of anthocyanin pigment, response of seedlings to
GA,; and 2,4-D could also be used for distinguishing castor genotypes.
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PCS 136, TMVCH [ GAUCH 1 VES
Fig. 1. Schematic diagram based on seed and seedling characters for identification of castor
Table 1. Varieties and hybrids along with parental lines of castor released after 1987
Variety Hybrid Female parent Male parent
AKC 1 DCH 32 LRES 17 DCS 5
Aruna DCH 177 DPC9 DCS 9
GC2 GAUCH 1 VP 1 vig
48-1 GCH 2 VP 1 J1 35
DCS 9 GCH 4 VP 1 48-1
Kranti GCH b Geeta SHT2
GCHS6 JP 65 JI 96
PCH 1 VP 1 PC5 136
RHC 1 VP 1 TMV 584
TMVCH 1 LRES 17 TMV 5
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Table 2 Grouping of castor genotypes based on anthocyanin pigmentation

Purple Green

Aruna , TMV 5 AKC 1, TMVCH 1, GCH 6, GAUCH 1, Vi9 GCH2 ., )35 GCH5, GEETA, PCH 1, SH 72, DCH 32,

TMV 5-1,JF 65,481, GCH 4 LRES 17, DCH 177, PCS 136, RHC 1, DCS 5, VP 1, J1 96, GC 4, DPC 9,
GC2 PCS4

Table 3 Grouping of castor genotypes based on their sensitivity to the herbicide 2,4-D

Low Moderately High

Aruna, TMV 5, 48-1 Kranti, GAUCH 1, AKC1, 0OCS g GC2 VP11, JI35 JPES, PCS 136, DCH 32, DCS &,

GCH 2,GCH 4, Geeta, TMVCH 1, TV §-1 Vig, GCHE, SH 72, LRES 17, PCH 1, RHCH DCH 17T, OPC 3, GCH 6, 198

Table 4 Grouping of castor genotypes based on seedling growth response to GA,

High Medium Low

GCH 5, 0CS 9, VP 1, vi g, GAUCH 1, Jt 35, GCH 2, GCH 4, PCH1 LRES 17, 48-1,PCS 136, DPC 9,

JP 65, RHC 1 DCS 5 TMVCH 1, DCS 5,DCH 32,Geeta JI 96, Aruna, GC 2, DCH 177, GCH 6, AKC 1 TMV 5
' PCS 4, TMV 5-1
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Genetic divergence in castor, Ricinus communis L.

Ch.V, Durga Rani, A. Vishnuvardhan Reddy and G. Anuja

Acharya N .G, Ranga Agricultural University, Rajendranagar, Hyderabad-500 030, AP
Abstract

Thirty-five castor genotypes were studied for nine characters viz., days to 50% flowering, plant height {em), number
of nodes up to primary spike, number of spikes/plant, length of primary spike (cm), number of capsules/plant, 100
seed weight {g), oil content {%) and seed yield/plant (g) to determine the genetic divergence. These 35 genotypes
were grouped into 6 clusters using D* analysis. Clustering pattern of genotypes did not follow geographical origin,
suggesting that geographical isolation may not be the only factor causing genetic diversity. Among nine characters
studied, number of capsules/piant followed by plant height and 100 seed weight contributed maximum towards
genetic divergence. Based on these studies crosses may be made between the genotypes of cluster IV {Kranthi,
48-1, PCS 122, DCS 9, VP 1, LRES 17 and DPC 9) and cluster V (SKI 254), followed by cluster [V {(Kranthi, 48-1, PCS
122,DCS 9, VP 1 LRES 17 and DPC 8) and cluster VI {RG 2777 and RG 2854) to obtain new desirable recombinants
in castor.

Keywords: Genetic divergence, clusters, geographical isotation
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introduction

castor {Ricinus communis L.) is one of the anc!ent. non-edible qilseec_l crops of the world.. which belongs to family
Euphorbiaceae. The nature and magpltude of ge_ngtnc drverge_nce avgnable ina _species is essential for_selection ofdesirable
arents for hybridization. Mahalanobls' D? statisticis an effec:tlve toolin quantlfyn_'rg‘the degree of genetic divergence present

in the materiaf at genotypic level, lt'prowd_es a quantiative measure of association between geographic distribution and

genetic diversity based on generalized d|§tanc¢ {(Mahatanobis, 1936}. Knowledge on the nature and the magnitude of

genetic variability present in the crop species will play an important roie in formulating a successful breeding pragramme

Materials and methods

The present investigation was carried out during the rainy season of 2005 at Agricultural College Farm, Bapatia, Guntur
(Dt), Andhra Pradesh, located at an altitude of 5.4m MS_L, 15° 54"N tatitude and 80° 90" E longitude. The soils are black
cotton type with clayey texture The experimental material comprising 35 genotypes were obtained from Directorate of
Oilseeds Research (DOR), Hyderabad. The experiment was conducted in a randomized biock design with two replications.
Each genatype was sown in three rows of 6m length with a row to row spacing of 90cm and plants spaced at 60cm within
a row. The crop was grown as per the recommended crop production practices. The mean data collected on nine characters
was analyzed using Mahalanobis's D? analysis to determine the genetic divergence among the genotypes.

Results and discussion

For a successful breeding programme, the diversity of parents is of utmost importance, since the crosses made between
the parents with maximum genetic divergence would more likely yield desirable recambinants in the progenies. However
itis desirable to select suitabie genetically divergent parents, based on information about the genetic variability and genetic
diversity present in the available germplasm. The multivariate analysis using Mahalanobis' D7 statistic is a useful statistical
tool for measuring the genetic diversity in germplasm collections with respect to the characters considered together. Further
selection of diverse parents for hybridization programme will be effective by the identification of characters responsible for
the tolal genetic diversity among the populations {Singh and Chaudbary, 1977).

The genetic diversity study using statistic analysis indicated that the distribution of 35 genotypes into six clusters was at
random with maximum nurnber of 17 genotypes in cluster | followed by cluster Il and 1V with seven genotypes each (Table
1). The distribution of genotypes in six clusters indicated that the geographical diversity and genetic diversity were not
related. This suggests that there are forces other than geographical separation such as natural and artificial selection,
exchange of breeding material, genetic drift and environmental variation. The results were in accordance with the findings
of Bhatt and Reddy (1987}.

The results revealed that number of capsules/plant contributed maximum towards genetic divergence followed by plant
height, 100 seed weight, oil content, yield/plant, number of spikes/plant, length of primary spike, number of nodes up to
primary spike and days to 50% flowering (Table 2). Among the clusters, cluster IV containing high yielding, released
varieties like Kranti, DCS-9, 48-1 recorded highest number of capsules and seed yield/plant. These observations are in
accordance with the findings of Bhatt and Reddy (1987) and Sevagaperumal et al. (2000) (Table 3).

The intra and inter cluster D? values revealed that inter cluster D* values were greater than intra cfuster D? values. The
maximum inter cluster D? value was observed between cluster {V ard V followed by cluster 1V and Vi and the least inter
clusier D% values were observed between cluster | and V followed by il and 1Il. Based on these studies crosses may be
made between the genotypes of cluster iV viz., Kranthi, 48-1, PCS 122, DCS 9, VP 1, LRES 17, DPC 9 and cluster V viz.,
SKi 254, followed by cluster IV viz., Kranthi, PCS 122, DCS 9, VP 1, LRES 17, DPC 9 and Cluster VI viz., RG 2777, RG
2854 o obtain new desirable recombinants in castor. Maximum intra cluster D? value was observed in cluster 1V followed
by cluster |i, cluster | and cluster Vi. The intra cluster L values in cluster Il and V were zero as they consists of one
genotype in each cluster.

Tabie 1 Distribution of 35 genotypes of castor in different clusters

) Cluster number Genotypes Number of genotypes
| SKI 283, RG 1740, DCS 84, PCS 121, AKC 1, SKI 252, PCS 504, PCS 138, J1 220, DCS 17
33, DCS 85, RG 90, SKI 291, PCS 128, SKI 232, Ji 321, RG 2850.
l J1 244, SKI 299, SKI1 281, J1 273, PCS 137, PCS 124, J1 240. 7
it RG 279 L
W Kranthi, 48- 1 PCS 122, DCS 8, VP 1, LRES 17, DPC 9 : 7
\ SKi 254 1

Vi RG 2777, RG 2854 2

-127 -



J. Oilseeds Res,, Vol. 27 (Special issue), 2010

The highest intra cluster distance in cluster IV indicates the presence of wide genetic diversity among the genotypes viz.,
Kranthi, 48-1, PCS 122, DCS 9, VP 1, LRES 17, DPC 9. Cluster mean values showed a wide range among the characters
studied, which indicates the presence of variation among the genotypes studied. For a successful breeding program
selection of genetically diverse parents is an important prerequisite so as to obtain better and desirable recombinants.
Similar results were reported by Singh and Srivastava (1978), Bhatt and Reddy (1987), Sevagaperumal et al. {2000 in
castor.

Table 2 Cluster means of different characters and % contribution towards genetic divergence

% contribution fowards

Character | il ] v \Y Vi  genetic divergence
Days to 50% flowering 57.2 490 70.0 54.8 59.5 81.0 0.1
. Plant height {(cm) 59.2 77.0 98.4 525 49.0 98.7 26.3
Na. of nodes up to primary spike 15.7 18.6 28 15.7 14.6 23.1 0.6
No. of spikes per plant 6.2 70 4.0 114 7.1 46 4.5
Length of primary spike (cm) 27.3 30.2 42.5 41.7 216 459 38
Capsules/plant 192.2 140.6 2413 3241 97.3 191.3 344
100 seed weight (g) ' 233 282 19.5 23.4 284 391 20.3
Qil content (%) 499 51.5 506 50.2 846 527 4.8
Yield/plant {g) 120.8 110.8 133.3 2216 62.6 206.2 4.7
Table 3 intra and cluster average divergence (D?) values of clusters estimated for 35 genotypes of castor
Ciuster { it it v v vt
I 207.65 570.25 519.84 777.85 447.75 902 .40
14.41 23.88 22.80 27 89 21.16 30.04
1 215.80 466.13 1436.41 746.93 589.52
1469 2159 3780 27.33 2428
m 0.00 695.90 1276.63 472 19
0.00 ' 25.38 3573 o217
Y, 382.98 1653.24 1338.83
19.57 40.66 3659
v ' 0.00 1290.97
3.00 3593
197.12
VI 14.04
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Studies on genotypic correlations and path coefficient analysis of seed
yield and yield components in castor genotypes

M. Ramesh, C. Lavanya, N.V.P.R. Ganga Rao and M.V. Brahmeswara Rao
Dept. of Genetics and Plant Breeding, College of Agriculture, ANGRAU, Rajendranagar, Hyderabad-500 030, AP
Abstract

The investigation was undertaken with an objective to study genotypic correlations and path coefficient analysis
in 82 castor genotypes including two cheeks, Kiran and 48-1 during the rainy season of 2007. Character
associations revealed strong positive association of seed yield with total and effective length of primary {main)
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spike, number of capsules on main spike, number of effective spikes/plant and oil content. However, path
coefficient analysis revealed maximum direct effect of number of capsules on main spike, number of effective
spikes/plant and oil content on seed yield. Moreover, the indirect effects through total and effective length of
primary spike were appreciable.

Keywords: Path coefficient analysis, correlations
Introduction

Yield is & complex character and it is influenced by several genetic factors interacting with environment. A clear
understanding of the association of plant characters with seed yield is necessary for successful crop improvement
programme. Correfation coefficients reveal the magnitude and the direction of association of yield components among
themselves and with seed yield while path coefficient analysis helps in partitioning of the correiation coefficient into the direct
and indirect effects of yield components on seed yield. In addition, path analysis gives a clear idea of nature of association
among the yield components and their relative contribution to yield.

Materials and methods '

The experimentat materiat for investigation comprised of 64 castor genotypes including 13 advanced lines, 39 germplasm
accessions, two pistillate lines, two released varieties and two cheeks available at Directorate of Oilseeds Research,
Hyderabad. The experiment was conducted in a randomized block design and replicated twice during the rainy season of
2007 at DOR, Hyderabad. Each genotype was grown in a two row plot of 4.5 m length, with a spacing of 95 cm x 45 cm.

Results and discussion

in general, values far genatypic correlations were higher than the phenotypic correlations (Table 1}, indicating that strong
inherent associations were some what masked at phenatypic level due to environmental effects, as reported by Giriraj ef
al. (1973) and Bhatt and Reddy (1981}. The trait number of capsules on main spike recorded highest positive and significant
association with seed yield which has aiso been reported by Aswani Kumar et af. {2003) and Ramu et af. {2005), Other traits
{ike effective and total length of primary, oil content and number of effective spikes/plant were aiso significantly associated
with final seed yield. Simifar results were reporied by several authars (Yadava ef af., 2004; Ramu ef af., 2005; Lavanya et
al., 2008). Other characters viz. number of nodes and plant height up to the primary spike and 100 seed weight expressed
a non significant correlation with seed yield.

The correlation studies were further strengthened by path coefficient analysis establishing the interdependence of
characters and the extent of influence of independent characters either directly or indirectly an seed yield. Studies
conducted by different castor researchers established that the characters, number of capsutes/primary and secondary,
number of capsules/pfant, 100 seed weight, nodes to primary raceme, number of spikes/plant, total and effective spike
length and oil content had direct and positive effect on seed yieid/plant (Lavanya ef al., 2006).

Among all the traits, number of capsules on main spike had highest direct positive effect on seed yield followed by number
of effective spikes/plant. The results are in conformity with Patel and Jaimini {1991) and Ramu et al. (2005). The present
study also showed that oil content had a positive direct effect on seed yield, as reported by Ramu et al. (2005). The present
study indicated that the characters, effective spike length, plant height and number of nodes up to the primary spike had
a positive direct effect while 100 seed weight and total spike length had a negative direct effect an seed yield. Similar
pasitive direct effect on seed yield was ailso reported by Ramesh et al. (2001). However, Yadava et al. (2004} reported
negative direct effect of 100 seed weight on seed yield.

Table 1 Estimates of correlation coefficient between seed yield and yield components in 62 genotypes of castor

No.ofnodes Plant height Total spike Effective spike  No. of Ne. of 100 seed [o]] Final seed

Characters up tc primary up to primary  length length capsules on  effective weight content yield/plant
raceme  raceme (cm)  (cm) {cm) main spike spikes/plant (@) (%) (g}

oot nodes up to primary 1.000 07656* 05558 02633 Q1562  -Q1804 02668 00190 O.1194
222;1?2:‘:)“" to primary 1000 03224 00079 00251  -01430  01943*  0087¢ 00267
Total spike length (cm) 1.000 0.6941™ 0.5366* -0.0203 01272 0.2824*" 0.2846"
Effective spike length (cm} 1.000 06232  -0.0060 0.0083 04296  (.3457*"
No. of capsules on main spike 1,000 D.1248 -0.0891 0.3417™ 0.4606™"
No. of effective spikes/plant - 1.000 -0 3067 0.0659 0.2025*
100 seed weight (g) 1.000 0.0219 D 1373
Oil content (%) 1.000 0.3037*

" significant at 1 % level; * significant at 5% level
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The indirect effects of the number of capsules/main spike via plant height up to the primary spike and 100 seed weight were
negative and via otal and effective length of primary spike, number of effective spikes/plant and 100 seed weight was
positive. However, the indirect effect of number of effective spikes/plant via number of nodes and plant height up to the
primary spike, total and effective length of primary spike and 100 seed weight were negative and via number of capsules
on the primary spike and oif content were positive towards seed yield/piant.

Positive and significant correlation of number of capsules on the primary spike and oil content with total and effective length
of primary spike and the direct effect of these two traits with seed yield observed in the present study indicated that the three
characters viz,, taotal and effective fength of primary spike, number of capsules on the primary spike and oil content
contribute to the oifl yield and can be used as selection criteria in the segregating generations.

Table 2 Estimation of phenotypic path coefficients between yield and its contributing characters in 62 castor genotypes

No. of nodes up  Plant height No. of No of il Correlation

Total spike  Effective spike 100 seed

sy wwopman SO Samom S steote T coten b e
z‘i;’;’fdes up ta primary 0.012 0.008 0.004 0.003 0.002 0002 0003 0000 0419
Plant height up ta primary 0.039 0.051 8.015 0.000 -6.001 6007 0010  -6.004  0.028
raceme (cm)

Total spike length{cm) -0.042 -0.024 0.075 -0.052 0,040 0001 -0009 0021 0.284™
Effective spike length (cm) 0.024 0.000 0.063 0.082 0.067 0005 0000 0039 0345
No of capsules 6n main spike 0.060 -0.009 0.208 0.242 G.338 0.048 -0.034 0.132 0.466™
No of effective spikes/plant -0.040 -0.032 -0.006 -0.001 0.028 0.225 -0.068  0.014 0.202*
100 seed weight (g} 0.062 0.045 g.027 0.061 0020 0071 0.233 0005  0.137
Ol content (%) : 0.002 0012 0.036 0.058 0.048 0.005  00C3 043  0.303"

**significant at 1 % leve!; Boid : Direct effect; *significant at 5% level, Normal © Indirect effect; Residual effect : 0.8296
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Abstract

The effect of nitrogen (N) and a growth regulator, ethrel on sex expression, yield and its contributing characters
and seed quality were studied on M-574 which is the female parent of a promising castor hybrid, DCH-519. The
study included five varying levels of N from 40, 60, 80, 100 and 120 kgiha, two doses of ethrel -200 and 400 mg/!
along with 40 kgN/ha. The analysis of variance revealed significant differences among the treatments for the
expression of pistillateness and number of interspersed staminate flowers (I5Fs} in primary and secondary order
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spikes. Among different nitrogen treatments, the seed parent M-574, which received 100 kg Nfha recorded less
number of ISF and a plant stand with higher frequency of pistillate fiowers, However, the two treatments, ethre!
@200 mg/t and 400 mg/l along with 40 kg Nfha suppressed the ISFs, enhanced the number of pistillate flowers in
seed parent M-574 and resuited in higher genetic purity.

Keywords: Interspersed staminate Rowers, ethrel, pistilate expression
Introduction

Castor is sexually polymorphic species with different sexforms viz., monoecious, pistillate, sex revertants and pistiliate with
interspersed staminate flowers (ISF} in between pistillate flowers. Sex expression in castor is highly influenced by
environmental factors like high day temperature (>32°C), photo period, fertility, age of the plant, nutrition, etc. (Shifriss,
1950; Ramachandram and Ranga Rao, 1988; DOR, 2009).

Hybrid seed production in castor is revolutionized by the identification of pistiliate lines. The instability of pistillate tines due
to the occurrence of ISFs is causing a serious problem in maintaining genetic purity of the seed. Application of nitrogen
(N) plays a key role in improving the pistilate character (Shifriss, 1960; Zimmerman and Smith, 1966 Narkhede et al., 1984,
DOR, 1999). The manipulation of sex towards induction of pistillate flowers or reduction of I5F witi be helpful in overcoming
the problems assaciated with maintenance of pistiflate lines and hybrid seed production irrespective of the season during
the seed production programme.

Materials and methods

The present investigation was carried out at the Seed Research and Technology Centre (SRTC), Acharya N.G.Ranga
Agricultural University, Rajendranagar, Hyderabad in seed production plots of DCH 519 involving M-574 (female) and
DCS-78 (male). The experiment was laid out with seven freatments it a randomised block design with three replications
during the winter season of 2008. The different nitrogen treatments imposed were 40, 80, 80, 100, 120 kg/ha, 40 kg N +
200 mgil ethrel/ha and 40 kg N + 400 ma/l ethrel/ha, Nitrogen was applied in three splifs at the time of sowing, primary order
and secondary order spike initiation stages. Recommended doses of phosphorous {60 kg/ha) and potassium (60 kg/ha)
were appiied in all the seven treatments. The data were collected on number of pistillate plants/piot, number of iSF in
different order spikes, total plant stand/plot, days to initiation of first raceme, days te 50% flowering of first raceme, days
to matunity of first raceme, plant height up to primary spike (cm), number of nodes up to primary spike, effective length of
primary spike {cm), 100 seed weight {g), seed yield/plant (g) and oil content (%). Standard statistical toois were used to
estimate the ANOVA for different characters.

Results and discussion

Analysis of variance revealed fhe existence of significant differences among the treatments with respect to the expression
of pistilateness and 15F in primary and secondary order spikes. Among different N treatments, the seed parent, M-574,
which received 100 kg/ha recorded less number of 1SF and maximum number of plants with higher frequency of pistillate
flowers (Table 1).

Similar results on the effect of N in increasing the pistiltateness of the female lines was reported from Tindivanam, Palert
and Hyderabad (DOR, 1999). The number of plants with |SF decreased while proportion of pistillate plants increased with
higher levels of N at DOR, Hyderabad and in Tindivanam. Application of 40 kg N as basal followed by 20 kg N each at 35,
70 and 104 days recorded the highest mean seed yield of 1745 kg/ha in three isolations for two years at Tindivanarm.

However, there was no effect of N up to 125 kg/ha and irrigation up to 1.25 IWICPE on the percentage of ISF, pistillate
plants and reversion below fourth order of spikes at S.K. Nagar. Genotypic differences in the response of pistillate lines
Geeta and VP-1 to N application were reported at 5.K. Nagar and Junagadh where the pistiliate line Geeta gave higher
seed yield compared to VP-1 with higher doses of N {100-125 kg/ha)} and irrigation level (IW/CPE} above one. However,
the influence of N {0, 40, 80, 120 kg/ha) on number of ISF was not significant in 11 interspersed (}SF) and five
non-interspersed (NIiSF) breeding lines isolated from fate revertant pistillate progenies of VP-1 at DOR, Hyderabad
(Lavanya, 2002).

The role of ethrel on sex expression as reported by Gopalakrishna Murthy et ). {2003) in castor and Balasubramanian and
Narayana Swamy (1980) in Acalypha indica was confirmed in the present study. Spraying of ethrel @ 200 and 400 mgfi
along with 40 kg N/ha suppressed the |SF and enhanced the number of pistillate flowers in M-574 and resulted in improving
genetic purity and seed quality (Table 1). The effect of N and ethrel treatments was found to be significant for yield and its
Contributing characters.

Among the various doses of N applied, the plants which received 100 kgfha were early in flowering and maturity. Increase
In N dose also increased 100 seed weight and seed yield except in the case of the highest dose of 120 kg/ha. Ethrel
'treatments exhibited suppressive effect on vegetative growth when compared to N treatments. Both the {reatments of ethrel
improved the spike length, seed yield, oil content and 100 seed weight. The seed quality was alsg high with ethrel
treatments. Hence, it was concluded that 40 kg N/ha along with 200 mgfllha was very effective in obtaining high quality
seed by suppression of ISF in seed parent M-574 of castor hybrid, DCH-519.
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Tabie 1 Effact of different treatments on seed yield and yield components in seed parent M-574

Nitrogen Mo. of ISF  No.of ISFaon Days toinitial paye 10 50 % Plant No.ofncdes Lengthof 100seed geoq

on primary  secondary flowering flowering of Days to height uptoprimary  primary ~ Welght  yig)y content

{hgtha) spike spike  of primary spike Pfimary spike maturity ferm) spike spike {cm) @  lgpianty (%)
&0 20 17 45 48 L] 5D 130 52 25.0 58.8 515
80 18 16 43 47 129 51 14.0 54 - 280 55.4 Bi6
100 4 7 44 44 125 58 180 1] 280 845 818
120 10 <] 43 47 127 58 146 55 255 63.3 818
40+Ethrel 200 mgn 5 5 42 44 126 48 14.6 56 287 848 51g
40+Ethre! 400 mgA A 3] 41 44 125 48 14.6 60 26.7 85.3 52.2
40 23 21 45 49 131 49 14.0 51 250 58.2 515
Mean 13 LA 43 48 128 51 14.0 58 26.2 62.0 51.7
SEmt 2 1 1 1 1 1 04 1 0.8 1.8 04
CD (P=0.05) 5 3 2 2 3 2 1.3 4 25 4.9 11
CV (%) 0 0 2 3 1 2 5.0 4 53 0.0 12
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Abstract

An attempt was made to study the extent of inbreeding depression in both selfed and open pollinated populations
for ten characters in eight selected crosses in the second filial genera-tion. The magnitude of inbreeding
depression was high under strict selfing than open pollination of F, plants. Majority of the crosses exhibited
negative values for both heterosis and inbreeding depression for earliness and related traits indicating the
predominance of additive gene effects. However for seed yield and primary spike characters both the heterosis and
inbreeding depression values were positive inferring the predominance of non-additive gene action. Based on the
results, it is concluded that recommendation of F, seed for commercial crop production is not economical. In
crosses involving DPC-9 (female parent) as height and maturity parameters were relatively on par with majority of
good male combiners, the F, seed could be suggested for sowing, if the cross is highly heterotic with no inbreeding
depression. The crosses possessing non-significant inbreeding depression with significant desirable heterosis
could be utilized to isolate transgressive segregants in F, and subsequent generations.

Keywords: Castor, heterosis, inbreeding depression
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introduction

with the increased production costs of commercial crops like cotton, chillies, castor crop has gained impertance as an
alternate commercial crop due to its yield potential and low input costs especially in Andhra Pradesh, Maharashtra,
Karnataka and Madhya Pradesh under rainfed conditions. I spite of the availability of many high yielding hybrids, farmers
would prefer using F, seed for commercial cultivation since the cost of the hybrid seed is high. \nbreeding depression, in
general, is less in castor, but reports to state the extent of inbreeding depressicn are tacking. Moshkin (1986) reported that
to use inter-line hybrids of castor, it is necessary to clarify, whether the increased yield of seeds is retained during
subsequent generation and whether it is possible to use them for sowing in the second generation. Hence, it is worthwhite
to have complete information on. the extent of heterosis in related cross combinations and also to study the extent of
inbreeding depression for the possible use of F, seed on commercial scale.

Materials and methods

Among the 36 crosses obtained from nine lines and four testers, eight crosses were selected based on seed yield of F,
hybrids, two each from four different pisitillate entries. These eight crosses were selfed to produce the F, generation during
the rainy season of 2001. Open pollinated seeds were also collected from F, plants for comparative study of extent of
inbreeding depression under selfed and open pollinated conditions. The F, and F, generations (both seifed and open
nallinated) along with their parents were evaluated during the winter season of 2001 laid out in a randomized block design
and replicated twice. The plot size for each entry was two rows of 5 m length for parents and F,s and five rows of 5 m length
for F, generation with spacing of 90 cm x 60 cm. A random sample of five plants/plot from parents and F, and 30 plants/plot
from F, generation in each replication were utilized to record the observations on ten characters viz., days to 50% flowering,
days to maturity, number of nodes, plant height, primary spike length, effective spike length, number of capsules/primary
spike, 100 seed weight, seed yield/plant and oil content. Mid parental heterosis and inbreeding depression for each
character was calculated (Miller and Marani, 1963).

Results and discussion

Heterosis and inbreeding depression values are presented in table 1. Majority of the crosses exhibited significant negative
inbreeding depression, indicating the higher values in F, than the F, generation. However, positive inbreeding depression
is desirable for earliness and related traits to obtain desirable segregants in F, and subsequent generations. Heterosis
values were negative and significant in majority of the crosses for these traits. Further, the crosses exhibiting higher
negative heterosis afso exhibited higher values of negative inbreeding depression, suggesting the predominance of additive
gene effects,

For the traits viz., primary spike length, effective spike length, number of capsules/primary spike, in general, the magnitude
of inbreeding depression was high in selfed compared to open pollinated population, indicating that the inbreeding
depression would be high under strict inbreeding than in open pollinated F, individuals. Further, the crosses showing higher
heterotic effects consequently expressed the higher values of inbreeding depression in most of the cases, inferring the
predominant role of non-additive gene action. However, the cross, Geeta x 48-1 exhibited non-significant inbreeding
depression and significant negative heterosis for pritmary spike length, effective spike length and number of
capsules/primary spike. The crosses, VP-1 x DCS-5 and VP-1 x DCS-27 for primary spike length, DPC-9 x DCS-9 for
effective spike length and VP-1 x DCS-5, DPC-8 x DCS-9 and LRES-17 x DCS-27 for number of capsules/primary spike
exhibited desirable non-significant inbreeding depressior, though they had significant positive heterosis. It suggests the
possibility of fixing of additive gene effects for the traits in these crosses. These results are akin to the reports of Hirve and
Tiwari (1991) who reported that inbreeding depression was absent in Indian mustard.

in case of 100 seed weight, the magnitude of inbreeding depression was high in selfed F, than open pollinated F, population
barring the crosses which involve DCS-27 as male parent. Since the 100 seed weight of DCS-27 parent was least, open
pollination of the hybrids of DCS-27 had negative inbreeding depression. The crosses exhibiting significant positive
inbreeding depression viz., DPC-9 x DCS-27, VP-1 x DCS-5, Geeta x SH-72 also recorded significant positive heterotic
effects indicating the presence of dominance and aver dominance for 100 seed weight, wherein heterosis breeding couid
be rewarding for improvement of the trait. Similarly, Pathak et al. (1988) reported high inbreeding depression for 100 seed
weight in castor. However, the crosses, DPC-9 x DCS-3, VP-1 x DCS-27, LRES-17 x SH-72 and Geeta x 48-1 recorded
non-significant inbreeding depression in selfed F, population though they had significant positive heterosis indicating the
predominance of fixable gene effects. .

Similarly, for seed yield/plant the magnitude of inbreeding depression was high under selfed F, compared to open pollinated
F, population. The inbreeding depression was high under strict selfing than the open poliination of F, hybrids. Among eight -
crosses, studied seven crosses had significant positive values for both inbreeding depression and heterosis, indicating the
predominance of non-additive gene components in governing seed yield. Similar results were reported by Pathak et al,
{1988) in castor and Singh and Rai {1995) in Indian mustard. Therefore, the desirable best crosses can be utilised in the
breeding programme and rapid progress can be achieved by family selection following intermating in subsequent
generations for the improvement of seed yield. However, the cross, Geeta x 48-1 exhibited non-significant inbreeding
depression in selfed F, condition besides expressing positive heterosis. It indicates the predominance of additive type of
gene action. These results are akin to the reports of Yazdi-Samadi et al. (1975) who reported negligible inbreeding
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depression in safflower. Hence, the cross could be used to produce biparental progenies and evaluate subsequently to get
superior segregates which might be handfed through pedigree method of breeding

Table 1 Heterosis and inbreeding depression in eight selected crosses for ten characters in castor

Days ta 50% flowering Days te maturity Number of nodes Plart height Primary spike length
: inbreeding Inpreeding Inbreeding Inbreeding
Inbreeding depression ) iy
S depression . depression
Cras Heterosis T amen Hetercsis P F. opan Heterasis id £, open Heterosis—--——~——-————depr85:m:pen Heterosis deprestmOn
1 o GRS 1 . + Open
F, selfed gollinated F, selfed pottinated F, selfed poilinated Fy selled pollinated F se"ed_pcfhna!ea
WB-1 x OCS-5 -2092 382 -Q.72 927 = H£28 * -5868 ™ 1709 ™ 2739 “-1538 * 2708 ~ Q15 295 1561 * 1412 751
VP-1 xDCS-27 2564 ™ 4B28 ** 3035 *~ 829 * 1476 ™ 934 * -11.82 ** 3408 " 1508 ** 5087 » 226 943 38.42 1112 1217
DPC-9xDCS-8  -16825 * -B§7 -1418 *~ 582 * -376 815 ™ £13 1373 & 382 -17.40 » 354 513 8.19 3B1 015
DPC-9xDCS-27 -17.89 ** 1871 * -13.55 " 430 * -1.18 1.18 2.44 -5.02 -3 44 n.ez2 34234 = 2414 ™ 2003 ™ 5047 2177 =

LRES-17xDCS-27 -19.66 ** -979 * -13.28 ™ -1169 ™ 1374 =~ -11.50 ™ -1.72 -13.45 ** 2702 * 2037 « 171 * .1088 425 8,98 8.38
LRES-17 % §H4-72 -24 14 * 1180 = -214 567 "™ 1183 B4y * 1852 ™ 2472 *-26988 * 1088 ¢ 3308 ™ {985 ™ 223 1877 * 937
Geeta x SH-72 -3.94 -872 * -308 567 " -391 -G.56 876 * 388 223 -18.4p ~ 1993 ** 545 1422 ** 2056 * 3.15
Geela x 48-1 B899 ™ 120 -3.59 878 = 407 436 " 862 ™ 547 -7.96 *¢ -20.69 = .3 44 -1.72 -26.65 ** 383 131

Rurnber of capsules per primary

Effective spike iength spike 100 seed weight Saed yieldiplant Oil content
Cross Inbreeding Inbreding Inbreeding intreeding Inbreeding
i depression ) depression . depression . depression i depression
Heterosis Fiopo Heterosis F1 open Hetems's-——_FTE;HEWOSIS—'_'T—HEMOMT?F—
opan open open
R 1 selfed .
F1 selfed goliinated Fisefed saiinatea F7 salfed polinated F1 seffed allinated selfed _pollinateg
VP-1x DCS-§ 2664 * 2011 * 1571 * 4243 ™ 464 4.82 2441 * 885 ** 508 7490 = 2233 * 1843 ~ 380 * -1.31 590 =

VP-1 xDES-27 4526 = 1823 ** 1315 * 5508 * 2896 * 2341 * 93§ ** 442 521 Q479 = 2927 " 2231 ™ B34 - 112 E86 "
DPC-9xDCS-9 1321 * 230 5.32 1970 * 457 059 2677 ™ 175 069 2966 ~ 2874 ** 1454 ** 509 " 077 197

DPC-9xDCS-27 3003 = 5254 ™ 21.75 ** 4571 *= 5081 * 1826 * 1710 1699 = 862 * 6304 * 4314 " 2132 = 145 &25 * 080

LRES-17 x DGS-27  5.66 7.33 6.67 2120 ** 1340 998 -306 339 570 7831 *+ 4448 * 3108 * 385 ™ 331 267 ¢
LRES-17 xSH-72 007 2418 = 1161 063 3064 - 12.08 519 * 375 107 6373 *- 2648 *~ 1707 ** 206 * 458 * 619 *
Geeta x SH-72 1307 2026 > 047 816 538 424 965 1287 = 3N 2884 ** 7761 " 1733 ™ 262 * 4372 < 453
Geeta x 48-1 -23.99 ** 225 1030 -24.08 ** 1309 476 14.56 ** .3.98 G54 2101 ~ 4728 1470 ™ D22 074 391 ™

*, ** Significant at 5% and 1% level, respectively

For oil content, two crosses viz.,, LRES-17 x SH-72 and Geeta x SH-72 exhibited significant positive inbreeding depression
and also had significant positive heterosis suggesting the preponderance of non-fixable gene effects. The cross LRES-17
x DCS8-27 recorded significant positive inbreeding depression in selfed F, population and significant negative heterosis in
F, suggesting the presence of epistatic interactions in governing the trait. However, the cross, VP-1 x DCS-5 exhibited
non-significant  negative inbreeding depression, though it had significant positive heterosis inferring the predominance
of fixable gene effects. Hence, it could be possible to isclate desirable transgressive segregants from this cross in F, and
subsequent generation, which might be handled through pedigree method of breeding for improving oil content.

For the utilisation of F, seed for commercial crop production, it is essential to have low inbreeding depression for seed yield
and aiso they should be uniform in height and maturity duration. However, the F, population of the crosses involving
LRES-17 as female parent showed large variation in plant height and days to maturity, while the crosses with \VP-1 exhibited
large variation in plant height. Further, most of the crosses studied exhibited high magnitude of inbreeding depression for
seed yield/plant barring the cross, Geeta x 48-1. lt was also found that the decrease in seed yield was several times higher
when compared to the hybrid seed cost. Based on the resufts F, seed for commercial crop production is not a viable
preposition. However, the crosses involving DPC-9 as female parent whose height and maturity parameters were relatively
on par with majority of good male combiners, the F; seed could be suggested for sawing, if the cross is highly heteratic with
no inbreeding depression. .
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Abstract

Estimates of gene effects through joint scaling test of three and two parameter and sequential fit models in four
crosses involving eight castor genotypes for ten characters were investigated. it was noticed that simple additive
dominance model showed good fit for two crosses viz., DPC-9 x RG-2374 and LRES-17 x RG-1471 for number of
nodes upto primary spike and 100 seed weight, respectively. In remaining crosses digenic/non-allelic interactions
were involved in controlling the expression of the traits. As seed yield is the main concern, five parameter
sequential fit model involving different types of interactions viz., m, {d), [h], (i and {1}, m, [h], [i], [il and [, m, {d]

[h], fil and [i} was observed in the crosses two, three and four, respectively. Sequential fit three parameter (rr; [hi
and [i}) model was the best fit for cross 1. Duplicate type of epistasis was observed for various characters i,’, all
the crosses. Simple additive dominance model exhibited lack of good fit for most of the characters in ail the four
crosses studied. Dominance and epistatic interactions were playing a major role in the inheritance of yield and its
components in castor. It can be categorically stated that, reciprocal recurrent selection or diallel selective mating
are the need of the hour to madify the genetic architecture of castor for attaining higher yields.

Keywords: Generation mean, gene effects, yield components, castor
introduction

Seed yield is the ultimate product of action and interaction of a number of yield components, which are governed by a large
number of genes having small effects and are greatly influenced by environment. Information on the presence of type of
epistatic gene effects in the inheritance of various quantitative traits is important for adopting suitable breeding procedures
to improve the traits. Generation mean analysis (Hayman, 1958) gives a comprehensive picture of gene action controlling
the trait. It is relatively a simple first degree statistically analyzed technique to know the predominant gene effects that are
responsible in effecting the variation of a character. Thus, in the present investigation, genetic parameters viz. additive

dominance and epistatic gene effects were estimated through genertion mean analysis for ten quantitative tra'its in fou;
crosses of castor.

Materials and methods

Eight parents were selected for making four independent crosses namely, Kranthi x RG-224 (C1), DPC 9 x RG-2374 (C2)
VP-1 x RG-1719 (C3) and LRES-17 x RG-1471 (C4) to study the gene effects through generation mean analysis Thé
experiment with six generations (P,, P,, F,, F,, B, and B;s) generated in previous two seasons was grown in a randorhized
block design with three replications at College Farm, College of Agriculture, Rajendranagar, Hyderabad. Recommended
package of practices were adopted to grow a healthy crop. A spacing of 90 ¢m x 60 cm was maintained in all the
experiments. Need based irrigations were given. Necessary prophylactic measures were adopted to save the crop from
pests and diseases. The parents and F;s were sown in two rowed plots, F,s in eight rowed plots and B,s and B,s were
grown in four rows each of 5 m length. The observations were recorded on individual plant basis in each replicationzon five
randomly selected plants in each parent and F,, ten plants in each B, and B,, and twenty plants in F, poputation for ten
guantitative traits in each cross. Joint scaling tests of Cavalli (1952) and sequential fit model of Mather and Jinks (1982)
were adopted to trace out precise estimates and magnitude and direction of genetic parameters. This technigue was
employed under three parameter (viz,, m, {d] and [h]) and six parameters (viz., m, [d}, [n], [i], ] and [I]) models.

Results and discussion

The estimates of different genetic components of generation mean in three, six and best fit model for ten characters of four
crosses in castor are furnished in table 1 The results are elaborated cross wise for 10 characters. The results of joint scaling
test with least source technique of the mean data of different traits revealed the importance of epistasis. It was inferred that
simple additive-dominance three parameter model was adequate for number of nodes upto primary spike in cross 2 and'
for 100 seed weight in cross 4. For ather characters in the four crosses, simple additive dominance model exhibited lack
of good fit. For days to 50% flowering, joint scaling test revealed the inadequacy of simple additive-dominance mode in all
the crosses, indicating the prevalence of inter alielic interactions. In cross 2 and 3 sequential fit four parameter model was
m, [d], [i] and [j] and m, {d]‘ [i} and (i], respectively. The magnitude of additive component was higher in all cross
combinations except in cross 1. Amaong the epistatic interactions, {i}, {j} and J}] were found significant. In case of days to
maturity, none of the crosses exhibited good fit for additive-dominance model conferring the influence of epistaticinteraction.
The search of best fit scheme, indicates four parameters for cross 1 (m, [d]., {i] and [i]), cross 3 (m, [q)], [iland [1]) and cross
4 (m, [d], [h] and [i}}, while three parameter sequential fit model was indicated for cross 2 (m, [d] and [i]). The role of both
additive and dominance components were important for this character.
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In all the four crosses prevalence of epistatic interactions was deciphered for the character plant height. Under joint scaiin
test, near best fit model was obtained for cross 3 wherein m, [d], [h], [i] and [I] genetic components were significant. Foyr
parameter best fit model was indicated for crosses 1 and 2 where the genetic components, m, [d], [i} and [j} were significant
in both crosses, while for cross 4 three components, m, [d] and [j] were significant. Simple additive-dominance mode| wag
adequate for number of nodes upto primary spike in cross 2, inferring the absence of nan-allelic interactions. The best it
five parameter model was obtained for cross 3, wherein, the genetic compaonents, m, (dl, (hl, (il and {[] were prevalent. in
cross 4 sequential fit four parameter model was found significant, whereas in cross 1 the best fit model was, m, [d] and [j).
The magnitude of additive effect was higher for this trail. For primary spike iength, none of the crosses exhibited good fit
for additive-dominance model inferring the role of epistatic interactions. Under sequentiat fit madel scheme, cross 3
exhibited near best ft of five parameter {m , [d], [h], [i] and []} while for cross 4 three genetic components viz., m, [d] and
[i} were important. The interference of higher order of epistasis andfor finkage was expected in the expression of this intwg
crosses (1 and 2). The magnitude of dominance effect was higher than that of additive for this trait.

in adequacy of three parameter medel indicating the role of epistatic gene effects was noticed for effective spike length in
all the four crosses studied. Sequential fit five parameter model observed in cross 1 was, m, {d], [h), [i) and [I], whiie in cross
2, itwasm, th], [i], [i} and [i}. in cross 3, four parameter sequential it model, m, [d)], [n} and [i] was opserved. Three genetic
parameters (m, {d] and {i)) were important for effective spike length in cross 4. The magnitude of dominance effect was
higher than that of additive for this trait. Regarding number of capsulesiprimary spike, evidence of epistatic effects was
noticed due to inadequacy of 3-parameter model. In crass 2 sequential fit five parameter was the best fit with the significant
genetic parameters viz., m, [d], (], [l and {i]. Whereas in cross 1, four parameters viz., m, [d], [} and [|] were important,
Crosses 3 and 4 showed best fit of m, [d] and [i}) and m, [d] and [I] type of gene actions, respectively with in a desired
direction. in general, the magnitude of the dominance was found to be highet than additive component for this character.

Forthe character, 100 seed weight, cross 4 only exhibited simple additive-dominance model, whereas in other three crosses
sequential it models were best fif indicating the prevalence of non-aiielic interactions. For cross 1, near best fit model was
five parameter with the genetic parameters, m, {d], {h], [i] and {l], while for the cross 2, best fit model was the two paramester
maodet where m and [d] were important. in case of cross 3, none of the model showed adequacy for 100 seed weight,
indicating the involvement of higher order of epistasis or linkages.Nan-allelic gene interactions were deciphered for seed
vield/plant. Sequential fit model of five parameter, m, [d], [k}, [i] and [[] {crass 2), m, [h1, [il, [j] and [{] {crass 3) and m, [d],
{h]. il and ({] (cross 4} were found to be important. While cross 1 showed adeguacy to the near best fit model of three
parameter, wherein, dominance and additive x dorminance type of gene interactions were prevalent for seed yield/plant. The
magnitude of dominance was higher in magnitude than additive component in all the crosses studied.

Far oil content, the inadequacy of three parameter model was noticed for the two crosses studied. In cross 3 and 4 scaling
test and genetic components were not carried out as there were non-significant results in analysis of variance. For this trait,
seguential fit model of m, [d], [h], {i] and [[] were proved to be important in crass 1, white for cross 2, the best fit model was
four pararneter, where the genetic compaonents m, [d], th] and [1] found to be significant. The presence of epistatis was
reported for all the characters studied in the present investigation viz., days to 50% flowering, days to maturity, plant height,
number of nodes upto primary spike, primary spike length, effective spike length, number of capsules/primary spike, 100
seed weight, seed yield/plant and oil content by Pathak ef al. (1988), Gondaliya ef al. (2001), Solanki et al. {2003) and
Golakia ef al. (2004). In the present study, the three parameter model i.e., m, [d] and |h] was satisfactory to detect the
genetic differences in cross 2 for number of nodes upto primary spike and cross 4 for 100 seed weight suggesting that there
is no role of epistasis. Dobariya ef al {1992) reported similarly.

In the present study, magnitude of [d] was relatively small to that of other gene effects. Thus, additive gene is playing a
minor contribution to the inheritance of these traits. The relative magnitude of the genetic parameter [d] was important for
days to 50% flowering (cross 2 and 3), days to maturity (cross 2, 3 and 4}, plant height (cross 4), number of nodes upto
primary spike (cross 1, 2 and 4}, primary spike length (cross 4), effective spike length (cross 4) and 100 sead weight (cross
2). Thus, it could be easier to select and isolate high performing inbred lines for these traits in early generations. Hence,
selection for transgressive segregants in the early generations woutd be more effective far obtaining genetic gain of these
characters. In majority of the characters, the dominance gene action is playing a major role as compared to additive gene
actions. The importance of dominance gene effects was indicated not only by its significance and relative magnitude by
its sign. Positive dominance gene effects suggests its enhancing effect on the performance of different traits. However,
for days to 50% flowering and days to maturity in cross 4, dominance gene effects possessed negative sign, indicating that
dominance was in the direction of early maturity. In camparisan to additive gene effect, dominant gene effects were more
important for primary spike length and effective spike fength (cross 1, 2 and 3), number of capsules per prirmary spike (cross
2}, 100 seed (cross 1 and 3), seed yield/plant {cross 1, 2, 3 and 4) and oil content {cross 2}.

Considering the significance of epistatic inferaction, it was revealed that the characters viz., days to 50% flowering {cross
1, 3 and 4), days to maturity, plant height and number of nodes upto primary spike (cross 3), primary spike length and seed
yieldiplant (cross 2 and 3), effective spike length and oii content {cross 1 and 2), number of capsules/primary spike {cross
1, 2 and 4) and 100 seed weight {crass T and 3} were influenced by dominance x dominance [i] type of gene interactions
in one cross or the other.n the complementary type of gene, interaction particularly {ij and [I} reinforce the effect of
dominance, while in the duplicate type of interaction, they oppose the effect of the dominance component. In the present
study none of the characters of four crosses exhibited complementary type of epistasis similar findings were reported by
Gondaliya et al. (2001) and Golakia ef al. {2004) Solanki ef al. (2003).
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s for different characters in four crosses of castor

and D=Duplicate epistasis
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parameter flowering maturity  height spike length length primary spike weight yieldiplant content
Kranthi X RG-224 (cross 1)
" 55.35" 147.59™ B1.87™ 13.55%" 4111+ 3791 5511 27.90* 20848 504"
” -12.28™ -12.88*  -29.90™ 184 -4 42 5147 -15.66"" 0.44% 725 2.42%
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m 5361 421,10 44.32™ 22.29™ 14,79 5361 121.10"* 44.32% 2228 1479
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Besides additive, epistatic component of additive x additive [i] significance indicates the preponderance of ﬂdditivity over
non-additivity. In the present study viz., days to 50% flowering and days to maturity {cross 1, 2 and 4), plant height, primg

spike length and effective spike length (crass 1, 2 and 3), number of nades upto primary snike (3 and 4), numper |
capsulesiprimary spike (cross 2 and 3), 100 seed weight (cross 1 and3) and seed yield/plant {cross 2, 3 and 4) and these
interactions would enhance the chances for making improvement through selection (Solanki et al., 2003) in castor, The
epistatic component of additive x dominance [j] gene effects were of minor importance in general and observed in certain
crosses for days to 50% flowering (cross 1, 2 and 3), days to maturity (cross 1 and 3). ptant height (cross 1, 2 and 4

number of nodes upto primary spike, number of capsules/primary spike and oil content (crass 1), primary spike |engtH
{cross 1 and 4), effective spike length (cross 2 and 4) and seed yield/plant (cross 1. 3 and 4). Pathak et al. (198g)
Gondaliya et al. {2001), Solanki et al. {2003) and Golakia et al. (2004) also reported similarly. '

In the present investigation, in majority of the cases, sequential model schemes were found best fit which have twg
important advantages. Firstly, it increases the precision with which the remaining parameters are estimated after the
elimination of non-significant components and secondly it provides more degree of freedom for and ¥” test (Mather ang
Jinks, 1982). Thus, epistasis is the integral part of genetic architecture of the present material used in the investigation ang
breeder cannot ignore it. The six genetic parameters estimated provide a test for different types of gene action and are
useful in giving information for the improvement of these traits. The presence of dominance and epistatic effects for different
traits in all the crosses would slow down the progress of selection. Hence, it is suggested that the use of intermating of

selector followed by visual selection in early segregating generations would simultaneously explait both types of gene
effects.
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Genetic variability, character association and path analysis of yield and its
component traits in castor, Ricinus communis L.

V Sridhar, Kuldeep Singh Dangi, A. Vishnuvardhan Reddy, R. Sudhakar, A. Siva Sankar and V. Gouri Sankar

Department of Genetics and Plant Breeding, College of Agriculture, ANGRAU, Rajendranagar, Hyderabad-500 030, AP
Abstract

Genetic variability, character association and path analysis between yield and its component traits were carried
out in 95 genotypes of castor. Highly significant differences among the genotypes were recorded for all the
characters studied. The estimates of genotypic and phenotypic variances indicated the presence ot wide range ot
variation for seed yield and its components. The PCV and GCV were highest for plant height followed by effective
spike length, seed yield/plant, number of capsules/primary spike and primary spike length. Maximum value of
heritability was recorded in 100 seed weight followed by days to 50% flowering, days to maturity, plant height and
seed yield/plant revealing additive gene action for these traits. The traits viz,, plant height, number of
capsules/primary spike, seed yield/plantand effective spike length can be successfully improved by direct selection
as they possess high heritability coupled with high genetic advance. The results of the correlation indicated that
primary spike length, effective spike length and number of capsules/primary spike are the important productive
yield components as they had strong and positive association with seed yield/plant. Path analysis revealed that
yield can be increased by improving characters like effective spike length, number of capsules/primary spike and
100 seed weight as these showed a high and positive direct effect and significant correlation with seed yield/plant.

Keywords: GGV, PCV, heritability, correlation, path analysis, castor
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]ntroduction

ment of high yielding cultivars requires knowledge ofthe existing genetic variation and aiso the extent of association
mong the yield contributing characters. The coefficient of variation expressed in phenotypic and genotypic levels is used
?o compare the variability observe.d among different charac_ter& _The observed variability is a combined estimate of genetic

nd environmental causes of wh!ch iny the _former one is heritable. The heritability estimated aids in determining the
?elaﬁve amount of heritable portion in \far(gt_ron and thus helps lhe plant breeder in selecting elite Yines from diverse
population: However, the estimate of heritability alone does no! provide an idea of the expected gain in the next generation
put it has to be considered in conjunction with genetic advance. Character association and path analysis will establish the
extent of association between yield and its components and also bring out the relative impontance of their direct and indirect
offects, thus giving a clear unqe(standlng of their assocnat_mn with yield. The present study deals with the above genetic
constant and character association for eleven characters in 95 genotypes of castor.

pevelop

Materials and methods

The experimental material of comprised 85 genotypes (20 parents and 75 F,s) of castor. The field experiment was laid out
in a randomized block design with three replications at College Farm, College of Agriculture, Rajendranagar, Hyderabad
guring the rainy season of 2008, Each cross was sown in two rows of 5 m length with a spacing of 90 cm x 80 cm. All the
standard agronomic anag plant protection measures were followed to grow a healthy crop. The data were recorded on five
random plants for each treatment in each replication for ten morphological characters viz., days to 50% flowering, days to
maturity, piant height, number of nodes upto primary spike, primary spike length, effective spike length, number of
capsules/primary spike, 100 seed weight, ol content and seed yield/plant. Mean values for different traits were used for
siatisticat analysis. The genotypic (GCV) and phenotypic (PCV) coefficients of variability were computed as per Burton
(1952}, neritability as per Fatconer (188 1) and the phenotypic and genotypic variances and genetic advance were computed
following Johnson et af. (1955). Genotypic correlation coefficients were worked out following Al-Jibouri et al. (1958) and path
coefficient analysis fottowing the method of Dewey and Lu (1959).

Resuits and discussion

The analysis of variance recorded highly significant differences between genotypes for all the characters studied. There
is considerable amount of inter-varietat variabitity in castor. The estimates on phenotypic range, genotypic and phenotypic
variances, genotypic and phenotypic coefficient of variability, heritability and genetic advance are presented intable 1. The
results revealed the presence of wide range of phenotypic variation for seed yield/plant and its impartant components viz.
plant height, number of capsules/primary spike, effective spike length, primary spike length, days to maturity, days to 50"/;;
flowering and 100 seed weight which would facliitate greater options for selection of desirable and ideal genotypes from
the experimental material and hence would provide greater chances of success in breeding programme. Patel et al. {2004)
Dhapke ef al. (1992), Mehta and Vashi {1997} and Sevugaperumal ef a/. (1998) also observed wide phenotypic range for
seed yield/plant and importani yield components.

In general, the phenotypic coefficients of variability were higher than the corresponding genotypic coefficients of vanability
for various characters studied, indicating the marked influence of environment in the expression of these characters. The
PCV and GCV were highest for plant height followed by effective spike length, seed yield/piant, number of capsules/primary
spike and primary spike length suggesting that these characters are under the influence of genetic control. Hence these
characters can be improved by simple selection. The difference between PCV and GCV was minimum for days to 50%
flowering, days to maturity and 100 seed weight suggesting that these traits were least affected by enviranment. This
observation draws support from the very high value of heritabifity [>85 recorded for these traits (Table 1)].

High estimates of heritability in broad sense were observed for all the characters studied. Maximum value was recorded
in 100 seed weight fotiowed by days to 50% flowering. days to maturity, plant height and seed yield/plant revealing additive
gene action for these traits. Hence the improvement of these traits can be made through direct phenotypic selection.
Johnson et al. (1955) suggested that heritability estimates along with genetic advance would be more useful in predicting
yield under phenotypic selection than heritability esbmates alone. Characters having high heritability with wider variability
and high genetic advance as per cent of mean generally indicate the lesser influence of environment and predominance
of additive gene action in their inheritance and hence these traits would be successfully improved by direct selection (Panse
1957). In the present investigation, such type of conclusion can be obtained for plant height, number of capsu]eslprimar):
spike, seed yield/plant, effective spike length.

The traits with high heritability and low genetic advance and those with fow heritability and high genetic advance indicate
the presence of both additive and non-additive gene action with the preponderarice of the latter. This indicates the
environmental influence on these traits in considerable amounts. This holds true in case of oif content and days to maturity.
High heritabifity might be based on favourable influence of environment and hence selection for these traits may not be
rewarding. Similar results were reported by Patel et al. (2004).

Yield is a complex character and an outcome of the interaction of all the other characters. Such characters are highly
influenced by environment. Therefore direct selection for this trait will not be useful. Initially it would be better to improve
the component traits and selection for high yield could be practiced later in generations when considerable amount of
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homozygosity has been achieved in the families. The association between different characters and their combinationg
studied in castor both at genctypic and phenotypic levels have been presented in table 2.

Seed yield/plant exhibited significant and positive correlation with days to maturity, number of nodes upto primary spike
primary and effective spike length, number of capsules/primary spike, 100 seed weight and oil content both at phenotyp,-é
and genotypic levels. It exhibited a positive but non-significant association with days to 50% flowering and plant height,
Among the component characters days to 50% and days to maturity were similarly associated with number of nodes upte
primary spike, primary spike length and effective spike length exhibiting significant pasitive vatue while with 100 seed weight
both traits showed non significant negative association. The traits days to maturity and number of nodes upto primary spike
showed and significant and positive correlation with seed yield/plant indicating the importance of late maturity and high nege
number for increased seed yield/plant. The observations of Vindhiyavarman and Manoharan (1994), Aswanikumar ef g1
{2003}, Patel et al. (2004) and Yashpalyadav et al. (2004) were in agreement with the present findings.

Plant height and number of nodes upto primary spike had significant and positive asscciation with primary spike length,
effective spike length, number of capsules/primary spike. Among the important yield contributing characters, primary spike
length, effective spike length, number of capsules/primary spike had strong positive associaiion with seed yield/plant angd
also among themselves. The results indicated that these component traits are productive for increase in seed yield as
reported by Mehta and Vashi (1998), Raghuramreddy ef al. (2000}, Rameshthatikunta and Durgaprasad (2001) and
Aswanikumar ef al. (2003).

Hundred seed weight had negative relationship with all the characters studied but with seed yield/plant it was positive and
significant. Primary spike length, effective spike length, number of capsules/primary spike were negatively correlated with
100 seed weight may be due to competition for photosynthates. The trait, oil content exhibited significant and positive
association with 100 seed weight while it showed non-significant correlation with rest of the characters.

A study of character assaciation will greatly help the plant breeder in making effective selection in the field. In any crop
improvement programme precise selection for seed yield is necessary because of its complex nature of G x E interaction.
In the present study, the results indicated that the genotypic and phenotypic correlation followed the same trend and in
general the values of genotypic were higher than those of phenotypic correlation coefficients for all the characters studied
indicating there by less role of environment. Thus, primary spike length, effective spike length and number of
capsules/primary spike are the important productive yield components as they had strong and positive association with seed
yield/plant. These characters were also correlated among themselves. Hence, during selection emphasis must be Jaid on
the above said traits, which provide simuitaneous improvement of seed yieid.

Yield is the sum total of the several component characters which directly or indirectly contributed to it. The information
derived from the correlation studies indicated only mutual association among the characters. Whereas, path coefficient
analysis helps in understanding the magnitude of direct and indirect contribution of each character on the dependent
character like seed yield. The path coefficient analysis of yield components and their effect on seed yield are presented in
table 3. The estimated residual effect 0.121 indicates the adequacy and appropriateness of the characters chosen for path
analysis. Direct effect of days to flowering on seed yield was negative indicating the necessity for early flowering. Number
of nodes upto primary spike also showed indirect negative effect on seed yield. Patel and Jaimini (1991) and
Rameshthatikunta and Durgaprasad (2001) opined the impertance of early flowering in castor.

Plant height exhibited a positive genotypic correlation with seed yield. The direct effect of plant height and indirect effect
via number of nodes upto primary spike were negative indicating the need for short stature plant types. Number of nodes
upto primary spike and seed yield/plant exhibited a positive and significant genotypic correlation. The direct effect of this
trait and indirect effect of days to 5C % flowering and plant height was negative underlying the need for short plant types.
Such type of negative relationship was also reported by Dorairaj et al. (1973). Primary spike length which showed a strong
and positive association with seed yield/plant gave negative direct effect. This was due to indirect influence via effective
spike length and number of capsules/primary spike. On the contrary, oit content which showed significant positive
association with seed yield/plant exhibited negative direct effect.

Effective spike length showed significant correlation with a positive direct effect on seed yield. Similar positive association
was previously reported by Khorgade et al. (1994). However, plant height and number of nodes upto primary spike showed
indirect negative effect indicating the necessity of dwarf and early flowering plant type to attain longer main spikes. Number
of capsules/primary spike had significant correlation and a direct positive effect on seed yield/plant. Primary spike length
and 100 seed weight showed negative indirect effect indicating that contribution of capsules needs to be ensured for
increase in seed yiefd/plant.

Hundred seed weight showed significant and direct positive effect on seed yield/plant. Negative indirect effect of number
of capsules/primary spike emphasizes the necessity of seed filling. Hence, selection of medium sized seeds can be used
as selection criteria. Oil content had significant positive correlation with seed yield/plant but showed direct negative effect.
This was due to indirect influence of effective spike length, number of capsules/primary spike and 100 seed weight on seed
yield/plant. Thus it may be concluded thatimprovemnent in characters like effective spike length, number of capsules/primary
spike and 100 seed weight will help in improving seed yield in castor both directly and indirectly. Therefore, these characters
should be considered for yield improvement in castor breeding programme.
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Table 1 Mean, range and genetic parameters for characters In castor

Range Variance Coefficient of variability
Characters Mean+ SE  —— _ : - — Heritabiity (%) (% of
Min.  Max  Genotypic  Phenotypic  Genotypic  Phenotypic meanj
Days t0 50% fiowering 49.31+0.83 39.00 79.67 49 54 51.91 14.32 14.61 5602 28.8Q
Days to maturity 110.55+1.16 8900 13967 93.02 97.02 8.72 8.9 95.88 17 60
Plant height (cm) 55.46+2 48 29.47 108.G7 28363 301 86 30.37 31.33 93.96 6064
No. of nades upto primary spike 11.22+0.4B 7.40  17.53 427 4,94 18 41 19.80 86.44 35.26
Primary spike length {cm) 42.92+2.02 2440 7007 8934 101 47 22.02 23.47 88.04 4257
Efteclive spike length (crm} 35.30+2186 1360 63.27 11373 127,59 30.14 31.01 §9.18 58 52
No. of capsulesiprimary spike 47 58+315 2580 8860 15031 17973 2577 28.18 83.63 4854
190 seed weight (g} 32.97+063 1877 6200  33.80 34.98 17.63 17.94 96.62 3570
it content {%) 49.5040.58 4279 5278 2.96 3.97 3.48 4.03 14 47 6.18
Seed yieldiplant (g) 20398+9048  90.96 32547 13071.39 3338.15 2717 2832  ,  92.01 5368
Table 2 Genotypic and phenotypic correfation coefficients for seed yield and its components in castor
- No. of . .
Days to Primary Effective No. of
Days to Plant  nodes up ! " . 100 seed . Seed
Character 50% aturi ; ; spike spike  capsules/primary h Oit content
: aturity  height 1o primary ! weight yieidfplant
flowering spike length length spike
. G 1.000 G.88™ 0.776™ 0.88* 0.646*  0.661* G676 -0.156 -0.128 0.136
Days to 50% flowering -
P 1.000 Q.85 0.73z™ 0.809* 0589 DB&12* 0.809*" -0.148 -0.109 0131
. G 1.000 Q.762**  0.836" (0.639™ 0.B66™ Q.725*" -0.071 -0.352 0.233*
Days to maturity
P 1.000 072 0763 Q592 D623 0.657 -0.066 -0.047 0.299*
. G 1.000 0.781* 0557 Q521 0.603"™ -0.104 -0.158 0.122
Plant height
P 1.000 0727 D515 0.484™ D.558** -0.0589 -0.132 0.124
Na. af nodes upto prmary 1000 0721 0751 0712 0216* 0058 0224
spike P 1.000 G636"™ 0672* C.634™ -0.194 0070 0.209°
. . G 1.000 D.935% 0.73* -0.103 0.040 0.456*
Primary spike length
P 1.000 0.898™ Q0.667 -0.087 0.038 0.429*
. . G 1.000 G.g28* -0.080 0,052 0.483*
Effective spike length
P 1.000 0.738 ~0.072 0.038 0.448™
No.of capsules/primary G 1.000 -0.056 0021 0646
spike P 1.000 -0.038 Q012 Q579"
. G 1.000 Q.426™ 0.422%
100 seed weight
P 1.000 0.363* 0406
) G 1000 0.329*
il content
F 1.06G 257"
] G 1.000
Seed yield/plant
P 1.600

* Significant at 5% level, *" Significant at 1% level

Table 3 Direct {diagonal and bold) and indirect effects of path goefficients based on genotypic correlation in castor

Np. of Days to Daysto  Plant No. of r_mdes Pnrpary Effegtive No. of 100 i Co_rrelation
Characters spikes/ 50% matunity  height upto primary spike  spike capsules/ seed content with seed

plant  fipwering spike iength  length  primary spike weight yield/plant
Days ¢ 50% fiowering -0.236 -0.061 4.084 -0.010 -0.271 -0.113  0.204 3.810 -0.072  0.001 0.136
Days to maturity -0.257 -0.054 0095 .0.009 -0.257 0112 0,206 0.654 -0.033 0.000 0.233*
Plant height -(.208 -3.048 6473 0.2 -0.243 -0.098 (.161 0.544 -0.043  0.00¢ 0.122
Na. of nedes upto primary spike -0.133 -0.054 0.080 .0.010 -.308 -0.126 0.232 0.642 -0.100 0.001 0224~
Primary spike tength -0.051 -D.040 0,081 0007 -0.222 D176 0289 0.658 0,048  0.000 0.456
Effective spike \ength -0.157 -0.040 0.063 -0.006 -0.231 <0164 0.309 0.747 -0.037 0.000 0,483
No. of capsules/primary spike -0.160 -0.041 0083 -0.007 -0.219 -0.128  D.256 0.902 -0.025 0000 0646
100 seed weight -0.050 0.010 -0.007  0.001 0.067 0.G18 -0.025 -0.049 0461 -0.004 C422*
Qil content 0.090 0.008 -0.006 Q.O0R2 0.018 -0.007 0016 0.019 0187 -0.009 0329*

Residual effect= 0.121
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Sources of resistance to biotic stresses in castor : An overview

K. Anitha, S.K. Chakrabarty, B. Sarath Babu and K.S. Varaprasad
National Bureau of Plant Genetic Resources Regional Station, Rajendranagar, Hyderabad-500 030, AP
Abstract

Castor (Ricinus communis L.) is an important oil yielding plant with lot of export potential and India is the world's
largest producer contributing to 73.2% of world production. Biotic stresses occurring in the crop play a key role
in affecting the average productivity of castor. The most appropriate way of tackling these pests is developing
resistant cuitivars by introgressing resistant genes from the established resistant genotypes. Glabally, there are
about 12 major sources of castor germplasm collections identified by the International Germplasm Repositories
viz., Bioversity International and the USDA-ARS castor germplasm at Griffin, GA (USA) with total collections of 6588
accessions. The present paper reviewed the progress made so far in castor towards identification of resistant
sources againstimportant diseases viz., root rot {Macrophomina phaseolina), Fusarium wilt (Fusarium oxysporum
f. sp. ricini), grey mould (Botrytis ricini), defoliator insects (castor semilooper, hairy caterpillar and tobacco
caterpillar etc), leaf miner (Liriomyza trifoli), sucking pests {jassids, and whiteflies) and nematodes (Rotylenchulus
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raniformis). Global efforts made so far in identifying multiple resistance against diseases have also been reviewed
in the present article, while indicating progress made in the development of transgenic material in castor,

Keywords: Ricinus communis, insect pests, diseases, nematodes, resistance, tolerance

Introduction

Castor (Ricinus communis L.), a member of Euphorbiaceae is a tropical plant that is grown for its-non-edible vilseed. The
oil ohtained from the seeds of this plant is a very useful raw material in many industries like soap, surface coatings
cosmetics, pharmaceuticals, perfumes, greases and lubricants ete. The seeds generally contain 48% il content and thé
rest becomes the part of il cake.

Diseases and insect pests play an important role in the production of castor seed. Castor is vulnerable to the attack of
several biotic stresses, which include 93 fungal species, 6 bacteria, 1 phenerogamic parasite, 23 nematode species and
several insect species (Purdue Univ, 1983). On an average, the damage is over 70% due to these pests and diseases. In
India, 11 fungal species, 3 bacteria, 2 viruses, 2 nematodes, 41 insect species and 6 weed species are known to attack
castor (CABI, 2008). Of these, wilt (Fusarium oxysporum f. sp. ricin), root rot (Macrophomina phaseolina) and grey rot
{Botrytis ricini) are major diseases of castor that can cause upto 80-100% crop damage (Anjani et al., 2004). The bacterium

Rhizobium rhizogenes (gall) is designated as quarantine pestin India (Plant Quarantine Ordger, 2003) and asa consequencé
castor seed imported from USA has to be checked thoroughly for the presence of this bacterium. The most appropriate way
of tackling these pests is developing resistant cultivars by introgressing resistant genes from the resistant sources (Anjani

2005). The present paper gives a review on the globally available resistant sources for castor pests so as to utjfize then';
in the ongoing and future breeding programmes.

Globaily, there are about 12 major sources of castor germplasm collections identified by International germptasm collections
oitthe Bioversity web site combined with the USDA-ARS castor gcrmplasm at Griffin, GA (USA) with total collections of 6588
accessions (Auld et al., 2009). Eventhough as per the Bioversity web site, there are only 290 Indian accessions, known to
have been collected by NBPGR Regional Station focated in Akola, presently the National Gene Bank at New Delhi, India
has a total collection of 2611 accessions of castor, collected from different states of India {NORV database). Apart from
India, extensive germplasm collections are held in Brazil, China, Ethiopia, Kenya and the former USSR, but availability of
these germplasm resources is not clearly known. Castor germplasm can be obtained from public breeders in South America
including Brazil and Columbia. In tropical climates world wide, castor can be found as an introduced plant species surviving
as a weed in roadsides and non-cultivated areas. This castor can be a valuable source of germplasm especially for
adaptation to localized diseases, pests and environmental canditions.

Castor researchers worldwide are concentrating on its genetic improvement for high productivity coupled with resistance
to major diseases and insect pests to make it competitive with other vegetable oils in energy market. Thus, new sources
of disease and pest resistance are in constant demand by ihe breeders. Ricinus is a monotypic genus and R. communis
is the lone species encompassing several polymorphic types known in the world {Weiss, 1983). Several of these types
though were designated as different species (R. communis; R. macrocarpus and R. microcarpus), they were found fertije
intercrossable and therefore are not true species. Success of breeding in castor with yield stability is thus limited due to Iack'
of exploitable genetic variability for productivity traits and sources of resistance to rests and diseases. Thus breeders haye
to depend upon alternative approaches such as intergeneric hybridization, mutation and biotechnology for the creation of
genetic variability and incorporation of desired traits intd castor (Sujatha, 2008). The status on globally available pest
resistant sources of castor is reviewed below: :

Diseasas -

Rootrot: Root rot caused by Macrophomina phaseolfina is one of the most destructive diseases of castorcropinthe dryland
areas of India. A long dry spell with high temperature favours this disease. There are about 20 known sources of resistance
to root rot of castor, which include germplasm, varieties and hybrids. Of the 19 accessions identified as resistant to root rot
at Gujarat Agricultural University, Junagadh, 17 {RG 2706 to RG 2734) were collections from Andaman and Nicobar |slands
of India (Anjani et al,, 2004). RG-392 accession, which was found moderately resistant earlier, showed resistant reaction
in 2004 (Anjani et al., 2004). Macédo Vieira et al., (1998) identified two lines viz., CNPA M. 90-210 and CNPA M. SM4 from
Brazil resistant to root rot caused by M. phaseolina and Botryodiplodia theobromae.

Wilt: Wilt caused by Fusanum oxysporum f, sp. ricini is the most important soil and seed-borne disease of castor in India.
Fusarium wilt incidence as high as 85-80% was reported in wilt-endemic areas of various castor-growing states, It causeg
yield loss to the extent of 60-70%. Thus most of the castor breeders in India focused their research on this disease and
made enough progress in finding out the resistant sources {Anjani, 2003a ; Golakia et al.,, 2003 Anjani ef al, 2004). The
breakdown of wilt resistance in resistant sources like GCH-4 (Patel ot al,, 1991), DCS-9 (Anjani et al,, 2004) indicate the
need for cantinuous search of resistant sources for crop improvement.

Genetic diversity among 20 identified wilt resistant castor germplasm was assessed using multivariate classificatory
methods (Anjani, 2010). Wide genetic diversity was demonstrated among these accessions, which would serve as base
diverse material for wilt resistance breeding, wilt resistant genepool construction and molecular markers. The diverse
resistant accessions would have perpetual value for scientific advancement in host-plant resistance breeding in castor. They
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are also promising sources for molecular characterization, tagging and mapping of wilt resistance genes in castor for
utilization in marker assisted breeding. Desai et af. (2001) studied the genetics of wilt resistance and found that the
inheritance of resistance was governed by polygenes showing dominance.

Grey mould: All the existing castor varieties and hybrids are susceptible to grey rot and non-genetic measures I'}ave failed
lo control it. Screening of 145 accessions against grey rot under artificial epiphytotic conditions resulted in identification of
Six resistant accessions (RG-2604, 2718, 2724, 2731, 2732 and 2733), which were collections from the Andaman and
Nicobar Islands {Anjani et af., 2004). Use of nan-gpiny varieties with less compact inflorescence is pre_ferred to combat_ the
disease incidence. Sunil et al,, {2005) identified 10 suth accessions from Andhra Pradesh with non-spiny and loose spikes
as probable sources of resistance to grey rot.

in addition to the above, very few sources of resistance were identified earlier (Table 2) against rust (Me!ampsqrgr {Tc:nr),
leaf spot (Afternaria ricini) and bacterial leaf spot and blight {(Xanthomnas campestris pv ricini and Xanthomonas ricinicola).
Castor varieties that are susceptible to damping-off (Rhizoctonia solani) and bacterial wilt (Ralstonia sofanacearum) are
also indicated (Table 2).

Insect pests |

The crop is infested by number of insect pests, among which defoliators, viz., leaf miner {Lifomyza trifolii), semilooper
(Achoea janata) and tobacco caterpillar (Spodoptera fitura) are important. Average crop losses due to insect pests viz,,
semilooper, capsule borer, jassids, and whitefly were estimated to be 20.1% (Ramanathan, 2004). The resistant sources
against insect pests are listed in table 3.

Serpentine leaf miner (Liriomyza trifolii): This pest is assuming importance on castor these days dug to its wide ho;t
range, low sensitivity to insecticides and ability to survive and multiply over wide range of seasonal conditions. In India, it
was first recorded on castor during rainy season in 1991 (Lakshminarayana et al., 1992). Some sources of resistance to
leaf miner were identified (Anjani, 2003b and Anjani ef al., 2009). Recently, 12 varieties were identified as resistant to this
pest in Karnataka (Hegde et a/., 2009). In general, castor plants with 'papaya’ leaf types showed resistance to leaf miner,
The plant with red stem and single, double and triple blooms showed resistance to leaf miner and ser_nilooper. Casto_r plants
with spiny and compact spikes carried high shoot and capsule borer infestation than those with spineless/ non-spiny and
loose spikes {Hegde ef al., 2009). Significant relation between high total phenol concentrations in dark purple Iea_f phenotype
and teaf miner resistance in castor was established as dark purple leaf progenies possessed high concentrations of total
phenol and were resistant to leaf miner, while green leaf type progenies had low total phenol concentrations and were
susceptible (Anjani efal, 2010}, Thus, it can be considered as an effective visual and reliable approach for indirect selection
of leaf miner resistance.

Defoliators (Semilooper (Achoea janata): Bihar hairy caterpillar {Spilosema obliqua), Coffee hairy caterpillar
(Euproctis fraterna) and Tobacco caterpillar (Spodoptera litura)):

The defoliators (castor semilooper, tobacco caterpillar), sucking pests and capsule borer cause economic losses to rainfed
castor. In addition to the traditional methods of identification of resistant sources, biotechnological studies are in advanced
stage to develop transgenics against defoliators such as semilooper and tobacco caterpillar in castor
(http://www.abfindia.org/ge5.html; Malathi et al,, 2006; Sujatha et af., 2009) (Table 3). DOR Bt-1, a local isolates of Baciflus
thuringiensis var kurstaki (H-3a, 3b, 3c) developed for management of castor semilooper has been registered under the
trade name KNOCK W.P. for commercialization with the Central Insecticides Board, Govt. of India {(NPCMT, 2010_).
Transgenics, expressing cry/Ab exhibited ample resistance against the castor semilooper (Malathi ef al., 2006). A strain
of Bacillus thuringiensis (Bt) isolate, 8. thuringiensis DOR4, isolated from Indian soil samples was characterized and found
to be toxic to Achaea janata larvae, hence can be expleoited for its control (Madhusudhan et al,, 2008). ngion gene (er
1E-C) harbouring npt gene for enabling plant selection on kanamycin and found highly effective against Bihar hairy
caterpillar (http:/iwww.abfindia.org/ge5. htmi).

Sucking pests [Whiteflies (Trialeurodes ricini) and jassids (Empoasca flavescens)]

Castor germplasm and varieties with sources of resistance/ tolerance against jassids and whiteflies are presente_zd in table
3. The bloom (waxy coating on leaves and stem} was found to play a major role in the host-plant relgtlonshlp in case of
jassids and whitefly, no bloom types suffering severely from jassids, while triple bioom types are highly susceptlblc_e to
whiteflies (Ramanathan, 2004). At Palem, 7 castor entries {RG-48, 76, 78, 97, 316 and 443) with green stem and triple
bloom and one entry (RG-282) with red stem were found tolerant/resistant to jassids (Ramanathan, 2004). At NBPGR
Regional Station, Hyderabad, 18 castor germplasm lines with triple bloom were identified as probablg sources of resistance
to jassids and another 25 accessions with zero bloom as probable sources of resistance to whiteflies (Sunil et al., 2005).

Nematodes

Castor is prone to the attack of reniform nematode (Rotylenchulus reniformis), cyst nematode (Heterodera ricini) and
root-knot nematode (Meloidogyne spp.}, of which reniform nematode assumes utmost importance.

Reniform nematode has been found to be a predisposing factor for castor wiit _(Chat_topadhyay and Varaprasad, 2001),
which has resulted in break down of resistance against wilt in wilt-resistant hybrids, viz., GCH 4 and GCH 5 (Sangwan et
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af., 2005). Thus, now more emphasis is being given to develop resistance in castor hybrids against nematode-wilt complex.
seventeen high yieiding castor hybrids, wiz., SHB-725, SHB-754, SHE-758, SHB-759, SHB-760, SHB-764, SHB-765,
SHB-793, SHB-795, JHB-865, JHB-880, JHB-882, JHB-887, JHB-888, JHB-805, JHB-906, JHB-921 showed resistance to
nematode-wilt complex both under artificial inoculation conditions and also in hot spots on farmers' fields. Efforts were made
to screen castor genotypes against reniform nematode and wilt separately and combination of both these pathogens at
gardarkrushinagar. Genotypes Geetha, SKP-16, SKP-23, 106, 108, 5KI 80, 8K1218, 3K1225, J1258, and DCS 9 have been
found resistant against nematode-wilt complex (Sangwan et al., 2005).

Castor was reported to be resistant to Meloidogyne thamesi and M. hapla {Lear and Miyagawa, 1966). However, the
varieties, Lynn, Baker 296, and Baker Hybrid 55 were not resistant to M. javanica and M. incognita. Castor roots of the
above varieties were readily invaded by the root-knot larvae; however, the larvae either migrated out of the root or failed
to develop (Orr and Morey, 1974). Thus, castor can be used successfully in crop rotation to reduce the root knot nematode
populations.

.

Multiple resistance

Several castor accessions were identified with multiple resistance by castor breeders (Table 4). The purple morphotypes
of castor germplasm accessions namely, RG 1930 and RG 2008, growing wild at Assam and Manipur and collected during
castor germplasm exploration in north-eastern states, showed multiple resistance to Fusarium wilt and leaf miner in castor.
So far these are the lone and the first reported sources. These purple-coloured morphotypes are rare and localized variants
that could serve as diverse resistant sources for leaf miner and wilt disease with a distinct genetic marker, in castor
improvement programmes in order to breed diverse resistant breeding cultivars (Anjani ef al., 2009).

Another land race (RG-2818), collected from Tamil Nadu was found to have resistance to Fusarial wilt and root rot {(Anjani,
2008). RG-2787, a selection from KA37/01 germplasm collected from Tami! Nadu, has shown multiple resistance to wilt,
root rot, grey rot and reniform nematode (Anjani and Raoof, 2009). Multiple resistance in two castor accessions (SKP-84
and SKP-215) against Fusanal wilt and reniform nematode were identified and these were used as female and male
parents, respectively for the development of GCH-7, which is resistant lo the wilt-nematode complex (Pathak et al., 2006).

Majority of the castor resistance b