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Review Article

Diacylglycerol oil as an edible oil : A review

Aparna Kuna, A. Poshadri' and Sumit Pandey’

Post-Graduate Research Centre, ANG Ranga Agricultural University, Rajendranagar, Hyderabad-500 030, AP

(Received: March, 2008; Revised: March, 2008; Accepted: March, 2009)

Abstract

Diacylglycerol (DAG) oil has beneficial effects on
obesity and weight-related disorders in both animals
and humans. The physiological effect of DAG is
believed to be attributed to its metabolic pathway,
which is different from ftriacylglycerol (TAG)
metabolism. Physicochemical properties, such as
melting and smoke points and pelymarphic forms of
DAG are also distinct from TAG. The new DAG oil is
derived from a combination of ¢ils and has a different
chemical structure from TAG oils. While both types of
oil are digested the same way, the body metabolizes
DAG oil differently, promoting greater breakdown by
the fiver. The resuit is that the body stores less of the
oil as fat. Clinical studies of DAG oil demonstrated
thatconsumers can lower body weight, abdominal fat,
and triglyceride levels when it is used as part of a
healthy eating plan.

Key words: Diacylglycercl, edible oil
Introduction

Commonly consumed vegetable fats and oils are knewn
to contain triacylglycerols and small amounts of
diacylglycerols and monoacylglycerols (D'alonzo et al.,

1982). Triacylglycerol consists of 3 faity acids esters,
whereas diacylglycerol oil has 2 fatty acids esters-linked
to a glycerol backbone. 1, 2 or 2, 3 Diacylglycerols {Fig. 1)
are formed as a result of hydrolysis of triacylglycerols by
enzymes in animal tissues, and they are also generated
in seed oils by the action of plant fipases. Another
structural stereo chemical form 1, 3-diacylglycerol can be
formed as a result of hydralysis. Recently, Watanabe et al.
(2003) developed a process by which the ratio of
glycerides found in plant oils such as soybean, canola
(rapeseed), or corn can be shifted from triacylglycerols to
diacyiglycerols leading to the formation of oil composed
largely of randomized diacyiglycerols. Commercially,
diacylglycerot oil is produced by esterification of fatty acids
derived from natural ediple plant ofs in the presence of
lipase enzyme. Commercially produced vegetable
diacylglycerol oil contains >80% diacylglycerols, <20%
triacylglycerols, <5% monoacylglycerols, and small
amounts of emulsifiers and antioxidants to maintain
guality. The main constituent fatty acids of this cil are oleic
(C18: 1), linoleic {(C18: 2}, and linolenic (C18: 3) acids,
presentas 1, 3 and 1, 2 (or 2, 3) diacylglycerols in a ratio
of 7:3 respectively. At equilibrium, diacylglycerol oil is
composed of 1, 2 (or 2, 3) diacylglycerol and 1, 3
diacylglycerol (Matsuo and Tokimitsu, 2001).

A. Triacylglycerol(TAG) B. Diacylglycerol (DAG)

CHz2OCO-R4
i
CHOCO-R2
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b) 1,3-DAG

CH;OCO-R¢
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CH20CO-R2
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Fig. 1. Structure of triacylglycerol and diacylglycerol R1, R2 and R3 indicate fatty acids
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Diacyiglycerol oil as an edible oil : A raview

In recent years, because of potential health benefits and
comparable taste/usability characteristics to commonly
consumed oils, diacylglycerol il is gaining popularity
around the world as a replacement for conventional
cooking oils. The constituents of diacylglycerol oil are
commonly found in diets as components of conventional
dietary oils, as approved food additives, i.e., mono and
diacylglycerols, and as metabolites of normal lipid
metabolism following the consumption of dietary fat.
Following the ingestion of triacylglycerol, diacylglycerol is
produced in the gastrointestinal tract as a metabolic
intermediate, either as sn-1, 2-diacylglycerol or as sn-2,
3-diacylglycerol (Matsuo and Tokimitsu, 2001). Usinga 1,
3 specific lipase, one can produce diacylglycerol ail,
mainly sn-1, 3-diacylglycerol, by migration of the acyl
group. All cooking oils naturally contain small quantities of
diacylglycerol (1, 2 or 2, 3 and 1, 3), ranging from 0.8% in
rapeseed oil to 9.5% in cottonseed oil (Flickinger and
Matsuo, 2003). Corn oil and olive cil are reported to
contain about 2.8 and 5.5% diacylglycerol cil, respectively.
As diacylglycerol cil is similar to other commonly used oils
including rapeseed, soybean, and safflower cil (Takase et
al., 2005) in characteristics such as taste, appearance,
and fatty acid composition, it can be readily incorporated
into food products.

The position or'the ratty acig'on the glycerol backbone has
been claimed to be responsible for the metabolic
differences of diacylglycerol oil relative to triacylglycerol oil.
Watanabe and Tokimitshu (2004) hypothesized that the 1,
3 diacylglycerol (primary compenent of diacylglycerol oil)
is less readily resynthesized as chylomicrons and is
directly transported to the portal vein for R-oxidation. This
increase in fatoxidation may influence satiety (Rudkowska
et al., 2005}. Foods containing diacylglycerol oils have
been shown to promote weight loss and body fat reduction
and may be useful as an adjunct to diet therapy in the
management of obesity (Maki et af., 2002; Kamphuis et al.,
2003). The structural and metabolic characteristics of
diacylglycerol compared with triacylglycerol appear to be
responsible for suppression of body fat accumulation,
body weight loss, and lower serum triacylglycerols levels
postprandiaily. Thus, inclusion of diacyigiycerol oil in diet
may help prevent weight gain and fat deposition.

Diacylglycerol oilis "generally recognized as safe" (GRAS)
as a food ingredient in the United States (FDA, 2000;
2003) and has been approved by the Japanese Ministry of
Health, Labor and Welfare (MHLW) as a "food for
specified health use" (MHLW, 1998). During the 1970Qs,
Joint FAO/MWHO Expert Committee on Food Additives
(JECFA, 1974) and Federation of American Societies for
Experimental Biology (FASEB, 1975) reviewed the safety
data of partial mono and diacylglycerol and concluded that
these ingredients present no safety concerns at the
intended use levels. In view of this and the potential
increase in use, an attempt has been made to

systematically review the existing information related to
Diacylglycerol cils.

Physicochemical properties

DAG oils are esters of the trihydric alcohol glycerol in
which two of the hydroxyl groups are esterified with fatty
acids. They ean exist in two structural isomers namely,
1,2-DAG ang 1,3-DAG (Fig. 1). These isomers will
underge acyl migration to form equilibrium at a ratio of
3-4.7-6 between 1,2 and 1,3-DAG (Takano and Itabashi
2002) often in the presence of an acid, alkali, or heat
(Sedarevich, 1967). 1,3- DAG is more thermodynamically
stable becauge of the steric effect of the molecule. In
general, the melting point of 1,3-DAG is approximately
10°C higher than TAG, and 1,2-DAG is approximately
10°C lower than 1,3-DAG, of the same fatty composition
{Benson 1967 Formao 1979; Bockish 1998). The causes of
these melting point differences are the strength of
hydrogen bonding of the hydroxyl group and fatty acid
chain arrangement of the DAG isomers. 1,3-DAG has a
V-shaped fatty acid chain arrangement, while 1,2- DAG
has a hairpin-shaped conformation. The type of molecular
arrangement of the DAG isomer relates to its polymorphic
form. Unlike YAG polymorphism, DAG exhibits two types
of polymorphic forms. 1,2-DAG exhibits the o and 3 forms
het has 0o ) form, while 3.3-DAG has no B form but
exhibits two types of i form, (11 and the more unstable 32
{Nakajima et a1, 2004).

Biochemical properties of DAG

DAG is a natural component of various edible oils (Table1)
DAG can be synthesized enzymatically with the reverse
reaction of 1, 3 specific lipase, and consists mainly of the
1, 3 species due to the migration of the acyl group in an
equilibrium reaction,

T?ble 1 Contents (weight %) of triacylglycerol and
diacylglycerol jn various edible oils

Edible oils Triacylglycerot Diacylglycerol
Soybean il Q979 10
Cottonseed oil 87.0 95
Palm ail 93.1 i 5.8
Corn ol 95.8 . 2.8
Safflower ol 95.0 b2
Qlive oll 93.3 58
Rapeseed oil 96.8 0.8
Lard 979 13

Source. Abdel-Nabey st af., 1992
Digestion, Apsorption, and Metabolism

Dietary TAG yil is hydrolyzed by lipase to free fatty acids
(FFA} and 2 monoacylglycerol in the small intestinal
lumen, and these are absorbed by intestinal cells (Fig. 2).
In intestina] cells, TG is re-synthesized from
2-monoacylglycerol and two FFA via the
2-m0noacylg|ycerol pathway (Yang and Kuksis, 1991).
Monoacylglycerol acyltransferase (MGAT) and
diacylglycerol acyltransferase (DGAT) work in the
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2-monoacylglycerol pathway (Cao et al., 2003; Cheng et
al., 2003) .TG is incorporated into chylomicrons (CM) by
microsomal triglyceride transfer protein (MTP), which are
released into the intestinal lymph and poured into the
bloodstream (White et al., 1998). In the case of DAG ail,
the metabolic pathway in the intestinal cells is different
from that of TAG oil (Fig. 3). Dietary DAG oil is mainly in
the form of 1, 3-DAG. 1, 3-DAG would be hydrolyzed
initially to 1-monoacylglycerol and then to glycerol and
FFA, which are absorbed into the intestinal cells
(Watanabe et al., 1997). TG cannot be synthesized from
1monoacylglycerol via the 2-monoacylglycerol pathway in
the intestinal cells, because 1-monoacylglycerol cannot be
the substrate for both DGAT and MGAT (Cao et al., 2003,

- Dietary TAG —)

Cheng et al., 2003). TG could be synthesized via the
glycerol-3-phosphate pathway, which is less active than
the 2-monoacylglycerol pathway (Friedman and Nylund,
1980). 1, 2-DAG would be hydrolyzed to
2-monoacylglycerol, and TG is synthesized via the
2-monoacylglycerol pathway. Recently it was reported by
Yasunaga et al., (2007) that DAG ocil reduced plasma TG
levels, resulting from more efficient clearance cf DAG by
both LPL-mediated lipolysis and apolipoprotein
E-mediated hepatic endocytasis. A lowered plasma TG
levels accompanied by an increase in adipocyte LPL
activity was found in Sprague Dawley rats (Kim et al.,
2007).

resynthesis of TAG | (MTP
digestion
2-MAG pathway (80%)
el intestinal
T lymph
2-MAG 2-MAG Slow chylomicron
: d glycerol-3-phosphate pathway
 m—— _ portal
v ommen B ~>  vein
FFA
. : : : o liver
intestinal lumen intestinal epithelial cells

Fig. 2. Digestion and absorption of triacylglycerol. DGAT, diacylglycerol acyltransferase; FFA, free fatty acids; 2-MAG, 2-monoacylglycerol; MGAT,
monoacylglycerol acyltransferase; MTP, microsomal triglyceride transfer protein; TAG, triacylglycerol
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Nutritional implications and application of DAG to
dietary treatment for disease

The metabolism of DAG-oil is comparable to that of partial
glycerides (mono- and diglycerides) and triglycerides.
Furthermore, diglyceride-rich oils have energy values and
digestibility coefficients equivalent to those of triglyceride
oils of similar fatty acid composition. The most important
difference with the digestion of triacyiglycerols and DAG-oil
is that, following the intake of diacylglycerols; the formation
of 2-monoacylglycerols is limited. As a result, more fatty
acids are broken down 1o release energy. Therefore, they
are not available for re-synthesis in triacylglycerols and
hence do not contribute to fat deposition. Consumption of
DAG-oil, as compared to triglyceride oil, has the effect of
producing lower level of serum triglycerides, as well as
decreasing body weight and fat mass thereby contributing
to reduced incidence of degenerative disorders like
obesity, coronary vascular diseases, metabolic syndrome
and diabetes. The application of DAG to dietary treatment
in diabetes has been studied by few scientists. Maki et
al(2002) performed human efficacy studies among
subjects comprising abese or overweight volunteers with
BMI 30 or greater who underwent 6 months ingestion of
DAG oil or TAG oil, and changes in body fat were studied
comparatively. The results showed a statistically significant

difference between the DAG and TAG oil ingestion groups
with regard to body weight and body fat reduction. Tada et
al. (2001) reported that RLP-C and RLP-TG (remnant-like
lipoprotein particle fraction cholesteral and triglycerides)
values were significantly lower in DAG oil ingestion versus
TAG oil ingestion, indicating that postprandial elevation of
remnants was suppressed.

Tada et al. (2005) administered DAG at 30g/m*® body
surface area to 6 diabetic patients and reported that
postprandial serum triacylglycerol levels were suppressed
to significantly lower levels compared to administration of
TAG oil with a virtually identical compaosition. Yamamoto et
al. (2001) performed a 3-month single-blind controlled
ingestion study on subjects comprising diabetic patients
with hypertriglyceridemia and reported a distinct reduction
in serum friacylglycerol and glycosylated hemoglobin
(HbA1c). Teramoto et al. (2004) reported usefulness of
DAG oil among patients on hemaodialysis.

DAG oil consumption has been reported to ameliorate the
constituents of the metabolic syndrome such as excess
adiposity, impaired glucose metabolism, and dyslipidemia,
suggesting the usefulness of DAG oil for the management
and prevention of the metabolic syndrome (Hidekatsu ef
al., 2007).

1(3-MAG FFA

[~ Dietary DAG
T resyrthesis of TAG
i
—— Fast
2-MAG pathway
intestinal
DGAT
MGAT lymph
chylomicron
) (3HMA
1(3FMAG s
+ GRS " /A glycerol-3-phosphate pathway
z ral
absorption S _——L-"‘ p\?ein

storage-energy expenditure

intestinal lumen

L J—

liver

intestinal epithelial cells

Fig. 3. Digestion and absorption of diacylglycerol. DGAT, diacylglycerol acyltransferase; FFA, free fatty acids; 1(3)-MAG, 1-monoacylglycerol or 3-
monoacylglycerol; MGAT, monoacylglycerol acyltransferase; MTP, microsomal triglyceride transfer protein; TAG, triacylglycerol
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Significance of diacylglycerols in food applications:
Confectionery fats

DAG oils have been shown to have significant effects on
ine physical properties of oils and fats. These vary from
melting point and polymorphism changes, rate of
crystallization, crystal size and habits. Substantial research
work has been carried out on palm oil, sal fat,
hydrogenated oils and coconut oit. Confectionery fats are
made from both lauric and non-lauric cils. Cocoa butter is
the ideal fat used in chocolate and related confectionery
industries but, being expensive, it is partially replaced by
cheaper fats in some products. The properties of cocoa
butter are essentially affected by the main TAG
component, SOS triacylglycerol. The DAG level in cocoa
butter is around 2%, and, at this proportion, it does not
affect the properties to a significant extent. The influence
of DAG oils on the rate of fransformation of o to P crystals
was investigated by Wahnelt ef af. (1991) who showed that
1, 2-{2, 3) DAGs cause more significant changes
comparedto 1, 3 DAG. Sal (Shorea robusi{al fat comprises
mainly the symmetrical monounsaturated, di-saturated
type of TAGs, mosily 2-olepdistearin. I's application in
cocoa butter as extenders and confectionery fat
formulations has been increasing steadily.

Qil-in-water type emulsion foods

Qil-in-water type emulsion (C/W) food products are
commonly represented by mayonnaise and salad
dressings. In general, mayonnaise and salad dressings
contain oil, egg yolk, vinegar, and seasonings {(sall, sugar,
spices, flavors, etc). The major difference between
mayonnaise and salad dressings is in the oil content.
Mayonnaise has an oil content of 65-85% (w/w), while
salad dressing has less than B60% (w/w) oil. The
application of DAG cil in QAW products was first patented
by Nomura et al. (1992). According to the invention, the
OMW product has an oil phase comprising of 30-100%
{w/w) DAG with a melting point of 20°C or less. The O/W
composition is claimed to exhibit a rich faity savor even at
a low fat content. Several years later, Kawai and Konishi
{2000) describe an O/W composition that has excellent
storage stability, good appearance, taste, and physical
properties,

Water-in-oil type emulsion foods

The other form of emulsified food product has a water-in
oil type emulsion (W/O). Examples of such products are
margarine, spreads, butter cream fillings, and icings used
in baking and the confectionery indusiry. Mon et al.
(1999a) invented a W/O-emulsified fat composition that
has good stability and spreadabiiity and is suitable for use
as margarine. The W/Q compasition is made up of 40 to
less than 95% (w/iw) of DAG and 5 to less than 50% (w/w)
of TAG, wherein the DAG comprises of 0.5 to less than
20% (wiw) DAG containing two saturaled C14-C22 faity

acid groups, 20 to less than 55% (wfw) DAG containing
one saturated C14-C22 fatty acid group and one
unsaturated C14-C22 fatty acid group, and 25 to less than
70% (wiw) DAG containing two unsaturated C14-C22 fatty
acid groups, and the weight ratio of total C14 and C16
saturated fatty acid groups in DAG to total C18, C20, and
C22 saturated fatty acid groups in DAG is in the range
from 1 to 8. Another W/Q composition claimed to have
excellent flavor release during the time of ingestion was
invented by Masui and Konishi (2001).

Shortenings

DAG also finds an application in the formulation of
shortenings. Doucet and Olathe (1999}, Mori ef af. (1999b)
invenled a shortening composition comprising a no
hydrogenated vegetable oil and a stearine fraction
cenfaining 50-60 mol% of DAG. It is claimed that the
shoriening formulation has a synergistic amount of sclids
and crystal matrices that imparts superior organoleptic
properties to the food product, without the incorporation of
trans-fatty acids commeanly found in parfially bydrogenated
fats. Concomitantly, Boucet et al. (1999) claimed that the
above effects can also be made possible with the addition
of MA

Frying applications

Because DAG has a lower molecular weight than TAG,
DAG oil has a significantly lower smoke paoint (30-40°C)
than TAG oil with similar fatty acid compositions. Several
DAG compositions suitable for use as frying oil have been
reported. Sakai et al. (2002a) reported a fat composition
containing at least 15% (w/w) of DAG, a fatty acid
L-ascorbic ester, and a component such as catechin or &
natural plant extract such as rosemary, sage, and turmeric
extracts. The authors claimed that the DAG composition
has excellent stability toward oxidation, while providing
good ftavor and appearance. Another DAG composition
reported by Sakai et al. {2002b) contains 15% {w/w) or
more of BDAG and 70 ppm or more of one or more types of
organic carboxylic acids such as two to eight carbon
hydroxycarboxylic or dicarboxylic acids and their
derivatives thereof. The composition is claimed to resist
thermal oxidation or hydrolysis after prolonged heating or
storage, as well as to reduce smoking when the oil
composition is used for frying purposes.

lce cream coating fats

Ice cream coating fats are generally TAG of medium-chain
fatty acids, such as lauric acid rich coconut oil. The first
use of OAG as an ice cream coating fat was reporied by
Cain ef al. (1999). The fat compesition is comprised of
50-90% (wiw) DAG and 10-50% (w/w) TAG of vegetable
origin. The DAG ail is composed of 75-90% (wiw)
di-unsaturated DAG, less than 5% (whw) disaturated DAG,
and 10-25% (w/w) DAG with one unsaturated and one
saturated fatty acid. The TAG composition in this fat
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composition is such that the sum of tri-unsaturated and
di-unsaturated TAG is at least 50% {wiw). According to this
report, the ice cream coating fat had resulted in a product
thatis softer and less brittle but had quicker and smoother
meltdown, than cocoa butter-based coating fats.

Production process

Various routes for the production of DAG oil have been
reported in patent literature. In general, DAG oil can be
produced via glycerolysis between TAG and glycerol,
esterification of fatty acids or its derivatives to glycerol,
hydrolysis of TAG, or a combination of methods thereof.
These processes often involve either a chemical or an
enzyme catalyst. Apart from these methods for the
production of DAG, other related technologies such as
DAG separation and purification methods that complement
well with DAG production have also been reported. In this,
there are a number of patents for the production of DAG oil
via esterification of fatty acids or its derivatives such as
fatty acid anhydrides and fatty acid methyl esters. Mazur
and Hiler (1992) process involves the esterification of
3-40% of fatty acid anhydride with 3-40% of glycerol in the
presence of a water-immiscible hydrocarbon or chlorinated
hydrocarbon solvent such as methylene chioride. The
reaction is catalysed by a 1,3-position-specificimmobilized
lipase. DAG yield of 41% (w/w) is reported. This method
involves the use of chlorinated solvents, which may pose
a problem in waste management. Additionally, the use of
such solvents may not be an attractive marketing option
for DAG oil.

Lo and Baharin {2001} reported on a solvent-free method
for the production of DAG from fatty acid decedorizer
distillates obtained from edible oil refineries. In this
method, DAG oil is produced by esterification of free fatty
acids present in the deodorizer distillates with glycerol,
which is added into the reaction. Similarly, the process is
catalyzed by a 1,3-position-specific immobilized lipase. A
yield of 60% (w/w) of DAG oil can be obtained. The
advantage of this process is in its use of a lower-cost raw
matenal compared with refined fatty acids and thus may
positively reflect on the production cost of the DAG oil.
However, because the process requires the use of an
immobilized enzyme as catalyst, the process cost may not
be low. To provide a solution to the high cost of enzymes,
Lai et al. (2007) reported on the use of a strongly acidic
cation exchange resin as a chemical catalyst for the
synthesis of DAG oil from free fatty acids. The application
of the heterogenous catalyst will allow for easy separation
of the catalyst from the reaction products. The cost of the
ion-exchange resins is also significantly cheaper than that
of commercial immobilized lipases. Another advantage of
this process involves the use of relatively lower
temperatures as compared to other chemically catalysed
synthetic processes. However, one major drawback of this
process is the use of more expensive free fatty acids
compared with TAG as raw materials.

Yoon ef al. (2004) documented a process for the
production of DAG ail containing conjugated tinoleic acids,
comprising of esterifying MAGs with free fatty acids in the
presence of a lipase. A similar process for DAG production
involving transesterification between MAG and TAG has
been invented by Toshinori ef al. (2000). These processes
utilizing MAG as raw materials for DAG production may not
be industrially attractive as the Cost of MAG is relatively
high. DAG oil can also be produced from partial hydrolysis
of TAG. Lai ef al. {2006) discloses an enzymatic process
for partial hydrolysis of TAG to produce DAG A
commercial immobilized lipase was used to catalyze the
hydrolysis of TAG under controlled conditions to produce
DAG oil. The advantage of this process lies in the
single-step hydrolytic reaction of TAG without further
addition of other substrates such as glycerol. However,
precise control of water content in the reaction system is
required for optimal DAG vield.

Sugiura et al. (2002) documented a glycerolysis process
to produce DAG from TAG and glycerol, in the presence of
small guantities of water and lipase to assist catalysis. The
glycerolysis reaction is conducted at relatively lower
temperatures (0-25°C). As such, the DAG product is
removed by crystallization during the course of reaction.
This method of DAG separatiocn may not be cost effective
in large-scale production as longer reaction times are
required (20-100 h). Jacobs ef al. {2003) reported on a
glycerolysis process for producing DAG oil from TAG and
glycerol using poiassium acetate as a catalyst. The
process is claimed to provide a crude DAG product with
good colour. However, the process requires a relatively
high reaction temperature of 190-240°C and therefore may
translate to a significant energy cost. Nevertheless, the
economics of this process is compensated by the use of
low-cost raw materials and catalyst.

Another process for the production of DAG oil involves a
combination of hydrolysis and esterification reactions
(Yamada ef af., 1999). The process comprises of
hydrolyzing TAG oil to obtain free fatty acids, followed by
esterification of these free fatty acids, without further
purification, with glycerol to produce DAG. The hydrolysis
step may be performed using steam or in the presence of
a lipase. For the esterification step, an immobilized fipase
is required for catalysis. In comparison with other
enzymatic processes for DAG oil production, this process
has the potential for industrial feasibility. As a follow-up to
this process, Sugiura et al. (2002) up-scaled this process
into a production plant setting and described that
high-purity DAG oil can be produced at high yields and in
a short time by carrying out esterificaiion reaction of fatty
acids with glycerol in an immobilized enzyme-packed
tower. Sugiura et al, (2002) also described that the
residence time for the reaction substrates in the tower
should not be more than 120 seconds to prevent
increased concentrations of TAG.
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Another method of producing DAG oil was reported by
Choo et al. {2007). According to the invention, an edible oil
with high DAG content of at least 8% (w/w) can be
produced from TAG oil of vegetable origin by subjecting
the vegetable oil to short-path distillation under vacuum of
not more than 0.011 Torr and at temperature of 300°C and
below, wherein the DAG oil is obtained as the distillate. As
mentioned earlier, vegetable oils generally do not contain
more than 10% (w/w) of DAG. Because of the relatively
tow DAG content in vegetable oils, the DAG oil yield
obtained from this process will be at most 10% (w/w). The
low DAG yield will translate to a high production cost of
DAG oil, thus making this process industrially unattractive.

Conclusion

Numerous scientific reports have shown the effectiveness
of DAG in preventing body fat accumulation and obesity
related disorders. The commercial polential of DAG has
prompted various patent publications on production
technologies and product applications of DAG oil.
However, greater emphasis is required to further reduce
the overall cost of DAG oil to meet consumer expectations.
At the current growth rate of obese population throughout
the world, it can be expected that the global market
demand for DAG oil will increase in the future. There is no
doubt that DAG cil is a new approach to calorie control
and fat reduction that holds great promise for leng-term
weight loss and health management. The use of DAG oil
in conjunclion with a hypo-caloric diet may soon provide
an effective tool against many diseases and its
introduction to Indian subcontinent is worth anticipating in
the near future.
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Abstract

Groundnutis a rich source of edible oil. The fatty acid
composition of the endogenous fats plays an
important role in determining the shelf life, nutrition
and flavor of groundnut. Gene action involved in the
fatty acid composition (palmitic acid, stearic acid,
cleic acid, linoleic acid, arachidic acid, eicosenocic
acid, behenic acid and lignoceric acid} and quality
parameters (Oleic/linoleic fatty acid ratio (O/L ratio),
iodine wvalue (lV), total saturated fatty acids,
polyunsaturated / saturated fatty acid ratio (P/S)) and
total long chain saturated fatty acids (TLCSFA)) were
studied in three crosses in groundnut. Generation
means analysis for all the traits indicated that additive
and additive x additive gene actions played
predominant role in controlling the fatty acid content
and quality parameters. In addition to additive and
additive x additive gene actions, dominance and
additive x dominance gene action were alsoimportant
in explaining variation for IV and P/S ratio. The choice
of a suitable breeding procedure depends upon the
relative magnitude of different gene effects and an
understanding of the mode of inheritance of some
complex quantitative characters. The additive and
additive x additive components of genetic variation
are fixable in groundnut. Qleic acid content, QiL ratio
and IV are predominantly under the control of additive
gene action; hence selection for these traits can be
practiced in early generations.

Key words: lodine value, O/L ratio, P/S fatty acid ratio,
generation means analysis, gene action

Introduction

Groundnut (Arachis hypogaea L) is the fourth most
important source of edible oil and third most important
source of vegetable protein in the world (FAQ, 2007).
About two-thirds of the produce is crushed for oil and the
remaining one-third is used for confectionery purposes.
Groundnut makes an important contribution to the human
diet and its wide spread acceptability is attributed to its
economic value to the industry and nutritional benefits to
the consumers. The presence of groundnuts and its
products in the diet reduces the risk of heart disease by
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21% (O'Bryne et al., 1997). A groundnut seed contains
approximately 50% of its weight as oil. Oleic acid, a
monounsaturated acid, and linoleic acid, a
polyunsaturated fatty acid account for 75-80% of the total
fatty acids in the groundnut oil (Mercer et al., 1990; Ahmed
and Young, 1982). The fatty acid composition of the
endogenous fats plays an important role in determining
the shelf life, nutrition and flavor of groundnut. Groundnut
oil varies both in quantity and relative proportion of fatty
acids. Although up to 12 fatty acids have been reported in
groundnut, generally palmitic acid (16:0) constitutes nearly
10%, and the oleic (18:1) and linoleic acid (18:2)
proportions together make up 80% of the falty acid
composition in groundnut (Ahmed and Young, 1982). Oleic
{OVlinoleic acid (L.} acid ratio and iodine value (V) are
both the indicators of stability and shelf life in greundnut
products (James et a/., 1983; Branch et al., 1930).

Earlier investigations indicated that the fatty acid content
of groundnut is quantitatively inherited; predominance of
additive gene action was reported by Khan et al. (1974);
Moore and Knauft (1989); Mercer ef al. (1990); Knauft et
al. (1993); while significance of both additive and
non-additive gene aclion was reported by Tai and Young
{1975) and Bansal et af. {1992 and 1993). In two high
oleic and low lincleic natural mutant breeding lines
{Norden et af., 1987), the genetic control of high Q/L ratio
was reported to be under the control of duplicate recessive
alleles {Moore and Knauft, 1988) and in addition to these,
there are modifiers and epistatic interactions governing the
trait (Isleib ef al., 2008). The present study aims at
providing a better understanding of the inheritance pattern
and magnitude of gene action governing different fatty acid
composition and quality related traits in three different
crosses. This knowledge would further help in targeted
breeding for different fatty acid content and in modifying
the fatty acid composition suiting to different uses and
needs.

Material and methods

The experimental material consisted of parents, F,, F, and
back cross generations of three crosses, Cross 1:1CGV
88438 x ICGV 88448 (ICGV 88438 is a large-seeded
breeding line derived from two germplasm lines, GP NC
343 and NC 17367, and ICGV 88448 is a large-seeded
interspecific derivative from a cross between A. hypogaea



Aruna and Nigam

and A. cardenesii, developed at North Carolina State
University); Cross 2 : ICGV 96234 x Hard Kernel Mutant
{ICGV 96234 is a chemically {ethyl methyl sulphonate)
induced mutant from ICGV 88448 developed at ICRISAT
(Dwivedi et al., 1988) with O/L ratio of »2.0 and Hard
Kernel Mutant was isolated (Chandramouli and Kale,
1990) after 200 Gy treatment of TG 18A; and Cross 3:
ICGY 96234 x JL 24 (JL 24, a selection from EC 94943 is
a popular cultivar in India and is also known as Phule
Pragati).

The experimentat matenal (P,, P, F, F, BC,P, and
BC,P,) in each cross was planted on 60 cm ridges in a
Randomized Block Design with two replications during the
1999 rainy season in Alfisols at the International Crops
Research Institute forthe semi-Arid Tropics (JCRISAT, 17°
30° N; 78° 16 E; altitude 549 m), Patancheru. In each
cross, two rows for each of the parents, a single row each
for F,, BC,P, and BC,P, and 20 rows for F,, each of 4 m
length, were grown, The distance between plants within a
row was maintained at 10 cm with a uniform seed depth of
5 cm. The trial received 375 kg/ha of single supet
phosphate before sowing and was protected against foliar
diseases and insect pests during the cropping period, and
kept weed-free through manual weeding. Individual plants
were harvesied in each plot at the time of maturity. Five
gram of sound mature kernels (8% seed moisture} from
each plantin each generation was used for estimating the
fatty acid content as per the procedure described by
Mercer ef al. (1990). From the fatty acid estimation, five
quality parameters, icdine value (IV), oleic (O)/linoteic (L)
fatty acid ratio, total saturated fatty acids (TSF),
polyunsaturated (P)/saturated (5) fatty acid ratio, and total
long chain fatty acids (TLCSF), were determined as
described by Mozingo et al. (1988). The statistical
analyses were performed using Genstat 8" Edition
{GenStat, 2005). The means and variances from individual
plant data on fatty acids and quality parameters were
estimated for every generation and estimates of genetic
effects were determined. A joint scaling test (Cavalli,
1952) was conducted to estimate the genetic components
and digenic interaction among these components, viz., m
(mean, d (pooled additive effects), h {pooled dominance
effects), ! (the pooled additive x additive epistatic effects),
J (the pooled additive x dominance effects) and / (the
pooled dominance x dominance effects). Subsequently,
the stepwise regression analysis was done to find the best
fit model as per Torres et al. (1993). In addition to the
three-parameter medel, epistatic interactions were also
studied to expiain the variation. For this purpose, a
six-parameter model was fitted to the generation means.
This model was tested for goodness of fit by the
chi-square test to determine if linkage in the higher order
interactions was present (Mather and Jinks, 1982).
Contribution made by each parameter in explaining the
variation for a trait was calculated using the sum of
squares.

11

Results and discussion

The quality of the edible groundnuts is principally due to
the chemical composition of the oil, protein, and
carbohydrate fractions of the seed. Since fatty acids make
up the major portion of the weight of an oil molecule, the
physical and chemical properties of the oil tend to be
determined by the properties of the fatty acids which
predominate in their makeup. Parents in all the three
crosses differed significantly from each other for the
palmitic, stearic, oleic and linoleic acids but varation
between parents for arachidic, eicosenoic, behenic and
lignoceric acid contents was non-significant. Significant
differences were also observed between the parents in all
the three crosses for OJL ratio, IV and TSF but the
differences for P/S fatty acid ratio and TLCSF were
non-significant (Table 1). The F, mean for all the traits
except for behenic acid in ICGV 88438 x {CGYV 88448 and
ICGV 96234 x Hard Kernel Mutant fell between the two
parents. The F, population in all the three crosses showed
continuous varjation in fatty acid content. Continuous
variation for fatty acid content amaong the groundnut
genotypes has been well documented (Khan ef al., 1974;
Tai and Young, 1975; Norden ef al., 1987; Mercer &t al.,
1990; Lopez et al., 2001, 2002).

Eslimates of different genetic parameters and their
significance in three crosses are presented in Table 2.
Generation means analysis for ali the quality traits
indicated that additive gene action was the major
camponent, while dominance and epistatic interactions
were also significant for some traits. The oleic and linoleic
acid contents were controlled by additive gene action
(Table 2 and 3}. The O/L ratio in all the three crosses was
controlled by additive gene action {Table 2) and the
direction of the gene effect was consistent towards
increasing the Q/L ratio. The additive effect accounted for
43%, 83% and 96%, respectively, of the total genetic
variation in all three crosses. In ICGV 88438 = ICGV
88448, in addition to the additive effecis, additive x
additive epistatic interaction (accounting for 43%}, which
is genetically fixable in groundnut, was also significant
(Table 3). The Q/L ratio is a measure of oil stability and
can be easily manipulated in a breeding program (Young
and Waller, 1972; Tai, 1972, Khan et al., 1974; Tai and
Young, 1975, Worthington and Hammons, 1977). There is
anegative correlation between the percentage of oleic and
linoleic acids (Morden ef al., 1987; Moore and Knauft,
1989; Mercer et a/., 1990), since linoleic acid is produced
from the conversion of oleic acid {(Mozingo and Steele,
1982). Thus, selection for high O/L ratic is relatively
straight forward because selection of genotypes with high
oleic acid results in lower levels of linoleic acid. The
quantitative inheritance of Q/L ratioc and presence of
epistatic interactions was also confirmed by Khan et al.
(1974); Tai and Young (1875); Moore and Knauft (1989}
and Knauft et al., 1993. High heritability estimates of the
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OfL fatty acid ratio were alsa reported by Tai (1972).
Increase in the oleic acid content is much easier to
achieve using fwo high oleic fatty acid mutant lines where
the trait is governed by two recessive genes (Norden et
al., 1987; Moore and Knauft, 1989; Isleib et al., 20086).
Since there is a positive correlation between the oil
content and Q/L ratio (Dwivedi et al., 1993), it should be
possible to improve oil content and oil stability (through
OIL ratio) simultaneously.

lodine reacts readily with the double bonds of oil/fat
molecule and the quantity of iodine absorbed by oil is an
index of its degree of unsaturation. Low iodine number
implies the presence of few unsaturated bonds and hence
low susceptibility to oxidative rancidity. todine value was
predominantly under the control of additive gene action,
which accounted for 90% and 98% of the genetic variance
in crosses |CGV 96234 x Hard Kernel Mutant and ICGY
96234 x JL 24, respectively. In ICGV 88438 x ICGV
88448, along with additive gene action (accounting for
30% of the variation), additive x additive (accounting for
23%) and additive x dominance (accounting for 25%)
interactions were also significant (Table 2 and 3). The
direction of the additive genetic effects (-G.8 £ 0.14; -3.0
+ 0.40 and -3.6 £ 0.23) in all the three crosses was
consistent towards decreasing the iodine number (Table
2}. Higher O/L ratio and lower IV generally suggest better
stahility and longer shelf life of groundnut oil (Mercer et af.,
1990).

Groundnut storage qualities and nutritional quality are
both dependent on the relative proportions of the
saturated and unsaturated fatty acids that make up the oil.
The total amount of unsaturation is inversely proportional
to the keeping quality of the oil, oxidative rancidity
increases with increased level of the polyunsaturated fatty
acids which cause associated odours and flavors (St.
Angelo and Ory, 1873). The P/S falty acid ratio in crosses
ICGY 96234 x Hard Kernel Mutant and ICGYV 86234 x JL
24 was under the control of additive gene action (which
accounted for 87% of the variation in ICGYV 96234 x Hard
Kernel Mutant and 96% in ICGV 96234 x JL 24). In ICGV
88438 x ICGV 88448, in addition to the additive gene
action (contributing to 23% of genetic variation),
doeminance gene action (30%) and additive x dominance
(26%) interaction were also significant (Table 2 and 3).
Though the heritable additive genetic effects can be fixed
in groundnut, variance due to dominance and their
interaction effects cannot be exploited due to self
pollinating nature of the crop.

Palmitic, stearic, arachidic, behenic and lignoceric acids
together form the total saturated fatty (TSF) acids in
groundnut. The TSF and individual saturated fatty acids
were under the control of additive gene effects in all the
three crosses (Table 2 and 3). The direction of the effects

was consistently towards decreasing the TSF, which is a
desirable quality trait. The later three saturated fatty acids
are the undesirable long chain saturated fatty acids
(LCSFA){20-24 carbons: arachidic, behenic and lignoceric
acids) (Treadwell ef al., 1983). These fatty acids have
been shown to comprise 4-9% of the total composition
{(Worthington and Hammons, 1977). These LCSFA
together and also individually were controlled by additive
gene action and additive x additive interactions in all the
three crosses. In addition to the above gene actions, for
arachidic acid in ICGV 88438 x ICGV 88448 and behenic
acid in ICGV 96234 x Hard Kernel Mutant, dominance x
dominance type of epistatic interactions were also
significant (Table 2 and 3).

Significant positive correlations also have been reported
between the arachidic and behenic acids (Dwivedi et al.,
1993). The additive x additive interaction for LCSFA was
also reported by Upadhyaya and Nigam (1999).
Eicosenoic acid content was under the control of additive
x additive and dominance x dominance type of inter-allelic
interactions in ICGV 88438 x ICGV 88448, while the
former was predominant in ICGY 96234 x Hard Kernel
Mutant, only additive interaction was predominantin ICGV
96234 x JL 24. Presence of inter-allelic additive x
dominance interactions could be specific to ICGV 88438
x |CGV 88448 (Table 2). As LCSFA are not desirable for
health, genotypes with less content of these would be
preferred.

The fatty acid composition and content in groundnut is
influenced by environment, season and also the location
and geographic area of production in addition to planting
date, market grade and genotype (Mchamed-Som, 1984;
Mozingo and Steele, 1982; Mozingo ef al., 1988, Treadwell
et al., 1983, Young and Worthington, 1974). Bovi (1982)
observed a negative correlation between [V and soil
temperature and suggested that the chemical composition
of groundnut oil could be altered by adjusting the planting
date. Environmentwas found to interact more strongly with
epistatic interaction than with the additive or dominance
gene action {Upadhyaya and Nigam, 1999). As this study
was conducted only in one season, it does not account for
genotype x environment interaction.

In a self pollinating crop, the additive and additive x
additive genetic variance can be fixed in homozygous
cultivars by following appropriate selection strategies. As
oleic acid content, O/L ratic and |V are predominantly
under the confrol of additive gene action, the selection for
these traits can be practiced in early generations. Where

- gdditive x additive interactions are predominant, large
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populations should be carried forward to later generations
to allow favorable combinations to come in a homozygous
state before practicing selection.
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yable1 Means and standard errors (SE) of fatty acid contents and quality traits in parents, their F,, F,, B, (F, x P,) and B, {F, x
P,) in three different crosses

ICGV 88438 (P,) x ICGV  ICGV 96234 (P,) x Hard ICGV 96234 (P,) x
88448 (P,) Kernet Mutant (P;) JL 24 (P
Traits Mean t SE Mean + SE Mean + SE
1) (2} {3) 4
pPalmitic acid
P, : . 995+ 0.06 9.94+0.11 10.2940.15
®, 11.21 £0.27 13.9610.14 12.8610.11
F, 1050+ 0.13 12.19+0.21 11.9310.21
B, 8982+025 11.0240.20 10.9410 11
B, : 1042014 11172024 12.10+0.22
F, 10.1110.06 11.3910.08 11.9740.08
Stearic acid
P, 3.1310.20 3.31x0.20 2.601£0.13
P, 29010.17 p 2232013 3.0520.17
F, 3.0810.18 - 3.101+0.18 3.24x0.23
B, 3.2340.23 2.9610.25 3.2910.27
B, 3.15+0.20 2.67+0.17 3.55610.21
F, . 3.02+0.06 2.60+0.04 3.0940.06
Oleic acid
P, 53.1320.29 53.2540.46 53.0910.61
P, 49.7741.28 41.36£1.15 37.47:0.26
F, 51.6510.54 43.4610.57 44 15+0.97
B, 52.6810.93 49.0040.72 46.6910.58
B, 52.01x0.59 47.27+0.94 40.84+0.97
F, 52 .34+0.25 48.2110.22 43.6810.37
Linoleic acid
P, 26.0810.34 25.2710.26 26.04+0.42
P, 28.7410.73 34.68+0.98 38.0240 28
F, 27.3110.34 32.824+G.47 32.70+0.73
B, ’ 26.76+0.58 28.6010.40 30,4820 47
B, 26.5110.36 30.3610.89 34.8810.82
F. ) 26.4410.17 29.7110.16 32.64+0.30
Arachidic acid
P, : 1.4910.06 1.58£0.04 .. 1.40£0.05
P, 1.42+0.06 1.1610.06 1.44+0.07
%, 4\ ARAURE Y SRR 1 ARAOL R,
B, 1.6610.07 1.48+0.07 1.4910.06
B, 1.56+0.08 1.3810.07 1.5740,06
F, 1.5320.02 1.301£0.02 1.4910.02
Eicosenoic acid ’
P, 1.,19+0.04 1.2010.05 1.31120.04
P, 1.1110.05 1.13+0.04 1.071£0.04
F, 1.121£0.04 1.03+0.03 1.1120.03
B, 1.120.03 1.1910.04 1.234£0.03
B, 1.17+0.03 1.2310.03 1.0510.04
F, 1.19+0.01 1.22+0.01 1.1510.01
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Behenic acid

P, 3.6810.06 3.83£0.06 3.770.14
P, 3611023 3.81£0.14 4.420.07
F, 3.734+0.09 4.21:0.13 4.0940.09
B, 39310 11 41640 10 4 2610.10
B, 3.88:0.08 4.05£0.09 4.400.09
F, 3.94+0 04 3.83£0.03 43540 04
Lignoceric acid .

P, - 1.30£0.10 . 1.59+0.08 1.4640.16
P, ' 1.23:0.10 1.65+0.07 1.6810.10
F, ' 1.0710.07 1.6510.03 1.420.09
B, 1.60+0.04 1.610.05 1.61£0.10
B, 1.28+0.07 1.80£0.05 16040 06
F, 1.4610.02 1.710.01 1.6410.03
O/ L ratio

P, 2. 0440.04 2.11£0.04 2.05£0.06
P, 1.750.08 1.21x0.08 0.9910.01
F, 1.90+0.04 1.33£0.03 1.38+0.07
B, 2006007 1.731005 1.54+0.04
B, ' ' 1.9840.05 _ 1.60:0.08 1.20£0.06
F, . 2014002 T 1641002 1.3740.03
lodine vaiue (IV) '

P, 91.80+0.41 80.51+0.28 91.8040 28
P, 93.4610.23 96.53x0.71 - 98.92+0.34
F 9261£032 95 04+0.55 95.4940.55
B, 92.55+0.43 92.62+0.32 £.3340.43
B, _ 94.57+0 26 94 2010.79 96.3610.66
F, 91.74+0.14 93.87£0.14 95.0040.22
Total saturated fatty acids (TSF)

P, 19.55:0.19 20.25£0.29 19.5240.24
P, 20.37:0.56 22.81£0.25 23.45£0.18
F, 19.8740.32 22.6910.38 22.13£0.33
B, 19.3410.46 21.23£0.43 21.58£0.27
B, 20.30£0.29 . 21.06+0.26 2321£0.30
F, 20.06+0.11 20.83£0.10 22.5410.13
Polyunsaturated / Saturated fatty acid ratio (P/S} ’

P, 1.3420.03 125¢0.02 1.3320.02
P, 1.4140.01 1.5240.03 1620.02
F, ‘ 1.4110.01 . 1.45:0.03 1.48£0.03
B, ' : ' 1.390.03 I 1.35£0.02 1.42+0.03
B, .] 1.3110.02 ' 1.44£0.04 1.500.03
F ' 1.3210.01 1.43£0.01 1.45:0.01
Total iong chain saturated fatty acid (TLCSF) .

P, 6.4740.11 \ 7.00£0.11 6.6310.24
P, _ 6.26+0.27 6.6210.15 7.5410.09
F, ‘ 6.2840.12 7.39:0.18 6.95:0.15
B, . 7.4940.18 7.25:0.17 ; 7.3520.18
8, i 6.72£0.13 7.2310.13 " 7571014
F2 . 6.9310.06 6.8510.04 7 4740.06

= (%oleic acid)(0.8601)+(%linoleic acid)(1.7321)+(%eicosenoic acid)(0.7854); TSF = paimitic acid + stearic acid + arachidic aud +
behenlc acid + lignoceric acid, P/S = linoleic acid / TSF; TLCSF = arachidic acid + Behenic acid + lignoceric acid ! f

i
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Table 2 Estimates of different genetic parameters using six parameter model for different fatty acid content in cross 1: ICGV
88438 x ICGV 88448; 2 : ICGV 96234 x Hard Kernel Mutant and cross 3 : ICGV 96234 x JL 24

- ) ) additive x additive x dominance x
Trait Mean (m) additive (d) deminance (h) additive (1) dominance (i) dominance (1)
Paimitic acid
Cross 1 11.8+0.65" -0.610.14" -5.5¢1.89* -1.210.63 -1.210.66 424127
Cross 2 13.14£0.59™ -2.040. 11 -5.412.06* -1.1£0.71 3.510.68*" 4.1+1.43
Cross 3 13.5£0.57* . -1.3:0.09" -4 5+1.59* -1.940.56"" 0.410.51 2.910.65
Stearic acid ;

Cross 1 2.6£0.67™ 0.1+0.009 1.2+1.95 ; 0.420.66 . -0.3+0.65 -0.841.34
Cross 2 2.3x0.59" - 081011 0.4£1.73 . 0.410.58 . -0.240.59 0.1x1.22
Cross 3 1.7+0.69" . -0.2¢0.10* 4.2+¢2.02* /' 121069" _ 0.06+0 67 -2.611.40"
Qleic acid ; '

Cross 1 50.2+2.64* © 1.710.68 7.317.68 1.242.55 ) -0.612.74 -5915.18
Cioss 2 47 .9+2 65** . 59061 4 8+7.86 -0.6+2.62 -7.6£2.76* -8.745.37
Cross 3 44 542 73* ~ 7.820.32* -2.9+7 56 0.812.71 -4.342.36 2.64523
Linoleic acid ! : -

Cross 1 27 6x1.62**  -1.3+039* -4 .5+4.64 -0.2+1.57 . 2.0%1.63 4.2+3.12
Cross 2 30.042 14" 4.740.51* 424630 °  -0.02+008 © 4.8+2.23 7.314.33
Cross 3 32.112.28* -5.910.26** 1.616.37 012227 3.412.01 -0.114.36
Arachidic acid .

Cross 1 1.2¢0.21* 0.04+0.03 1.05£0.59 . 0.3£020 0.08+0.19 -0.8+0.14
Cross 2 1.04+0.19** 0.2+£0.03* 0.6+0.57 © 0.3+0.19 -0.1£0.19 -0.310.40
Cross 3 1.3:t0.18"™ 7 -0.02+0.02 0.6+0 53 0.110.18 -0.08+0.17 -0.5+0.36
Eicasennic acid

Cross 1 1.3+0.09** 0.0410.03 -0.4£0.29 -0.210.09" -0.2+0.10 0.1£0.21
Cross 2 1.1£0.12** 0.0410.03 0.440.33 0.0320.11 -0.210.12 -0.5+0.23*
Cross 3 1.2¢0.10"" 0.1x0.02** -0.240.28 -0.03+0.09 0.08+0.09 0.06+0.19
Behenic acid '

Cross t 3.940.35" 0.0410.12 0.1+0.99 -0.3+0.32 -0.240.38 -0.410.68
Cross 2 2.9+0.29* 0.01x0.07 2.8£0.87** = 0.910.29™ 0.31£0.29 : -1.710.64*
Cross 3 4.2+0.32" -0.31+0.06™" 0.7t0.89 7 -0.110.31 0.4+0.29 -0.8+0.60
Lignoceric acid

Cross 1 1.540.15* 0.04+0.03 0.3£0.43 - -0.2x0.15 0.4+0.15" -0.610.28"*
Cross 2 1.520.12* -0.0310.03 0.6£0.34 0.1£0.12 -0.410.12* -0.420.23
Cross 3 1.620.12* -0.1£0.03* 0.2+0.34 = -0.05x0.12 0.18+0.11 -0.3x0.23
QL ratio

Cross 1 1.910.20* 0.2+0.04* 0.610.58 0.024£0.19 -0.1£0.20 -0.5¢0.39
Cross 2 1.610.21* 0.5+£0.04™ 0.310.62 0.04£0.21 - -0.610.2717 -0.60+0.42
Cross 3 1.520.18* 0.5£0.03"* -0.440.51 0.20£0.02 -0.410.17" 0.34£0.35
lodine value {IV)

Cross 1 92.0+1.20** -0.810.14* -1.7£3.41 0.611.19 2.9+1.10" 2.442.32
Cross 2 94 1+1.78* -3.010.40™ -2.845.23 -0.6+1.74 - 1.7£1.83 4 84365
Cross 3 94 8+1.87* -3.64£0.23" 0.115.27 0.6+1.85 2.2+1.69 0.6+£3.59
TSF

Cross 1 21.0£1.33* -0.4+0.29 -2.9+3.88 -1.1£1.29 -1.321.36 1.722.65
Cross 2 2(Q.911.08* -1.320.18** -0.9+3.16 o 0.7$81.07 3.1x1.06* 1.9+2.19
Cross 3 22.3x0.94" -1.910.14** 1.242.58 - -0.810.93 0.910.82 -1.4+1.78
P/S ratio | 5

Cross 1 1.320.08** -0.0+£0.01** -0.024024 7 0.06+0.08 0.2+0.08 0.1£0.16
Cross 2 1.410.09* -0.1£0.02** -0.1£0.29 -0.0410.09 0.01+0.0% ; 0.210.20
Cross 3 1.4+0.09* -0.2+£0.01* 0.03+0.28 0.05+0.09 0.1£0.09 ‘ 0.03+0.19
TLCSF

Cross 1 664053 0.1£0.15 1.5¢1.52 -0.310.51 0.310.55 -1.931.02
Cross 2 5410 46** 0.2+0.08* 4.0+1.35* 1.410.46* -0.210.45 -2.320.97*
Cross 3 712048 -0.5t0.08"" 1.54£1.33 -0.04£0.47 0.510.43 -1.6+0.91

IV = (%oleic acid)(0.3601)+(%linoleic acid)(1.7321)+(%eicosenaic acid)(0.7854). TSF = palmitic acid + stearic acid + arachidic acid +
behenic acid + lignoceric acid; P/S = lincleic acid f TSF; TLCSF = arachidic acid + Behenic acid + lignoceric acid ; ** - significant at
1% and * - significant at 5% levet

s
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Table 3 Per cent phenotypic variation explained for each trait in cross 1: ICGV 88438 x ICGV 88448; Cross 2 : ICGV 96234 x
Hard Kernel Mutant and cross 3 : ICGV 96234 x JL 24

Trait d h ! j !
Palmitic acid
Cross 1 44.76 293 ) 28.06 - 23.00
Cross 2 88.91 263 : - 508 1.85
Cross 3 92 97 : 2.24 222 - 2.50
Stearic acid
Cross 1 5577 - - 24.18 15.46
Cross 2 88.51 - - - -
Cross 3 63.05 ) 23.96 - - : - “
Qleic acid
Cross 1 7469 - 13.66 - -
Cross 2 8305 - - 2.50 -
Cross 3 97.77 - - - -
Linoleic acid -
Cross 1 43 83 - 31.67 14 52 -
Cross 2 91.09 - - 0.51 -
Cross 3 . 98.77 . - - - -
Arachidic acid .
Cross 1 . - 3395 - - 35.68
Cross 2 37.7% - - - -
Cross 3 1.93 41.96 - - -

\ -
Eicosenoic acid
Cross 1 - . - 54 62 37.90 -
Cross 2 B - - 5563 - -
Cross 3 88.49 - . - -
Behenic acid -
Cross 1 35.27 - 80.78 - -
Cross 2 - a.53 27.82 - 57.83
Cross 3 53.88 - - - .
Lignoceric acid
Cross 1 - 25.29 54.93 8.06 3.47
Cross 2 40.12 - - 23.66 -
Cross 3 - 41.18 - 37.19 - -
OfL ratio
Cross 1 43.37 - . 43.08 - -
Cross 2 83.43 - - 1.50 -
Cross 3 96.34 - . - 1.31 -
lodine value
Cross 1 29.70 - i 22.87 2543 -
Cross 2 90.91 - - - -
Cross 3 98.69 - - - -
TSF _ ;
Cross 1 91.63 . - | - - -
Cross 2 ' 67.80 - > 14.97 -
Cross 3 84 89 - - - .
P/S ratio
Cross 1 ] . 2318 3036 - 26.03 -
Cross 2 87.28 - - - -
Cross 3 9632 T~ - - . -
TLCSFA )
Cross 1 - - 85.15 - -
Cross 2 20.26 9.47 2759 - 3657
Cross 3 5562 - - - -

ledine number (IV)= (%oleic acid)(0.8601} + (%linoleic acid)(1.7321)+(%eicosencic acid){0.7854); Total Saturated Fatty acids (TSF) =
palmitic acid + stearic acid + arachidic acid + behenic acid + lignoceric acid; Polyunsaturated / Saturated fatty acids ratio (P/S) =
linoleic acid / TSF, Total \ong chain saturated fatty acids {TLCSF) = arachidic acid + Behenic acid + lignoceric acid
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Abstract

Thirteen highly self compatible and thirteen self
incompatible genotypes of sunflower, Hefianthus
annuus (L.) were subjected to identify marker(s)
closely linked to the respective locus, Bulked
segregant analyses coupled with RAPD markers were
used in this study. Two closely linked molecular
markers, OPA-9 and OPE-2 for self compatible and
self incompatible locus have been identified. Marker
OPA-8 was located at 7.69 ¢M and marker CPE-2 was
located at 11.83 cm from the respective locus. These
markers may be converted into SCAR markers for
utilizing in marker assisted breeding programmes.

Key words: Sunflower, self-compatible, self-
incompatible, molecular markers

Introduction

Sunflower (Helianthus annuus L.)is highly cross pollinated
crop due to protoandrous condition in which male flower
matures earlier to the female flower. It also shows varying
degree of self-incompatibility. Current commercial
sunflower varieties/hybrids are self compatible. However,
environmental conditions can influence the level of self
fertility expression (Snow ef al., 1998).

One of the important constraints limiting productivity in
sunflower is the high percentage of empty and partially
filed seeds. Seed setting in sunflower is a complex
phenomenon and several workers have ascribed its
physiological, genetic, nutritional and environmental
factors (Vranceanu et af, 1976; Chaudhary and Anand,
1981 and Khanna, 1972). Although this crop is highly
cross pollinated due to the presence of saprophytic self
incompatibility mechanism, yet self fertility and avtogamy
is reported in the hybrids and open pollinated varieties
and inbred lines to a varying extent (Fick, 1978; Shivraju
et al, 1988, Gowda and Giriraj, 1989). One of the means
to overcome this problem is by identifying self fertile and
open pollinating lines (Gowda and Giriraj, 1989).
Traditionaily, identification and evaluation of a self
compatible genotype is based on its morphological
characters such as seed yield and seed set under
differenttreatments viz., cloth bags, cloth bag with manual
pollination and open pollination {Dodoamani et al., 1997),
The development of molecular markers for self

18

compatibilily and seif incompatihility reduce time and
efforts to identify self compatible and self incompatible
genotypes.

Materials and methods

This study was conducted on 26 genotypes of Helianthus
annuus (L). Out of which thirteen were self compatible and
thirteen were self incompatible. Genotypes were selected
on the basis of high compatibility and self incompatibility.

DNA extraction and bulk preparation: Leaf samples
were collected from each of the twenty six {13 self
compatible + 13 self incompatible) genotypes of sunflower.
DNA extraction was conducted following CTAB (cetyl
trimeltyl ammonium bromide} extraction methed of Murray
and Thompson (1980), modified by Saghai Marocg et a/.
(1984). Equal quantities of DNA were bulked from thirteen
self compatible and thirteen self incompatible genotypes
to give two DNA bulks each for self compatible and self
incompatible genotypes.

RAPD analysis: Random decamer primers (Operon
Technologies Inc. USA) were used to identify
polymorphism. A total of 54 primers were used and of
these 38 primers produced amplification genotypes.

Results and discussion

In breeding programme, the applicability of molecular
markers depends on a fast detection method and on the
specificity of the marker for the gene of the interest in
genetically diverse breeding material. Here, we have
described the devetopment of molecular marker for the
self compatible and self incompatible genotypes. Bulked
segregant analysis was useful in the present study, since
it was possibie to detect a RAPD markers for seif
compatible and self incompatible genes.

Thirteen self-compatible and thirteen seif-incompatible
genotypes were taken for this study. Fifty four RAPD
primers were used to find out polymorphism among the
genotypes. Two genotypes, one highly self-compatibie
and other highly self incompatible were used to screen
with 54 random oligos to find out the polymorphism. All
the self compatible and self-incompatibie genotypes were
bulked in equal amount to prepare self compatible and self
incompatible bulk, respectively. All the 54 RAPD primers
were screened for polymorphism against the two bulks
also. Out of these, thity eight primers showed
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polymorphism. Polymorphic markers were then screened
against all the individual genotypes used for bulk
preparation. A total of 109 discrete bands were produced
by 54 primers. Out of 108 bands, 71 were polymorphic
which corresponds to 65.13% and 38 were monomorphic
which corresponds 1o 34.87% (Table 1). These primers
produced with an average of 1.86 polymorphic bands per
primer. Sivolap-Yu et al. (1998) used twenty one primers,
out of which eleven primers showed polymorphism.
Ji-Jing-Wang-Gang et al. (1996) identified molecular
marker of nuclear restoration gene RF1 by carried out six
hundred twenty RAPD reaction between fertile and sterile
DNA bulks using eighty decamer operon primers.

Table 1 RAPD primers used for screening polymorphism

Primer Number
Total primers used 54
Primers which produced amplification 45
Primers which produced polymorphic bands 38
Primers which produced monomorphic bands 7
Total fragment amplified 109
Total number of polymorphic band 71

Qut of 54 primers, 38 primers which produced
polymorphism among bulked were used to screen
individual genotypes to identify markers linked to self
compatible and self incompatible gene. RAPD primers
produced polymarphic bands which is 70.37% of the total
primers used. Dissimilarity value was calculated which
varied from 0.33 to 1.00 (Table 2). Two primers OPA-9
and OPE-2 produced unique bands in self compatible and
selfincompatible genotypes only. Primer OPA-9 produced
unique band in 11 self-compatible genotypes but no
amplification in self-incompatible genotypes which is
approx. 700 bp (Fig.1). This marker is located at a
distance of 7.9 cM away from the locus governing self
incompatible. Primer OPE-2 produced unigue band in 10
self incompatible genotypes but no amplification in
self-compatible genotypes which is approx. 650 bp (Fig.2).
This marker is located at a distance of 11.53 cM away
fram the tocus governing self compatibility. Dehmer and
Friedt (1996) identified two RAPD markers for high oleic

acid content in sunflower. Smith (2005) developed
molecular CAPS marker for self incompatibility locus in
Brassica anpus.

Table 2 RAPD primers produced polymorphic bands

. Band scored Dissimilarity
i Polymarphic Monomorphic Tots) Value(1-F)
OPA4 3 1 4 0.50
OPAS 1 2 3 0.60
OPA11 1 0 1 1.00
OPA13 1 0 1 1.00
OPA15 2 Q 2 1.00
OPA16 3 0 3 1.00
OPA10 1 0 1 1.00
OPB13 3 1 4 0.50
OPB15 2 1 3 0.34
OoPB20 2 1 3 0.34
OPCE 2 0 2 1.00
OPC7 1 0 1 1.00
OPC9 1 0 1 1.00
OPC10 1 0 1 1.00
OPC11 0 1 1 1.00
OPC13 1 0 1 1.00
OPC14 3 2 5 0.50
OPC15 2 1 3 0.33
OPC16 1 0 1 1.00
OPC18 3 1 B 0.50
OPC19 0 3 3 0.34
OPD3 2 0 2 1.00
OPD8 2 0 2 1.00
OPD11 1 1 2 0.00
OPD13 1 2 3 0.33
OPD15 2 0 2 1.00
OPD18 4 1 5 0.60
OPD19 2 1 3 0.33
OPE2 1 1 2 0.00
OPE3 1 3 4 0.50
OPES 3 1 4 0.34
OPEB 2 1 3 0.33
OPEB 3 1 4 0.50
OPE10 2 0 2 1.00
OPE14 2 1 3 0.34
OPE18 2 0 2 1.00
OoPJ1 L 0 4 1.00
oPD2 2 0 2 1.00

Fig 1:Electrophoretic pattern of self compatible and self incompatible genotypes with marker OPA-9
Lane 1:Lambda DNA double digest marker.; Lane 2-14:Self compatible genotypes; Lane 15-27:Self incompatible genotypes

19



RAPD markers linked to self-compatible and self-incompatible genotypes of sunflower

Fig 2:Electrophoretic pattern of self compatible and self incompatible genotypes with marker OPA-9
Lane 1:Lambda DNA double digest marker.; Lane 2-14:Self compatible genotypes; Lane 15-27:Self incompatible genotypes

Marker OPA-9 and OPE-2 inherited with locus for self
incompatibility and self compatibility may be used for
breeding purpose using marker assisted selection in
sunflower. This can be use in identifying of self compatible
and self incompatible gene(s) using map based cloning
which can be further utilized in incorporation of self
compatible gene(s) into sunflower via genetic
transformation.
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Abstract

Four lines were crossed with 10 testers in a LxT
mating design to estimate the heterosis and
combining ability for yield and its component traits in
sunflower (Helianthus annuus L). Among the 40
hybrids studied for heterosis six recorded positive
significant heterosis, heterobeltiosis and standard
heterosis over two checks (KBSH ( and PAC (091} for
seed yield and oil content. The variance due to SCA
was grater than GCA for all the traits except head
diameter, which indicated preponderance of
non-additive gene action for all the traits while
additive gene action for head diameter. The parents
DCMS 36, DRS 9, DRS 102 and RHA 340 can be
considered as superior parents and the crosses
DCMS 36 x DRS 16, CMS 7-1A x RHA 340, CMS 7-1A x
DRS 9 were considered as superior hybrids, as they
observed high per se and significant gca and sca
effects for seed yield/plant. These superior crosses
involved parents with high x low, low x low and high
x high gca effects, which in turn suggested the
possible role of non-additive gene action in these
crosses.

Key words: Sunflower, heterosis, combining ability,
yield, yield components

Introduction

The discovery of cytoplasmic male sterility (Leclercq,
1969) and subsequent identification of restorers (Enn's et
al, 1970) have significantly contributed in genetic
improvement of the crop as well as in exploitation of
heterosis, leading to development and release of several
hybrids for commercial cultivation. Te develop sunflower
hybrids withimproved yield potential, the choice of parents
through careful and critical evaluation is of paramount
importance. Sunflower, being a cross pollinated crop
offers a great scope for development of new and superior
hybrids. The heterosis could be used as an indicative of
the crosses, which are likely to throw productive
transgressive segregants. Hence, there is an urgent need
to cellect basic information about these traits in order to
conceptualize breeding sirategies suited to specific
conditions. The objective of this study is to determine the
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been reported by Phad et al.,

combining ability of 14 parents for yield and yield
components. The studies envisage assessing general
combining ability of parents and specific combining ability
of crosses through appropriate bicmetrical methods.
Caombining ability studies elucidates the nature and
magnitude of gene action involved in the inheritance of
character by providing the information on the two
components of variance viz., additive and dominance
variance, which are important to decide upon the parents
and crosses to be selected for eventual success. Such
information is required 1o design efficient breeding
programme for rapid crop improvement.

Material and methods

Four lines CMS 234A, CMS7-1A, DCMS 6 and DCMS 38
were crossed with ten testers (DRS 45, DRS 52, DRS 16,
DRS 22, RHA 340, DRS 9, DRS 102, DRS 55, DRS 34,
and RB3RS6) in aline x tester model during rabi 2004. Forty
F, hybrids along with their 14 parents were grown in a
Randomized Block Design (RBD) with three replications
during kharf, 2005 at Directorate of Oilseeds Research
(DOR) farm, Rajendranagar, Hyderabad, These 40 F,
hybrids, along with parents were evaluated for heterosis
for nine morphological and quantitative characters in khanf
2005. The mean values were subjected to line x tester
analysis {(Kempthorne, 1957) to estimate combining ability
effects and variances.

Both parents and F,s were raised in 5 rows of 3m length.
Observations were recorded on 1C randomly selected
plants from each entry in three replications for nine
quantitative characters viz., plant height(cm), days to 50%
flowering, days to maturity, head diameter, number of
leaves/plant, number of seeds/plant, 100 seed weight,
seed yield/plant and oil content.

Results and discussion

The heterosis in negative direction is considered desirable
for ptant height. Among 40 hybrids, 30 hybrids recorded
significant positive heterosis, while six hybrid combinations
exhibited significant negative heterosis (Table 4a). The
hybrid, DCMS 6 X DRS 45 recorded the least heterosis,
heterobeltiosis and standard heterosis for this character.
Loganathan and Gopalan (2006 b) reported both positive
and negative heterosis, while only negative heterosis has
(2002). For days to 50%
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flowering and days to maturity, the hybrid DCMS 36 x DRS
45 registered the highest and negative standard heterosis.
- The present findings are in agreement with the earlier
investigations by Kandhola et ai. (1995). However,
positive heterosis for these traits has also been reported
by Gill and Sheoran (2002) and Phad ef al. (2002)

Significant positive and negative heterosis has been
recorded for head diameter in some of the crosses which
is in agreement with the reports of earlier workers viz.,
Radhika et al. (2001), Goksay and Turan (2004) and
Manivannan et al. (20035).

For number of seeds/plant, majority of the crosses
showed positive heterosis, heterobeltiosis and standard
heterosis. The hybrids DCMS 6 x DRS 102, CMS 7-1A x
DRS 34 and DCMS 36 x DRS 45 recorded high heterosis
percent over mid parent. These results are in accordance
with the reports of Madrap and Makne {1993), Limbore et
al. (1998), Lande ef al. (1988), Goksoy et al. (2000) and
Loganathan and Gopalan, (2006 b).

Both positive and negative heterasis, heterobeltiosis and
standard heterosis were recorded for 100 grain weight,
These results are in accordance with Loganathan and
Gopalan (20086b), while only positive heterosis has been
reported by Lande ef al. (1993), Radhika et al. (2001}, and
Gilt and Sheoran {2002) and only negative heterosis is
being reported by Kadkol et af.{1984).

For seed vield/plant, 21 and 18 hybrids registered
significant and positive heterosis and heterobeltiosis,
respectively. Among 40 hybrids studied 12 hybrids over
KBSH 1 and 14 hybrids over PAC 1091 recorded
significant and positive standard heterosis .The hybrids
CMS 7-1A x DRS 9 (80.76%), DCMS 36 x DRS 22
{72.86%) and DCMS 36 x DRS 8 (70.93%) registered high
heterosis. These results are in accordance with
Gangappa et al. (1993), Madrap and Makne (1993),
Kandhola ef al.{1995}, Gill et a/(1998), Radhika et al.
(2001) and Loganathan and Gopalan (2006b).

The hybrids exhibited both positive and negative helerasis
for oil content. Twenty five out of 40 hybrids recorded
significant and positive heterosis while 17 hybrids have
recorded sigrificant and positive heterobeltiosis. The
hybrids DCMS 36 x DRS 102, DCMS 36 x DRS 22 and
CMS 7-1A x DRS 22 showed highest positive heterosis.
The above resulis are in agreement with the results of
Kadkol et al. (1984). Kandhola et al. (1995}, Rather and
Sandha (1999), Gill and Sheoran (2002), Loganathan and
Gopalan (2006 b). CMS 7-1A x DRS 45, DCMS 36 x DRS
16, CMS 7-1A x RHA 340, DCMS 36 x DRS 22 and CMS
7-1A x DRS 9 are the five crosses which exhibited
significant standard heterosis for seed yield and oil
content.

Analysis of variance for combining ability revealed the
variances due to lines was significant for head diameter
ard oil content. While, variance due to testers was
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significant for days to 50% flowering, no of seeds/plant,
seed yield/plant. The interaction effect (line x tester) was
significant for all the traits. The variance due to specific
combining ability was greater than the variance due to
general combining ability except for head diameter, which
indicated the predominant rote of non additive gene action
in the expression of these traits. Additive gene action for
head diameler, non-additive gene action for these traits
was earlier reported by Devi et al. ( 2005), Madhaviiatha et
al. (2005), Gopalan and Loganathan (2006a), Rather ef al.
(1998). The discrepancy among the results reported may
be due to the differences in the selection of reference
material.

The per se performance of parents (Table 5) was
considered as the first important criterion for selection.
Perusal of the per se performance of parents indicated
that the parents, DCMS 36, DRS 63, RHA 340, DRS 16
were high yielders and DCMS 36, DRS 63, DCMS 15 and
DSI 257 were the parents with high oil content among all
the parents. Based on per se performance for seed yield
per plant and oil content these four parents were identified
as desirable parents. The second criteria of selection is
the general combining ability (gca) effects of parents
because the parents with high mean values may not
necessarily be able to transmit their superior traits to their
progenies. The results indicated that one line DCMS 36
and three testers RHA 340, DRS 9 and DRS 102 recorded
significantly positive gca effects for seed yield/plant (Table
2). The line DCMS 36 also recorded positive and
significant gea effects for number of leaves/plant, number
of seeds/plant, 100 seed weight, seed yield/plant, days to
50% flowering and days to maturity. The tester parents
RHA 340, DRS 9 and DRS 102 recorded positive
significant gea effects for number of leaves/plant, number
of seeds/plant. The parents which observed to be good
general combiners for yield also possessed gea effects in
the desired direction for yield components. Rao and Singh
(1977) observed that no parent was found to contain all
the favourable or unfavourable genes for all the characters
as in the case of present study. In contrast a parent
showing high gca effects for compongnt trait is not
necessarily good general combiner for grain yield i.e.,
inbreds with some of the desirable traits also possessed
certain undesirable traits. Toms and Poont (1995),
observed that significant differences existed between both
the CMS and restorer lines in their generat combining
abilities. Therefore, for improving a specific character, the
parents showing high gca in desirable direction can be
used as good donors for improvement of that character.

Association between per se performance and gea effects
was not evident in the present study. infact, in many
cases, the lines and testers with high mean had low gca
effects indicating the ineffectiveness of choice of parents
based on per se performance for hybridization. Selection
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of parents based on gca is more important than per se
arformance. Hence, based on gca effects, the parents

viz., DCMS 36, DRS 9, DRS 102 and RHA 340 can be

considered as superior parents for future use.

Among the ‘40" crosses evaluated some of them recorded
significantly superior seed vyield/plant. However the
crosses DCMS 36 x DRS 16, CMS 7-1A x RHA 340, CMS
7-1A x DRS 9 recorded high seed yield/plant, which was
on par with general mean. The cross DCMS 36 x DRS 16
registered high oii content. Hence based on per se
performance, the above five crosses can be considered
as superior for seed yield.

In contrast to the gca effects being attributable to additive
genetic effects, sca denotes dominance and epistatic
gene effects that are non-fixable. Parents with good
combining ability and the resultant cross with
non-significant sca are cansidered desirable {eg. DCMS
36 x DRS 34 is the cross having non-significant sca and
parents with significamt gca values) for population
development programme due to presence of additive gene
action.

Even in crosses with significantly high sca effects, if one
of the parents involved are good combiner, then, these
crosses can aiso be considered to varietal deveioprment
due to the presence of additive type of epistasis. However,
in case of later, selection sheuld be postponed to later
generations. [n case of the hybrids with high mean, high
gca and parents involved are poor combiners, they may

be useful for hybrid devejopment.

Fifteen out of 40 crosses occupied first three ranks for five
characters (Table 5). Of the 15, three crosses were
between high x high, 11 crosses between high x low and
only one cross - invelved between low x low gca parents.

Considering the performance for seed yiela/plant, the
crosses DCMS 36 x DRS 34 recorded non-significant sca
effect and inturn both the parents of the cross ap peared {o
be involved are good combiners. In the case of the cross
DCMS 36 x DRS 45 non-significant sca effect was
recorded. However, one of the parent DCMS 36 was a
good combiner and another parent DRS 45 was a poor
combiner. The cross CMS 234A x DRS 16 registered
significant sca effects and the gene action involved is of
additive type of interaction, where as both the parents are
poor combiners. Identification of heterotic crosses
involving high x low gca cross combinations as revealed
in the present study were earlier reported by Kadkol ef af.
(1984), Giniraj et al.(1987) and Limbore et al. (1997). In
addition, crosses with high sca effects involving parents
with high x high gca effects were also reported by Limbore
et al. (1997) and low x low by Kadkol et al. (1984) and
Giriraj et al. (1987).

From ihe foregaing discussion, if may be concluded that
the crosses, DCMS 36 x DRS 16, CMS 7-1A x DRS 9 and
DCMS 36 x DRS 45 were rated as the best crosses for
adopting heterosis breeding method.

Table 1 Analysis of variance for combining ability for yield and its components in sunflower

Days to 100 . .
Source of Variation  df Eé?;rt]t flo?v?r/?ng n?:{jrit; dgsna;er Ieayec;l l:)rlant e gillasrﬁEdS! j;:gt Se?}?a}gf < co(r?t”ent
Replications 2 212.35 3.86 4.34 522 12.34 465.35 0.46 13.83 1.88
Treatments 53 2006 05**  32.23™ 5173 60.92* 60.91™ 93988 25 299 25663 110.49"
Parents 13 1180 09* 42.92™ 21.34™ 25.73™ 54.35™ 53248.95 122 6076" 65.08™
Parents vs. Crosses 1 51261.86"* 13.14*  812.98* 1002.99** 128.10*  411955.71™ 2057 302531 8.70*
Crosses 39 1018.40™  22.16™  42.34* 48.50* 61.38* 99415.01* 3.13* 25093 12823*
Lines 3 818.62 2010 13.17 467.63* 11.18 13329002 513 66.96 91.44
Testers 9 1644.37 58 20" 2531 19.58 69.08 168433.52* 342 496.04*  198.44
Lines x Testers 27  B31.94™ 20.49* 51.26* 11.57 54.39* 72644 95 280" 18366" 108.92*"
Error 106 102.15 2.86 1.81 1.81 587 1500.21 032 14 48 2.08
gca Variance 53.78 1.73 083 11.51 1.64 7112 45 0.18 1271 0.39
sca Variance 243.26 5.87 16.48 3.25 19.57 2371490 0.82 58.39 14.97
o'gcal a’sca 0.22 .29 0.05 3.54 0.08 0.29 0.21 021 0.02
gsr%riﬁ‘::;e 15 1.3 3.15 0.37 244 1.24 0.54 1.51 432

** = Significant at 1% level: * = Significant at 5% level
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Table 2 Estimates of general combining ability (gea) effects for lines and testers for nine characters in sunflower

Parents Plant  Daysto 50% Days to Head Leaves/ Seeds/ 100seed  Seed Cil
height flowering _maturity _diameter plant plant weight  vield/plant __ content
Lines
DCMS 15 -4.81* 075" -0.15 -2.34™ 0.00 11.30 -0.33* 1.08 0.55"
DCMS 1 -1.60 -0.65* -0.78** -1.28~ . 085" 22.62* 0.47* 1.48" -0.99*
DCMS 6 -1.00 0.85* - 0.1% -2.25% -0.33 22.48™ -0.36* -1.08 -1.76™
CMS 7-1A 7.42* 0.55* fo0.82 587 -0.53 -56.40™" 0.22* -1.48* 2.19**
SEi 1.84 0.30 0.24 0.25 0.43 7.07 0.10 0.69 0.26
Testers ‘
DRS 45 0.66 -2.15™ -0.40 -2.74™ -2.78™ 10.83 -0.55* -3.28* -8.33™
DRS 52 3.26 1.85* 0.18 -0.72 -2.57* -117.58* -0.43* -8.53* -2.02™
DRS 27 -7.45* -0.40 0.85* -1.10™ 0.97 -98.83* 0.06 0.64 -4.54*
DRS 19 9.62* 2.10* 1.93* 0.28 -0.78 10.25 0.55™ -0.92 409"
DRS 55 12.70* 1.10* -0.40 0.28 1.87* 222.75" -0.82* 532 451
DRS 16 -25.01* -3.40™ -1.81 097 1.72* 124.50™ 0.34* 10.80™ 3.34™
DRS 28 -7.09* -2.65 -0.07 1.04™ 2.23™ 45.00* 0.75* 6.19* 1.86*
DRS 22 -0.01 -0.65 -2.15" -0.49 -0.28 9.25 -0.43™ -3.20" -0.85*
DRS § -1.94 1.10* 2.43" 1.18*" 277 -19.33 0.45** 2.37* 1.06"
DRS 34 15.26* 3.10™ -0.57 1.29™ 2.30" -186.83* 0.08 -8.59* 0.92*
SEj 1.84 0.49 0.39 0.38 0.68 11.18 0.16 1.09 0.41

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

Table 3 Estimates of specific combining ability (sca) effects for nine characters in sunflower

Crosses Plant Days to 50% Days ﬁo lHead Leaves/ Seeds/ 100 seed  Seed yield/ [o]]
height flowering maturity diameter plant plant weight __plant content
DCMS 15 x DRS 45 -5.06 2.25% 2.73% -2.05* -0.25 -175.63" -0.44 -11.03*" -0.30
DCMS 15 x DRS 52 -8.32 -1.75 081 -4.08™ -3.12t 61.78 0.46 5.55* 082
DCMS 15 x DRS 27 0.38 -0.50 4.15™ 0.09 -5.50™ 256.70™ Q.07 8 29™ -4 13*
DCMS 15x DRS 19 -12.68* 3.00% 5.06" -0.09 1.74 -69.05"" -0.76* -3.83 -5.61™
CCMS 15 x DRS 55 -3.77 0.00 -0.60 1.91* 249 -84 55* 0.62 -0.86 542"
DCMS 15x DRS 16 8.94 0.50 -3.18% - -0.97 -0.25 58.70" -0.40- -1.35 B.40™
DCMS 15 x DRS 28 -16.97* -1.25 2.06™ -0.24 -2.25 4.20 -1.00** -6.70*" -G.80"
DCMS 15 x DRS 22 693 -3.26* -2.85™ 1.78* 4,74 -20.05 0.45 0.35 -1.84*
DCMS 15x DRS 9 13.87* -2.00" -8.10** 2.20 -1.75 55.20* 0.47 T 5.20™
DCMS 15 x DRS 34 16.67* 3.00* -0.10 1.53 4.16™ 87 30* 066" 179 172
DCMS 1 x DRS 45 3.06 1.15 0.03 0.68 4.85** 57.03* -0.06 416 0.11
DCMS 1 x DRS 52 -15.53 215 0.45 2.15*" 1.18 108 55" -0.19 -5.10* 235"
DCMS 1 x DRS 27 -18.81** «1.60 621 1.53* -0.35 51.70" 0.90* T 13.33% 12.87™
DCMS 1 x DRS 19 -0.89 -3.10™ 2.36™ -0.15 -7.10* 127.61* 0.71* -5 9g** 0.8¢
DCMS 1 x DRS 55 -4 977 -318% -3.968"" -2.14* 2.64 -7¢.88* -0.ag* -7.96" 3.67™
DCMS 1 x DRS 18 34.74% 0.40 -2.55% 0.16 -0.10 53,36 =177 -4.06 277
DCMS 1 x DRS 28 17.82* -0.35 370 092 2.89" 157,13 1.06"" -2.22 -1.51
DCMS 1 x DRS 22 -16 76" -0.35 2.78™ =237 -5.10** 233.61* -0.59 7.07 -0.48
DCMS 1 xDRS 9 Rk -12.23% 1.90 3.20* -1.26 -260 -76.80** 1.056* 1.46 -9 .54**
DCMS 1 x DRS 34 13.59* 2,90+ 0.20 0.44 3.64* 48.03* -0.11 -0.71 -5.30"
DCMS & x DRS 45 -13.03 -0.35 5.80™ 1.85* -3.92* 139.20™ 071" 11.58™ 5.45""
DCMS 6 x DRS 52 7.42 1.85 -1 -0.36 287" -31.38 -0.48 0.51 -0.65
DCMS 6 x DRS 27 . 2027 3.90™ 011 0.31 -0.17 -101.13** -1.33™ -13.02*" -6.86™
DCMS 6 x DRS 19 . 4.50 -0.60 -5.53* 173" 6.07* 242.78* 0.89* 1413 7.03*
DCMS 6 x DRS 55 0.08 0.40 1.13 223 SFAT -106.71* g.52 -2.57 -10.23*
DCMS 6 xDRS 16 -21.93* -0.10 1.55% -0.31 5.07* -253.46* 2.50* 1.41 -2.36™
DCMS 6 x DRS 28 478 -0.85 -5.20™" -2.22 -2.92° 20103 =149 215 473
CCMS 6 x DRS 22 22.52* 215 0.88 0.99 6.07** -184.21 0.08 -8.03* -0.22
DCMS6xDRS 9 -2.27 0.40 3.30" -2.02° 0.57 2238 -1.42™ -7.90™ 0.45
DCMS & x DRS 34 -22.37 -6.60** -0.70 -2.18™ -5.50™ 80.53* -0.28 1.76 2.65™
CMS 71A X DRS 45 1503 -3.06** -B.58™ 0.47 £.72 7060 .20 -4.68* -5.26"
CMS7-1A x DRS 52 16.43*" -2.05 -0.15 021 092 -73.85" «0.54 -0.97 -2.83™
CMS 7-1A x DRS 27 -1.84 -1.80 218" -2.14** 6.02*" -27.26 -0.24 -8.60** -1.87*
CMS 7-1Ax DRS 19 907 0.70 -1.90* -1.80% 072 -221.35" 0.66* -4.33 -2.02%
CMS 7-1A x DRS 55 865 270 3.43* 2.00* 2.02 261.150** -0.16 11 .40™ 1.43
CMS 7-1A x DRS 16 -21.75* -0.80 418" 1.13 -4.72* 141.40™ 0.88* B8.01*" -3.26
CMS 7-1A x DRS 28 -5 64 2.45* -0.56 163" 2.27 51.9* 1.12* 6.78* 6.58™
CMS 7-1A x DRS 22 -12.68* 5.45 -0.81 -0.40 -572" -18.35 -0.85 -1.39 2.54""
CMS 7-1AxDRS 9 063 -0.30 1.60% 0.06 3.77 -0.787 070" -1.38 3.88™
CMS 7-1A x DRS 34 -7.89 0.70 0.60 019 -1.30 -41.28 -0.263 -2.84 0.92
SEij 583 0.97 0.77 077 137 22.36 0.32 2.19 0.83
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Table 4a Estimates of heterosis, heterobeltiosis and standard heterosis (over KBSH 1 and PAC 1091) for plant
height and days to 50% flowering in sunflower

Piant height Days to 50% flowering

Crosses Hztiim b:ﬁfg;ﬁ’s KBSH1 PAC 1091 Hiti‘zm b’;ﬁfg;’s KBSH1 PAC 1091
DCMS 15 x DRS 45 10.81 -4.10 918 2026~ 857 179 172 172
DCMS 15 x DRS 52 133 462 964 2068~  459* 179 A1.72 472
DCMS 15 x DRS 27 439 -6.15 414 -21.96m 275 0.00 -3.45 -3.45
DCMS 15 x DRS 19 16.67* -3.08 819 -19.40"  6.90* 333 6.90* 690
DCMS 15 x DRS 55 39.39" 6.15 056  -11.73"  -0.85 4927 0.00 0.00
DCMS 15 x DRS 16 14.14 1308 766" 2772% 27 357 -6.90% 690
DCMS 15 x DRS 28 13.51 19237 23407 3284™  -3.64 536 862 862
DCMS 15 x DRS 22 21,63+ 462 050 -13.01*  -7.83* 1017 862" 862"
DCMS 15 x DRS 9 1991 8.46 274 -5.81 -0.88 175 -3.45 -3.45
DCMS 15 x DRS 34 50.12%  2385™  17.32 293  6.78" 1.61 862 862
DCMS 1 x DRS 45 4316 43.16™ 090  -1301*  3.70 -5.08" -3.45 -3.45
DCMS 1 x DRS 52 17.07" 9.09 12.56* 2324  8.93" 3.39 517" 5.17*
DCMS 1 x DRS 27 6.68 2.19 2276* 3220 179 678" 517 517
DCMS 1 x DRS 19 55.80*  48.42" 274 981 588" 667" 345 3.45
DCMS 1 x DRS 55 71.78% 4737+ 2.02 1045  -833*  984* 517 547
DCMS 1 x DRS 16 7423 49.47% 3.47 917  -526* 847 690%™ 690"
OCMS 1 x DRS 28 90.67**  50.53* 420 .853  -442* 847 690 590"
DCMS 1 x DRS 22 2246 2158  -15.84* 2612  -508°  -508*  -3.45 -3.45
DCMS 1x DRS 9 18.00% 1230 -13.94* 2446 345 169 3.45 3.45
DCMS 1 x DRS 34 7954  B9EI™  17.42% 307 413 1.61 862 862
DCMS 6 x DRS 45 17.56" 9.55 A219* 22927 275 667 345 345
DCMS 6 x DRS 52 3052 3052 462 817 973 333 6.90  6.90"
DCMS 6 x DRS 27 36347 32.45" .17 68 973 333 .90  6.90*
DCMS 6 x DRS 19 5000~  33.64* 7.12 -5.97 0.00 0.00 3.45 3.45
DCMS 6 x DRS 55 6367  32.42 6.15 -6.82 -0.83 1.64 3.45 3.45
DCMS 6 x DRS 16 -3.45 .21.88%  .37.38"  .4503*  -435* 833  517* 517"
DCMS 6 x DRS 28 5806  18.70% 486 1648 351  -833* 547" 547
DCMS 6 x DRS 22 5263 4127 1324 06 0.84 0.00 3.45 3.45
DCMS & x DRS 9 1960  16.97" 624  -1770™  2.56 0.00 3.45 3.45
DCMS 6 x DRS 34 29.32+ 14.33 836 1956~  -9.84™  1129%  5A7TY 547
CMS 7-1A x DRS 45 59.39%  53.92* 1440 043 275 1167 -862*  -862™
CMS 7-1A x DRS 52 51.80% 4636  17.32 299 265 -3.33 0.00 0.00
CMS 7-1A x DRS 27 2832  27.25% 381 -1557 088 667"  -3.45 -3.45
CMS 7-1A x DRS 19 7021 56.86™  16.59™ 235 167 167 517 517
CMS 7-1A x DRS 55 91.37"" 5348~ 1853 405 2.48 1.64 690"  6.90™
CMS 7-1A x DRS 16 11.22 732 3111+ 3953~ 609"  -1000% 690  -6.90"
CMS 7-1A x DRS 28 6378  26.05% 632 776" 175 -3.33 0.00 0.00
CMS 7-1A x DRS 22 3147  26.08* 629  -17.74% 084 .67 172 172
CMS 7-1A x DRS 8 3516 3342 2.02 1045 085 167 1.72 172
CMS 7-1A x DRS 34 50.43* 4575 8.33 4.90 1.64 0.00 690  6.90™

* = Significant at 5% leve!; ** = Significant at 1% fevel
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Table 4b Estimates of heterosis, heterobeltiosis and standard heterosis (over KBSH 1 and PAC 1091) for days

to maturity and head diameter in sunflower

Days to maturity

Head diameter

Crosses Hit;“’ b’;ﬁfgg’s KBSH1 PAC 1091 Hest;“’ b';"ﬁfg;?s KBSH1 PAC 1091
DCMS 15 x DRS 45 123 476" 0.36 036 .27.27 3566 3429  -4588"
DCMS 15 x DRS 52 316t 612+ -1.08 108 1749 3566  -3420%  -45.88
DCMS 15 x DRS 27 1.05 204 323 323% 1404 -9.09 714 2353
DCMS 15 x DRS 19 coo 000 53~ 538" 3766 1119 1357 647
DGMS 15 x DRS 55 863 -9.09" a2 .323% 3643 1328 1571+ 47
DCMS 15 x DRS 16 224" 1224 753 763" 1915 210 000  -17.85"
DCMS 15 x DRS 28 445 510 0.00 00c 1884 210 000  -17.65"
DCMS 15 x DRS 22 4179 1224 753" 763" 3133 699 9.29 -10.00
DCMS 15 x DRS 9 4157 1293 824 824 3957 1469  17.14*  -353
DCMS 15 x DRS 34 78t 78 287 287 4583~ 1772 2024*  0.98
DCMS 1 x DRS 45 476" 816 3230 323 18.18* 1818 714 2353
DCMS 1 x DRS 52 4217 74 2.15 215 7895 5455  2143* 000
[ICMS 1 x DRS 27 1053 1327 860" . 860  48.72% 3182~ 357 1471
DCMS 1 x DRS 19 340" 340 179 179 6566 4909  17.14* 353
DCMS 1 x DRS 55 1289"  1343%  753%_ 753 2878* 20000 - 571 -22.35"
DCMS 1 x DRS 16 42247 12.24* -7.53--\ 753 6040 47.27% 1571 471
DCMS 1 x DRS 28 342 408" 108 108 60.89*  4B45™  1664*  -3.94
DCMS 1 x DRS 22 667 714 215 215 22000 1091 1286  -28.24"
DCMS 1 x DRS 9 -0.52 .2.04 323" 323 4851 3636 7.4 176 ¢
DCMS 1 x DRS 34 816" -816™ 323" 323  69.81* 5273  2000*  -1.18
DCMS & x DRS 45 2 20* 436 194 3840 154 200 571 -22.35™
DCMS 6 x DRS 52 Ams 7Ere 287 287* 1304 4333 74 2353
DCMS 6 x DRS 27 316 612 -1.08 108 2340  -3.33 357 1471
DGMS 6 x DRS 19 A0.54% . 1054*  .573*  573% 3109 400 11.43 -8.24
DCMS 6 x DRS 55 660" 707" -1.08 408 3551 1067 1857 235
DCMS 6 x DRS 16 T4 74 215 215 2190% 167 536  -13.24°
DCMS 6 x DRS 28 164" 1224* 753 753 0.4 A867 1288  -28.24
DCMS 6 x DRS 22 789 -8A8™ 323" 323" 2167 | 267 429 1412
DCMS 6 x DRS 9 0.52 A1.02 430" 430" 950 \-11.67 535  -22.06"
DCMS 6 x DRS 34 846 816" -323* 323+ 1089 '-1200 571  -22.36™
CMS 7-1A x DRS 45 170 -1443* 075 075" 3247~ 7.04 3571 1176
CMS 7-1A x DRS 52 265 -5 15* -1.08 108 8092  31.23* 6638~  37.02"
CMS 7-1A x DRS 27 053 -2.06 215\ 215 4461 B9  3I®ETT 1165
CMS 7-1A x DRS 19 564 612" 1.08 408 6121 2056 5286  25.88™ °
CMS 7-1A x DRS 55 3.06% 404" 215 215 5046  15.49% 4643  20.69" -
CMS 7-1A x DRS 16 3257 374m 1.43 143 8058 3708 7381 4314
CMS 7-1A x DRS 28 568 584 479 79 7893 3634 7286 4235
CMS 7-1A x DRS 22 £25%  Sg25e 430 430 50.50" 2019 5238 2549
CMS 7-1A x DRS 9 0.00 1.03 323% 323  89.09" 4355 8200  49.88"
CMS 7-1A x DRS 34 564" 512" .08 408 78707  335BT  69.36  39.47%

* = Significant at 5% level, ™ = Significant at 1% level
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Table 4c Estimates of heterosis, heterobeltiosis and standard heterosis (over KBSH 1 and PAC 1091) for
number of leaves/plant and number of seeds/plant in sunflower

No. of leaves/plant No. of seeds/plant

Crosses Fetero olelerd  kBSH 1 PAC1091 1Ol e KBSH1 PAC 1091
DCMS 15 x DRS 45 14.29 9.09 7,69 000  2130" 566  -1439" 539
OCMS 15 x DRS 62 ATO5  2889™  -4795° 111 3328  2280% 051 2597
DCMS 15 x DRS 27 244 909 2308  -1667° 4890 4210 | 2671 043~
DCMS 15 x DRS 19 5.66 -9.68 769 1667° 1595  10.20°  -0.89  2548"
DCMS 15 x DRS 55 45.00% 3182 1154 2083 6854 5330 2420 5726
DCMS 15 x DRS 16 20,93 18.18* 0.00 833 4655  3492% | 2094  gasye
DCMS 15 x DRS 28 27.66™ - 3200 3462 -2917- 2444  12.44™ 12877 4290
BCMS 15 x DRS 22 4146 3182 1154 2083  812*  -7.40° 520 3323
DCMS 16 x DRS 9 478 903 -2308"  -1667° 5556  37.21* | e o75m
DGMS 15 x DRS 34 55.00" 4091 1923* 2917~ 249  -11.53* 2832  .9.25
DCMS 1 x DRS 45 33.33% 2000°  1538° 2500 42137 2023 | 446 3226™
DCMS 1% DRS 62 364 4167 1@ 1042 4330% 2258 3274 1484
DCMS 1 x DRS 27 18.18* 4.00 0.00 833 3126 -32.14™  .39.49' 2339
DCMS 1 x DRS 19 2857 3548 2308 1667  9.51* 765 | 318  22.58%
DCMS 1 x DRS 55 3953 2000 1538° 2500  4198% 2622 879" 3774
DCMS 1 x DRS 16 17.39* 8.00 3.85 126 22397 16.40% | 1210  41.94%
DCMS 1 x DRS 28 8.00 8.00 154 417 1973 2613 | 2484  -484
DCMS 1 x DRS 22 -9.09 2000 2308  -1667* 2008/ 594 | 2038 5242
DCMS 1 x DRS 9 AT o 20000 2308 1667 377 -1114* | 280" 2.26
DCMS 1 x DRS 34 45.74 2533 2061 3056 152  -17.40" | -28.24"  -0.14
DCMS 6 x DRS 45 13.04 2308 2308 1667 5442  27.41™ . 17.83" 4919
DCMS 6 x DRS 52 - 357 -10.00 3.85 125 079 37T | 2025% 097
DCMS 6 x DRS 27 11.11 385 385 417 1935~ 2080 | 2675 726
DCMS 6 x DRS 19 12,28 3.23 2308 3333 4358~ 4160 | 30.96™ 6581
DCMS 6 x DRS 55 1384 2692 -2692%  -20.83*  4306™  22.87* | 1363 4387
DCMS 6 x DRS 16 31,91+ 19230 1923 2917  -12.82%  -1455% | 4774~ 419
DCMS 6 x DRS 28 37.25% 3846  -3846™ 3333 3487 2057 | 3008 6468
DCMS 6 x DRS 22 3333+ 1538 1538 2500 .27.07" -33.86" | 2484  -484
DCMS 6 x DRS 9 -4.35 1538 -1538'  -833 2838  7.16 083 2548
DCMS 6 X DRS 34 . 9.09 2308™ 2308 1667 1257  -7.90 | 1482  7.85
CMS 7-1A x DRS 45 1220 952 1164 447 2320 1343° | 1804 263
CMS 7-1A x DRS 52 980  2333* 1154 417  1024* 778 | 2297  -247
CMS 7-1A x DRS 27 §5.00~  47.62*  1923*  2017%  -960° 1857 | -27.39%  -8.06
CMS 7-1A X DRS 19 .3.85 1935 385 417 2344 3130 | 3822 2177
CMS 7-1A x DRS 56 4359~ | 3333 769 16.67° 118117  11034™| 5032  9032*
CMS 7-1A x DRS 16 000 000 1923 125 4609 27.257 ‘ 2256~ 5516
CMS 7-1A x DRS 28 8,70 1600 1823 125 274 1208 1172 1177
CMS 7-1A x DRS 22 -10.00 429 3077 2500 557 2300 | 1281 1085
CMS 7-1A x DRS 9 . 2195m 19.05° 385 417 2913* 2050 | 1389  9.03
CMS 7-1A x DRS 34 - ;2821 . 19.06° -385 417 8.5 658" 4038  24.52

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

/s
¢
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Table 4d Estimates of heterosis, heterobeltiosis and standard heterosis (over KBSH 1 and PAC 1091) for
100-seed weight and seed yield/plant in sunflower

100 seed weight Seed yield/plant
Crosses Hetero b*;’;fg;‘l’s KBSH1 PAC1001 7o b’;ﬁfg;‘l’s KBSH 1 PAC 1091
DCMS 15 x DRS 45 17.09°  2000° 26157 -2163°  -31.91*  -32.14** 4865  -46.55"
DCMS 15 x DRS 52 . 7.88 1.25 -6.54 082 22.64° 451 2146  -18.25*
DCMS 15 x DRS 27 1035 035 737 A7 5072 4522 914 13.59
DCMS 15 x DRS 19 2.48 375 A145 571 2.99 007 2489  .21.83*
DCMS 15 x DRS 55 18 354 11086 551 50157 3041  -1.99 2.01
DCMS 15 x DRS 16 10.15 063 -8.27 265  5L76% 4690 1041 14.91
DCMS 15 x DRS 28 5.68 438 173 -6.33 13.98 1397 1435  -10.86
DCMS 15 x DRS 22 146 111 667 .0.95 15.46 622 2017  -16.92*
DCMS 15 x DRS 9 3364*  20.00° 10.77 1755 74117 4932~ 1222 1680
DCMS 15 x DRS 34 - 3.53 569 7.31 13.88 226 817 -30.98™ 2817
DCMS 1 x DRS 45 . 1443 1234 . 358 233 2092° 1907  -9.89 522
DCMS 1 x DRS 52 17.4 1617 -394 195 4599 2769 -46.95"  -44.78%
DCMS 1 xDRS27 - .~ 6021 5332  26.78™ 3454  71.49" 6717 2265  2755%
PCMS 1xDRS 19 61.86™ 6029 3256 4067  -1.68 347 2018 2629
DCMS 1 x DRS 55 143 1735  -2641"  2190° 2638 1090  -1864*  -1532
DCMS 1 x DRS 16 2.94 233 1923F 1420 4566  4266" 467 8.93
DCMS 1 x DRS 28 82.25% 7349 4346 5224  3168™ 3013  2.22 176
DCMS 1 x DRS 22 : 15.68 7.21 135 592 4291 3293% 247 1.51
DCMS 1xDRS9 = 75.78™  ©5.97*  37.24% 4565  53.38™ 3287  .2.52 1.46
DCMS 1 x DRS 34 - 8.83 -6.46 7.57 14.16 -8.50 1305 -3621" 3364
DCMS 6 x DRS 45 18.61 113 482 122 4056  3498% 215 6.31
DCMS 6 x DRS 52 14.26 10.06 -10.9 -5.44 104 1293 -39.34"  36.87™
DCMS 6 x DRS 27 . ‘ 8.98 8.57 A7.95* 1283 -27.12"  -2712°  -49.23"  47.15™
DCMS 6 x DRS 19 ‘ 1655 1217 -9.04 347 6302 6182 1441  19.07*
DCMS 6 x DRS 56 _ 551 -2.81 1346 816 4137 2689 1161 ~ -8.00
DCMS 6 x DRS 16 : 9691™ 9500  46.92"* 5502 5987 5910 1191 - 16.48"
DCMS 6 x DRS 28 11.99 11.79 4615 1102 41.30"  3616™ 230 6.48
DCMS 6 x DRS 22 17.66 1419 - 1436 912 1923 2302 -46.38  44.19%
DCMS 6 x DRS 9 -0.95 197 26477 2197 994 262 3218 -20.39™
DCMS 6 x DRS 34 -7.09 2324 1173 633 -6.30 872 3641 3380
CMS 7-1A x DRS 45 431 1109 4109 585  -1678  -1960* -30.23™  .36.75"
CMS 7-1A x DRS 52 5.48 1538 4538 102 - -9.22 2048 -44.03% 4175+
CMS 7-1A x DRS 27 13.91 0.00 0.00 6.12 4319 1363 -3921% 3673
CMS 7-1A x DRS 19 4018  2692% 2692  3469" 428 449 3247 2972
CMS 7-1A x DRS 55 10.48 -15.38 1538 102 Q4.24™ 7355w 2215 2743
CMS 7-1A x DRS 16 19.21* 185 3.85 102 66.83 6678  17.39" 2218
CMS 7-1A x DRS 28 59.94% 3974 3974 4830 5505 5015 1282  17.42*
CMS 7-1AXDRS 22 __ 12.81 378 -\ 378 211 11.03 531 2588  -22.86%
CMS 7-1A x DRS 8 27.20*" 1032 1032 17.07 3388 1807  -1680"  -1351
CMS7-1AxDRS 34 & -5.98 13.04 0 612  -2504"  -27.34*  48.86™  -46.78%

* = Significant al 5% level; ** = Significant at 1% level
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Table 4e Estimates of heterosis, heterobeltiosis and standard heterosis (over KBSH 1 and PAC 1091} for
oil content in sunflower

Oil content
Crosses Fietero petere. KBSH 1 PAC 1091
DCMS 15 x DRS 45 -15.86* 2831 -44.91* -31.25"
DCMS 15 x DRS 52 10.39* -8.09* .25.24* £.70
DCMS 15 x DRS 27 -23.95* -39.22" 45 04" . 31.41*
DCMS 15 x DRS 19 ' 13.37* -2.90 -26.32* -8.04*
DCMS 15 x DRS 55 40.68** 11,18 3.61 29.30*
DCMS 15 x DRS 18 4524 17.67 B.34* 3522
DCMS 15 x DRS 238 14 65 -23.85™ -43,09™ -28.98**
DCMS 15 x DRS 22 7.69 . -8.23 T 2951 -12.02
DCMS 15xDRS 9 35.44% 10.96* 5.97 17.35"
DCMS 15 x DRS 34 23.12* 1.56 1543 5.54
DCMS 1 x DRS 45 -30.76** -32.15* 47,87 -34.93
DCMS 1 x DRS 52 -3.96 -8.45* 2553 -7.05
DCMS 4 x DRS 27 16.18* 547 -4.63 19.02*
DCMS 1 xDRS 19 14.79"" 13.18* 1412 7.18
DCMS 1 x DRS 55 13.84* 1.96 498 18 59
DCMS 1 x DRS 16 53 ~AR8 Yy-I S5
DCMS 1 x DRS 28 0.41 -G.24 28 46 £97
DCMS 1 x DRS 22 -6.99 -8 84* _ -29.98** -12.81%
DCMS 1 xDRS 9 -35.08™* -39 29* -48 55* -35.79™
DCMS 1 x DRS 34 -20.83* -25.35" _37.84** 22 42"
DCMS 6 x DRS 45 -16.41* -16.57* -35.80* -19.99%
DCMS 6 x DRS 52 -18.12** -20.54* -35.36* -19.33%
DCMS 6 x DRS 27 -48.91** -53.75™ -58.18* 47 80"
DCMS 6 x DRS 19 32.14% 31.56 0.71 25.70"
BCMS 6 x DRS 55 -33.20* -39.16* -43.30** .29 24*
DCMS 6 x DRS 16 _ -11.99* -19.41% _ .25 80** j 7.39
DCMS 6 x DRS 28 17.48* 16.08™ -11.14* 10.90"*
DCMS 6 x DRS 22 -10.39 -10.54" 231 28 1424
DCMS 6 x DRS 9 T 627 -10.80* - 224,41 566
DCMS 6 x DRS 34 _ 1.32 -2.78 -19.03** 1.05
CMS 7-1A x DRS 45 Tio-28.24m -39.61* .53 .60 42.00™
CMS 7-1A x DRS 52 4.26 -14 24* .30 .24 -12.93%
CMS 7-1A x DRS 27 .8.84" 2796 24,867 1871
CMS$ 7-1A x DRS 19 36.10% 15.12** 1265 9.02*
CMS 7-1AxDRS 55 32.74* 3.75 .3.32 - 20.66*
CMS 7-1AxDRS 16 1363~ -10.80™ 1787 250
CMS7-1AXxDRS 28 ' 63.49* 39.16* 3.99 : 29.78"
CMS 7-1AxDRS 22 . - 33.37" 12.24** -13.78* 761
CMS 7-1Ax DRS © 38.23* 1492 516 1827
CMS 7-1A x DRS 34 27.80** 417 -13.26% 8.26*

" = Significant at 5% level; ** = Significant at 1% level
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Heterosis and combining ability for seed yield and other yield contributing characters in sunflower

Table 5 Superior hybrids identified from the investigation for per se performance and their combining ability

and heterosis

Combining ability

Hybrid per se SH over KBSH 1
gca
Seed yleld/plant (g)
DCMS 36 x DRS 16 ' 48.35 . 13.33% hxl 22 65
CMS 7-1A x RHA 340 48.15 11.40* Ixh 2215
CMS 7-1AXxDRS 9 . 46.23 . 8.01* Ixh 17.39
Cil content (%)
DCMS 36 x DRS 22 4550 7.6 hxl 5.46™*
CMS 7-1Ax DRS 102 4550 6.67* Ixh 15.63*
DCMS 36 x DRS 16 45 50 : 5.88* hx] ’ 0.69™*
100 seed weight (g)
DCMS 6 xDRS 9 A 7.64 2.50* Ixh 11.91
CMS 7-1A x ORS 102 7.46 1.06%* hxh -
DCMS 36 x DRS 152 Voo 7.27 1.12* hxh 12.82
No. of seeds/plant \
. N\ L )
CMS 7-1A x RHA 340 ’ © 118D 261.15™ bl 50.32"
DCMS 6 x DRS 22 ‘ 1028 242 78* Ixm 30.96**
DCMS 6 xDRS 102 : 1058 201.03* txh 30.06"
. 1
Head diameter ‘ (cm) .
- y
DCMS 6 x RHA 340 : 25.48 223 hxh 18.57
CMS 234A x DRS 34 24.33 2.20* m x| 17.14*
DCMS 36 x DRS 52 2420 2.15** hxi 21,43
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Abstract

The field study carried out at Qilseeds Research
Station, Latur (M.8.) during kharif 2004-07 divulged
that thiodicarb @ 0.075% was working more
effectively against defoliators (Trichoplusia ni and
Spodoptera litura) and spinosad @ 0.018% against
capitulum borer (Helicoverpa armigera) whereas
application of endosulfan @ 0.07% proved to be
effective against stem borer [Nupserha sp near
vexator Pascoe) in sunflower. However, treatment of
endosulfan was found to be economic followed by
profenofos to control defoliators, capitulum borer and
stem borer. Moreover, no treatment could significantly
reduce the activity of predators and honeybees over
controf.

Key words. Sunflower, defoliators, capitulum borer,
stem borer, treatment, control

Introduction

Several species of both beneficial and harmful insects as
well as microbial organisms are associated with sunflower
(Helianthus annuus L). Among biotic constraints in
sunflower production, insect pests and diseases are of
majar concern. As many as 251 insect and acarin species
are known o aftack sunflower crop worldwide (Rajamohan
1976). Among defoliators, Tobacco caterpillar

(Spodoptera litura Fabricius), Bihar hairy caterpillar |

(Spitarctia obligua), green semilooper (Thysanoplusia
orichalcia Fab.), cabbage green semilooper ( Trichiopfusia
ni) of major importance. Quthreak of Spodoptera litura
was notice in sunflower growing areas of Karnataka and
Maharashtra state of India. Capitulum baorer (Heficoverpa
anmigera Hubner) is the most serious and destructive pest
among alfl the insect pests of sunfiower, the yield loss
goes up to 50% under severe incidence (Anonymous,
20085b). The capitulum berer is highly polyphagous with
about 181 host plants including important crop plants such
as pulses, cotton, vegetables, oilseeds, elc., and pestis
prevalent throughout India (Basappa and Bhat, 1899).
Therefore, it is peremptory to take care of sunfiower crop
from this notorious pest. Recently sunfiower cultivation in
Marathwada region, (M.S., india) threatened a new pest

stem borer Nupserha sp. near vexator (Pascoe).
Anonymous (2005a) reporied 17.5% yield loss due to stem
borer in sunflower. The present study has been
underiaken to evaluate the efficacy of some insecticides
of new generation for effective management of defoliators,
capitulum borer and stem borer as well as its bio-safety to
beneficiat insacts.

Material and methods

The field experiment was conducted during kharif 2004-07
at Qilseeds Research Station, Lafur (M.S.} India. Total
seven insecticides were tested (Table 1) along with
untreated control in Randomized Block-Design with three
replications having a plot size of 4.2 x 4.5 m. Spacing
adopted was 60 x 30cm. The sunflower variety used for
experiment was Morden. The recommended package of
practices was followed. Treatments have been imposed
at ETL cross by the pest hefore flowering with the help of
foct sprayer. Six leaves observed for larval population of
defoliators (Trichoplusia ni and Spodoptera lifura Fab.},
capitulum borer (Helicoverpa armigera Hub.) and predator
{Coccinelifds) from randomily selected five plants of each
treatment a day before and 3 days after spraying while the
incidence of N. vexator recorded at the time of harvesting
through stem cutting at collar region and percentincidence
worked out. Honeybee's activity recorded for aweek in the

~ morning hours during full bloom stage and average

honeybees visited per head per day was reported. The net
plot (3.0 x 3.9m) vield was recorded separately. The dafa
generated during four years were subjected to statisticat
analysis and cost benefit ratic for each treatment was also
worked out.

Results and discussion

Four years pooled data presented in Table 1 revealed that
the population of defoliators (T. ni & S. fitura) and head
borer {H. arrmigeraj were uniformly distributed at the outset
of experiment. Treatment of thiodicarh @ 0.07% was
proved to be effective against defoliators and was
remained at par with indoxacarb, spingsad, prefenofos and
endosulfan. However, spinosad application registered
superior resulls against H. armigera over control and was
at par with thiodicarb, indoxacarb, profencfos and
endosulfan, Application of indexacarb and profenofos was

! Principal Scientist (Entomology), Directorate of Oilseeds Research, Rajendranagar, Hyderabad-500 030, AP.
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found effective for the control of Trichoplusia, Spodopfera
and Helicoverpa in soybean (Shivamurthy et al,, 2009).
Rest of the treatments i.e., chlorpyriphos @ 0.05% and
dichforvos @ 0.075% were also significantly superior over
control for management of defoliators and H. armigera.
Order of relative toxicity of varicus insecticides against S.
litura was reported by Suby ef al, 2008 as emamectin
benzoate > indoxacarb » spinosad > profenofos. Spraying
of dichlorvas@ 0.05% in case of severe incidence of S.
fitura is effective (Prasad and Vimala Devi, 1999).
Significant reduction in incidence of N. vexafor recarded
over control in the plots treated with endosulfan @ 0.07%
and which was at par with rest of the treatments except
dichlorvos and spinosad. The results corroborate the
findings of Patit and Jadhav (2007). Treatments of
dichlorvos and spinosad were showed poor perfermance
against N. vexator. Data presented in Table 2 revealed
that no treatment could significantly reduce poputation of
predator {Coccinellids} which proved safety of all
chemicals to the predators. The same trend of bio-safety
was also obiserved in case of honeybees that notreatment
could restrict the activity of honeybees during flowering of
sunflower. Yield data disclosed that significant variation
within treatment was also evident in seed yield. Highest
seed yield (1337 kg/ha) registered with application of

thiodicarb which was 32.5 % increase over control. The
treatment was also at par with endosulfan, indoxacarb and
spinosad which were the 32.21, 31.11, and 24.87%
significant increase in seed yield respectively. Profenofos
was the next best treatment and recorded significant
enhancement in the seed yield i.e., 21.90 % followed by
chlorpyriphos 21.70%. Treatment of dichiorvos stood on
par with untreated control in respect of yield. However,
application of endosulfan proved to be most zconomic
(1:4.9) followed by profenofos {1:4.6} and chlorpyriphos
(1:4.5). Endosulfan was the most effective in controlling
Helicoverpa and Spodoptera (Harvir Singh ef al., 2007).
Indoxacarb was found as best treatments for the control
of H. armigera in chickpea moreover endosulfan and
Chlorpyrifos was also proved effective against H. armigera
(Pradyumn and Tomar, 2008). Monality in eggs of
Spodaptera was recorded 92.67% with profenofos 50EC
and 89.33% with thiodicarb 75WP (Patil et al., 2007).
Thus the present findings are in conformity with the earlier
studies.

Acknowiedgements: Authors are grateful to Director of
Research, MAU, Parbhani and Project Director, DOR,
Hyderabad for providing timely funds and facilities which
enable us to conduct the experiments smocthly.

Table 1 Efficacy of newer insecticides against major pests in sunflower {four years pooled data, 2004-07)

Treat X Mean defoliators {larvae/plant) Mean head borer {larvae/plant) Stem borer
reatments {incidence (%)]"
Before spray After spray Before spray After spray

Thiodicarb 75WP 53 0.2 17 0.3 21.3
@ 0075% 2.40 0.84 1.47 0.87 27.05
Indoxacarb 14.5 % 52 0.2 16 0.2 18.7
SC @ 0.015% 2.39 0.82 146 ° 0.85 25.37
Spinosad 45 % SC 5.4 a2 17 0.1 24 5
@0.018% 242 0.85 1.49 0.76 29.36
Profenofes 50 EC 53 0.3 16 0.3 19.9
@ 0.05% - 2.40 0.88 1.46 0.87 26.21
Dichlorves 76 EC 53 1.2 18 0.9 27.9
@ 0.075% 2.41 1.29 1.52 147 31.46
Chlorpyrifos 20 EC 5.1 06 17 06 19.4
@ 0.05% 2.36 1.06 1.47 1.04 25.95
Endosulfan 35 EC 38 . 0.3 17 0.2 15.4
@007 % 240 .90 148 0.84 23.06
Control 5.3 ‘ 36 1.7 1.5 ] 331

' 241 2.02 148 140 - - 34.90
SEm + 0.02 0.06 .03 0.05 1.27
Ch (P=0.05) N.S. 0.19 N.S. 0.15 378
CV (%) 2.00 11.00 4.00 10.0 9.00

Bold figures are root x + 0.5 transformed values; * = angular transformed valves
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Table 2 Bio-safety of newer insecticides to predators and honey bees in sunflower (Kharif, 2007)

Treatments Mean Coccinellids/ plant Mean honey bees / Yield
ICBR
Before spray After spray head (After spray) (kg/ha)}

Thiodicarb 75SWP @ 0.075% 11 07 13 1337 1:45
1.28 1.11 1.35

indoxacarb 14.5 % SC @ 0.015% i3 10 12 1323 142
1.33 1.22 1.30

Splnasad 45 % SC @ 0.018% 5 14 15 1280 137
1.40 1.27 1.42

Profenofos 5QEC @ 0.05% 41 12 15 1230 1:4.6
1.25 1.20 1.40

Dichiorvos 76 EC @ 0 075% 15 0s 15 1080 1:4.1
1.42 1.4 1.42

Chiorpynifos 20 EC & 0.05% 14 R 113 1228 1:4.5

N

1.37 . 1.26 1.35 N

Endosulfan 35 EC @ 0.07 % 11 14 13 1334 149
4.35 125 - 1.35

Control 1.4 13~ 1.4 1009 - -
1.37 1.35 1.38

SEm + 0.06 008 0086 298

CD (P=0.05) N.S NS T NS 92.0

CV %) 8.0 12.0 7.0 4.0

Figures in bold are root x + 0.5 transformed values
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!
Abstract |

The gamma-rays irradiated mutagenized populations
and germplasm accessions were screened for
resistance to Botrytis grey rot disease in castor,
"Detached spike inoculation technique™ under
controlled conditions is an efficient and robust
technique to identify resistance based on number of
days for disease development. All the test material
succumbed to disease by 5" day of inoculation
indicating absence of host-resistance. Six lines which
recorded <10% disease incidence under field
screening during kharif, 2005 also succumbed to
disease. The field tolerance in PCS-170, an advanced
breeding lines is attributed to it morpholegical
features alone. Thus, field tolerance reported is often
a case of disease escape and such material does not
merit to be included in cross breeding programmes,

Key words: Botrytis ricini, castor, host-resistance,
mutations, grey rot, high disease pressure
and screening

Introduction

Botrytis grey rot (BGR) caused by Botrytis ricini Godfrey
is one of the major diseases of castor in Andhra Pradesh.
The first epidemic of the disease appeared in A.P. during
Kharif 1887 (Moses and Reddy, 1998). BGR appears
during cyclonic weather conditions causing severe yield
losses. Under congenial conditions of high humidity and
low temperatures the pathogen infects the flowers,
capsules and converts them in to grey fungal mass of
mycelium and spores. BGR is important in A.P. and Tamil
Nadu, where it has virtually threatened castor cultivation.
During the last 12 years, epidemic of BGR was reported
in 4 years and in the remaining years the losses range
from 10 to 80%. As cyclonic depressions predispose the
onset and spread of the disease, the BGR incidence
varies between the years {Janila et al., 20086). The
Eliology, epidemiology and management of the disease is
thoroughly reviewed by Raoof and Yasmeen (2008).

Resistance breeding is most appropriate approach for
disease management; in the absence of source of
rasistance, mutation induction for resistance is a good
alternative. Through internaticnal coordination and some
financial assistance by lAEA and FAC from 1864 onwards
it could be convincingly demonstrated, that icnizing

35

radiations and also certain chemicals, when handled
properly, could induce many useful alterations in the
genomes of crop plants. Over 2000 crop cultivars with che
or more useful traits from induced mutations (mainly from
x- and gamma-rays) were released worldwide during past
seventy years (Ahloowalia et af., 2004). List of officially
released new varieties can be found in the FAQONAEA
Mutant Varieties Database (hitp/imvgs.iaea.org/. In
castor three mutant varieties namely, Aruna, HC 8 and
Sowbagya were released using induced mutations. Aruna
was the ruling castor variety in the country during 1970's
and in Andhra Pradesh it occupied large areas until the
advent of GCH-4 in 1886-87.

The most commonly used radiations in crop improvement
programme are gamma rays, which are ionizing radiation
causing chromosomal and gene mutations. Gamma-rays
induced pollen sterility and female mutations in castor
were reported earlier (Chauhan ef al,, 1990 and 1992), As
induced mutation possesses enormous potential to create
genetic variability, the programme to induce BGR resistant
mutants was initiated in 2004.

An efficient and robust screening technique, which is a
prerequisite  to  identify  induced resistance, was
standardized using vermiculate culture and detached
spikes; thus named as "Detached spike inoculation
technique”. Using the technique large mutagenized
populations and germplasm accessions were screened for
resistance, we repori screening of this materials and that
none of them showed resistance. An advanced breeding
line, PC3-170 showed field tolerance to BGR but this is
attributed to various morphelogical features of the line.

As we continue to screen more mutagenized population to
identify resistance to BGR disease, in the meanwhite we
intend to develop a bioassay which wiil help to identify
lines showing pariial resistance, as the present method of
screening i.e., detached spike inoculation technigue will
lead to loss of such partial resistance, if any. On the other
handfield screening to identity complete/partial resistance
is inadequate as more often fow incidence is a case of
'disease escape’.

Material and methods

Dry seed freatment of two varieties namely, Kranthi and
Haritha was done with gamma-rays at BARC, Mumbai and
Gamma-rays irradiation facility, PHT, College of
Agriculture, Hyderabad. Kranthi is selection from double
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cross {{Pb-1 x RC -157B) x (J1 44 x 413 A) released in
1996 while Haritha released in 2002 is selection from
cross {(PPL-4 x Jwala) and is resistant to Fusarium wilt.
Three doses viz., {1} 55 KR - a dase below LD-50 {2} 60
KR- LD50O dose, and (3) 85 KR, a dose above LD-50 are
used as recommended for successful isolation of mutants
in castor by Janila et al. (2003). The M, and subsequent
mutant populations were raised at the experimental plots
of RARS, Palem. M, progenies were derived by selfing M,
planis and each progeny constitutes 20 plants; Both M,
and M, progenies were screened for grey rot resistance,
At least five plants form each M, progeny were screened.

A tatal of 49 new germplasm accessions coliected by
different research workers during an exploration in four
districts, i.e., Warangal, Khammam, Guntur and West
Godavari of Andhra Pradesh and their derivatives were

" screened (Table 1), In addition ten old germplasm lines

- were alsc screenad. Thus, a total of 120 lines made the
test material including the released varieties viz., Kranthi,
Haritha, Kiran, Jyothi, and 48-1 used as susceptible
cthecks.

The 182 germplasm accessions from GMU, DOR,
Hyderabad (Table 2} which were tested at RARS, Palem
for Botrytis resistance under natural epidemic in khanf
2005. Field screening was done by sowing one row of
each accession and after every 10 rows check rows (i.e.,
Kranthi) was sown. The six lines showing <10 % disease
incidence were also tested for which at {east two plants

Table 1 List of new germplasm lines and their derivatives

form each lines were challenge inoculated.

In "detached spike inoculation technique” as described by
Janila et al. (2006) {Plate 1) the spikes in which capsule
formation was initiated and still had male flowers were
selected and kept in sterile meistened vermiculate filled
cups. The spikes were moistened following which spore
suspension (10° spores/ml concentration) was sprayed.
The inoculated spikes were bagged with polythene cover
for 72 hours. The spikes were kept in controlled conditions
{temp. 25+2°C and RH 90%) for half an hour for 3 to 4

" times a day. The disease appears after 48 hours and the

spikes were fully covered with fungal mycelium and
spores by 6" day.

Scoring helps to classify susceptible, tolerant and
resistant based on number of incubation days required for
development of disease symptoms. The test material was
rated as susceptible when disease symptoms were
cbserved after 3 days; tolerant, when symptoms were
noticed after 5 days. The test material is rated as resistant
when disease symptoms were not observed even up to 7
days of inocufation (Janila ef af, 2006). As absolute
immunity may not be possible for disease resistance the
said scale of scoring is adopted. Hence even if a plant can
with stand the pathogen for 7 days with out disease
infection, it would greatly reduce the economic losses as
the congenial conditions (cyclonic depressions) for /
Botrytis spread may not last for more than a week under -

field conditions.

Morphological characters  Germpiasm line

R 28P RG 2862/4; 2863/2; 2863/4; 2863/7; 2863/8, RG 2865/2; 2866/7, 2866/4; 2870/3, 2870/5, 2871/1; 2872/4;
2874/2; 2875/1, 2876/1; 2878/1; 2882/3 & 4; 2884/4; 2885/3, 2888, 2888/5,; 2888/6; 2890/1; 2892, 2892/3;
2893/2, 2896, 2B96/6; 2898/1, 2, 3, 5, & 6; 2899/1; 2900/1; 2905/1; 2905/3; 2906/1; 2911/1; 2911/4; 2914,

2016/2; 2927/2; 2928; 2928/4; 2934/7;

R2NSP RG 2894/1; 2500; SAA 70/2;

R 35P RG 2864; 2866/5; 2884/2; 2891; 2891/6; 2002/2; 2004/1; 2015/1; 2930/3; 3288;

R 3NSP RG 2885/3; 2869/1

R 2 SP/NSP RG 2863/5; 2872/1; 2888/9; 2000/2; 2911/2:

R 2/3 SP RG 2896/1; 2902/3; 2923/1; 2026/2; 2928/1; 2933;

R 2/3 SP/NSP RG 2863/9

R3SP/NSP RG 2879/2

R/G 2NSP RG 2862/6; 2857/6; :

RIG 2/3 SP RG 2869; 2863/6, 2868/9; 2878/3; 2884/1; 2890/2;

RIG 2 SP RG 2863/10; 2870; 2671/2; 2888/3; 2897/5; 2898; G/R 2SP; 2825/6 & 8; 293312,

G 23 8P RG 2862/2; 2882/1; 2882/2; 2888/4; 2927/5; 2930/1;

G2SP RG 2865/1; 2866/4; 2867/1; 2872/3; 2874/1; 2876/3; 2885/2; 2885/5; 2896/3; 2806/4; 2899/4; 2905/5;
2911/3; 2913/1; 2914/1; 2917/1; 2923/2;

G38P RG 2862/1; 2863/1; 2872: § )

R0/ SP  RG 2878/5 .

R/G 2/3 SPINSP " RG 288871

Acrenyms given for morphological characters: R - red stem; G- green stem; 2 - double bloom; 3 - iriple b’.oom.O-nc bioom; 1 - smgle bloom; SP spmy

capsules; and NSP - nonr-spiny capsules.
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Table 2 List of germplasm accessions screened under field conditions in kharif, 2005

B :

Germplasm entries alryias gray to oioe
(0-9 scale)

RG - 2124, 2125, 2126, 2131, 2132, 2133, 2135, 2217, 2267, 2268, 2286, 2323, 2338, 2340, 2341, 2345, 9

2349, 2350, 2359, 2360, 2366, 2367, 2368, 2369, 2382, 2383, 2384, 2385, 2386, 2388, 2397, 2398, 2399,
2803, 2846, 2862, 2863, 2864, 2865, 2866, 2878, 2787, 2836, 2980, 2995, 3006, 3034, 3128, 3129, 3130,
3131, 3132, 3133, 3150, 3152, 3153, 3132, 3154, 3157, 3158, 3159, 3165, 3166, 3168, 3171, 3172

RG -2127, 2129, 2136, 2139, 2140, 2270, 2275, 2277, 2281, 2283, 2342, 2343, 2346, 2347, 2351, 2352, 74
2357, 2358, 2362, 2370, 2371, 2373, 2376, 2377, 2378, 2379, 2380, 2381, 2391, 2392, 2393, 2869, 2871,
2872, 2873, 2875, 2877, 3124, 3138, 3139, 3145, 3148, 3162, 3163, 3164, 3170

RG — 2142, 2297, 2344, 2348, 2354, 2355, 2364, 2365, 2372, 2374, 2375, 2387, 2390, 2394-1, 2395, 5
2396, 2867, 2868, 2874, 2876, 2758, 3008, 3058, 3125, 3126, 3127, 3134, 3135, 3136, 3140, 3142, 3143,
3144, 3146, 3148, 3155, 3160, 3161, 3173

RG — 2289, 2353, 2356, 2363, 3141, 3151, 3
RG - 3054, 3137, 3156, 3167, No spike formation
Scale : 0 - No incidence ; 1-1% of capsules infected ; 3 - 10 % of capsule infected; 5 - 11-25 % of capsules infected; 7 - 26-50 % of capsules infected;

9 - >50 % of capsules infected

(b)

Berrryites vicim

’ =

©

Plate 1: (a) Botrytis infection on capsules (b) pure culture of Botrytis ricini on PDA
(c) Spore suspension at 10 X magnification (D) Inoculated spikes in polythene bags
under controlled conditions (¢) Disease symptoms on detached spikes controlied conditions
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Results and discussion

During the process of standardization of "detached spike
inoculation technique” funga) hyphae were first observed
on male flawers (pollen). Moreover, for Botrytis cinerea it
was reported that germination of conidia was first
" observed on senescent petals and pallen grains indicating
that the exogencus nutrients from these tissues are

essential for germination and subsequent growth of germ -

tubes and hyphae were seen on other plant parts (Huang
et al, 1999 and 2000). Hence for all further screening the
spikes with male flowers were selected. Though "Detached
spike inoculation technique" is adequate to identify
complete resistance, alternate bioassays are required to
identify partial resistance. Thus, standardization of
methodofogies for quantification of partial resistance

through bicassays will be attempted to identify partial .

resistant sources. The screening studies on mutagenized

populations and germplasm accessions are discussed in

the following sections.

Studies on mutagenized populations: A total of 848 R1
plants were challenge inoculated in culture room and
disease scoring was done and all of them succumbed to
disease and clear disease symptoms were observed on 5"
day of incculation. The M, generation constitutes first
segregating mutant population; hence recessive mutants
can be identified in this generation. Hence, 270 M,
progenies were tested by taking § spikes from each
progeny thus making a total of 1350 plants which were
challenge-inocuiated and plants form five progenies viz.,
H-55-36, H-55-10, H-55-09, H-55-49, and H-55-15
progenies ('H' denotes varety name 'Haritha’ and 55
denotes the irradiation dosage which is 55 KR) showed
tolerance. The higher order spikes of these five progenies
were selfed and M, generation was raised. However, when
the M, progenies were tested afl the plants recorded
susceptibitity indicating lack ofinheritance of the identified
tolerance.

Studies on germplasm accessions: The results of
challenge-inocutation studies on 49 fresh germplasm
accessions along with their respective selections (making
a total-of 120 lines as indicated in Table 1) are presented
in Table 3. Allthe lines have developed disease symptoms
by 3° day, indicating susceptibility. Out of the 162
accessions screened during kharif, 2005 at RARS, Palem,
six accessions, wiz,, RG 2289, 2297, 2353, 2356, 2363,
3141, and 3150 recorded <10 % disease infection and are
categorized as resistant as per 0-9 scale of disease score.
However, when we chalienge inoculated these six
accessions unger high disease pressure by 5" day clear
disease symptoms were noticed on entire spike. During
2000-01 AICRP testing, 11 accessions recorded <10 %
incidence at DOR, Hyderabad; however, 7 of them were
found to be susceptible when tested agam in 2001-02
(Anonymous, 2001 and 2002). In 2003-04, 68 germplasm
lines were screened at DOR, Hyderabad (under artificial
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inoculation in the field) and RARS, Palem (under natural
conditions). Six lines, viz., RG-2836, 2758, 2819, 2719,
2752, and 2816 were reported to be resistant from JOR

. while only one of them ie., RG-2752 showed <10%

disease infection at RARS, Palem (Anonymecus, 2004).
Thus recording of low incidence disease under natural field
screening is surely a case of disease escape; hence such
material should not be included in cross breeding
programmes,

Form our breeding material we have identified an advance
breeding line, PCS5-170 {Plate 2}, which is derived from a
cross between PCS-122 and PCS-124 showing field
tolerance to Botrytis grey rot due to the presence of scaly
leaves (highly reduced leaf lamina as seen in Plate 2).
This line inherits the features of PCS-122, which attribute
field tolerance like narrow drooping capsules with short
spines as well as reduced leaf lamina; and at the same
time possess better agronomic feature like higher test
weight; fong spikes and >80% pistillate nature of spike.
The agronomic performance of this line has to be
specifically tested under closed spacing conditions while
comparing with check varieties because the per plant yield
will remain definitely lower than check varieties but the pet
plot yield may-be at par as more plant population can be
maintained in a given area.

Identification of natural or induced host-resistance is the
best strategy for disease management. In other corps
induced host-resistance to diseases were reported earlier
for example, in barley mildew resistant mutant were
induced by X-rays by Hansel and Zakovsky (1956); and
altered adult plant resistance in wheat mutants to Puccinia
striiformis f.sp. fritici reported by Boyd and Minchin (2004),
etc. It is also interesting to note that most spring barley
varieties contain various mutant alleles of the disease
resistant gene milo in Europe and Australia
(http:fhwww.crpmb_org/mlof#Pifanelli). So far, no allele for
resistance 1o Botrytis ricini has been described earier in
castor and even from the present study we could not
isolate any mutant showing partialfcomplete resistance. In
the absence of host-resistance development of resistant
varieties by conventional approaches is a distant dream,
as any approach of conventional breeding for disease
resistance necessitates available genefic variability in
terms of host-resistance and knowledge of inheritance
pattern of the same has to be established before adopting
a breeding procedure. Further, the nature of disease
appearance and spread make the management practices
ineffective; thus the alternate strategies like identification
of advanced breeging lines with field tolerance,
systemically acquired resistance, Biological control, QTL
mapping of partial resistance, and transgenic approach
can to be worked upon to give solution to the problem of
Bofrytis disease in castor. Neverheless, induction of
resistant mutants constitutes one of the imporant
strategies to identify complete/partial resistant mutants.
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Table 3 Screening of new germplasm lines and their derivatives for BGR resistance

Days for Days to which the spike

appearance of is completely covered Germplasm line

initial symptom's with mycelium

RG- 2869; 2862/2, 4 & 6; 2863/1,2,4,56, & 7
RG 2864; 2865/1, 2 &3; 2866/4,5 & 7, 2867/1; 2868/1 & 9; 2870, 2870/3 & 5;

2871/1 & 2; 2872; 2872/1, 3 & 4, 2874/1 & 2; 2875/1; 2876/1 &3; 2878/1, 3 &
5, 2879/2; 2882/1, 2, 3 & 4, 2884/1, 2 &4; 2855/2, 3 & 5, 2888; 288811, 3, 4, 5,
6 & 9; 2890/1 & 2; 2891; 2891/6; 2892; 2892/3; 2893/2; 2894/1; 2896, 2896/1,
3,4 &6, 2897/5 & 6; 2898; 2898/1, 2, 3, 5 & 6; 2899/1 & 4; 2900; 2900/1 &2 ;
2902/2 & 3; 2904/1; 2905/1, 3 & 5; 2906/1; 2911/1, 2, 3, 4; 2913/1; 2914,
2914/1; 2915/1; 2916/2; 29171, 2923/1 & 2; 2926/2; 2927/2 & 5, 2928;
2928/1, 3,4, 6 & 8; 2930/1 & 3; 2933; 2933/2; 2934/7; 3288; SAA 70/2

2 5
3 5
3 6 RG 2862/1

In all the material > 50 % capsules are infected, hence all of them score 9 on 0-9 scale

Plate 2 Highly reduced leaf lamina
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Abstract

Field experiments were conducted under irrigated
condition during kharif season of 2003 and 2004 at
College of Agriculture and Zonal Agricuitural
Research Station, Navile, Shimoga, Karnataka to
evaluate the performance of different genotypes of
castor under varied integrated nutrient management
systems. Maximum bean yield and oil yield were
recorded by DCH-177 (2662 and 1344.3 kg/ha) as
compared to DCS-9 (2103 and 1019.6 kg/ha,
respectively). Apart from this, significant difference in
the yield components namely test weight (31.3g),
number of capsules (72.4} and length of primary spike
{50.9cm) were observed in DCH-177 as compared to
DCS-9. Recommended dose of fertilizer along with
poultry manure @ 3 t/ha recorded significantly highest
total bean and oil yield of castor as compared to
recommended rate of fertilizer alone.

Castor, integrated nutrient
management, irrigated

Key words:

Introduction

Castor is a drought tolerant crop but responds well for
irrigation and nutrient supply. Drastic reduction in yield
due to moisture stress either at primary, secondary or
tertiary spike development stages have been reported by
several researchers (Patel and Pathak, 2002). Due to
increase in fertilizers cost and their detrimental effect on
the soil health, the reduction in use of chemicat fertilizer
and supplementing it through organic manures like FYM,
castor cake, pressmud and poultry manures have become
necessary to sustain productivity and profitability. Several
altempts were made to study the integrated effect of
organic manures along with fertilizers on the growth and
yield of castor {(Baby Akula and Bapi Reddy, 1998,
Arangarasan ef al, 1999; Raghavaiah, 1999 and Patel
and Pathak, 2002). However, no attempts have been
made to study the integrated use of incrganic fettilizers
with organic manures like poultry manure and pressmud
under irrigated conditions. Hence, an attempt is made to
study the combined effect of inarganic fertilizers along with
poultry manure and pressmud an the growth and yield of
castor.

Materiais and methods

Field experiments were conducted under irrigated
condition during kharif season of 2003 and 2004 at the
Cotlege of Agriculture and Zonal Agricuttural Research
Station, Navile, Shimoga. The station is located at 14° .0
to 14° .1'N latitude and 75° .40' to 75° .42'E longitude with
an altitude of 650 meters above mean sea level. The
experiment was conducted on Alfisols. Soil was slightly
acidic (6.2) and low in electrical conductivity of 0.30 dS/m.
The organic carbon content was 0.43% and low in
available N (260 kg/ha), high in P (98.58 kg/ha) and
medium in K {173.83 kg/ha). The experiment was laid out
in Factorial RCBD with three replications with a gross plot
sizeof 5.4 x 4.8 m and net plot size of 36 x 3.6. Inthis
experiment, there were two genotypes (DCH-177 and
DCS-9) of castor tested under four levels of integrated
nutrient management practices, viz., recommended dose
of fertilizer (RDF) (F,), 150% RDF (F,), RDF + pressmud
@ 3tha (F,) and RDF + poultry manure @ 3 t'ha (F,). The
RDF for castor is 60:40:30 kg N:P:K/ha. The spacing for
hybrid was 90x60 cm and for variety, 60 x 45 cm between
rows and plants, respectively.

The basal dose of fertilizers was applied at the time of
sowing as per the treatments during both the years. Fifty
per cent of the recommended nitrogen and entire P,O, and
K,O were applied as basal and remaining 50% nitrogen
was applied in two equal splits as per treatment at 45 and
85 days afier sowing. The organic manures (pressmud
and poultry manure) used for study were applied as per
the treatments. The crop was irrigated five times during
the crop growth period amounting to a depth of 5 cm at
each irrigation.

The observations on castor growth, number of leaves and
number of branches/plant and yield components viz.,
number of spikes/plant, number of capsules/spike,
100-seed weight and bean yield were recorded on
randomly selected five plants from the net plot.

Results and discussion

Castor hybrid DCH-177 recorded maximum bean yield as
compared to variety DCS-9. On an average there is 26.5%
increase in bean yietd over DCS-8 (Table 1). This can be
attributed to exploitation of hybrid vigour. Further, there

! Director of Research, University of Agricultural Sciences, Bangalore.
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were significant differences in the yield components
namely fength of primary spikes, number of capsules and
test weight, as compared to DCS-8, a castor variety.
Findings of Raghavaiah et al. (2003), Sreedhar Chauvan
et al. (2003) indicated that significantty higher yield was
obtained by DCH-177 as against DCS-9 under rainfed
conditions. The growth parameters like plant height,
number of leaves and number of branches/plant have
confributed for obtaining higher yield of DCH-177 as

compared to DCS-9 (Table 2), which influenced the hybrid
positively in terms of absorption of nufrients, use of solar
radiation and natural resources more efficiently as
compared to DCS-9 (Lakshmamma and Lakshmi
Prayaga, 2001). These growth and yield parameters have
influenced positively the final seed yield of castor in the
present investigation, thus leading to higher yield in
DCH-177 than DCS-9-

Table1 Yield components, bean yield and oil content of castor as influenced by genotypes and INM practices under irrigated

condition
Length of primary Number of Test weight Total yeld Qil yield

Treatment spikes (em} capsules/spike (g} {kg/ha) (kafha)

2003 2004 Pooled 2003 2004 Pooled 2003 2004 Pooled 2003 2004 Pooled 2003 2004 Pooled
Genotype (G)
G, 481 537 509 649 800 724 309 348 313 2545 2778 2662 1275 1412 1344
G, 237 295 266 256 322 289 235 244 239 2015 2192 2103 968 1070 1020
SEm + 038 062 050 028 032 030 014 037 025 217 346 281 15.3 173 159
:“;2005) 114 185 149 084 097 090 043 109 0768 644 1029 837 453 514 470
INM Practices (F}
F, 314 371 343 302 423 363 258 268 263 1912 2153 2033 920 1045 982
F. 36.1 421 331 441 580 510 274 283 278 2268 2483 2376 1103 1227 1165
F, 381 446 413 550 623 59.0 283 280 286 2502 2712 2607 1241 1378 1309
F, 39.1 456 423 567 643 605 284 291 288 2557 2757 2657 1248 1379 1313
SEm 060 098 079 044 G51 048 023 0.58 047 343 5479 475 294 324 302
((:on.os) 180 2083 237 133 153 143 068 173 138 1019 1632 1414 857 955 892
GxF NS NS NS NS NS NS NS NS NS NS NG NS NS NS NS

Table 2 Plant height, number of leaves, number of branches and number of spikes/plant of castor as influenced by genotype
and INM practices under rainfed condition

Plant height{cm)

No. of Leaves/plant

No. of Branches/plant

No, of spikes/plant

Treatment 2003 2004 mean 7003 2004  mean 2008 2004  mean 2003 2004 _ mean
Genotype (G) ' )
G, 181 172 167 -~ 37 L 42 40 7.1 8.4 7.8 10 1 11
G, 140 148 144 - 31 34 KY) 5.0 6.1 55 8 -9 9
SEm# 13 06 11 0.94 0.34 0.69 047 © 010 0.16 0.16 0.22 0.19-
Ch (P=0.05) 40 17 39 = 280 1.02 20t 053 - 0.3t 0.49 0.48 0.64 0.58
INM practices (F) ;

F, 139 151 145 30 36 33 5.1 6.0 55 B 9 8
F, 154 163 158 34 39 36 57 7.1 6.4 8 10 10
F, 156 165 160 37 40 38 7.1 8.0 7.5 9 1 10
F. 157 159 163 37 41 g 7.3 86 7.9 10 11 10
SEm % 21 14 12 1.49 0.54 125 0.28 0.2 0.54 0.25 0.35 0.32
CD (P=0.05) 63 43 386 432 1.58 3.74 0.83 0.64 1.61 0.76 1.02 1.00
GxF NS NS5 NS NS NS NS NS NS NS NS NS NS

F,=Recommended dose of fertilizer (RDF), NS= Non-significant, F,= 150% RDF, G,=DCH-177 Castor Hybrid,
F,=RDF + pressmud @ 3 t/ha, G,= DCS-0 Castor variety, F,= RDF + poultry manure @ 3 Vha

Significantly higher oil yield was recorded in DCH- 177 as
compared to DCS-9 which was mainly due to more oi)
content (50.5%), more bean yield/plant, capsules/spike
and bean yield/ha as compared to OCS-3. These results
are in conformity with the findings of Raghuram Reddy et
al. (1999) and Raghavaiah et al. (2003). Application of

s
i
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RDF + poultry manure @ 3 tha recorded significant
highest total yield of castor as compared to recommende
dose of fertilizer alone. There is 30.71% increase in toti
castor yield by combining ROF with poultry manur
Similarly application of RDF with pressmud has als
increased the total castor yield to an exient of 28.24¢
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followed by 150% of RDF (16.87%), as compared to
application of RDF alone {Table 1). Baby Akula and Bapi
Reddy (1998); Arangarasan ef al. {1999); Raghavaiah
(1999) and Patel and Pathak (2002) have reporied the
similar trend due to adoption of INM practices.

The significant yield increase of castor by various
combinations of recommended dose of fertilizer with
organic manures could be due to the variation in the yield
components such as number of spikes/plant, length of
primary spikes, number of capsules/spike and test weight.
Appiication of RDF integrated with poultry manure
recorded higher number of spikes/plant, which works out
to be 20.24% increase over application of recommended
dose of fertiizer (RDF) alone. The numbers of
capsules/spike and test weight were also positively
influenced by application of recommended dose of
fertilizer along with poultry manure than RDF alone, the
increase being 66.6% and 9.41%, respectively. The
increase in the number of capsules/plant may be attributed
to more length of primary spike (Table 1), which in turn is
due to sufficient and continuous availability of nutrients
with the application of pressmud, or poultry manure along
with RDF under irrigated condition. The additional
application of fertilizers over RDF increased the number of
capsules/spike and test weight to a lesser extent as
compared to combined application of RDF with pressmud
or poultry manure, indicating the continuous and proper
availability of nutrients in synergy with the crops demand
under integrated nutrient management practice. Significant
increase in castor yield by combined application of FYM +
RDF + seed treatment with Azospiriflum has been
reporied.

Combined application of RDF with poultry manure or
pressmud resulted in significantly increase in growth
components such as plant height, number of leaves/plant
and number of branches/plant over RDF alone (Table 2).
Subba Reddy et al. (1993); Baby Akula and Bapi Reddy
(1998); Patel and Pathak, (2002) and Raghavaiah, (2005)
have also reported increased growth components of castor
due to integration of organics with inorganic fertilizers. The
secondary plant nutrients in particular sulphur are also
needed for growth and seed development of castor for the
synthesis of higher ATP and oil. Their availability can be
improved with supply of optimum level of moisture,

Significantly higher oil yield was obtained with combined
application of RDF + poultry manure as compared to RDF
alone (Table 1). There is an increase in the oil yield to an
extent of 33.7% followed by RDF + pressmud (33.2%)
followed by 150% RDF (18.8%) as compared to RDF
alone. The energy rich crop like castor requires more N
and sulphur fo synthesize and accumulate the oil.
Combined application of pressmud or poultry manure with
RDF enhanced the oil content in castor due to better
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availability of N and 3. On an average pressmud has
supplied 69 kg of sulphur and poultry manure has supplied
16.5 kg S/ha. These results are in conformity with the
findings of Sreedhar Chauvan et al. {2003) and Patel and
Pathak (2002).

Based on this study it can be concluded that cultivation of
castor DCH-177 is more profitable than DCS$-9. Further,
application of poultry manure or pressmud alorig with RDF
will produce better yield of castor.
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Ahstract

The present study was carried out to evaluate the
suitabie conditions and container for safe storage of
safflower, Carthamus tinctorius L. seeds. The studies
revealed that 6 to 8% moisture was the safest from
germination and fungal infestation points of view.
However, 10-12% moisture was most favourable for
fungal infestation along with changes in the quality of
seeds. The best containegrs for storage were gunny
bags and/or baked earthen pots. During storage, there
were na changes in oil and protein content of seeds.
However, free fatty acids increased steadily during
storage.

Key words: Containers, fungal infestation, safflower /

seeds
Introduction

Safflower (Carthamus fincforius L) is one of the important
rain fed and drought toterant rabi cilseed crop and known
for its oil quality oil which is rich in Yinoleic acid. India is the
largest producer of safflower seeds in the world. After
harvesting, the seeds have to be stored for oil extraction
and also for sowing in the next year. During this the
conditions of storage and moisture content of seeds play
an important role in seed quality. In view of this, the
present study was planned to explore the suitable
conditions for proper storage of safflower seeds.

Materials and methods

- Three types of containers viz, gunny bags (permeabie), i
baked earthen pols (semi permeable) and piastic boxes
(impermeabie) were used to store 2 kg of safflower seeds
at 6,8,10 and 12% moisture for 6 months under ambient
conditions. The samples were withdrawn at 2 months
intervals and used for various analysis. Moisture and oil
contents were determined as per ACAC (1980). Protein
conten! was estimated by using conventional
Micro-kieldahl digestion and distillation procedure as per
ADAC {(1980}). Germination percentage and free faity
acids determined as per AOAC method (1980). Fungal
infestation of seeds was recorded as per 1ISTA (1976),

Results and discussion

The resulls showed that seeds germination was not
affected if seeds were stored in gunny bags and baked
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earthen pots till 4 months of storage at 6 to 8% moisture
fevel (Table 1).

Table 1  Germination level {percentage) during storage of saffiower
seeds at various moisture levels in different containers
. istur T [
Container Mc; ;:;J e OS!aragezpe od (Ton ns)s
Gunny bag 6 B4.0 83.5 781 55.6
8 83.8 83.1 780 54.0
10 330 82.8 748 3186
12 821 82.8 73.8 250
Baked earthen pats . & 84.1 831 77.8 556
8 838 826 771 540
. : 10 826 82.5 736 301
A 12 833 813 723 228
Plasticboxes "« - - B B33 B1.B6 7.0 373
‘\ 8 833 813 666 303
\, 10 821 80.8 59.1 238
: 12 _ 815 796 555 201

However, further increase in moisture fevels, there was a
decreasing trend in germination and it came to very Jow

_ after 6 months of storage. Plastic boxes had marked

decrease in germination of seeds at zll moisture levels.
This suggested that types of storage container, moisfure
levels and duration of storage had more influence en
germination of safflower seeds. Germination was very
much affected at higher moisture levels. The maximum
germination (84.16%) was observed in baked earthen pois
at 6% moisture and minimurm (20.16%) at 12% moisture
in plastic boxes., Similar findings were also made by
Shcherbakov et al. (1974). The percentage of moisture in
safflower seeds varied from 6.04 to 12.54% depending on
initial level of moisture and storage containers (Table 2).

Table2  Moisture content (percentage} during storage of safftower

seeds af various moisture levels in different containers

. Moisture Siorage period (months)
Container 3 5 5 yy 3
Gunny bag G 62 6.3 68 6.8

8 82 83 8.8 8.8

- 10 10.2 102 10.6 106

e 12 124 322 125 125

Baked earthen pots 6 8.2 6.4 5.9 6.8

g 8.1 8.3 8.9 8.7

10 10.1 10.3 10.6 108

. 12 121 122 125 12.5

Plastic boxes. 6 5.0 6.1 61 8.0
; 8 8.0 2.0 8.1 80

10 18.0 10.1 101 101

12 120 i2.1 121 121
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The variation in meisture percentage was promingnt in
gunny bags and baked earthen pots. It was continuously
increased onincreasing the storage periods. However, in
plastic boxes, it was more or less similar in variations. The
maximum moisture (12.54% percentage was observed in
baked earthen pots after four months of storage and
minimum 6.04% in piastic boxes after two months of
storage. Thesefindings support the previous observations
made by Anonymous (1975).

During storage, a number of fungal species were found on
seeds i.e., Curvularias and Aspergillus, species. The
infestation was maximum in plastic boxes in comparison
to gunny bags and baked earthen pots at 12% moaisture.

The fungal diseases infestation had increased with the
increase of moisture levels during storage. Similar results
were also obtained in niger seeds by Nema ef al. (2006).

Table 3 Fungal infestation {percentage) during storage of saffiower seeds at various moisture levels in different containers

Storage Moisture Container
period (%) Gunny bags Baked earthen nats Plastic baxes
{months} ’ CS AF AN AL __AS CS AF AN AL AS CS AF AN AL AS
6 - 5 3 - - - 1 2 - 4 - 6 - 10 16
0 8 - 4 6 - 4 - 3 2 - 4 - 10 - 12 16
1o - 8 8 - 8 - 5 5 - 3 - 10 - 14 - 30
; - 12 - 9 11 - 8 - 6 9 - 6 - 24 - 22 36
5 - 5 4 - - - 4 - - 5 - - 10 - 14
2 8 - 7 8 - o2 - 710 - - - - 14 17
= 210 - 10 11 - 14 - 8 14 - 7 - - 18 - 20
/ S 12 - 12 9 - - - 9 15 - 12 - - 26 - 48
6 2 25 B - 14 2 - 9 - 17 4 - 22 20 -
" 8 6 - - - 19 4 - 20 - 30 6 - 30 3] 12
10 7 - 8 14 18 8 - - - 22 10 - - 20 14
i2 9 20 27 19 28 - - - 30 - - 35 - 44 24
e 6 © 16 20 - - 27 16 - - - 10 22 - - 15 6 '
& 8 20 - 30 - 24 36 23 34 - - 25 - - 14 -
10 30 - 32 - 19 50 - - - 34 65 - - - 30
12 50 - - 20 30 52 - - - 02 50 - 24 - 26

CS = Curvularias spp.; AF = Aspergillus flavus, AN = Aspergillus niger; AL = dspergillus lichuensis; AS = Aspergillus spp.

As represented in Table 4, 5 and 8, that there were no
difference in oil and protein contents of safflower seeds
with respect to moisture levels. However, free fatty acids
increased steadily from 1.40 to 2.85% during storage at
different moisture levels.

Table 4  Qil content (percentage) during storage of safflower seeds
at various levels in different containers
Container Moisture Storage period (months)
(%) 0 2 4 [
Gunny bag 6 290 290 291 288
b 8 292 283 291 290
P 10 204 293 292 290
Pk 12 292 293 293 290
BakeGearthenpots_ . ;' & 261 290 291 288
N a 292 202 202 288
}‘:?.”“ =10 262 292 293  29.0
g : 12 282 293 293 290
Plastic boxes ; 6 285 289 286 283
S 8 289 289 285 283
(I 10 200 290 287 281
- 12 290 290 288 282
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These results were in conformity with the previous
observations made by Malyshev et al. {1973). Based on
the above findings, it was concluded that safflower seeds
could be stored safest at 6 to 8% moisture in gunny bags
and/or baked earthen pots without much change in the
cuality of seeds,

Table5 Protein content {percentage) during storage of safflower
seeds at various levels in different containers
. Maisture Storage peried {months

Container %) 5 9 2p (4 )5

Gunny bag 6 16.2 158 157 187
8 16.1 i5.8 15.7 8.7
10 15.9 5.8 15.6 15.5
12 15.9 15.8 156 15.5

Baked earthen pots 6 16.0 16.0 157 158
8 16.0 15.8 156 156
10 159 157 15.6 15.5
12 15.9 157 15.5 15.4

Plastic boxes 8 16.0 159 158.5 15.3
B 15.9 157 156 15.3
10 15.8 157 15.4 151
12 15.8 156 152 150
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Table 6  Free fatty acid content (percentage) during storage of
safflower seeds at various levels in different containers

Container Moisture Storage period (months)
{%} 4] bl 4 [}
Gunny bag & 15 1.4 18 1.7
8 14 15 16 18
10 1.5 16 20 24
12 186 16 22 27
Baked earthen pots 5 15 15 16 18
15 15 17 18
t0 7 18 16 2.1 2.5
12 16 w7 21 28
Plastic boxes B 6 15 16 - 21
B 1.5 1.6 1.8 2.2
10 1.6 1.7 21 26
12 1.6 1.7 23 29
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Abstract

Effect of supplementation of red palm oil, iron and
Vitamin € on serum Vitamin A and biood hemoglobin
levels was studied in adolescent girls. Deacidified
Deodourised Red Palm Qil (DDRPO) is a refined palm
oil with its carotene content retained upto 85% and
therefore an excellent source of natural vitamin A
Fifteen anemic adolescent girls were supplemented
with placebo for 30 days, placebo + iron {(Ferrous
sulphate, 200mg) for the next 45 days followed by
deacidified, deodorized red palm oil (DDRPQ) snack
(supplying half RDA of vitamin A } + iron tablets for a
further period of 45 days and DDRPO + iron tablets +
vitamin C ( 25mg ) for the {ast 45 days. Blood levels of
hemoglobin, serum vitamin A and (-carotene were
analyzed at baseline and after every period of
supplementation. Blood hemoglobin, vitamin A and
B-carotene status improved significantly after
supplementation. Maximum hemoglobin (7.6310.97
umolfl} levels were observed in the period of
supplementation with both vitamin A and iron rather
than with iron supplementation alone (5.7310.56
umol/l}, which improved further with addition of
vitamin C. Vitamin A (1.2820.03 umol/l) and p-carotene
{0.58+0.10 pmol/l) status improved significantly with
DDRPO supplementation.

Key words: Red palmalein, adolescent
supplementation

Introduction

Red Palm Qil (RPQ) (Elaeis guineensis} is the only
conventional edible ¢il of vegetable origin which contains
a very high quantity of carotenoids in the unsaponifiable,
non-glyceride fraction (Goh, 1985). As a source of
-carotene, which is the pre-cursor of vitamin A, it can
improve vitamin A status and alleviate the symptoms of
vitamin A deficiency (Saritha and Manorama, 1897).

InIndia, iron deficiency anemia and hypovitaminosis A are
two of the most prevalent nutritional problems. Several
studies in humans and experimental animals have shown
that there is an interaction between vitamin A nutriture and
iron nutrition and metabolism (Hodges et al., 1978, Beire
et al, 1979; Donoghue ef al, 1981). Iron deficiency
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seems to deteriorate vitamin A metabolism leading to a
reduction in serum retinol and an increase in hepatic
retinol and retinyl ester {Oliveria et al., 2008). These
studies indicate that lack of vitamin A may lead to mild
anemia characterized by low serum iron, and elevated
levels of this mineral in storage depots, particularly the
liver, Epidemiclogical studies in both children and adults
support this concept {(Mejia ef af, 1977) and nutritional
interventions with vitamin A in humans revealed a positive
effect on iron nutrition (MohanRam et af., 1977; Mejia and
Arroyave, 1982). However, there are no studies on
hematological effect of supplementing adolescent girls
with vitamin A, iron and vitamin C together. Evidence is
also available showing that improvement in vitamin A
status by supplementing or food fortification with vitamin
A also improves indicators of iron status. A study by Mejia
etal, (1977) showed that interventions to improve vitamin
A status should include iron supplementation and
vice-versa in communities where infections are prevalent.
Based on these array of evidences, the present study was
planned to evaluate the effect of iron supplementation
alone in comparison with iron + DDRPO and Vitamin C
supplementation, in elevating serum levels of hemoglobin
and vitamin A in anemic adolescent girls.

Materials and methods

F-ifteen adolescent girls with depleted levels of hemoglobin
and serum retinol were selected after screening 30 girls
from a local sub-urban school in Hyderabad city, Andhra
Pradesh, India. Baseline information regarding height,
weight, general dietary intake and intake of protective
foods was collected. During the entire period of study
which was of five and half months duration, all the 15 girls
were given placebo ("Besan laddu”, a sweet snack
preparation) for 30 days, followed by a cross-over to
placebo given along with iron tablets (60 mg/day) twice a
week for 45 days, after which, 50% of the RDA of
B-carctene (1200 ng/day) was supplemented through
"Besan laddu" made with DDRPO, along with iron tablets
(60 mg) given twice a week far the next 45 days, followed
by "Besan faddu " made with RPQO supplying 50% of RDA
of p-carolene + 60 mg iron tablets + 25 mg of Ascorbic
acid tablets, twice a week for the last 45 days. DDRPO
with the brand name "Caroting” manufactured by Global
palm products, Malaysia was obtained courtesy Ms.
Global Nutrition Products (P)Ltd, Ahmedabad, India. Atthe
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end of every supplementation period 2ml of blood was
collected by intravenous puncture and serum was stored
at -20°C until analysis. Estimation of hemoglobin was
done by the Cyanmethemoglobin method (Baker and
Ramachandran, 1984) and serum Vitamin A and
f-carotene was determined by HPLC method (Beire et
al, 1879). One way analysis of variance was done to
compare the data of different treatments in the study as
described by Fisher (1950).

Results and discussion

Anthropometric data revealed that nane of the subjects
was obese and almost all the girls had normal height,
weight and BMi. There was no significant difference in the
weights, heights and body mass index before and after the
study (Table 1), Results of the diet survey indicated that
the recommended in take of 100g of green leafy
vegetables a day was not met. Milk, which is a good
source of vitamin A was consumed in small quantities,
only in tea or coffee. Curd was consumed by most of the
subjects in a dilute form i.e., buttermilk. The low intake of
green leafy vegetables and milk and milk products and
olher protective foods like eggs and fleshy foods is
reflected in low blood and serum levels of iron and vitamin
A in the subjects. At baseline, hemoglobin levels were
significantly higher (6.75+1.39 umol/l) than the placebo
(5.45£0.98molly and placebo + iron supplementation
perieds (5.73+0.56 pmolft) (Table 2}. There was a slight,
non-significant increase in the hemoglobin levels during
placebo + iron supplementation period when compared to
placebo period. Results showed thatthe initial hemogiobin
levels were significantly lower than after supplementation
with DDRPO + jron (7.63+0.97) and DORPO + iron +
vitamin C (8.11+0.47} though there was no significant
difference between DDRPO + iron and DDRPQO + iron +
vitamin C supplementation periods. ron supplementation
alone did not have any significant berefit in improving
blood hemoglobin levels. The immediate decrease in the
hemoglobin levels from 6.75+1.39 to 5.45+0.96 pmolf,
can be attributed to various factors like poor dietary intake
of iran, poor absarption or may be due to other factors
which cannat be attributed to any known cause. Mean
serum retinol levels at baseline (0.57£0.03 umol/l) and
during placebo + iron (0.37+0.04 umol/M and DDRPO
supplementation periods were found to be significantly
different from each other {Table 2}. The serum retinol
levels ranged from 0.37+0.04 pmol/1 to 1.2820.03 pmol/]

during the study period. There was a significant decrease
in serum retinol levels during the placebo (0.4510.002
pmol/) and placebo + iron (0.37+0.04 pmolf)
supplementation periods when compared o baseline
fevels. There was a significant increase in the serum
retinol levels during the DORPO + iron {1.03+0.04 umol/l
and DDRPO + iron + vitamin € (1.28+0.03 umol/
supplementation periods when compared to baseline,
placebo and placebo + iron supplementation periods.
Vitamin A and vitamin C supplementation through DDRPO
and ascorbic acid tablets seem to have helped in
enhancing hemoglobin levels in all the subjects. With
respect to serum -carotene values, there was a significant
increase observed during DDRPO + iron (0.3020.04
umolfy and DDRPO + iron + vitamin C {0.5820.10 pmo¥/l)
supplementation periods (Table 2). During the baseline,
placebo and placebo + iron supplementation periods,
insignificant amount of p-carotene was detected in the
serum of adolescent girls. A comparative study by
Manorama et al. (1998) on school children fed snhacks
prepared with crude red paim oil (RPQ] for one month with
massive vitamin A dosed groups showed thal serum
retinol and 3-carptene levels increased more than two-fold
in RPO fed groups. It has been reported (Olson, 1893) that
ingestion of large amounts of [i-carotene and other
pro-vitamin A carclencids over a significant period of time
will improve vitamin A status.

There was a significant increase in both ison and vitamin
A status of the subjects when supplementad with iron,
DDRPO and vitamin C. Ascorbic acid increases iron
bioavailabifity as they are both metabolicalfy interretated
(Derman et a/., 1980; Rathee and Pradhan, 1980). In iron
depleted women consuming a diet with predicted poor iron
availability, ascorbic acid was found to enhance body iron
retention for 5.5 weeks (Hunt et al., 1990).

Conclusion: The Iintegrated supplementation with
DDRPO, iron and vitamin C may bring about desired
elevation in serum iron, retinol and p-carotene levels
rather than supplementing with individual micronutrients.
Considering that every year milions of children,
adolescent, pregnant and factating women suffer from the
physiclogical consequences of vitamin A and ron

‘depletion, it is important to pay serious attention to the

association of integrated supplementation while planning
nutritional health programs.

Table 1 Anthropemetric measurements of 15 subjects at baseline and at the end of the study

Anthropometric measurement Baseline End of study period
Height ( cm) 1565.21 + 5.51 155.34 £ 5.52
Weight (kg ) 43.44 £ 550 4404 +5.05
Body Mass Index ( BMI ) 17.97 £1.72 18.20 + 1.49

Values are expressed as mean + SEM
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Table 2 Effect of supplementation of iron, DDRPO and vitamin-C on hemaoglobin, retinol and b-carotene levels

of adolescent girls

Period Hemoglobin (umol/L) Retinol (umol/L) B-carotene {umol/L)
Baseline 6.75* + 1.39 0.57**+0.03 0.002 + 0.001
Placebo (30 days ) 545+ 0.96 0.45" + 0.002 0.004 £ .0015
Placebo+iron (45 days ) 573+0.56 0.37 £ 0.04 0.005 + 0.002
DDRPO+ iron (45 days) 7.63*+0.97 1.03*** + 0.04 0.30* £ 0.04
DDRPO +iron + vit.C (45 days) 8.11*+£047 1.28* £ 0.03 0.58" £ 0.10

Values are expressed as mean = SEM; *, **, *** significant differences (P<0.05)
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Abstract

Hybrid breeding is a promising approach to increase
vield potential of Brassica rapa. However, no hybrid
has so far been commercialized due to lack of suitable
CMS- fertility restorer system. Attempts were made to
transfer ogura (ogu) cytoplasm based CMS system
from a B.napus donor to B.rapa. Male sterile plants
with narrow petals and reduced anthers resembling B.
rapawereisolated in BC, generation from the cross, B.
napus/B rapa/B rapa. Attempts were also made to
transfer fertility restorer gene(s} from a partialiy fertile
but aneuploid B.napus germplasm. Fertile segregants
having plant and floral morpholagy similar to B. rapa
were identified in BC, generation of B. napus / B.rapa
hybridizations. Cytological analysis of fertile
alloplasmic plants resembling B. rapa reveaied higher
chromosome number, that ranged up to 2n=30 even
in BC, generation. Selected plants have been
backcrossed again to B.rapato facilitate introgression
of fertility restorer gene(s) and to recover euploid
chromosome number (2n=20). I1SSR markers were
utilized to tag gene(s} for fertility restoration and a
marker UBC 827 was found to be polymorphic for
fertile vs. sterile segregants. Further studies are
underway.

Keywords: Brassica rapa, CMS-FR, ISSR markers

Brassica rapa is an impertant calch and cash ollseed crop
in India. Area under its cultivation is, however,
continuously declining possibly due to poor productivity
levels as a consequence of limited crop breeding gains in
the recent past. Hybrid breeding is now being viewed as
an option fo improve its yield potential. This breeding
approach has not been pursued seriously, so far, due to
tack of suitable CMS- fertility restorer system. Researches
are currently underway at Punjab Agricuitural University o
transfer ogura (ogu) cytoplasm based CMS-Rf system
from refevant B.napus donors.

Refined ogu CMS B.napus, fertile aneuploid 8.napus
germplasm and euplasmic B.rapa genotypes formed the

basic plant materials. CMS B.napus was developed
following transfer of sterilizing cytoplasm from refined ogu
CMS B. juncea developed previously by Kirti et a/.(1993).
To study chromosome number of fertile plants, buds were
fixed in Carnoy’s fixative il and squash preparations were
made in 2% acetocarmine. DNA was isolated from
euplasmic, sterile and putative restorer plants by standard
procedure (Doyle and Dayle 1990). ISSR markers were
used to differentiate their fertility and sterility reaction.

Ogu CMS B.napus plants were crossed as female with B.
rapa followed by recurrent backcrossing with B rapa. Male |
sterile plants having morphology of B, rapa were isolated
during BC, generation. Sterile plants possessed flowers
with narrow petals and reduced anthers (Fig. 2 and Fig. 3).
However, female fertility and nectarines were normal.
Attempls were alsc made to wansfer fertility restorer
gene(s)to B. rapa. Afertile B.napus aneupioid germplasm,
obtained during 1990s from France and catrying ogura
cytopiasm was used as the donor Rfgene(s). Fertile plants
having plant and florat morphology similar to B, rapa were
identified in BC, generation following 8. napus / B.rapa
hybridization. Cytological analysis of fertile alloplasmic
plants resembling B. rapa revealed chromosome number
that ranged up to 2n=30 even in BC, generation. Since, Rf
gene(s) are located on C genome, chromosomes
belonging to this genome were preferentially transmitted
in fertile backcross segregants. Thus, despite extensive
homoeology between A and C genomes, it has nol been
possible to achieve introgression of Rf genes in B.rapa
even after four cycles of recombination. Selected plants
have been further backcrossed to B.rapa to facilitate
introgression of fertility restorer gene{s) and to recover
euploid chromosome number (2n=20). ISSR markers were
utilized in an attempt to develop molecular tags for Rf
gene(s) in order to develop marker assisted selection
protocol. For this, 100 I1SSR primers were assayed fo
differentiate between euplasmic B.rapa, and male sterile/
fertite segregants putative for fertility restarer gene(s). Out
of these, 62 primers amplified and only one UBC 827
differentiated alloplasmic sterile and fertile plants {Fig. 3).
These may be associated with chromosome(s) harbouring
fertility restorer gene(s). Further studies are unrenwav
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Fig. 3. Molecular profile of ISSR markers viz., UBC 821, 824, 827, 828 and 841 as observed for (1) euplasmic,
(2) putative FR and (3) ogura CMS plants

References Kirti, P.B., Banga, $.S., Prakash, S. and Chopra, V.L. 1995.
Transfer ogu cytoplasmic male sterility in Brassica
juncea and improvement of male sterile through
somatic cell fusion. Theoretical and Applied Genetics,
91 : 517-521.

Doyle, J.J. and Doyle, J.L. 1990. Isolation of plant DNA from
fresh tissues. Focus, 12 :13-15
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Abstract

A new variety of Brassica juncea i.e., NPJ-93 (Pusa
Vijay) was identified which resisted the high
temperature when sown in Septemberas well as under
Jaboratory conditions. The entry is tolerant to salinity
also.

Keywords: Salinity, temperature tolerant, rapeseed-

mustard

Out of the four cultivated ofiferous Brassicas, Brassica
juncea alone occupies 80% of the total area under
different Brassica spp. Although this is a hardy crop in the
Brassica group and has substantial degree of tolerance to
various biotic and abiofic stresses, yet the area and
productivity of this crop fluctuates widely due the various
biotic and abiotic factors year after year. Over the last two
decades wide fluctuation in the area and productivity
leading to unstable production has been witnessed
{(Anonymecus, 2008). Several factors are responsible for
these fluctuations viz., drought, high temperature at
sowing time, cold, frost and fog at pod formation and
maturity, and attack of diseases lke white rust and
Alternaria blight. Therefore, an inivation was made for
breeding genotypes with high degree of tolerance to high
temperature at seedling stage in order to provide normal
plantvigour and healthy juvenile growth to assure optimum
plant stand.

The available germplasm of Brassica junceawas screened
for high temperature tolerance by sowing it in the month of
September, when the day temperature touches upto 40°C.
Few genotypes of synthetic B. juncea and SEJ-2 were
found as highly temperature tolerant to seedling stage high
ternperatures. Crosses were made between some of high
yielding varieties which were susceptible to high
temperature at seedling stage with the tolerant germplasm
fines for this trait. Phenotyping for high temperature
tolerance in segregating generations starting from F,
onwards was done by sowing the crop in the month of
September. Progenies of the cross Synthetic Brassica
juncea x VSL-5 were found to be very promising under
high temperatures in terms of good germination as well as
very less seedling mortality leading to optimum plant
stand. In F; the promising single plant progenies were
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evaluated for the seed yield under field evaluation and the
high temperature tolerance was tested under artificial
screening too under [aboratory conditions and six
promising advance lines were bulked and tested in the
Station Trial during rabi 2000-G1. One of the high
temperature tolerant progeny derived from the cross
Synthetic Brassica juncea x VSL-5, later on designated as
NPJ-93, was found very high yielding as compared to the
checks Varuna and Pusa Jagannath and it was again
fested in the Common Varietal Trial of 1ARI during
2001-02. On the basis of the superior performance, this
genotype was contfributed to the Initial Varietal Trial
(Timely sown irrigated mustard) of the All India
Cocrdinated Research Project on Rapeseed Mustard
during 2002-03. NPJ-93 established its superiority overthe
checks and was promoted to AVT-l in Zone Il {(Punjab,
parts of Rajasthan, Haryana, Western UP, Plains of J & K)
and was tested during 2003-04 in Advance Varietal Trial !

NPJ-83 (Pusa Vijay) was tested in 15 trials including
coordinated and common varietal trials and large scale
demonstrations at IAR! for three years and it was released
in 2006 for NCR Delhi including parts of Rajasthan,
Haryana, UP and entire Delhi and was notified in 2008
{(Anonymous, 2008). Weighted mean seed yield of this
variety in All India Coordinated trials over 11 locations for
two years in Zone Il was 2293 kg/ha and it has shown
41.8, 136, 12.4 and 17.0% higher seed yield over Varuna
(NGC), Kranti (NC), RL-1358 (ZC) and PBR-81 (ZC),
respectively {Table 1) (Anonymous 2004, 2005). For oil
yield also it has exhibited 47.2, 14.9, 13.0 and 15.1%
superionty over Varuna (NC), Kranti (NC), RL-1359 {ZC)
and PBR-91 (ZC), respectively in Zone il (Table 2). In
1ARI's Common Varietal Trial of mustard NPJ-93 has
exhibited 8.5% and 20.5% seed yield superiority over the
checks Pusa Bold and Pusa Jai Kisan, respectively
{Table 1). At Delhi location this variety was tested in six
trials (CVT, IVT, AVT-l, demonstrations) during three years
{2002-2005) and it exhibited superiority over all the
existing popular varieties viz., Varuna (47.0%}, Kranti
(29.2%), RL-1359 (42.7%), PBR-91 (41.1%), Pusa Bold
(19.6%}, Pusa Jai Kisan (23.5%) and Pusa Jagannath
(27.1%} (Table 3). it also gave 10.9 and 14.2% higher
seed yfelds over the checks Pusa Jagannath and Pusa

!
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Bold during 2004-05 at farmers' fields in the NCR, Delhi
(Table 3). This variely is tolerant to high temperatures at
seedling stage as compared to popular varieties Varuna
and Pusa Jagannath and show less than 5% seedling
mortality when exposed to higher temperatures under
artificial as well as natural screening (Table 4). It also
tolerates satinity up to 12dS/m. It is bold seeded variety
(5.3 g/1000 seeds) with 38.5% average oil content. Itis of
medium plant height and plants attain average plant height
of 185 cm. Ithas a very prolonged reproductive phase with
flower initiation at 40 days after sowing and maturity in 145

shatter on maturity. Plant has a strong stem and does not
lodge up to harvest of the crop. It is also showing promise
to various diseases like white rust, powdery and downy
mildew and Sclerotinea stem rot as compared to the check
Varuna. Due to its high termperature tolerance at seedling
stage, the initial plant stand is established znd the crop
gives good yields under optimum plant stand. The variety
will prove to be boon for the farmers of northern and
western plains where high temperature during sowing
period is a major problem. Moreover, it can also be used
as a donor for high temperature tolerance breeding

days. Average primary branched in this variety are 4.5 with

programme.

on an average 12 secondary branches/plant. The siliqua
is long with 13.5 seeds/siliqgua. The siliqua does not

Table1 Performance of variety NPJ-93 in common and coordinated trials underirrigated conditions from rabi 2002-

03 to rabi 2004-05 in Delhi and zone-ll

Seed yield (kg/ha)

Variety

Per cent increase

02-03 2004-05 Weighted mean  ©ver checks and

v (1) 2003-04NTIm (5)  avp i (6 ove?years (11} Qv
NPJ-93 2410 2715 1870 2293 —
Varuna (NG) - 1934 1304 1619 41.6
Kranti (NC) L - 2753 1783 2018 1358
RL-1359 {(ZC) : - 2538 1544 2041 12.4
PBR-91 (ZC) 1 - - 1599 1599 17.0
Pusa Bold (LC) 2222 - - - 8.5
Pusa Jai Kisan (LC) 2000 - -- - 205

Valugs in parenthesis indicate number of locations, NC = National check; ZC = Zonal check; LC = Local check

Table 2 Oil yield of variety NPJ-93 in common and coordinated trials under irrigated conditions from rabi 2002-

03 to rabi 2004-05 in Delhi and zone-l|

Cil yield (kg/ ha)

Per cent increase over

Variety 2002-03 2003-04 2004-05

CVT- Irri_(1) VT Irr. (5) AVT-1 Irr. (6) Mean {11) checks
NP.J-93 891 1052 715 889 -
Varuna ~ - 712 495 804 472
Kranti Ly P - S 856 692 774 14.9
RL-1359 . - - c 979 ) 594 787 13.0
PBR-91  -#t. | - - . - 4 621 621 15.1
Pusa Bold ; L N 822 - - 822 8.4
Pusa Jai Kisan - - : 710 L - ' - . 710 255
Mean 3 ) 816 875 647 - -
Range e 644-928 605-1052 495-769 - -
sD 89 95 90 - -

Values in parenthesis are number of locations.

Table 3 Performance of variety NP.J-93 {Pusa Vijay) in Delhi under irrigated conditions from rabi 2002-03 to rabi

2004-05
Seed yield {kg/ ha} |
Varieties Demo, 5002-03 Demo. 2003-04 Dero. 2004-05 Voan ’;‘;::2:: (?,}“;'
2002-03 cvT 2003-04 VT 2004-05 AVT-I| °

NPJ-93 2183 2410 2569 2478 2419 2762 2470 -~
Varuna P 1587 - 1507 1156 2025 2131 1681 46.9
Kranti j Tl 1786 - 1682 1589 2112 2334 1901 29.9
RL-1350 b [* - - ' - 1656 - 1805 1731 427
PBR-91 : - - - - - 1750 1750 411
Pusa Bold - 2222 1895 - 1950 - 2022 19.6
Pusa Jai Kisan T - 2000 - - - - 2000 235
Pusa Jagannath____| 1429 . 2153 -~ 2251 - 1944 27.1
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Table 4 Reaction of NPJ-83 {Pusa Vijay) to high temperature at seediing stage under natura! conditions in Delhi

Rabi 2004-05 (DOS 03.09.2004)

Rabi 2005-06 {30S 27.09.2005)

Variety Germination Seedling mortality after PP Seedling mortality

(%) o manth (%) Remarks Germination {%;) after one month (%) Remarks
NFPJ-83 ap 4.4 Highly Tolerant 94 3.2 Highly Tolerant
Varuna 92 17.4 Tolerant 85 10.5 Tolerant
Pusa Jagannath 90 15.6 Toierant a5 9.7 Tolerant
References Ananymous. 2007. AICRP Rapeseed and Mustard Annual

Anonymous. 2004, 2005, AICRP Rapeseed and Mustard Annual
Reports, National Research Centre on Rapeseed and
Mustard, Bharatpur-321 303.

Reports, National Research Centre on Rapeseed and
Mustard, Bharatpur-321 303.

Anonymous. 2008. The Gazelte of India. No. 2458(E) dated
16.10.2008. Page 2 Sr. No. 44,
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Abstract

Metalachlor {Pre-emer5gence) 1.5 I/ha followed by
pendimethalin (PE} @ 0.75 I‘ha + one hand weeding at
30 days after sowing or fluchloralin 0.75 ltha were
most effective and economic for weeds management
in groundnut, Arachis hypogaea.

Keywords: Groundnut, Arachis friypogaea herbicides,
efficacy

Summer cultivation of semi-spreading and bunch type
varieties of groundnut has been recommended in Punjab
due to their higher yield potential. \Weed menace is one of

the major limiting factors in realizing potential productivity
of groundnut grown in summer season. When grown -
under assured imigations, it provides favourable .

environment for fast growth of weeds which interfere with
pegging, pod development and harvesting of groundnut
besides competing for essential and scarce resources like

motsture, nutrients and light. The bunch type (Arachis. -
fiypogaea L subsp. Fastigiata var. vulgaris) varieties

though have higher yield potentiaf, have poor competitive
ability against weeds due to their prostrate growth
compared 1o semi-spreading and spreading varieties of
groundnut. Several annual grasses and broadleaf weeds
invade this crop causing heavy yield losses {Gnanamurthy
and Bafasubramaniyan, 1998; Ghosh, 2000; Solanki ef a/.,
2005}. The prablem of Comimelina benghalensis and some
other hardy weeds is fast increasing in groundnut growing
areas of the state. The currently recommended herbicides
and their doses (fluchloralin @ Q675 liter a.i/ha and
alachlor @ 2.5 | a.itha) are not effective against some of

these weeds particularly Commelfina benghalensis. Manual -

weeding is very expensive, cumbersome and time
consuming. Keeping in view the urgent need to find out
more effective herbicides for weed management, the
present investigation was carried out on loamy sand soils
of Punjab Agricultural University, Ludhiana during summer
2005. The study comprised 15 treatments in a
Randomized Complete Block Design with 3 replications
(Table 1). A bunch type groundnut variety SG 99 was
sown on 18 May and harvested on 25 September 2005
The crop was raised with recommended agronomic
practices. The treatments comprised pre-plant
incorporation (PP1) of fluchoiralin (0.675 and 0.75 1 a.i./ha)

-

i1

or trifluralin (1.0 { a.i./ha applied alone or in combination
with one hand weeding at 30 days after sowing). or
pre-emergence {PE) application of oxyflourfen (0.25 and
0.50 | ai/ha), pendimethalin {(0.75 | a.i/ha alone orin
comkbination with one hand weeding at 30 days after
sowing), metolachlor (1.0 and 1.5 a.i/ha and 1.0l a.i./ha
+ ane hand weeding at 30 days after sowing), alachlor (2.5
] a.i/ha), tank mix application of pendimethalin (0.5 |
a.ifha) + alachior (1.251 a.i./na) as pre-emergence, hand
weedings twice at 3 and 6 weeks afier sowing and
unweeded control. Application of herbicides as PPl was
made just before sowing followed by light planking
whereas PE application was made a day after sowing.
These herbicides as per treatments were mixed in 500 t
waler/na and sprayed with knap sack sprayer using flat fan
nozzle, The plot size was 4.8 x 3.8 m?. Field was heavily
infested with Commelina benghalensis, Eleusine
aegyptiacum, Digitaria sanguinalis, Cyperus rofundus and
Cynodon dactyfon. Different weed control treatments
reduced weed population at 30 days after sowing (DAS)
and density as well as drymatter of weeds at harvest as
compared to weedy conditions (Table 1). The lowest weed
density at 30 DAS was observed with two hand weedings
given at 21 and 42 DAS. Among the herbicides,
pre-emergence (PE) application of oxyfluorfen @ 0.25 and
0.50 Vha, pre-plant incorporation (PPI) of fluchlaralin @
0.675 ha and tank mix application of pendimethalin (0.5
/ha) and alachlor {1.25 fha) as PE provided similar control
of weeds at 30 DAS. However, at harvest, lowest weed
density was observed with application of pendimethalin
{PE) @ 0.75 I/ha followed by application of fluchloralin
PP @ 0.675 and 0.75 Vha ang alachlor [PE) @ 2.5 /ha.
Dry matter of weeds was lowest with PE application of
metolachlor @ 1.5 llha. Mohanty and Kar (1997), Singh et
al. (1997), Ghosh {2000} and Solanki et al. (2005) reported
simifar effectiveness of hand hoeings, fluchloralin, alachlor
and pendimethalin. Different weed management practices
did not differ in significantly influencing 100-kernel weight
and shelling percentage (Table 2). The highest pod yield
was obtained with metolachlor (PE) @ 1.5 Uha. This was
at par with pendimethalin {(PE) @ 0.75 I/ha + one HW at 30
DAS; fluchloratin (PP} @ 0.675 {/ha or trifluralin (PPI) @
1.0 /ha. The lowest pod yield {1214 kg/ha) was recorded
in unweeded control which was 53.8% lower than that
cbtained with application of metolachlor (PEY @ 1.5 Vha.
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There was no marked influence of weed management
practices on oil content. The highest gross income, net
returns and B:C ratio were obtained with application of
metolachlor @ 1.5 Uha. Application of oxyflourfen (0.5
\/ha), trifluralin (1.0 I/ha), pendimethalin {0.75 [fha) alone or
in conjunction with one HW and fluchloralin (0.75 Itha)

resulted in comparable yields, and B:C ratio. Gross income
and net returns with two hand weedings were lower than
application of trifluralin or pendimethalin supplemented
with one HW. This study thus, reiterates herbicide based
weed control as mare cost effective than manual weeding
in summer groundnut.

Table 1 Influence of weed control treatments on density and drymatter of weeds in summer groundnut

\Weed density (No./m2)

Herbicige Dose {) a.i/ha) TG pr—— Wead dry matter {ghn?)
Oxyflugren (PE) 0.25 13.0 (3.8} 233 (4.9) 95.7
Cxyfluorfen (PE) 0.50 16.7 (4.2) 233(4.9) 57.7
Trifluralin (PP 1.0 215(4.8} 2137y 87.7
Trifluralin (PP + HW{30 DAS) 1.0 20.2 (4.6) 18.0 (4.3) B7.0
Pendimethalin (PE) 0.75 23.0 (4.8} 10.7 (3.4} 627
Pendimethalin {PE} + HW{20 DAS) 075 . - 243 (50) 133 (3.8) 58.3
ietofachicr (PE} 1.0 22.3(4.8) 16.7 (4.2) 553
Metolachlor (PE) 1.5 . 26.5(5.2) 20.7 (4.6) 497
Metolachior (PE) + HW(30 DAS) 10 . 22.7 (4.8) 22.7 (4.8) 58.3
Fruchloralin (PPY 0675 15.0 (4.0} 11.3(3.5) 623
Fluchloralin (PPIy ; 0.75 25.5(5.10 12.3 (3.5) 52.3
Alachlor (PE} ) 25 19.0 (4.5} 13.3 (3.8) 74.0
Pendimethaiin + Aiachlor (PE) 0.5+ 125 12.7 (3.6) 20.7 (4.8) | 930
Hand weedings ’ 2% and 42 DAS 8.2 (2.8} 20.7 (4.6) 51.3
Unweeded control - 33.3 (5.9 28.7 (54): 1827
CD (P=0.05) 7.3 (0.8) 6.0 {0.7) 20.9

PPl = Pre-plant incorporation; PE = Pre-emergence; Figures irt parenthesis are the roat x+1 transformed values.

Table 2 Influence of weed control treatments on yield attributes, pod yield, oil content and economics of summer groundnut

N D ) 10D kernel  Pod yield  Oit content Gross income Net returms  B.C
Herbicide 0 a.ti)ﬁﬁa) Shelling (%) we[?qht Q) (kg.’);lg) ) (Rs.ha) _ (Rs/ha) _ratio
Oxyflucrfer {(PE} 025 €8.8 64.4 1722 50.7 28174 9591 1.58
Oxyfiuorfen (PE) Q.50 66.4 B5.3 2119 51.7 32214 15131 1.88
Trifluratin (PPY 1.0 ! 71.2 65.6 2167 \ 51.9 32933 16017 1.85
Trifluratin {PPl} + HWI(30 DAS) 1.0 ) 68.4 64.8 2021 ‘\ 0.9 30714 12448 1.68
Pendimethalin {PE) 0.75 B65.9 558 2118 Y510 32209 15128 1.88
Pendimethalin (PE) + HW(30 DAS) 10.?5 707 G67.3 2206 . 522 33536 15103 1.82
Metclachlor {PE) 1.0 691 65.7 1778 52.6 27021 10138 1.60
ketoiachior (PE} 1.5 8.1 66.0 2627 51.6 39931 22648 231
Metolachler (PE) + HW(30 DAS) 1.0 66.4 64.9 1436 51.9 21832 3599 1.20
Fluchleralin (PPI) 0.675 68.8 64.4 ) 1795 52.0 27284 10526 1.63
Fiuchlorafin (PRI} Q.75 701 56.8 2198 53.5 33415 18526 1.98
Alachior (PE) 25 £88.1 B84.5 T 1442 M7 21472 1889 1.22
Pendimethalin + Alachlor (PE) 05+125 713 64.2 1374 51.0 20895 3562 1.20
Hand weedings 21 and 42 DAS §9.9 66.3 1980 524 30096 10413 1.53
Unweeded control - 71.86 64.9 1214 536 18458 2375 3.16
CO(P=0.05) NS NS 483 NS - 0.42

PP!= Pre plant incerporation; PE = Pre-emergence, Price of groundnut = Rs. 1520/
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Abstract

Application of castor cake @ 2 t/ha resulted in higher
uptake of N, P and K in groundnut. There was a
marked increase in growth, yield attributes and quality
parameters of groundnut after application of castor
cake.

Keywords: Groundnut, integrated nutrient management,
castor cake, Rhizobium

In Gujarat groundnut is being cultivated in an area of 19.31
lakh ha during kharif and 0.91 lakh ha during summer
season with a production of 17.21 and 1.41 lakh tonnes
and average productivity of 891 and 1548 kg/ha (DOA,
2005), respectively, which is far below the potential
productivity. Hence, in order to step up the productivity of
the groundnut balanced fertilization is essential. To
rationalize the fertilizer requirement based on integrated
nutrient management (INM} in groundnut especially during
summer season to enhance its productivity the present
investigation was undertaken.

A field experimentwas conducted during summer seasons
of the year 2006 at Agronomy Instructional Farm, C.P.
College  of Agriculture, SDAU, Sardarkrushinagar
{Gujarat). The soil of the experimental plot was loamy sand
in texture, slightty alkaline (pH 7.5), low in organic carbon
{0.15 %) and available N (149 kg/ha), medium in available
phosphorus (46 kg/ha) and high in available potassium
(K"} {287 kg/ha). The experiment was laid out in a
Randomized Block Design with three replications. Total
sixteen treatment combinations comprised of four levels of
chemical fertilizer viz.. F,- 25% of recommended dose of
fertilizer {RDF), F,- 50% of RDF, F;- 75% of RDF and F,-
100% of RDF; two levels of organic manure viz., M,-castor
cake @ 1 t‘ha and M,- castor cake @ 2 t'ha (N, P,0O; and
K,;O content of castor cake were 4.4, 1.8 and 0.5%,
respeclively) and bicfertilizer viz.,, C,-Control ({no
inoculation) and C,-inoculation with rhizobium. The
recommended dose of summer groundnut crop is 25-50-0
NPK kgfha. Castor cake was applied at the time of bed
preparation in opened furrow as per treatments. The
required quantity of N and P was applied as basal through
urea and DAP, respectively as per treatments. Rhizobium
‘culture strain IGR-6 was prepared by dissolving 100 g

/
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jeggary in 1:1 of boiled cooled water followed by addition
of required guantity of rhizobium culture. Groundnut seeds
{cv.GG-2) were treated with the liquid culture and dried in
shade for a period of three hours. The crop was sown on
February 4, 2006 at a spacing of 45 cm x 10cm and
harvested on May 29, 2008. The plant samples were
ground, digested and analyzed for N by Microkjeldahl
method, P by Vanadomolybdophosphoricacid yellow
colour method and K by Flame photometric method
(Jackson, 1973), The uptake of N. P and K was
determined by multiplying nutrient concentration with yield
of kernels, shells and haulms. Oil contentin the kernelwas
estimated by Nuclear Magnetic Resonance
Spectrophotometer (NMRS).

Effect of chemical fertilizer: Amongst doses of fertilizer,
application of 100% RDF (25-50-00 NPK kg/ha) to summer
groundnut recorded significantly higher values for most of
the growth attributes {Table 1) than rest of the fertilizer
doses but it was at par with 75 % RDF.

The significant increase in pods and haulm yield was
observed with the application of 100 % ROF but remained
at par with 75 % RDF (Table 2). Similar results were also
reported Kachot ef al. (2001). Maximum net return with
BCR value of 1.46 was obtained with 100% recommended
dose of fertilizer.

Effect of organic manure: The remarkable increase in
mean values of all growth and yield attributes as well as
quality parameters of groundnut was noted due to
application of castor cake (Table 1}, it might be attributed
to multifarious role of castor cake in terms of nutrients
supply (N, P and K) as well as improvement in physical,
chemical and biclogical properties of soil. The results lend
support reported by Gaur el al. (1984). Applications of
castor cake @ 2 t/ha significantly increased pods and
haulm yields which was 4.8 and 3.2% higher than castor
cake @ 1 tha. The increase in pods yield was probably
due to improvement in all yield attributes under study.
Almost similar results were also obtained by Gaur ef al.
(1984).

Effect of biofertilizer: Rhizobium inoculation showed
significantly the maximum vaiues of growth and yield
attributes as well as quality parameters (Table 1) over no
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inoculation. This might be due to the increased activity of
nitrogen fixing bacteria hecause of more multiplication due
to favourable conditions. Similar increase of pods and
haulm vield as well as better net return with BCR was
_observed with inoculation of rhizobium as compared te no
inoculation. The results are in conformity with those
reported by Mohamoud and Elfar (2000).

Nutrientuptake: An application of 100% RDF significantly
increased the uptake of N, P and K by groundnut crop
(Table 2), which was statistically at par with 75 % RDF. It
might be due to enhancement of plant nutrients like N and
P due to application of 100% RDF to groundnut crop
resulted in higher pods and haulm yields. The present

findings were in agreement with those reported by
Khanparia (1996).

Use of castor cake @ 2 t/ha resulted in significantly higher
uptake of N, P and K as compared to 1 t castor cake/ha.
it might be due to better nutrients availability and
proliferation of root system with higher rate of castor cake.
The results are in agreement with those reported by Gaur
et al. (1984). Similarly higher uptake of N, P and K by
groundnut crop was recorded by rhizabium inoculation
than no inoculation. Rhizobium inoculation attributed more
availability of nitrogen through biological nitrogen fixation.
The findings are supported by Mahmoud and Elfar (2000).

Table 1 Growth, yield and quality attributes of groundnut as influenced y chemical fertilizer, organic and biofertilizer

Plant No. of Plant Dry matter No. of root . . Protein
Treatment height branches spread prgducnon nodules/ No of ~ Testweight Shelling (%) o ogntent content
(cm) __ fplant  {cm) {g/plant) plant pods/plant @ (%) (%)
Chemical fertilizer (F)

F,. 25% ROF g 5 35.29 33 82.1 17 376 56.0 45.1 199 ~
F: 50% RDF 38 8 37.43 34 N, 841 20 38.3 69.2 475 207
Fy 75% ROF 41 7 39,66 36 89.7 20 41.4 703 47.6 208
F. 100% RDF 42 5 4427 a7 52.8 22 432 70.9 483 216
SEm ¢ 0.7 0.3 055 - 0.6 14 05 0.7 0.6 _ 04 02 '
CD (P=10.05) 20 0.7 180 18 4.4 ‘\ 13 2.0 18 11 05
Organic manure (M) . ’ :

M,: Castor cake @ 1 tha 38 6 .. 37.74 34 85.4 19.3 39.4 68.8 467 206
M, Castor cake @ 2 tha 41 7 39.00 36 88.9 . 20.2 40.9 70.5 475 209
SEm £ 0.5 02.. 039 0.4 10 0.3 05 04, > D3 - 0
CD{P=0.05) 14 0.5 113 13 28 0.9 14 12 | o8 . 04
Biofertilizer © ‘ '

G, Control. 38.9 6 37.68 35 84.5 18.9 36.6 68.7 46 4 20.4
C; . Rhizobium 405 7 39.16 36 ge7 205 . 436 , 705 . 478 211
SEm. £ 0.5 0.2 0.39 0.4 1.0 0a \ 05 0.4 03 04/
CD{P=0.0%) 14 05 113 1.3 29 0.9 14 12 0.8 04
M () 6.0 13.3 4.98 6.1 56 79 6.1 2.8 29 2.9

Table 2 Pods, hauim yield, economics and nutrient uptake as influenced by chemic

al fertilizer organic manure and biofertilizer

Treatment Pod yield Haulm yieid ~ Net realization BOR Nutrient uptake (kg/ha)
{kgiha) (kg/na) (Rs./ha) N P K

Chermical fertilizer (F)

F, 25% RDF 1935 3793 19472 1.3 106.1 227 £8.9

F,: 50% RDF 2014 3971 20492 . 14 110.4 23.4 816

F, 75% RDF 2130 4227 22169 1.5 116.8 26.3 90.3

F.: 100% RDF 2199 © 4383 23009 15 1218 - 4 270 94.1

SEm 46 . 58 18 Y04 113

CD (P=0.08) 134 168 N 5.3 \ 1.0 39

Organic manure (M) 5 / "

M,: Castor cake @ 1 t/ha 2021 4029 21224 ‘ 1.5 1116 ' 245 823

M,: Castor cake @ 2 t/ha 2118 4158 21347 1.3 1159 ; 252 85.1

SEm 33 - 41 ‘ 13 ! 0.3 0.9

CD (P= 0.05) 95 119 | 3.7 07 27

Biofertilizer © .

C,: Contral 2003 4007 .. 20821 14 110.5 243 819 .~

C, : Rhizobium 2136 4180 \ 21751 14 117.0 25.4 8586 :

SEm t 13 41 K 13 03 09 |

CD (P= 0.05) . 95 119 ! 3.7 0.7 2.7

CV (%) 7.77 4.91 5.6 5.0 55
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Abstract

To get the higher productivity of groundnut should be
sown in last week of April to third week of May in
Punjab. Bunch type variety, SG 99 gave higher yield
than other varieties.

Keywords: Groundnut, sowing date, bunch type

Groundnut contains about 50% edible oil of superior
quality comprising mainly oleic and linoleic acids. Due to
higher protein content, low sugar content and presence of
several essential minerals (phosphorus, calcium,
magnesium and potassium) and vitamins (E, K and B},
groundnut kernels are consumed directly as roasted or
salted peanuts or utilized in diverse ways such in
confectionary, snacks, candies, peanut butter and fortified
foods. Groundnut was once the most important oilseed
crop of Punjab occupying about 60% of the total area
under oilseeds till 1870 after which it went into oblivion
under Green Revolution when rice replaced most of the
area under it. Due o the serious adverse effects of
rice-wheat meonoculture on the natural resources, soil
health, environment, ecological balance etc., attempts are
being made to revive the area under groundnut cultivation
in the state. This would also help in overcoming edible oil
shortage besides exploiting vast export potential of
groundnut that exists for its varied end uses. It can be
achieved with high yielding varieties that fit well into
cropping systems.

Agro-climatic conditions of Punjab are quite suitable for
cultivation of groundnut during spring, summer and
khariffrainy seasons. Summer cultivation of groundnut is
becoming popular in the state due to higher productivity.
Productivity potential of varieties differs in case of bunch
and spreading type varieties and also with season of
cullivation (Ahmad, 1892; Patel ef al, 1998). Proper
matching of phenological development of groundnut
varieties with prevailing environmental conditions is
required to realize potential productivity. An attempt was
made to assess the productivity potential of semi
spreading and bunch type varieties across varied sowing
times.

The field experiment was conducted in 2004 at the Punjab
Agricultural University, L udhiana on loamy sand soil of low

organic carbon { 0.27%) and available nitrogen (185 kg/ha)
and medium phosphorus (18.8 kg/ha). The freatments
consisted of 4 sowing dates (28 April, 18 May, 8 June and
28 June) in the main plots and 3 varieties (SG 99, SG 84
and M 522) in the sub plot in a split plot design with 4
replications. Both the Spanish bunch type varieties viz,,
SG 99 and SG 84 (Arachis hypogaea L. subsp. fastigiata
var. vulgarns) were sown at a spacing of 30cm x 15cm
whereas for semi-spreading variety M 522 (Arachis
hypogaea L. subsp. hypogaea var. hypogaea), spacing of
30cm x 22 .5cm was maintained. The gross plot size was
4.5 x 3.6 m accommodating twelve rows whereas and net
plot was kept as 3.6 x 3.0 m. All other recommended
agronomic practices were followed. The crop was
harvested at physiological maturity.

Sowing of 28 April and 18 May resuited in significant
increase in plant height and 100 kernel weight compared
to 8 June and 28 June sowings (Table 1). April sowing
also resulted in significantly taller plants, more number of
primary branches and atso immature kernels as compared
to May sown crop. Late sowing of 28 June resulted in
significantly lowest oil content (Table 1)

The pod as well as oil yields of groundnut sown on 28 April
were at par with that sown on 18 May (Table 1). Similarly
sowing on 8 June and 28 June resulted in statistically
simiiar pod and oif yields. However, early sowing (28 Aprif
and 18 May) resulted in significantly higher pod and oil
yields over 8 June and 28 June sowings. Groundnut sown
on 18 May out performed 8 June and 28 June sowing by
52.7 and 71.5%, respectively for pod yield and 40.0 and
75%, respectively for oit yield. Studies carried out
elsewhere revealed that parditioning of photosynthates
from source to sink (pods) was adversely affected by delay
in sowing resulting in reduction in yield components and
pod yield (Padma ef al., 1991). Higher pod yield ip earlier
sowing could be attributed to the longer period available
for vegetative and reproductive phenophases which
ultimately resulted in better expression of yield attributes
(Padhi, 1994; Patel ef al, 1998 and Karanjikar et al.,
2004}. Reduction in overall growth period due to sharp
decrease in temperature with onset of autumn season
resulted in lower yield of June sown crop compared with
April and May sowing. These findings corroborate with the
findings of Patel et al. (1991). Differences in varieties for
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various yield attributes, pod and oif yields were significant
(Table 1). However number of immature kernels and oil
content differed non-significantly. Pod and oil yields of SG
99 markedly exceeded SG 84 which significantly out
yielded M 522. Thus, SG 99 out yielded SG 84 by 22.7%
for pod yield and 18.3% for oil yield (mainly due to higher
plant population) which in turn produced in 10.5% more
pod yieid and 24.6% more cil yield than M 522, However,
number of primary branches per plant, number of pods per
plant and 100 kernel weight were the highestin M 522 due
to its semi spreading habit. SG 84 resulted in significantly
lowest 100 kernel weight.

The ped yield and oil yield produced by SG 99 when sown
on 18 May was at par with its sowing on 28 April but

significantly higher than other two varieties sown on any of
the 4 dates (Table 2). Sowing of M 522 on 28 June
resulted in lowest pod and oil yields. There was significant
reduction in pod yield with delay in sowing to & June and
28 June compared to 28 April in all the varieties, whereas
yields of all varieties were statistically similar in 28 April
and 18 May sowings. Pod and ail yields of all the varieties
sown on 8 June and 28 June were statistically at par
(Table 2).

For higher productivity, groundnut should be sown during
last week of April to third week of May. Bunch type variety,
SG 99 gave higher yield than other varieties under
agroclimatic conditions of Punjab.

Table 1 Growth, yield attributes, pod yield and oil yield of groundnut varieties as influenced by sowing dates

. Number of .
Treatments Pod vyield Pla(grt.nt;e;?ht primary Number of 100-kernel Shelling ITQ:;’;LI’;& co?tlnlant Oll yield
{g/ha) branches/ pods/plant weight (g} (%) o o (gq/ha)
harvest plant (%) (%)
Sowing dates
28 April 25.8 80.4 10.6 20.9 64.0 66.6 12.9 5.7 8.9
18 May 257 56.6 j 76 21.4 €2.8 62.9 9.8 51.6 8.4
8 June 16.8 38.8 I 7.4 17.3 56.9 70.3 9.7 51.4 6.1
28 June 15.0 373 { 6.1 18.0 51.6 66.2 9.0 487 4.8
CD {P=0.05} 3.3 121 . 16 NS 53 NS 22 0.76 1.6
Varieties : .
SG 99 [ 24.4 64.8 L7 — 15.8 60.8 67.5 9.4 51.1 8.4
SG 84 ©o199 518 .0 7.2 , l\ 200 49.2 69.4 10.7 51.2 7.1
M 522 ©18.0 50.8- -, -id 85 - i 224 66.5 62.6 10.9 502 57 ¢
CH{P=0.05) 2.1 38 0.74 49 38 46 NS NS 0.8
Table 2 Pod and oil yields {g/ha) of groundnut varieties as influenced by sowing dates
Pod yield (kg/ha) Oil yield (kg/ha)
Sowing dates Varieties Varieties
SG 99 SG 84 M 522 5G 99 5G 84 M 522
28 April 30.9 241 219 11.0 8.8 6.9
18 May S 34.2 239 19.2 10.9 8.3 59
8 June S 18 15.7 16.7 65 5.9 5.7
28dune 0 AT 147 16.0 143 5.0 5.3 4.2
CD (P=0.05) 4.1 1.6
References Padma, V., Madhusudana Rao, D.V. and Subha Raeg, V.

Ahmad, M. 1992. Performance of groundnut {Arachis hypogaea
L.) varieties as affected by date of sowing in Assam,
Indian Journal of Agronomy, 37: 382-393.

Karanjikar, P.N., Jadhav, G.S. and Wakle, P.K. 2004.
Eco-physiology of yield expression in groundnut,
Arachis hypogaea L. genotypes during post-monsoon
season. Journal of Cilseeds Research, 21: 39-41,

Padhi, A.K. 1984. Response of groundnut {Arachis hy}'}ogaea L)
varieties to time of sowing under rainfed conditions.
Journal of Oilseeds Research, 11: 132-133.

1991. Response of groundnut cultivars o time of
sowing in different seasons. Journal of QCilseeds
Research, 8: 275-279. -

Patel, L.R., Patel, R.H. and Patel, J.K. 1991. Response of
groundnut varieties to different dates of sowing and row
spacing. Journal of Oilseeds Research, 8: 263-266.

Patel, $.R., Thakur, D.S. and Pandya, K.S. 1998. Influence of
sowing time on the performance of groundnut (Arachis
hypogaea L) vaneties. Journal of Qilseeds Research,
15: 293-296.



J. Oilseeds Res., 26(1) : 62 {2009)

Short communication

Performance of promising Indian mustard entries at different fertility

levels under late sown condition

R.S. Baghel, Lallu, Anjani Singh and S.B.L. Srivastava

Oilseed Section, C.8. Azad University of Agriculture and Technology, Kanpur-208 002, UP

{Received: June, 2006; Revised: December, 2008; Accepted: February, 2009)

Abstract

Five promising entries of Indian rapeseed mustard
were tried under four feriility levels j.e., 75%,
recommended fertilizer (RF), 125% and 150% Rf in the
irrigated late sown condition. Study revealed that seed

yield increased with increasing fertility level and was

recorded highest under 150% RF but was at par with
125% RF. Among genotypes maximum seed yield
{1356 kg/ha) was recorded with Kranti.

Keywords: Indian mustard, recommended dose of
fertilizer

Fertilizer is the major input through which the mustard
productivity can be increased by exploiting varietal

potential. Chemical fertilizers have had a substantial

impact on yield increments in the recent past and are
today an indispensable part of modern agriculture.
Keeping in view, the present study was conducted to find
out suitable fertility leve! for promising mustard genotypes.

A field experiment was conducted at the cilseed research
farm, Kalyanpur, C.S. Azad University of Agriculture and
Technology, Kanpur during rabi season of 2007-08. The
experiment was laid out in Sphit Plot Design comprising
four fertility levels i.e., 75% RF (80:40 kg N, P and K/ha),
125% and 150% of RF with five promising mustard
genotypesi.e., Ashirvad, Kranti, NRCDR 509, NRCHB-101

62

and Varuna replicated thrice. Crop was sown with 30 cm
distance between rows and plant spacing was maintained
at 16 cm by manual thinning at 20 days after sowing. The
seed vield and yield attributes and 10 mg with harvest
index (%) were recorded at the time of harvest.

Seed yield increased with increasing fertility levels and
was recorded significantly higher under 150% of RD but
was al par {1412 kg/ha) with 125% RF. Test weight of
seed also increased with increasing fevels of fertility and
was recorded maximum with higher fertility levels ie.,
150% RF. Among different genotypes tried, maximum
seed yield was recorded in [ndian mustard variety, Kranti
but was at par with NRCDR 508,

Seed yield of Indian mustard

Fertility levels (Seed yieid) Mean

Genotype (Seed

75%  RF 125%  150%  yield)

NRCHB-10Y  ©90 1242 323 1242 1189

Varuna 1101 1303 1374 1364 1286

Kranti 9.8 1414 1495 1635 1356

NRCDR-509  10.20 1364 14,24 1485  13.23

Ashirvad 980 1323 1444 1495  13.11
Mean 1014 1329 1412 14.24

CD (P=0.05) : Entries = 0.88; Fertility level = 0.52 and
Entry x Fertility level = NS
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Abstract

LCS0 values of Baciflus thuringiensis, Beauveria
bassiona and Nemarin {Azadiractin) were evaluated at

24 hrs, 48 hrs, 72 hrs and 96 hrs after treatment ’

against mustard sawfly, Athalia.
Keywords: Mustard, sawfly, LG,

The mustard saw fly Athalia lugens proxima Klug.
(Hymenoptera: Tenthredinidae) is a serious pest to
different cruciferous plants in India. The present study was
undertaken to investigate the LC;, of biopesticide i.e., Halt
(Bacillus thuringiensis serovar kurstaki H 3a, 3b, 3c),
Biorin (Beauvaria bassiana) and Nemarin (Azadiractin}
against 3" instar larvae of A. proxima. The larvae of A,
proxima were reared on fresh tender leaves of Indian
mustard, Brassica juncea var. varuna in the laboratory at
20+1°C and 7545 % R.H with 9:15 (Light: Dark) in B.O.D.
incubator. These biopesticides were tested against larvae
of A. proxirna by LRD (Leaf Residue) method (Murugesan
and Dhingra, 1988). The leaves of var. varuna were

treated with required concentrations of biopesticides and
dried at room temperature and allowed to feed to 3" instar
larvae (Starved for 12 hrs) of A proxima for 24 hrs,
thereafter fresh leaves were provided. Three sets of
experiment were made for each treatment and mortality
counts were made at 24, 48, 72 and 96 hrs after treatment
and it was replicated thrice. A control was also run parallel
to each sets of experiment to obtain corrected mortality
(Abbott, 1925).

The LC., values were 0.6574%, 6.14 x107 spores/ml and
0.0096% obtained for Halt, Biorin and Nemarin,
respectively at 24 hrs after treatment (Table 1). In the
second set of experiment, in which observations were
taken at 48 hr after treatment, the LC,, values were
obtained as 0.4692%, 5.05 x10° and 0.0085% for Halt,
Biorin and Nemarin, respectively. While in the third set of
experiment mortality count was made at 72 hrs after
treatment in which the LC,, values were calculated as
0.3831%, 4.13 x10" and 0.0067% for Halt, Biorin and
Nemarin, respectively.

Table 1 Bioefficacy of biopesticides against larvae of mustard saw fly, Athalia lugens proxima Kiug.

Fiducial Limits

Biopesticide Heterogeneity Regression Equation LC,, Tow Up Slop £ SE.
After 24 hours

Halt {Bacillus thuringiensis) / 0.0074 Y= 0.955x+4.795 0.6574 0.385 2294.53 0.95540.192
Biarin (Beauvaria bassiana) s 0.0213 Y= 1.501x-7.015 6.14 x10°  4.40x107 881 x13"™ 1.501+0.118
Nemarin {Azadiractin) 0.0007 Y=1.241x+7.182 0.0096 0.006 0.073 1.242+0.105
After 48 hours .

Halt (Bacillus thuringiensis) : 0.0869 Y= 0.864x-5.022 0.4692 0.296 8.943 0.86410.140
Biorin (Beauvaria bassiana) 0.2794 Y= 1.302x-5.234 505x107  3.68x107 6.31 x10° 1.302+0.092
Nemarin (Azadiractin) i 00348 Y= 1.087x+7.048 0.0085 0.006 0.095 1.08710.106
After 72 hours .

Halt (Bacillus thuringiensis) 0.1121 Y= 0.822x+5.181 0.3831 0.233 6.933 0.82210.129
Biorin (Beauvaria bassiana) 0.0268 Y= 1.207x-4.288 413x107 280x107  1.58x10° 1.207+0.775
Nemarin (Azadiractin) 0.2731 ¥=1.044x+7.168 0.0067 0.004 0.016 1.04440.079
After 96 hours

Halt (Bacilius fhuringiensis) 0.2012 ¥=(0.799x+5.454 0.2598 0.096 0.917 1.74910.111
Biorin (Beauvaria bassiana) 0.0493 ¥=1.166x-3.806 3.53x107 1.76x107 7.80x107 1.166+0.075
Nemarin (Azadiractin) 0.6055 Y= 0.992x+7.276 0.0051 0.001 0.011 0.992+0.093
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Likewise in the fourth set of experiment mortality count
was made at 86 hrs after treatment and the LC, values of
Halt, Biorin and Nemarin were 0.2598%, 3.53x107 and
0.0051%, respectively. The Bicefficacy of Beauveria
bassiana and neem oil against tarvae of mustard sawfly
were reported by Pawar and Thombre (1990) and Agrawal
and Saroj (2003). It can be concluded that the LC;, value
was decreased with the increased in duration at 24 hrs of
feeding on treated food.
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Abstract

Todevelop an alternative, economical and eco-friendly
method for the management of Afternaria blight of
mustard, 11 bio-agents, garlic bulb extract and
fungicides along with a set of check were evaluated as
seed treatment alone and in combination with foliar
spray. All the treatments has significantly reduced the
disease severity and increased the yield over the
check. Seed treatment with carbendazim and foliar
spray of Ridomit MZ 72 WP was found most effective
to reduce the Alternaria blight severity (26.3%)
followed by seed treatment with Apron and foliar spray
of Ridomi! MZ. Maximum seed yield was recorded with
the treatment of carbendazim followed by Ridomil MZ
72 WP,

Keywords; Alfernaria blight, garlic, bioagents,
Indian mustard

Cultivation of Indian mustard, Brassica juncea (L.) Czern
& Coss. is an important and predominant rabi cilseed crop
in India which occupies an area of 5.9 m.ha yielding 6.43
mt with an average productivity of 1000 kg/ha. Alternaria
blight caused by Alternaria brassicae Sacco is one of the
most important disease of mustard inflecting upto 70%
seed vield loss. An increasing consciousness about
environmentat pollution and pesticides contamination of
food specially the edible oils, the present study was
undertaken to evaluate an alternative, economic and eco-
friendly method of the disease management in Indian
mustard.

The trial was conducted with 11 different bio-agents, garlic
bulb extract and fungicides along with a set of check as
. seed treatment (ST) alone and in combination with foliar
spray (FS) at the oilseed farm of the C.5.A. University of
Agriculture and Technelogy, Kanpur during 2006-07. The
experiment was laid out in a Randomized Block Design
having 5 x 3 m plot size with three replications. To prepare
the garlic bulb extract, 20 g garlic bulbs were crushed in
wearing blender. The juice has extracted from the crushed
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garlic bulb by adding water in limited quantity and sieve in
muslin cloth several times till enough quantity of juice is
extracted. The gquantity of extract was made 1 | by adding
required quantity of water. The extract was prepared
afresh on the day for seed treatment and for foliar spray.
Bio-agents were collected from G.B. Pant University of
Agriculture and Technology, Pantnagar,

All the trealments were found effective in reducing the
disease severity and increased the seed yield. Seed
treatment with carbendazim and foliar spray of Ridomit M2
72 WP was found most effective to reduce the Alfemaria
blight severity (26.3%) followed by seed treatment with
Apron and foliar spray of Ridomil MZ. Singh and Rai
(1982) have also reported that Ridomil MZ (0.2%) gave the
best resultin controliing Alternaria blight of mustard. Seed
treatment and foliar spray with garlic bulb extract was also
found most effective and recorded 29.7% disease severity.
Daya Ram (1997) and Shivpuri et af. (1997} have been
reported antifungal activity of garlic bulb exiract. Maximum
seed yield was recorded with the seed treatment with
carbendazim followed by Ridomil MZ 0.02% spray for
Altermaria management. Bio-agents and garlic bulb extract
as seed treatment alone and its combination with foliar
spray were found statistically at par among themselves.
However, seed treated with the bio-agent (T. harzianum)
recorded the maximum test weight (5.03g) and the
maximum plant stand was observed when the seed were
treated with the combination of apron + carbendazim.
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Absftract

Thirty three genotypes of Indian mustard were tested
at seedling stage under three artificially created
salinity levels i.e., 2 (control), 6 and 10 dS/m. Finding
revealed significant reduction occurred in germination
per cent, root and shoot length, speed of germination
and dry weight of seedling as salinity levels increased.
Mustard genotypes BIO 169-36, RGN 81, SKM 9927,
Krishna, RH 9615, RH 0116, Kranti and Urvashi were
identified salinity tolerant at seedling stage.

Keywords: Indian mustard, salinity, seedling stage

Qut of 7 m.ha of salt affected soils in the country, about
1.2 m.ha is affected with salinity in the state of U.P. atone.
The germination and seedling growth of mustard under
salinity levels is critical one and thus becomes a limiting
factor for production of crop. Under such condition
identification of salt tolerant genotypes is of paramount
importance for managing salinity. The salt tolerance in
mustard varies from variety to variety (Lallu and Dixit,
2001; Chopra and Chopra, 1992). Keeping above in view,
the study was conducted to identify genotypes of Indian
mustard which have tolerance to salinity at seedling stage.

Table 1 Germination (%), roct length (cm), shoot length (cm) as influenced by different levels of salinity in Indian mustard cultivars

Germination %

Root Length (cmy Shoot length (cm)

Genotypes 5. S S Wean %Red 5. 5. 5.  Wemn %Red 5. S S, WMean % Red
RGN 73 98 90 72 866 265 91 62 55 69 595 118 102 03 104 211
BIO 772 90 92 74 853 177 13 79 72 93 446 125 113 97 111 224
BIO 169-06 100 9 - 78 913 22 122 108 107 103 123 11 104 102 107 7.2
RGN 81 10 8 76 880 24 73 81 64 74 168 105 101 98 100 57 -
SKM-9927 98 98 76 906 224 114 61 89 98 219 117 107 88 104 247
Krishna 88 84 B8 786 227 13 125 86 113 338 129 12 11 119 147
JGM-02-01 100 92 76 88.3 24 9.4 7.8 4.4 7.2 531 111 10.6 8.9 10.2 19.8
RM-51 10 90 76 886 24 124 99 33 82 733 128 11 77 105 398
YET-17 98 94 74 886 244 10. 786 £9 81 3.0 12 10.9 8.7 10.5 278 .
RM-11 10 88 76 850 24 104 94 B0 B9 336 125 118 108 117 136
SKM-0158 90 88 66 813 266 101 77 6 78 405 129 113 108 116 182
RN-510 100 98 76 913 24 128 75 51 B4 595 114 107 107 109 &1
RGN-48 10 100 72 906 28 93 66 56 73 434 104 10 94 98 96
RH-9615 9 90 70 833 222 114 B85 84 94 263 123 113 102 115 113
CS-5084 92 78 64 746 304 56 52 26 44 535 9 66 59 71 344
CS&-137-28 - 93 98 7a 81.3 204 89 5.1 35 6.1 60.6 8 7.9 75 7.8 6.2
SAL-7 . 9% 8 64 820 333 63 52 2 45 682 73 76 54 67 2B
SAL-9 . 96 94 54 81.3 437 8.6 55 47 6.2 453 8.6 7.9 79 a1 8.1
C5-611-1-3-6 ! 90 76 60 75.3 333 1.8 85 4 N 57 487 B.7 87 75 83 13.7
C$-609-5-3-1 9 8 70 800 222 76 66 42 61 447 86 77 72 T8 162
RH-9623 56 34 32 406 428 66 67 55 62 166 98 95 76 539 224
RH-0116 9% 9 78 860 133 129 B9 63 93 511 128 116 408 117 162
NDRS-2003 92 8 & 800 282 124 74 67 87 458 118 116 98 110 169 -
NDRS-2002 94 92 58 813 382 99 73 72 81 272 115 95 83 104 194
NDRS-2001 98 96 70 88.0 285 83 69 438 \‘ 66 431 10.7 10.2 G9 10.2 74
CSs-52 a6 a4 70 86.6 27 10.8 9 81 9.2 23.5 10.7 1C.3 83 101 16.5 -
Varuna 8 84 62 773 27.9 128 148 89 121 304 127 112 106 115 165
Krant 82 82 B8 773 17 73 73 & 77 178 12z 107 103 107 B
Urvashi 42 42 34 39.3 19 54 54 4.9 5.2 92 10.0 9.5 9 83 10
RH-8816 98 9 72 886 265 8 84 59 74 262 1286 112 88 108 301
RH-8814 100 98 74 96 26 105 9 74 B9 285 123 115 104 115 113
RH-8701 9% 92 74 873 229 93 68 47 68 484 127 102 102 411 198
NPJ-92 94 92 70 853 255 87 89 47 T4 459 118 109 108 101 84 .
Mean 919 876 678 97 78 58 1M1 101, 91 )
CD (P=0.05) "} H
v 49 0.4 0.3

s 14 0.1 0.1

VxS 85 07 04

$, = Control; 8, = 6Ec; 8, =10 Ec
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Table 2 Speed of germination and dry weight of seedling as infiuenced by different salinity levels of Indlan mustard cultivars

Genctypes Speed of germination Dry wi. of seedlings {mg) / & seedlings Overall %
5, S, 5 Mean % Red 5, S, 5, Nean e Red Reductian
RGN 73 27.2 21.8 21.8 234 205 242 21 17.2 208 28.9 27.3
BIO 772 19.6 204 16.4 18.8 163 47.5 442 27.5 397 421 2886
BIO 169-96 26.0 20.4 17.2 212 338 443 44 40.2 428 9.3 18.9
RGN 81 28.4 26.0 256 2686 98 255 24 23 236 9.8 *3.2
SKM-9927 272 268 24.0 26.0 1.7 36 34 30 33.3 16.7 135
Krishna 16.8 17.6 14.0 161 16.6 41.2 40 37 39.4 10.2 19.8
JGM-02-04 284 27.2 24.8 268 126 283 28 23.3 285 17.7 254
RM-51 28.0 256 248 261 14 37.2 34 31.2 341 16.1 329
YET-A7 58 237 PIE 234 218 333 32 27 N7 184 47
RM-11 27.2 236 228 24.5 16.1 37.2 35.2 252 325 323 239
SKM-0158 232 22.0 21.2 221 88 37 35 28 333 24.3 232
RN-510 244 24 4 224 237 8.1 32.2 29 24.4 285 24.2 24.4
RGN-48 28 4 288 260 27.7 84 283 272 21.5 258 24 t227
RH-S615 23.8 238 18.6 222 8.9 a5 30.2 30.3 31.8 13.4 18.0
C5-508-4 232 212 18.0 20.8 22.4 30.2 27 24 27.0 20.5 32.2
C5-137-28 272 272 260 26.8 4.4 Ch| 28 25 280 19.4 222
SAL-7 236 24 4 2186 23.2 8.4 352 32 27.2 281 227 31.7
SAL-9 276 23.2 18.4 23.0 33.3 Nz 27.2 243 27.5 221 305
CS-611-1-3-6 22.8 172 13.2 17.7 421 33.2 311 217 286 346 34.5
C5-608-5-31 208 22.0 196 208 5.7 30.2 281 244 27.5 19.2 215
RH-8623 136 7.2 4.8 85 64.7 344 20.2 23.3 289 32.3 358
RH-0116 264 264 25.0 262 1.5 33.2 32.1 28.2 311 15.1 19.1
NDRS-2003 22.4 19.2 17.6 19.7 214 343 303 212 288 38.2 3304
NDRS-2002 232 228 16.8 20.9 275 282 26 21.2 251 248 274
NDRS-2001 228 21.6 204 21.6 10.5 34.2 28 21.2 27.8 38 255
CS-52 240 18.4 140 18.8 41.8 32.5 28 243 28.2 252 26.8
Varuna 216 20.4 16.0 193 259 34 34 30 32.8 11.8 225
Kranti 228 20.0 172 2040 245 242 23 22.2 229 83 151
Urvashi 9.2 9.2 5.0 B.1 347 27 24.8 24.5 239 9.3 16.4
RH-8816 26.0 23.2 19.2 22.8 25.1 32.2 31.5 27.3 303 152 248
RH-8814 224 240 180 210 285 30 29 242 217 19.3 222
RH-8701 236 19.6 14.8 19.3 372 30.3 291 19.8 26.3 353 329
NPJ-82 24.8 224 208 228 16.1 42 33 26.2 337 376 28.7
Mean 236 218 19.0 ©329 30.5 253
GD (P=0.05)
\% 17 07
S 05 0.2
VxS 3.0 1.2

S, = Control, S, =6Ec; S, =10 Ec

An expeniment was conducted at the Ollseed Research
unit of C.S. Azad University of Agriculture and
Technology. Kanpur under laboratory conditions in
Petridishes adopting Completely Randomized Designwith
33 mustard genotypes. As given in table, at three
artificially created salinity levels i.e., 2,6 and 10 dS/m.
Each treatment was repeated four times during rabi
2003-04. Two filter paper circles of 10 cm diameter were
placed at the bottom of petridishes and duly moistened
with a thin film of salt solution of desired salinity. Twenty
five seeds of uniform size, treated with 0.20% HgCi, to
avoid fungus growth were evenly placed on the filter paper
in each petridish. Seed germination was recorded daily up
to 12 days after sowing. At the end, five seedlings were
randomly taken for recording the root and shoot length.
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The speed of germination was calculated as per Mageuive
(1962).

In general, reduction in germination percent, root length,
shoot length, speed of germination and dry weight of
seedlings were recorded with increasing safinity fevefs in
all the genotypes screened (Table 1 and 2). At higher
salinity levels genoctypes BIO 169-96 and RH 0116 showed
higher germination (78%), BIO 169-96, SKM 9927,
Krishna, RH 9615, CS$-52 and Varuna showed higher root
length {between 8.1 to 10.7cm) and higher shoot length
was recorded in BIO 169-96, Krishna, RM 11, SKM 0158,
RN 510, RH 9615, RH 0116, Varuna, Kranti, RH 8814, RH
8701 and NPJ 92 {between 10.0 to 11.00cm) {Table 1).
Maximum valued of speed germination (24.0 to 26.0) was
recorded in RGN-81, SKM-8927, JGM02-01, RM-51, RGN



Effect of salinity on Indian mustard at seedling stage

48, CS 137-28, RH 0116 and higher dry weight of
seedlings (between 30.0to 40 2 mg) were recorded is BIO
169-96, RM 51, RH 9615 and in Varuna at higher salinity
level (10Ec) (Table 2).

The salinity tolerance of different genotypes was assessed
by the overall reduction in above recorded parameters and
genotypes BIO 169-96, RGN 81, SKM 9927, Krishna, RH
9615, RH 0116, Kranti and Urvashi were identified tolerant
to salinity at seedling stage as these showed overall low
reduction (<20%) (Tabie 2}.
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Abstract

Soybean seed of most of the varieties remained viable
upto 240 days after harvest with germination of more
than 70%. However, after 270 days after harvest only
MACS 450, JS{SH) 93-97 and J 335 had minimum
permissible germination limits.

Keywords: Soybean, germination, seed viability

Soybean, one of the first three major vilseed crops of India
is an introduced crop in Northern Telangana Zone of
Andhra Pradesh. The area under this crop is being
increased many folds particularly in Adilabad, Nizamabad,
Karimnagar and Khammam districts due to establishment
of processing industries and market facilities. 1t has
become an alternate and remunerative crop to cotton and
groundnut crops in majar black cotton soils under rainfed
situaticn in the zone, The coverage of this crop in the zene
has been increased from 53,886 ha in 2002 t0 1,27,077 ha
in 2005 kharif season. However, the information pertaining
to the suitable varieties for the zone was lacking. Keeping
this in view, a field experiment was conducted for three
consecutive years from 2001 to 2003 at Regional
Agricultural Research Station, Jagtial mainly to firnd outthe
soybean varieties suitable for kharif rainfed conditions.

A field experiment was conducted during 2001 to 2003 in
black soils during khanf season under rainfed situation at
Regiconal Agricultural Research Station, Jagtial located in
Northern Telangana Zone. Sowings were taken up during
last week of June in all three seasons, Experiments were
faid out in Randomized Block Design with three
replications. Applied the recommended dose of nitrogen
(N), phosphorus (P}, potassium (K) and sulphur (S)i.e., 30
N80 P,0,40 K,0:20 S Kg/ha as tasal. Pre-emergence
weedicide alachlor was sprayed after sowing @ % ml/l to
control weeds. Need based plant protection measures
were taken,

Data on various yield attributing plant characters (plant
height, days to 50% flowering, days to maturity, number of
pods/plant, 100C seed weight, number of seeds/pod and
grain yield} and weather parameters were recorded during
crop growth and harvest. Rainfall, relative humidity,
temperature and sunshine hours prevailed during the
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crop growth period in three years were presented in Fig. 1
and 2.

The total rainfal) received and number of rainy days during
crop growth peried in 2001, 2002 and 2003 were 493 mm
(29 days), 452 mm (24 days) and 976 mm (32 days)
respectively. Dry spell of about 20 days prevailed during
reproductive phase in all the three seasons. Whereas, in
2002, dry spell occurred even during vegetative phase.
During crop growth period maximum sunshine hours were
observed in 2002 as compared to 2001 and 2003.

Among the seven varieties studied the mean seed yield
ranged from 990 kg/ha to 2319 kg/ha (Table 2). The black
seed variety JS(SH) 93-37 recorded highest seed yield of
2319 kg/ha followed by JS 335 (2036 kg/ha) and DSb 1
(1568 kg/ha). Highest seed yield in JS{SH} 93-37 can be
attributed to more number of filled pods/plant, number of
seeds, test weight (Table 1), Gil content was also highest
in JS(SH) 93-37. Similar results were also reported by
Barik and Sahoo (1989), Thakur et al. {2003) and
Paradkar and Ceshmukh (2004).

When year wise seed yield data was observed, highest
mean seed yield of 1764 Kg/ha was recorded during kharnf
2002. Among the varieties JS(SH) 93-37 and JS 335
recorded highest seed yield of 2817 and 2832 kg/ha
though, the rainfall received during crop growth period in
that particular year was only 452 mm as compared to 493
and 976 mm rainfall during 2001 and 2003 respectively.

Moreover, during 2002, the crop was exposed to two dry
spells of each about 20 days at vegetative and
reproductive stages. The terminal drought prevailed had
badly effected the pod filling in LSb 3 and DS3b 1 resulting
in reduced harvest index and seed yield. Highest yield
during 2002 can be attributed to better solar radiation
during crop growth period as compared to 2001 and 2003.
Hence, this crop can be cultivated successfully under low
rainfall situation in Northern Telangana Zone.

Pooled data indicated that plant height (30 cm), total dry
matter (6448 kg/ha) and oil content in seeds (19.97%)
were highest in JS(SH) 93-37, whereas crop duration was
highestin LSb 3 and the harvest index was mare in JS 335
(36.8%).
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Table 1 Yield atiributing characters of soybean varieties under rainfed conditions in kharif (Pooled of 3 years, 2001-2003)

Variety Plant height  Days to '50% Days to Number of filled  Pod filling ~ Number of 1090 seed Oil content
(Cm) flowering maturity pods/plant (%) seeds/pod  weight (g) {%)
MACS 450 57 45 102 59 78 26 97.8 18.47
PK 1029 40 43 103 53 74 25 102.6 19.583
PK 472 41 48 96 54 54 2.3 102.8 18.60
Dsb i 67 45 96 62 78 27 843 1973
JS{SH) 83-37 90 44 97 &3 9D 341 121.6 19.97
JS 335 50 42 94 56 a0 31 113.2 19.40
LSk 3 54 47 106 33 - BS 2.4 92.0 19.23
CD {P=0.05) 8.30 1.72 3.3 15.8 8.5 0.4 6.83 0.62
CV (%) 14.02 3.31 2.8 25.1 9.5 13.2 575 278

Table 2 Total drymatter, seed yield and harvest index of soybean varieties under rainfed conditions

Variety TOM (Kg/ha) Grain yietd (Kg/ha} Harvest index (%)

2001 2002 2003 Pooled 2001 2002 2003 Pooled 2001 2002 2003  Pooled
MACS 450 5432 4777 3087 4435 1§35 1448 1105 1396 304 30.3 35.7 32.0
PIK 1029 4524 3913 3472 4103 1556 13056 1285 1382 316 33.3 37.0 34.0
PK 472 2957 4549 3236 3581 961 15600 1259 1240 325 33.0 389 34.8
DSb 4 5671 6274 5653  SBES 1630 1243 1821 1568 28.9 19.8 322 27.0
JS(SH) 93-37 6088 7380 5875  B448 2149 2917 1890 2319 35.3 395 . 322 35.7
J5 335 4572 6938 4883 5466 174z 2832 1535 2036 381 408 314 36.8
LS 3 3128 6319 2403 3950 1004 1104 861 8 390 324 175 358 2858
CD (P=0.05) 466.8 5374 8370 10299 2076 2479 3871 4238 504 5.09 43 5.57
CV (%} 8.56 9.79 209 1818 831 1417 274 233 1247 1587  11.9  14.4%
Table 3 Germination percentage in different varieties after harvest
Variety 30 DAH 60 DAH 90 DAH  120DAH 150DAH 180 DAH  210DAH 240 DAH 270 DAH
MACS 450 94 88 81 78 76 74 72 71 70
PK 1029 85 79 72 67 84 - 81 61 59 56
PK 472 30 88 83 78 75 3L 72 72 69
DSb 1 91 87 84 .7 79 76 - 74 T2 70 59
JS(SH) 93-37 98 92 88 87 84 81 78 75 73
J5 335 93 80 84 82 ' 78 77 75 - 74 73
LSk 3 82 79 77 73 71 60 71 70 68
CD {P=0.05) 7.77 7.51 8.06 8.07 7.75 7.56 7.49 7.89 7.82
CV (%) 740 748 8.51 8.92 - 8.87 8.91 897 9.64 5.58

DAH = Days after harvest

In soybean seed viability is a problem. tn this study the !

results of germination test conducted at monthly intervai Paradkar, V.K. and Deshmukh, M.R. 2004. Productivity of
after harvest (Table 3) indicated that up to 240 days after soybean, Glycine max L. Merril as influenced by date of
harvest the germination percentage is above seed sowing in Satpura Plateau Zone of Mathya Pradesh.
certification level (70%), where as after 270 days after Joumnatl of Qilseeds Research, 21{2); 351.

harvest only in MACS 450, JS(SH) 93-37 and JS 335

ATy _ h e K Thakur, N.S., Raghuwanshi, R.S. and Sharma, R.S 2003.
mimmum permissible germination limit was recorded.

Performance of soybean genotypes under different row
References spacings and seed rales in medium black soils of

. Satpura Plateau. Research on Crops, 4(3): 313-316.
Barik, T. and Sahoo, K.C. 1989. Response of soybean 1o date of

sowing and spacing. Indian Joumnal of Agronomy, 34
{4). 464-466. .-
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