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Abstract

The mustard aphid, Lipaphis erysimi (Kaltenbach) is
the key pest of rapeseed mustard crops and damages
the crops ranging from 9-96 % in different
agro-climatic conditions of India. The existence of
glucasinolate-myrosinase system in L. erysimi was
realized in recent years which is a well defined
phytochemical character of crucifers. The temperature
between 20-25°C, average rainfall 39 mm, RH 72% and
the tender stage of the crop are conducive for the
population build up of mustard aphid. The various
population count methods and economic threshoid
levels commonly followed in India have been
discussed. Integrated management based on cultural
control, development of resistant varieties by
conventional breeding and with the help of
biotechnological tools, use of botanicals and natural
enemies and application of insecticides following
economic threshold level is the ideal approach to
manage aphid pests in oilseed Brassica crops.

Key words: Oilseed Brassica crops, Lipaphis

erysimi, integrated management
Introduction

Rapeseed-mustard accounts for nearly 8 m. ha acerage
with a production of about 5.8 m tones of cilseeds in India
(Ké_atiyar ef al, 2005). Its national average productivity is
quite low i.e., 903 kg/ha as against the potential yield of
2600-3000 kg/ha {Sharma, 2005}). The production of
rapeseed-mustard is low in India as compared to other
Countries because it is mainly grown in marginal lands
unt{er rainfed conditions, low and imbalanced use of
fgrtmlizers and of damages due to insect pests and
dlsea_‘ses (Bakhetia and Sekhon, 1989). More than 43
species of insect pests infest rapeseed-mustard crops in
india, which include about a dozen species as major
pest§ (Purwar et af., 2004). The mustard aphid, Lipaphis
erysimi (Kaltenback) (Homoptera: Aphididae) is the key
?eSt of rapese_ed-mustard and damages the crop ranging
oM 910 96% in different agro-climatic conditions of India
{Singh and Sharma, 2002). The pests cause severe

damage to the crop in the absence of conirol measures.
The losses in seed yield can be minimized by adopiing
chemical control measures. However, in addition to the
high cost of insecticides, several other drawbacks of the
chemical control, viz., develocpment of resistance to
commonly used insecticides, pest resurgence, secondary
pest outbreak, build up of insecticide residues in oil and
cake beyond the permissible limit and the degradation of
the envirecnment (Singh, 2001; Singh and Sharma, 2002).
Therefore, it is imperative that available pest management
tactics should be such that the situation is not aggravated
to a point of no return. Keeping this in view, an attempt is
made here to review the available information on the
integrated management of L. erysimi, so that an
economical and effective management strategy may be
framed {Dhaliwal and Arora, 1596).

Specificity of L. erysimi to oilseed Brassica crops

The myrosinase-glucosinolate system has long been the
defining phytochemical character ofthe order Capparales.
The enzyme myrosinase exists in the form of a group of
isozymes in family Brassicaceae. These hydrolyse
glucosinolates, a diverse group of sulphur containing
glucosides, present in all cruciferous plants to yield
D-glucose, hydrogen sulfate, hydrogen and nitriles,
thiocyanates, amines, isothiocyanates and epithionitriles
depending upon such facters as substrate, pH or the
availability of ferrous ions. Evidences suggest that, /i vivo,
glucosinolates and their volatite degradation products be
involved in the interactions between cruciferous hosts and
their potential pathogens, herbivores and symbionts
{Bones and Rossiter, 1998). The volatile degradation
products in intact or wounded plants have been implicated
as attractant or repellent for mustard aphid depending on
concentration (Dilawari and Atwal, 1989). The seiectivity
of mustard aphid, L. erysir, a specialist pest, with respect
to probing pattern and diet uptake was observed when the
diet was supplemented with such extracts from host plants
of varying susceptibility to the aphid {Dilawari and Atwal,
1987). Moreover, under field conditions, the aphid was
found to colonise the cuitivars having low amount of
glucosinolates (Dilawari and Dhaliwal, 1996). Mac Gibbon
and Benzenberg (1978) have shown that L. erysimiis also
known to possess myrosinase enzyme. These



Integrated management of Lipaphis erysimi (Kaltenbach) in cilseed Brassica crops : A review

myrosinases exhibit electrophoretic mobilities distinct from
those ofisozymes of their host plants (Anita Kumari et af.,
2001).

Myrosinase, the glucosinolate degrading enzyme, is
known to exist in several different forms which may have
different levels cf activities (Mithen, 1992). The studies on
myrosinase isozyme from various cruciferous cultivars,
viz., Brasica napus, B. cannata, B. campeslris, B. juncea
and Fruca sativa varying in susceptibility to mustard aphid
attack, demonstrated polymorphism ranging from cne to
inree isozymes, Altogether, there are four isozymes. First
isozyme {Rf=0.07) is presentin B. napus, B. carinata and
B. juncea while anather one (Rf =0.23) is present in 8.
carinata, B. juncea and E. sativa. The isozymes of B.
campestis (Rf= 0.14) and B. carnafa (Rf = 0.44) are
distinctly different from all others (Fig. 1a). The volatile
aglucone profiles of these cultivars shows qualitative and
quantitative variations with respect to isothiocyanates of
Ho-butenyl- allyl-, butenyi- and Ho-indotyl-giucosinolates.
Allyliscthiocyanate is present in all the species while
Ho-indolyl-glucosinclate is present in B. juncea and B.
carinata. |sothiocyanate of Ho-butenyl glucosinolate is
absent from B. juncea and B. napus while present in 8.
cannata, B. campestris and E. sativa, though amount is
maximum in E. sativa {Table 1). The distributio pattern of
myrosinase isozyme has been reported to be organ,
species and age specific {Bones and Rossiter, 1996). It
has Yeen postulated that the particular isozyme
corresponds to endogenous conditions found in that plant
or to conditions found in target organism or tc a particular
glucosinolate that dominate the profile of that tissue .
Different aglucone profiles are known to be the result of
different isozyme patterns (James and Rossiter, 1991).

The glucosinolates have their impact on insect-plant
interactions in Brassica, individually. The comparison of
major volatiles from host plants viz., B. cannala and B.
napus and mustard aphid feeding on these hosts (Table
2) reveals the presence of four common isothiocyanates
{Ho-butenyl-gin, allyl-gin, butenyl-gin and Ho-indolyl-gin)
in host as well as in the aphid although in different
amounts. Blum (1992) also reported the presence of
identical isothiocyanates from B. campestris and L.
erysimi. These observations indicate that these aglucones
are  sequestered in the aphid which are either
metabolized and incorporated in the body for other
adaptive functions (Picket and Griffiths, 1980) or may act
as sink of nutrients like nitrogen and sulfur (Bone< and
Rossiter, 1996).

The isozyme pattern of the enzyme collected from the
aphid feeding an rapeseed-mustard cultivars are quite
distinct in the aphid from those of the cultivars (Fig.1b).
The isozyme with Rf = 0.39 is universally present in the
aphid while the other one with Rf = 0.05 is induced in
response to specific type of glucosinolates. The presence
of myrosinase in the body of the aphid indicates that the
aphid metabolizes sequestered glucosinolates for some
specific purpose. The aglucones, being insoluble in water
cannot be eliminated as such and are probably
incorporated into the species specific alarm pheromones
of mustard aphid (Picket and Griffiths, 1980). In this way,
glucosinolate-myrosinase system of crucifers and its
herbivorous mustard aphid has an evolutionary
significance of utilization of glucosinolates by the aphid
which are otherwise toxic to non-crucifer feeding insects
(Anita Kumari et al., 2001).

Table 1 Volatile isothiocyanate composition (ug/g) of cruciferous species

Cuitivar

Relative r(ethi)rmon time Glucosinclates Brasica carinata Brasica juncea Brassiqa napus cgrf;f:;iffs Eruca safiva (TMH-
(Hc-9001) (RC-199) {(Midas) (BSH-1) 52)
0.88 Ho-butenyl 11.91 - - 21.50 26.70
1.00 Allyl 8.82 33.88 20.00 27.20 18.80
1.14 Butenyl 2.38 564 - 15.00
1.24 Unidentified 459 10.16 £7.00 518 877
1.31 Ho-indolyl 3.18 10.84 - - .

Source: Anita Kumari et al., 2001,

Table 2 Volatile isothiocyanate content {ug/g) of Brassica host plants and mustard aphid

Relative retention

Host plant

Mustard aphid feeding on

Glucosinolates

time (R B. carinata (PC-5) B. napus (GSH-1) B carinata (PC-5) B. napus (GSH-1}
0.88 Ho-butenyl 109.00 112.00 25.00 12200
1.00 Allyl 33.00 429 13.00 3.50
1.14 Butenyl 6.93 7.30 1242 7.60
1.31 Ho-indolyl 4.25 3.13 2.35 4.03

Source Anita Kun.ori ef al., 2001,
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Fig.“li. Zymogram showing the patternn of myrosinase isozymes from different cruciferous cultivars
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Fig. 1b. Zymograse showing the patternn of myrosinase isozymes from mustard aphid feeding on different cruciferpus cultivars

Source: Anita Kuma

Life History

The apterae | erysimi are small to medium sized aphids,
yellowish green, grey green or olive green covered with a
white wax bloom. No marginal tubercles on abdominal
segments | and VIL. The aphid shows a longitudina) row of
impressed areas on each side of the mid-abdominal
dorsum. Antennae with weakly developed tubercles and
ho secondary sensoria, processus terminalis 2.0-2.25
times the base of the segment V! . Siphunculi pale to dark
brown, rather shorter but tonger than the cauda, tapering
ornearly clavate. Cauda elontate with 4-6 hairs, Twa hairs
are present on the first segment of the hind tarsus. Alatae
have a dusky green abdomen with conspicuous dark
lateral sclerites and dusky wing veins (Basu and Banerjee,
1958: Blackman and Eastop, 1985, Bhattacharya, 1990).

In India, L. erysimi appears on the mustard crop in
Novernber and continues up to March, having highest
Populations during mid-February to mid-March {Singh and
Verma, 1990; Rana et al., 2001; Rai and Singh, 2001;
Sekhon. 2001), The temperature between 20-25°C,
Jverage weekly rain fall 39 mm and RH 72% are
E‘“’O”rab'e for the population build up of mustard aphid.
Owever, lower atmospheric temperature (3.0-14 5°C;
mean 7.8°C), heavy weekly rain fall of (73 mm), hail storm

ri et af,, 2001

and high humidity { > 92 %) adversely affect the population
of L. erysimi (Singh and Rawat, 1979; Rana and Bisht,
1988; Singh and Verma, 1990: Rana et af., 2001) .

At the advent of spring during March/Aprit when the
average temperature rises above  28°C and the mustard
crop matures, the alatoid viviparous forms appear in huge
numbers and migrate towards hills from where they return
to the plains during late autumn when the cruciferous
crops are abundantly available. At first, the immigrant
alate forms appear and they multiply very slowly (38-40
aphids/10 cm central twig) parthenogenetically up to the
last week of January and the apterae contribute largest
population (148-163 aphids/10 cm central twig} in the third
week of February. In March, again the alatae become
abundant {4-23 aphids/10cm twig), followed by a decline
in the aphid population (Kurl and Mishra, 1979; Singh and
Rawat, 1979; Mishra and Kurl, 1983; Singh ef a/, 1983
Rana and Bisht, 1988; Singh and Verma, 1990; Rana et
al., 2001),

The different parts of mustard plant exert influence on the
growth and development of aphid. The nymphs develop at
very fast rate and require short nymphal peried (8.6 days)
on leaves, while they took iongest period (8.0 days) when
teed on peds. The aphids complete their total life cycle
(nymphal period+ aduitlongevity) in 12.2 days on flowering
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shoots and require 22.4 days on stems. The fecundity was
less i.e., 8.4 nymphs on inflorescence and highest (61
nymphs) on stems, The adult longevity has also been
found to be shortest (5 days) on inflorescence and longest
{14.4 days) on stems. All nymphs reared on pods develop
into alatae, whereas, the nymphs reared on inflorescence
and leaves remained in apterous form (Singh et al., 1983).

Population count and economic threshold

- For crop protection point of view, a quick estimation of
aphid population density is required. Very often, the crop
inspectors aim only at determining whether an economic
threshold has been reached ar not. The population count
methods and economic threshold levels commonly
followed in India are described below.

Population count

1. Select 10 plants at random and observe the whole
plant for recording the aphid numbet/plant. Count
the aphids (nymphs, apteraus and alataej from
different parts of the whole plant (twigs, leaves, main
stem, branches, flowers and pods) at weekly interval
starting from the first appearance of the aphid and
continue till harvesting (Rana ef al, 2001). This
method is followed in case of low population density.

2. Select 100 plants from the mustard field and tag
them. Take the totai population count from the top
10 ¢m central shoot of the tagged plants at weekly
interval from the first appearance of L. erysimi in the
field until harvest (Rai and Singh, 2001). This
method is used to determine the seasonal and
spatial distribution of aphids in the fieid.

3. Grow mustard crop in a plot size of 2.7 x 5m. Select
30 plants at random from this plot and record aphid
population from 15 cm long central twig of each plant
at an interval of ong month, three times in the
season (Singh ef af., 1990a).

4.  3elect 10 plants at random and tag them. Count the
aphids frem 15 cm long central hwig of the selected
plants per replication (60 plants per treatment). Take
observations at regular weekly intervals (Singh et
al., 1990b),

5. The following method is adopted to find out the
number of aphids present on a plant when
visual/absolute counting of aphids in difficult (Singh
and Singh, 1994).

Length of the twig infested with Number 01; aphids

mustard aphid present
1 mm 101
2 mm 20£1
3mm 3041
4 mm 4011
10mm 1001

Selectthree plants at random from the standard plot,
Record aphid count from upper, middle and lower
portion from each selected plant at each
observational period. Note aphid population in the
above manher at weekly intervals starting with the
incidence of aphid population till harvest of the crop
(Singh et al., 1989).

Take the plot size of 5m x 2.5 m, select 5 plants at
random for population count per plot and note
aphids/10 cm terminal shootplant. Select 20
plants/plot at random and caiculate per cent plant
infestation. Take these observations at weekly
intervats throughout the period of aphid incidence -
(Bakhetia and Ghorbandi, 1989; Bakhetia et al.,
1989). For determining the degree of association
between the aphid population and  percent
plant-infestation, work out the correlation coefficient
® and the regression equation (Y = a + bx).

Where | Y = yield {kg/ha)

a = constant representing the average yield of uninfested plot

b = regression coefficient (damage inflicte by each unit of aphid
population per cent plants infested by the aphid)

x = The aphud popylation or per cent plant infestation.

In order 10 evajuate the insecticidal dusts, grow the
mustard crop in plot size 3 x 3m? or 2 x 2 m?, Phadke
and Prasad (1989) evaluated five insecticidal dusts,
such as guinaiphos 1.5 %, matathin 5%, phenthoate
2%, BHC 10% and chlorpyriphos 1.5% and
compared it with untreated control. All the
insecticidal dusts were applied @ 25 kg/ha in two
split doses. The first application of 15 kg/ha was
done after the first appearance of aphids on
inflorescence shoots and the second application of
10 kg/ha was done after an interval of 20 days. Five
numbers of inflorescence shoots were selected at
random from each plot and observations on aphid
incidence before and after 1, 3, 7, 14 and 20 days of
the chemical treatment were taken on 10 ¢cm length
of selected inflorescence shaots.

Misra and Singh (1990) evaluated the efficacy of soil
application of gystemic granular insecticides, viz.,
aldicarb 10 G, carbofuran 3 G, mephospholan 5 G,
phorate 10G, disulfotan 5 G and disulfoton 5 G
against L. esrysimi during the rabi seasons of
1979-80 and 1980-81. The granules were applied @
1.0and 2.0 kg a.i./ha in 6 cm deep furraws opened
by hand hoe on one side of the plant row 35 days
after sowing in the first year and 77 days after
sowing in the second year. Immediately after
applicafion. the granules were: covered with soil and
a light irrigatian was given. Aphid counts were made
from the 15 ¢m central top shoot of the randomly,
selected five plants per plot on 7, 14", 21%, 28"
35", 42", 49" and 56" day after application. P



1D, Rana et al. (1995} noted the absolute population of
mustard aphid on 10 randomly selected plants per
reatment on first day of every standard week
starting from its appearance until harvest of the crop.

Kotwal and Singh (1994} had grown Indian mustard
variety 'RLM 198" during rabi 199¢-9Tin 4 x 2.5 m
plot size at a spacing of (30 x 10) cm. Foliar
application of insecticides {phosphamidon 0.03%,
oxydemeton methyl 0.03%, dimethoate 0.03%,
endosulphan 0.034% and 0.07%, monocrotophos
0.035%, mafathion 0.05%, chiorpyriphas, 0.025%
and 0.05%) were evaluated by spraying with a foot
sprayer at the rate of 750 litres of spray fluid/ha.
Observations on aphid incidence befere and 3, 5, 7,
10, 15 and 20 days after insecticidal treatment were
taken on 10 cm fength central shoots of five plants
selected at random from each plot. The experiment
was conducted in a Randomized Block Design with
three replications.

11.

12.  Singh et al. {2001) conducted a field experiment in
a Randomized Block Design with four replications to
study the bicefficacy of plant based synthetic
compounds (Benzaldehyde, Benzyl benzoate,
Methyl benzoate and Methy! salicylate) with neem
soap against L. erysimi in yellow sarson by taking
plot size of 2 x 3.6m and plant spacing of 45 x 15
cm. Different concentrations {0.025, ¢.05 and 0.1%)
of synthetic compounds with two controls one with
neem soap (0.025, 0.05 and 0.1%) and the other
simply water were sprayed with the help of hand
operated sprayer. The aphid populations before
spray and 24, 48, 72 and 96 h after treatment were
recorded on 10 randomly selected plants on 10 cm
central shoot per plot.

13.  The zlate population of aphids infesting the mustard

crop can be monitored by using yellow coloured iron
tray filled with water of 43 cm x 30 cm x 10 cm in
size and placing at a height of 152 cm in the four
comers of the experimental plot throughout the crop
season. Count the alate aphid population falling in
the yellow water trap and refill the tray with fresh
water everyday for new catches {Roy and Boral,
2002a).

14 Count the mustard apHid population from 10 cm

cen_tragt twig of ten randomily piants in each
replication (Roy and Baral, 2002a and 2002b).

Economic threshold (ETH)

Economic threshold is the pest population density at which
?0”"0| _Measures should be applied to prevent an
i:jzreal&ﬂQ‘ pest population from reaching the economic
. Dgﬁe\l\e (EIL) (Atwal, 19886). The economic thresheld of
as 1h cular pestis govemned by a number of factors such

€ Crop variety and its growth stage, season and the

ch ; .
anges in the price of preduce, insecticide and labour

Patro

(Headley, 1972; Farrington, 1977, Bakhetia et al., 1988).
The ETH values are also of great significance under
variable agro-ecological situations prevailing in different
states of India (Table 1).

Table 3  Economic threshold levels {ETL) of mustard aphidin
different states

State Number of aphids per 10 ¢m main shoct

Assam 28-23 aphids and 30% plant infestation in foria

Haryana 9-18 aphids and 30% plant infestation in mustard

Orissa 44 aphids in toria ’

Punjab 50-60 aphids and 40-50% plant infestation in mustard

Rajasthan 26-28 aphids

Uttar Pradesh  13-15 aphids

Integrated management of mustard aphid

Based upon review of literature, it js revealed that the
following IPM sfrategy is recommended to control aphid
populaticon in rapeseed-mustard ¢rops.

Cuiltural control : It comprises regular farm operations,
which is sa performed as to destroy the aphid pests orto
prevent them from causing injury (Atwal, 1986).

a} Date of sowing: The early sown crop (up to 20th
October) escapes aphid infestation because flowering is
over and piant becomes hardy before the peak period of
infestation {Singh el al., 1984, Srivastava and Singh,
2003). ‘

b) Empirical methods: Initially the mustard aphid appears
in the last week of December or first week of January on
northeast border plants or on few plants on border of the
fields or in some pockets of the crop. Therefore, removal
and destruction of the infested twigs will help in checking
lo further development and spread of the aphid pest
(Singh et &l., 1995).

c) Fertilizer application: In general heavily fertilized
Brassica crops are more prone to the incidence of
mustard aphid (Singh and Sharma, 2002). According to
Singh el al. (1995}, increase in level of nitrogen
application results in an increase of mustard aphid
infestation while significant reduction in infestation occurs
on account of addition of phosphate and potash. it was
observed that application of 40 kg N (20 kg less than the
recommended dose), 80 kg F,0. and 40 kg K,O/ha
responded appreciably in reducing the aphid infestation
with resultant increase in yield of {he mustard crop
{ov.Varuna). Potassium applied @ 80 kg/ha reduced the
infestation of aphids without use of insecticides (Singh et
al., 1997}

d) Water management: Water stress reduces amino acid
concentration in mustard plants, which consequently
reduces fecundity of the L. erysimi feeding on mustard
crop grown under water stressed conditions (Sidhu and
Kaur, 1977; Chada and Arora, 1982). Water stress also



encourages wing formation and migration of mystard
aphids (Harrewijn, 1989).

e} Intercropping: Goel and Tiwari (2004) intercropped
mustard with potato, wheat, gram (Cicer anetinum),
linseed, fenugreek and coriander and alsa as a gple crop
at Pantnagar in order to study the effect of intercropping
on the incidence of L. erysimi on mustard. { grysimi
nymphs and adults were counted from 10 rangomly
selected plants in each plot at weekly interval from 89 to
117 days after sowing. Aphid popuiation (per 19 plants)
was lowest when mustard was intercropped with Coriander,
followed by linseed, fenugreek, gram, wheat ang potato.
The maximum aphid population was recordeq when
mustard was grown as a sole crop.

Use of resistant varieties : Among the rapeseed muystard
crops, Brassica juncea and B. carinata genotypes are
found tcierant fo aphid attack as compared tg the B.
campesitis genotypes (Katag er' an!, 987 & Juncea
strains, i.e., Laha 101, T 6342, Rai 236, Rai 237, RLM
198, RLM 202, B 85, RW 2-2, RH 7846, RH 7847 Purple
Mutant and RC 199 (apetalous) and B. carinafy strains
DLSC 1 and DLSC 2 are fairly resistant to mustarg aphid
(Rohillaetal., 1999). B. tournefortii alsc harbours telatively
low aphid population indicating lolerance (Singh and
Sharma, 2002).

Bakhetia ef al. (2002) screened 2270 lines of grassica
juncea L. for their resistance to L. erysimiattwo Igcations
{Ludhiana and Bathinda} in Punjab on the basis of aphid
infestation index {A.l!.), aphid population per pyant and
percentage of plants harbouring aphid colonies for two
years {1991-93). None of the entries registered the lest
susceptible group on the basis of all the three pargmeters
at either location. However several genotypes were
graded in the resistant group on the basis of two
parameters in either year or one parameter in poth the
years. The entries showing low to moderate |ayel of
resistance to the mustard aphid included, JMG 134, MG
293, JMG 386, CSR 61, CSR 128, CSR 1386, CgRr 147,
CSR 148, CSR 1055, CSR 1244, B 89, DN 379, ©g 4024
at Ludhiana and CSR 1086 and R 7006 at Bathingy 1t was
opined that. these lines can be used in the breeding
programmes aimed at developing resistant yvarieties
through the caonventional and/or novel approyches of
breeding for pest and disease resistance.

Use of botanicals : Spraying of plant based Synthetic
compounds (benzyl benzoate, methyl benzoate penzal
dehyde and methyl salicylate) at 0.1 % concentration with
neem soap (0.025 %) causes 75-85 % mortality of L.
erysimi after 96 hours of application. Ethanolic extracts of
rhizome of Curcuma longa (turmeric (6%), petals of
Tagetes patula (marigold) (6 %) and roots of T. Bajuia (4
%) causes 100 % mortality of the mustard aphids gfter 06
hours of application (Arya and Singh, 2001). Similarly,
petroleum ether extracts of seeds of Anona squamosa

(custard apple) leaves of Ccimum sanctum {basil) and
rhizemes of Zingiber officinale (zinger) causes complete
mertality of nymphs and adults of 1. erysimi after 72
hours of application at 4 % concentration in distilled water
using Titen X-100 as an emulsifier (Singh and Arya, 2001).
The petrocleum ether extract of leaves of congress grass,
Parthenium hysterophorus Linn. at 1000 ppm showed
severest detrimental influence on nymphai developmental
period and adult emergence. The IC50 values calculated
by applying the probit analysis are 100 ppm, 140 ppm and
800 ppm for 96-100 h, 48-52 h and 6-8 h old nymphs,
respectively (Sohal ef al., 2000). Soil application of neem
leaf powder @ 75 kg/ha at the time of sowing in furrows
reduced the population of mustard saw fly, mustard aphid,
alternaria blight and white rust diseases over control and
increased the grain yield to the extent of 5.20 % over
control {Srivastava and Singh, 2003).

Biptechnolopica) approaches: The amphiploid [Erics
sativa x  Brassica campestris) developed through
protoplast fusion has proved promising for aphid
resistance (Singh and Sharma, 2002).

Use of natural enemies : The natural enemfes enlisted
below (Agarwata and Bhattacharya, 1999; Chitra Devi et
al., 2002; Ahmad ef al., 2003; Devi et al., 2003 , Singh et
al., 2003; Blande et al., 2004; Purwar and Sachan, 2004,
Soniet al., 2004; Shenhmar and Brar, 1995; Awchar et al.,
1995} play an important role in the reduction of mustard
aphid population in the field.

Hymenopterous parasites

Ichneumoneidea : Bracomidae : Chalcidoidea :
Aphidiinae Aphilinidae
Aphidius gifuensis Ashmead, A. Aphelinus sp
Matricariae Haliday, Diaretiella rapae nr. flavipes

{Mc Intosh), Ephedrus persicae Froggat, Kurdy
E. Plagiator (Nees), Lipolexis gracilis

Forster, Lysiphiebus erysimi Stary,

Froan volucre (Holidayj, Trioxys

brevicornis (Haliday) and T. indicum

Subba Rao and Sharma

b} Predators

Coccinellidae : Coleoptera: Brumoides suturalis (Fab.),
Cheifomenes sexmaculatus (Fab.), Coccinella
actopunctata Fab, C. sepfempunctata L., C. transversalis
Fab (=C. repanda Thunbarg), C. transversguttata L., C.
undecimpunctata L., Harmonia ocfomaculata Fab.
Hippodamia (Adonia) variegata {(Goeze), Micraspis
discolor (Fab), Monolepta signata (Oliver), Pamia
luteopustulata  (Milsant) (= Oenopia luteopustufaia
Mulsant), Pseudaspidimerus circumflexus (Motscchuisky),
Scymnus pyrocheifus Mulsant and S, xerampelinus
Mulsant;



gyrphidae ! Diptera: Af.fograpt_a jayana (_Wiedmann)'
Betasyrphus aeneiformis Brunetti, B. fsaacci (Bh'ana), B.
serarius (Wied.), Dideopsis aegrota (Fa-b.)‘ Episyrphus
anaiferns  (Macquart), E. balteatus (de Geer), E.
viridaureus  (Wiedmann), Eupeodes (Macrpsyrphus)
Confrator {wWiedmann}, {schiodon scutelfaris (Fab.),
Melanostoma orientale Wied., Metasyiphus confrator
\Wied.. Paragus crenatus Thomson, P. Serratus Fab., P.
tibialis Fallen, Scaeva albomaculata (Macquart), S. pyrestri
L. Sphaerophornia indiana Bigot,_ S.scripta (L.). S.
voekerothi Joseph and Sphaercphona sp.;

Chrysopidae @ Neuroptera: Chrysoperia scalastes, C.
Camea;
Hemerobiidae : Neuroptera: Micromus timidus Hagen

Birds :Gray Wag Tail bird.

Fungal pathogens

Cephalosporium  aphidicola,
Entomophthora sp., Metarhizium  anisopliae and
Verticilium lecanii were tried against aphids on
rapeseed-mustard craps.

Beauveria bassiana,

Studies on the relative abundance of the effective natural
enemies of mustard aphid, L. erysimi during 2000-01,
2001-02 and 2002-03 inthe farmers fields of eastern Uttar
Pradesh, india revealed that population of the C.
seplempunctata was highest (41.97 %) followed by C.
transversalis, D. rapae, C. carnea, C. sexmacufatus. |
scutellaris and B. suturalis with 25.03, 11.78, 7.64, 6.00,
3.93 and 3.65 % relative abundance, respectively. The
accurrence of selected natural enemies was observed on
20" December during all the years of experimentation. All
the natural enemies showed increasing trend till harvest
of the crop except C. camea and | scutellaris. The
population of these two natural enemies started
decreasing after January onwards. During the month of
January the relative abundance of C. carnea was highest
followed by 1. scutellaris. Whereas during the month of
Febr_uary onwards coccinallids occupied major share with
maximum relative abundance of C. sepfempunctata
followed by C. transversalis {Singh et al., 2003)

Studies on the influence of temperature (20, 25, 27, 30
and 35°C} on cenain biological attributes of C.
Seplempunctata feeding on L. erysimi revealed that, its
gegelopmental period was shortest (11.7+0.09 days) at
~5°C and longest (20.6+0.35 days) at 20°C. However,
32°C was found as the most suitable temperature for C.
zepf_empuncrata where hatching percentage, larval
a:gl::ai‘ adu_ltemergence,_ growth index, oviposition period

ecundity were maximum (Srivastava and Omkar
2003), '
?&‘t:;’g:!ng to Onjkar and Srivastava (2003), the order of

Dility of aphid species for G. septempunctata is L.

erysimi > : .
Tysimi Myzus persicae » Aphis craccivora > A. gossypii

Patro

> Uroleucon compositae > A. neri. The pre-adult
development was shortest (14+ 0.12 days) when fed on L.
erysimi and longest (2310.10 days) on A. nerii. Immature
survival, adult emergence, growth index, relative growth
rate, development rate, male and female longevity,
oviposition period, fecundity and hatching per cent were
maximal, i.e., 73+0.9%, 80+1%, 9+0.2,2:0.02,0.07, 8142
days, 86+1.45 days, 70+1.3 days, 17642 8.4 and 38+1.05,
respectively when C. septempunctata were fed on L.
erysimi. The same parameters were minimal, ie.,
4411 33%, 72+2%, 2+0.08, 0.510.02, 0.04, 44+1.30 days,
54+1.00 days, 162060 days, 203.20+11.83 and
48.68+2.06, respectively on A, neri. The weight of
different ladybird life stages were maximal after feeding
cn L. erysimi and minimal on A. nerri.

Singh et al. (2003) studied the preying capacity of C.
camea against L. erysimi under controfled conditions. On
average. 22, 77 and 161 aphids were consumed by 1* 2™
and 3™ instar larvae of C. camea, respectively, with an
average of 260 aphids by single larva during its
development. The average per day consumption by 1%, 2™
and 3 instar farvae of C. camea was 4, 19 and 28 aphids,
respectively.

The parasitization of L. erysimi by D. rapae was
investigated at Palampur, Himachal Pradesh, India on 8.
campestris var. sarson {BSH-1) sown in October 1998, D.
rapae appeared in the second week of January and
maximum parasitization (51.0%) was recorded in the
second week of March when mean maximum temperature,
mean minimum temperature and reiative humidity was
22.5°C, 10.3°C and 36%, respectively (Dogra ef al., 2003).

Singh ef al, (2004) estimated different life-table statistics
of D. rapae, such as age-specific survivorship,
reproductive and net fecundity rates, intrinsic rate of
natural increase, doubling time of the population and
generation time under constant laboratory condition. The
female parasitoid survived 111£2.8 days . The length of
period of intensive oviposition was 510.3 days. Total
fecundity rate (Rt} and net reproductive rate (Ra} wera
230+249 SO progeny/female and 142+14.7 SD
daughters/female, respectively. The intrinsic rate of
natural increase was estimated 0.27. The generation time
(GT) was observed to be 19 days. The doubling time of
the population was estimated 2.6 days. Progeny sex ratio
was female biased ( P= 0.383). These informations will be
helpful while utilizing D. rapae as a bioagent of L. erysimi.

Ahmad et al. (2003) cenducted experiments in the
laboratory and in greenhouses to study the effect of neem
treated aphids as food/hosts of their predators and
parasitoids. Of three neem preparations (neem cil, neem
kernel water extract and NeemAzal-T/S®) sprayed upon
eggs, only neem oil (NO) exerted a negative impact on the
hatching rate of C. septempunctata and C. camea. First
instar larvae of E. balfeatus proved to be highly
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susceptible, when feeding 24h on aphids sprayed with
neem kernel walter extract (NKWE). First instar larvae of
C. septempunctata showed a very high mortality when
feeding on aphids sprayed with different neem
preparations. Aphid feeding and life span was reduced.
Second instar larvae of C. sepfempunctata were far less
susceptible when feeding 48 h on neem sprayed aphids
than first instar, the time of their development proionged
and aphid consumption reduced. Larvae of C. cames
proved fo be less susceptible, when feeding on neem
sprayed aphids than E. balteaius and C. septempunciata.
ln C. carnea, however, significant influences were also
observed in aphid consumption, time of development,
mortality, longevity and rate of deformity. Neem oil
containing a very low concentration of azadirachtin A, had
sfronger negative effects than NeemAzal-T/S®, in &il
abservations. in the parasitoid, D. rapae, NKWE
application te the sail induced negative reactions, when
aphids on these plants were parasitised; low per cent
parasitization, lowered mummy weight, low emergence
rate of adults of F, and even of F,. Foliar sprays of NKWE
had less severe effects on this parasitoid species.

Men ef af. {2002a and b) evaluated some biopesticides
and insecticides for their safely to D. rapae, a potentiat
parasitoid of the mustard aphid {L. erysimi on {ndian
mustard cv. Pusa Bold at Akola, Maharashtra, India. t was
found that B. thuringiensis (1 kg/ha) and Neemark (1 %)
were the safer treatments followed by neem leaf extract
(5%, B. thuringrernsis at 0.5 kgrha + endosuifan (0.03 %),
endosulfan {0.05 %), Achook (0.15 %} and neem seed
extract (5 %). Dimethoate (0.03 %) proved toxic to the
hyperparasitoid.

The resistance to methamidosphos (methamedophos) and
methomyl and the effect of synergists on the insecticides
in susceptible - () and resisiant {R) strains of D. rapae
collected from Fuyjian, China were detected using the
residual film method. The kinetic parameters of
acetylcholinesterases (AchE), the activity of detoxification
enzymes in D, rapae and its host L. erysimi and the
inhibition of synergists an enzyme activities in D. rapae in
vivo were also investigated. Compared to the susceptibie
strain, the resistance to methamedosphos and methomy!
was 5.6 fold and 9.1 fold, respectively in the field collected
0. rapae. Obvious synergisms of piperony! butoxide (PB),
triphenylphosphate (TPP) and diethy! maleate (DEM) to
these insecticides were found in D. rapae, the synergism
of PB being the highest. The synergisms of PB to the fwo
insecticides in the R strain of D. rapae were significantly
higher than those in the S strain. PB, TPP and DEM did
not inhibit ACRE activity, but strong inhibilion of
carboxylesterase (CarE) activity was caused by PB and
TPP, and glutathione S - transferase (GST) activity by
DEM. The apparent Michaelis-Menten constant and
maximal velocity of AChE and the activities of CarE and
G5Ts inthe 8 strain were similar ta thoge in the R sirain of

D. rapae. In addition, a camparison of kinefic parameters
of AChE and the activities of Cark and GSTs between .
rapae and L. erysimi were conducted. The results
indicated that the resistance mechanism to
meathamidophos and methomyl in D. rapae is related to
AChE insensitivity and detoxication enzymes {Gang and
ShuRen, 2003).

Judicious use of insecticides

Chemical contral would continge 1o be the first line of
defense against mustard aphid particularly under outbreak
situation. Various insecticides viz., oxydemeton methy!
0.025%, phosphamidon 0.025%, dimethoate 0.03%,
quinafphos 0.025%, endosulfan 0.05%, Chlorpyriphos
0.03% and monocrotophas 0.05% have been advocated
on all India basis. Under dry land conditions the use of
insecticidal dusts, viz., methyl parathion 2% and
endosulfan 4% @ 25 kg/ha are found very effective
(Singh ef ai., 1984; Singh and Sharma, 2002; Srivastava
and Singh, 2003}, It has been observed that oxydemeton
methy! 0.025% and endaosulfan 0.035% are very safe 1o
the pollinators and at the same time are very effective
agamst aphids (Singh et al., 1987). According to Men ef al.
{20G26), endosuifan 0.03%+0.45 ka/ma Bacillus
thuringiensis could effectively control L. erysimi in
mustard.
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Abstract

Nine lines were crossed with four testersinalL xT
mating design to estimate the combining ability for
yield and its component traits in groundnut, Arachis
hypogaea L. The variance due to sca was greafer
than gea, which indicated the preponderance of
non-additive gene action for plant height, number of
primaries, secendaries, mature pods, immature pods
and podyield/plant. The parents viz., CO 3, TNAU 325,
TNAU 387 and M 13 can be considered as superior
parents in the present study as they recorded high per
se with positively significant gca effect for pod
yield/plant. Among the 36 hybrids evaluated, crosses
viz.,, CO 3 x M 13, TNAU 387 x M 13, CO 3 x ICGV
93260, TNAU 325 x M 13 and CO 2 x GG 2 were
considered as superior hybrids as they observed high
per se and non-significant sca effect for pod
yield/plant. These superior crosses involved parents
with significant positive gca effects which in turn
suggested the possible role of additive gene actionin
these crosses.

Key words: Groundnut, combining ability, gene

action, yield, yield components
Introduction

Many traits of economic importance in groundnut are
quantitatively inherited. The exploitation of genetic
variability {additive gene effect) of these traits through
hybridization and selection is the primary focus of most
groundnut improvement programmes. Plant height,
number of primaries, secondaries and mature pods are
important yield components, in view of their positive
correlation with pod yield. Hence, there is an urgent need
to collect basic information about these traits in order to
conceptualize breeding strategies suited to specific
conditions. The objective of this study is to determine the
combing abilty of 13 parents for yield and yield
components, The studies envisages to assess general
combing ability of parents and specific combining ability of
~rosses through appropriate biometrical methods.

Material and methods

Parents were selecied to include varietlies and cultures
that represent different botanical forms originated from

12

diverse geographical locations (Table 1). Nine lines (Cp
3,VRI 3, ALR 3, TNAU 325, TNAL 387, TNAU 379, Rose
7, CO 2, and VRI Gn 5) were crossed with testers (GG 2
M 13, ICGV 93260 and ICGV 96108) in a Line x Taster
madel during kharf 2001, Thirty six F, hybrids along wit
their 13 parents were grown in a Randomized Block
Design {RBD) with two replications during rabi/summer
2001-2002 in the Cotton Farm, Tamil Nadu Agricultura)
University, Coimbatore. Both parents and F,s were raised
in 5 rows of 3 m length. At maturity, observations were
recorded on 10 randomly selected plants from each enty
in both replications for six quantitative characters vi,
piant height (cm), number of primaries, secondaries,
mature pods, immature pods and pod yield/plant {g). The
mean values of 10 observations were subjected to Linex
Tester analysis (Kempthorne, 1957} to estimate comnbining
ability effects. Analysis of variance (ANOVA) is performed
to test the significance of difference among the genotypes
including crosses and parents. if the differences are found
significant, Line x Tester analysis is done. To test the
significance of genotypic differences, treatment mean
squares and error mean squares was compared with table
value of 'F' at the desired level of significance. Inthe case
of Line x Tester analysis, mean square due to lines and
testers are tested against mean square due to line X
testers. The later is, in turn tested against mean square
due to error, Considering the mean perfermance and §é
effects, the parents were ranked as good or high/poor o
low combiners.

Results and discussion

The analysis of variance showed significant difference®
among hybrids for all the characters, while paren®
exhibited significant mean squares for all the characters .
except for number of mature and immature poas. Tre
interaction  effect of hybrids vs parents showed
significant difference only for plant height and pod
yield/plant (Table 1).

Analysis of variance for comhining ability revealed ma%
variances due to lines was significant for all the trafé
except number of immature pods while, variance due
testers was significant for number of secondaries, matfﬁe
and immature peds and pod yield/plant. The interactio”
effect (line x tester) was significant for all the traits excel

pod yield/ptant (Table 2). The variance due t~ <0€°
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i it s greater than the variance due to
comb|n:ngczt:ni'-lé‘i/n;:“ag gability, which indicated the
genderriinant role of non-additive gene action in the
z;;rgssion of these traits. Non-additive gene ac.tion _for
these trails was earlier reported by Senthil a_nd Vindhiya
Varman (1998}, Vindhiya Varman and Senthil {1998) and

Mathur et al. (2003).
The per se performance of pasents was considered as the
first important criterion for selaction. Perusal of the per se
erformance of parents indicated that the parents Rose 7,
ALR 3, €0 2 and CO 3 were high yielders among all the
parents. The parent Rose 7 also registered significantly
superior per se performance for number of primaries and
secondaries/plant. Allthe four parents recorded low mean
values for number of immature pods. Based on per se
performance for pod yield/plant these four parents were
identified as desirable parents.

The second criterion of selection is the general combining
ability {(gca) effects of parents as the parents with high
mean values may not necessarily be able to transmit their
superior traits to their progenies.

The resuits indicated that three lines viz., CO 3, TNAU
325 TNAU 387 and the one tester, M 13 recorded
significantly positive gca effects for pod yield/plant (Table
3). The line TNAU 325 also recorded positive and
significant gca effects for number of mature peds and
piant height. However, the parent is a poor combiner for
number cof immature pods. The tester parent M 13
exhibited positive and significant gea effects for number of
secondaries and mature pods along with pod yield/plant.
Makne (1992) reported M 13 as a good combiner for
number of secendaries. Similarly, Vindhiya Varman and
Senthit (1998) have also ascertained M 13 as a good
combiner for pod yield and number of branches, These
findings showed the consistent nature of the parent M 13
0 the inheritance of these traits. Though, VRI 3 was a
poar combiner for pod yield, it exnibited significant gea
effects for plant height and number of matuwe pods.
Simitarly, the tester parent GG 2 observed poor gea
effects for pad yield/plant whereas it registered
significantly high gea effects for number of mature pods
.’and number of primaries. Vindhiya Varaman (2000 and
<001) ebserved poor gca effects for number of primaries
and mature pods in GG 2. Among the fines, CO 2 was a
Eg:?fb_cc_?mblﬂe.r_for number of primaries. Such a poor
primalr?;n%, ability of the parent CO 2 for number of
(2000, ? A a\[.'_e already been reported by Vindhiya Varman
5004 gé k e !lnes R‘ose 7 and VRI Gn 5 were identified as
Combineref?r combmers_ for number of primaries and poor
Was a oo num‘br of immature pods, while TNAU 379
800d combiner for number of secondaries.

A o .

szozfttlzcjgetwgeﬂ per se performance and gca effects

Cases, the |j 8Nt in the present study. In fact, in many

effects indi Nes and testers with high mean had low gea
Indicating the ineffectiveness of choice of parents
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based on per se performance for hybridization. Selection
of parents based on gca is mere important than per se
performance. Hence, based on gea effects, the parents
viz., CO 3, TNAU 325, TNAU 387 and M 13 can be
considered as superior parents for future use.

Among the 38 crosses evaluated none of them recorded
significantly superior mean pod yield/plant. However, the
crosses viz, TNAL 325 x M 13, CQ 3 xM 13, CO 3 x
ICGY 93260, CO 2 x GG 2 and TNAU 387 x M 13
recarded high mean pod yield, which was on parwith the
general mean. The cross TNAU 325 x M 13 also
registered high mean number of mature pods while,
another cross CO 2 x GG 2 observed high mean for
number of mature pods and number of secondaries.
Hence, based on per se performance, the above five
crosses can be considered as superior for ped yield.

In contrast to the gea 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 considered desirable for varietal
development programme due to the 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 also be considered for varietal
development due to the presence of additive type of
epistasis. However, in case of later, selection should be
postponed to later generations, provided all the selected
crosses should have desirable level of per se
performance. [n case of the hybrids with high mean, high
scaand parents involved are poor cambiners, they may be
useful for hybrid development. But, there is no practical
means of utilizing heterosis at present in groundnut.
Hence, these hybrids are not useful. Thirty out of 36
crosses occupied the first five ranks for six characters
(Table 4). Of these 30, 12 crosses were between High x
High, five between High x lLow and 13 crosses invelved
Low x Low gca parents.

Considering the performance for pod vield/plant, the
crosses, CO 3 x M 13, TNAU 325 x M 13 and TNAU 387
x M 13 recorded non-significant sca effects and both the
parents involved are good combiners. The gene action
involved in these crosses may be of additive type. Inthe
case of CC 3 x ICGV 893260 non-significant sca effect was
recorded. However, one of the parents CO 3 was a good
combiner and ancther parent {CGY 93260 was a poor
combiner. The parents of the cross CO 2 x GG 2 were
poor combiners. However, the cross registered significant
sca effects and the gene action involved may be of
additive type of interaction. Performance of other yield
attributing traits indicated that the cross TNAU 325xM 13
recorded significantly high mean number of mature pods
and the parents exhibited significant gca effect, while the
sca effect was non-significant, which indicates the
possibility of rapid improvement of this character as it may
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be under the control of additive gene action. The cross
CO 2 x GG 2 showed high per se for number of mature
pods. The tester parent GG 2 noticed significant gea
effect and the other parent observed low gca effect.
Same cross showed high per se for number of
secondaries and the parents are of poor combiners. The
cross exhibited significant sca effect, thus may also be

Table 1 ANOVA table for parents and crosses

selected for further genetic improvement.

From the foregoing discussion, it may be concluded thy
the crosses viz., CO 3x M 13, TNAU 387 xM 13, CO 34
ICGV 93260, TNAU 325 x M 13 and CO 2 x GG 2 werg
rated as best crosses for further improvement by adopting
pedigree method of preeding.

Mean squares

Source f . Number of Number of  Number of mature  Number of Pod yield/
Plant height em) 1 iaries secondaries pods immature pods __ plant (g)
Replications 1 5789 2.659 3.443 273.7457 24.380 2.101
Hybrids 35 38.857" 2.9065* 16.731* 73.4997 35.560™ 35.179+
Parents 12 52.726™ 2.209* 29.638* 25.258 16.636 123.102*
Hybrids vs Parents 1 119.874* 1.486 0.5131 0.4944 0.075 315.118
Error 48 10.073 0.7831 3.004 23670 13.041 8.772
*, ™* Significant at 5% and 1% level, respectively
Table 2 ANOVA table for combining ability analysis
Mean squares
Source & piant height  Number of Number of Number of mature  Number of Pod yield/
(crm) primaries secondaries pods immature pods plant {g)
Replications 1 9.901 0.008 0.051 11.988 0.001 2816
Line ffemales) 8 123.768* 68777 44 .234*" 153.07¢"" 22168 87.633"" |
Tester (males) 3 1,552 2.86 25 238" 212669 223.032* 774417
Line X Tester 24 15.218* 1.643** 6.499** 27.576" 16.591™ 12.412
Error 35 5318 0.176 1914 10148 3.925 7.893
GCA 0.637 0.034 0.275 1.238 0.511 0613
SCA 4.948 0.733 2292 8713 6.332 2.259
(3CAISCA 0.128 0.046 0.120 0.142 0.081 0.271
*** Significant at 5% and 1% leve!, respectively
Table 3 Estimates of general combining ability {gca) effects for yield and yield comporents in groundnut
Parent Plant height Number of Number of Number of  Number of immature Pod yield/
arents ant heig primaries secondaries mature pods pods plant ___.
Lines "
co3 0.10 -0.65™ -1.26* -0.74 0.88 4.71
VRI 3 Y 1.79* -0.74** 005 5.14* -0.31 0.76
ALR 3 : -1.18 -0.61* -3.82* -0.09 -3.05™ 000,
TNAU 325 N 523 -0.16 -0.10 7.82% -0.65 3.09"
TNAU 387 N 073 -0.41* -2.59* 2307 1.90" 232"
TNAU 379 -4.54% 0.07 2.81* -4.41% 1,88 4817
Rose 7 -0.21 1.99* 330" £.61* 0.89 -4.71
co2 4.96™ -0.52% 0.17 -0.41 -1.88* 067
VRI Gn5 -B.78* 1.01* 1,72 1,57 0.34 -2.05
S.E.{gi) o 0.815 0.148 0.489 1.126 0.700 0.993
Testers n 9
GG 2 0.01 0.38* 0.18 2.20* 2.71 0.79
M 13 -0.21 -0.05 1.57" 3.66 2.28" 2 454
ICGV 93260 -0.21 0.18 -1.16™* 276" -0.02 -0.94.
ICGV 96108 0.41 -0.52* -0.59 -3.00" -4 96" -2-312
SE. (i) 0.543 0.089 0.326 0.751 0.467 0.662

* ** significant at 5% and 1% tevel, respectively
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Table 4
ca status of parent
Characters Crass Mean e?fiea(‘:t P1g d P,
Pod yield per plant (g) CO3xM13 2382  -0.09 High High
TNAU 387 x M 13 24.69 3.17 High High
CO 3xICGV 93260 24.43 3.3 High Low
TNAU 325 xM 13 25.06 277 High High
CoO2xGG2 23,11 4.93* Low Low"
Number of immature pods CO 2 xICGV 93260 2.70 -5.00* Low Low
VRI 3 x ICGY 96108 3.35 -0.99 Low Low
ALR I x ICGYV 96108 366 2.07 Low Low
CO2xICGV 96108 3.66 0.90 Low Low
CO 3xICGV 96108 3.72 -1.80 Low Low
Number of mature pods TNAU 325 xM 13 37.60 3.30 High High
CO2xGG 2 34.50 9.90* Low High
VRI3x GG 2 33.40 3.24 High High
VRI3xM13 32.60 0.98 High High
TNAU 325 x GG 2 32.45 -0.39 High High
Number of secendaries Rose 7xM 13 11.34 1.14 High High
COo2xGG2 10.30 4.96** Low Low
Rose 7 x ICGV 96108 9.73 1.70 High Low
TNAU 379 x M 13 3.46 -0.25 High High
7 VRIGNn5x M 13 9.43 0.81 High High
Number of primaries VRIGNSx GG 2 8.95 270" High High
Rose 7 x ICG 93260 8.64 1.60** High Low
Rose 7 x GG 2 7.64 0.41 High High
Rose 7xM 13 6.00 -0.81* High Low
. TNAU 325 x ICGV 93260 5.65 0.77* Low LLow
Plant height (cm) VRIGn5x M 13 18.25 -1.36 Low Low
VRI Gn 5 x ICGV 96108 18.31 -1.93 Low lLow
VRIGnS5x GG 2 20.189 0.36 Law Low
TNAU 379 x ICGV 96108 20.65 -1.82 Low Low
TNAU 379  ICGY 93260 20.82 -1.02 Low Low
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Abstract

Genotypic adaptation in the different agre-ecclogies
is determined by studying genotype x environment
(GE) interaction. Additive main effect and
ruttiphicative  interaction  [AMMI) analysis was
performed on seed yield of 12 groundnut (Arachis
hypogaea L.} genotypes tested over 16 environments
during rainy season 2000 and 2001 to ascertain GE
interactions, Genotype effects, environment effects
and interaction components were significant.
Genotypes exhibited differential adaptation (narrow or
broadj by scoring slight or sizable interactions. AMMI
analysis identified TG 37A as highly productive and
broadly adaptable genotype. It also grouped
environments into productive or unproductive
environments with or without interactions. Some
specific adaptations like GPBD 4 to Aliyarnagar and
Udaipur were identified.

Key words: Arachis hypogaea, GE interaction,

AMMI analysis, adaptation
Introduction

The germplasm assessment is a crucial activity in plant
breeding. Multi-environmental {location, seasocn or year)}
evaluation of genotypes is effective in understanding
genotype x environment {GE) interaction, which enables
in identifying productive genotypes having location-
specific, season-specific or wider adaptation. Gendgtypic
performance in multi~-environment tials based on genotypic
means, usually obtained through analysis of variance
(ANOVAY), is less predictable and difficult to interpret
because of large portion of GE interaction. ANOVA is
inadequate in effectively treating complex yield data in
such trials (Zobel et al., 1988). In additive main effect and
multiplicative interaction (AMMI) model, the main effects
o1 additive part (genotypes or environments) of the model
are analyzed by ANQVA and GE interaction or multiplicative
partis analyzed by principal component analysis {(Zabel ef
al., 1988). AMMI analysis captures large portion of GE
interaction; separates main and interaction effects clearly;
partitions agro-climatic regions into sub-regions; identifies
specific adaptations based on interaction patterns and
genotypic rankings (Gauch, 1992; Gauch and Zobel,
19897, Kang, 2002; Casanoves ef al., 2005).
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Bhabha Atomic Research Centre (BARC) has beep
involved in the genetic enhancement of groundnyt
(Arachis hypogaea L.) through a blend of mutation and
recombination breeding since late fifties. As a resuf,
diverse groundnut germplasm consisting of induced
rutants, mutant derivatives, breeding lines etc., have
been developed and maintained at Trombay
{Badigannavar et al., 2002). Natienal groundnut evaluation
trials in different envircnments {locations and years) are
organized through All india Coordinated Research Projet
on Groundnut (AICRPG) (Anonymous, 2004). The
Trombay groundnut (TG) germplasm lines on evaluation
in AICRPG at state and/cr national level gualify for
commercial release to the farmers.

The cbjective of the present study was to determine the
effect of GE interaction on the seed yields and to
understand the specific or general adaptation of new TG
genotypes evaluated through AICRPG for two years over
16 environments {locations) across the country using
AMMI analysis.

Materials and methods

Under the AICRPG, the initial varietal trial (WT) L and Il for
Spanish bunch group (ssp. fastigiata var. vulgaris) were
conducted during rainy season (June-October), 2000 and
2001, respectively (Anonymous, 2002). Trial entries
comprised of TG 36A, TG 37A, TG 38B and TG 38C from
BARC, Mumbai; GPBD 4 and Dh 2000-1 from University
of Agricultural Sciences, Dharwad; K 1288 and K 1271
from Agriculture Research Station, Kadiri; TNAU 282,
TNAU 266, TNAU 325 from Tamil Nadu Agricultural
University, Coimbatore and a national check variety, Jb
24. All the 12 genotypes were evaluated in 16 locations.
namety Durgapura, Hanumangarh and Mainpud from
Zone-l; Junagadh and Udaipur from Zone II; Akola,
Khargone and Jalgaon from Zone fil; Chiplima anfi
Jhargram from Zone |V, Aliyarnagar, Chintamanh
Dharwad, Digraj, Kadiri and Vriddhachalam from Zoné V.
All the 16 testing centers were treated aS 18
environments.

For the AMMI analysis, seed yield (kg/ha) data was {aken
from the VT | and Il trials (Anonymous, 2002). In thesé
trials, the zonal and local check varieties used, differé
aver locations/zones and hence were not included fof
statistical analysis. Alternately, test entries were compare
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ecause of the year to year seasonal
d yield data of 12 genotsépes c'wer 16;

i ere subjected to combined analysis o
32:gi2:§;;sar;elyfortrie years 2000 and 2001..The sum
of squares was first partitioned into genotype. environmeant
and GE interaction. Then, GE |nteractzo_n was further
partitioned by principal component analysis using AWM
model {(Zobel et &, 1988). The AMMI model is

with JL 24. B
differences, S€€

n
Y,=utgte+ LA a,vat R
k=1

where Y, is the seed yield of the " genotype in the *
envirenment; v is the grand mean; g, is the mean of the i"
genotype minus the grand mean: e is the mean of the i
environment minus the grand mean; A, is the singular
value for the principal component analysis axis k; ¢, and
¥, are the principal component scores for the principal
component analysis axis k of the i" genotype and j"
environment, respectively and R, is the residual. Statistical
analysis was conducted using IRRISTAT software (IRR(,
2003).

Results and discussion

The AMMI ANOVA for seed yield showed that genotype
and environment main effects and GE interaction were
significant in 2000 and 2001 (Table 1. ln 2000, 74.7% of
the total sum of squares was attributed to environmental
effects, 21.2% to GE interaction effects and only 4.1% to
genctype effects. Similar trend was maintained in 2001
also, with higher enviconmental effects. A large sum of
squares for environments indicated that the envirenments
were diverse, with large differences among environmentat
rneans causing most of the variation in seed yield. Sum of
squares for GE interaction was 5-6 times higher than that
of genotypes, indicating substantial differences in
genotypic response across environments.

AMM'I analysis also showed that the first interaction
pnnc:pal component axis (IPCA 1) captured 36.7% and
283091/0 of the.interacﬁon sum of squares in 2000 and

- Tespectively (Table 1), Similarly, second interaction
g;”;'/pa' Compgnent axis (IPCA 2) explained further
Thé SE’J:]iﬂdf24.2 % of the GE interaction sum of sguares.
COﬂtI’ibutec;‘ gqualres for IPCA 1 and IPCA 2 cumulatively
Thus, ths 64.2% and 56.1% to the total GE interaction.
envir(;nme ;nteractlon of the 12 genotypes with 16
as FEpoﬂeg S was best predicted by IPCA 1 and IPCA 2,
ot al 20 earlier (Gau;h and Zobel, 1997: Casanoves

+4U05, Yan and Rajcan, 2002).

In AMM) biplots
9=rOlypes over
environrnents 0
genotypic or en
2001 (Fig. 14 4
recorded in TG

. the_ X-axes are the mean seed yields of
environments or the mean seed yields of
Ver genotypes and the Y-axes are the
vironmental IPCA 1 scores for 2000 and
nd 1‘0)‘. The highest mean seed yield was
I7A with g superiority of 15.4% over JL 24
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{Fig. 1a). GPBD 4 and Dh 2000-1 showed 3% greater
yield. In 2001 also, the highest mean seed was recorded
in TG 37A with a superiority of 14.7% over JL 24 (Fig. 1b}.
Dh 2000-1, TG 38C and TG 38B registered increased
mean seed yields of 8.9%, 7.1% and 7.0%, respectively.

Gengtypes having near-zero/zera IPCA 1 scores indicate
little or no interaction that means they have broader
adaptabiiity. Changes for the IPCA 1 scores explain
interacticn differences among genotypes. Based on the
AMM! biplots, following three genotypic interactions could
be illustrated (Fig. 1a and 1b):

In 2000, genotypes TG 37A, K 1268, TNAU 262 and TNAU
325 with near-zero interaction scores, did not interact
much with environments and therefore their rank orders
were relatively stable. Among these, only TG 37A had
higher yieid than JL 24. In 2001, TG 37A and TNAU 262
had near-zero IPCA 1 scores and hence are broadly
adapted. Further, TG 37A alsorecorded higher mean seed
yield than JL 24. It is pertinent to emphasize that 2000 and
2001 biplets clearly indicated TG 37A was highly
productive with wider adaptability in rainy season.

Large positive interaction score in 2000 was recorded by
GPBD 4 followed by JL 24 and K 1271, while in 2001, it
was with TG 38C followed by Dh 2000-1, TG 38B, 7G 36A
and K 1271. :

Large negative interaction score in 2000 was noted by TG
38C followed by TG 38B, Dh 2000-1, TNAU 266 and TG
36A. In 2001, GPBD 4 had the highest negative interaction
score, followed by JL 24, TNAU 266, TNAU 325 and K
1268. Further, it is interesting to note that IPCA 1 scores
for GPBD 4 and JL 24 were pasitive in 2000 and negative
in 2001 and vice-versa inthe case of TG 38C, TG 38B and
Dh 2000-1 (Fig.1 a and 1 b). Thus, these genotypes were
adapted to different environments and their relative
ranking orders vary greatly with environments and hence
were narrowly adapted.

By using ANOVA, superior genotypes with top three ranks
like TG 37A, GFBD 4 and Dh 2000-1 in 2000 and TG 37A,
Dh 2000-1 and TG 38C in 2001 respeciively were
identified. Though these genotypes were productive,
AMMI analysis could classify these based on adaptation
as TG 37A was broadly adapfable and rest with narrow
adaptation. Onthe contrary, TNAU 325, K1268 and TNAU
262 ranked 7, 8 and 9th in 2000 and TNAU 262 ranked
12th in 2007 (lower productivity) were widely adaptable
due to their lower interactions. Thus, it is highly desirable
to have not only productive but widely adaptable genotype
which is realizable through AMMI analysis.

AMMI biplots forlocations indicated smaller envircnmental
interaction scores for Kadiri and Vriddbhachalamwith larger
main effect in 2000 {Fig. 1 a} and smaller environmental
interaction scores for Hanumangarh and Bigraj but with
smalter main effect in 2001 (Fig. 1 b}. 'n both the years,
Jhargram, Junagadh and Udaipur recorded larger main
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effects having different {positive or negative) interaction
with genotypes, while Khargone, Akola and Jalgacn
recorded smaller main effects. Rest of the locations had
varied main effects and interaction scores. Of the 16
tocations, location means of only Junagadh, Udaipur,
Jhargram, Aliyarnagar, Vriddhachalam and Dharwad were

greater than the grand mean of the trial. Among thes
locations, AMMI analysis identified Udaipur {belong {
Zene ) and Alivarnagar {(Zone V) were with larg
Junagadh (Zone 1), Jhargram (Zone V) and Dharwa
{Zone V) with moderate and Vriddhachalam (Zone V) wit
least environmental interaction scores.

Table 1 AMMI analysis of variance for seed yield (kg/ha) during rainy $eason 2000 and 2001

Source df 2000 2001
Sum of squares % Sum of squares %
Genotype (G) 11 2090090* 4.1 1300460* 1.5
Environment (E) 15 37684100 74.7 75530800* 87.5
GxE 165 10659910 212 9472310** 11.0
IPCA 1 25 3910730 36.7 3020850 3.9
IPCA 2 23 2936170™ 27.5 2295680 24.2
IPCA 3 21 1146680* 10.8 ; 1503310* 15.9
IPCA 4 19 §45820* 79 7% 11949i0™ 12.6
Residual 77 1820510 17.1 1457560 15.4
Total 191 50434100 86303570
“and ™ indicata significance at P = 0.05 and 0.01
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Fig. 1 Biplot of 1, genotypes and 18 environments for seed yield (kg/ha) during rainy season, 2000 (a) and 2001 (b). Grand
mean yield indicated by vertical and zero-interaction score by horizontal dotted line
Genotypes: . TG 36A (1) TG 37A (2); TG 38B (3); TG 38C (4); GPBD 4 (5); Dh 2000-1 (6); K 1268 (8), TNAU 252 (9); TNAU 266 {10); TNAU 325 (11)

and JL 24 (12)
Environments: Durgapura (DU}, Hanumangarh (HA), Mainpuri {MA}, Junagadh (JU), Udaipur (UD). Akola (AK), Khargone (KH), Jalgacn (JL),
Chiplima (CP). Jhargram (JH), Aliyarnagar (AL). Chingtamani {CN}, Dharwad (DH). Digraj (DG}, Kadiri {KD} and Vriddhachalam (VR}
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The genotypic performance  would _be better when
genotypes were grown in those t_an\_nronmenls whose
interaction scores are large anq of similar sign and would
be poorer when their interacticn scores are large and
opposite sign (Ebdon and Gauch, 2002). At Udaipur in
2000 and 2001, GPBD 4 and TG 38C recorded greater
and poorer seed yields, respectively, since their
combination yielded the largest positive and negative
interaction scores (Fig. 1a and 1b). Similarly, at
Aliyarnagar during 2000, GPBD 4 and TG 38C showed
superior and inferior performance, respectively. Thus,
AMMI analysis helped in understanding the specific or
broader GE interactions among 12 genotypes and 16
environments.
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Abstract

The correlation coefficients among 13 morphological,
physiological and yield attributes with their path
effects towards pod yield were investigated in 28 F,s
of groundnut during rabi 2002. Consistent and highly
significant positive association of harvest index,
number of well filled and mature pods/plant and
kernel yield/plant with pod yieldiplant indicated that
they could be used as selectioncriteria for higher pod
yield. Path coefficient analysis revealed high positive
direct effects of kernel yield/plantfollowed by specific
leaf nitrogen, root length, sheling per cent and
rumber of well filled and mature pedsiplant on pod
yield indicating that these characters should be given
greater emphasis while making sélections for higher
pod yield.

Character assotiation, path
coefficient, groundnut

Key words:

Introduction

Information on the phenolypic and genotypic
inter-relationships of pod yield in groundnut with its
component characters and also among the characters
themselves wouid be very much useful to the plant
breeder in developing an appropriale breeding strategy.
But yield is a complex character and is influenced by a
number of traits which in turn a€ interrelated. The
interdependence of these characters will influence pod
yield either directly or indireclly and as g result the
information obtained on the assotiation of these traits
becomes unreliable. Therefore, path coefficient analysis
permits the separation of direct effects from indirect
effects and gives more realistic relationship of the
characters and helps in effective selection. Hence, the
present study is aimed to analyse and determine the
characters having greater inter relationship with pod yield
utilising the correlation coefficients and path analysis.

Materials and methods

The material consisted of 28 F, s (direct crosses) derived
out of 8 x 8 diallel mating system Involving eight parents
viz., TIR - 46. JUG-37, ICR-45 TIR-10, K-134, JAL-B,
JUG-43 and JL-24. The experiment was |aid out in a

20

Randomized Block Design with two replications during
rabi, 2002, Each plot consisted of three rows of 4
length and the plant to plant and row to row distance was
maintained at 15 cm and 30 cm, respectively. All the
recommended agronomic practices were adopted to raise
good crop. Observations were recorded on 10 randomly
chosen competitive plants from each treatment in each
replication. At 75 days after sowing 3" healthy leaf from
the apex on the main stem of each of the parent and F.s
selected at random from each replication used to record
data on four characters viz., SPAD chlorophyll meter
reading (SCMR}, specific leaf nitrogen (SLN), specific leaf
area (SLA) and per cent reduction of Fv/Fm (Fv/Fm). Leaf
thickness was measured using screw gauge. Fv/Fm ratic
is a measure of efficiency with which fight is utilized for
photaosynthesis. Upon treatment Fv/Fm ratio declines
indicating photo-inhibitory damage due to heat stress
Similarty at maturity data was recorded for nine characters
(Table 1). Standard procedures were followed for
computing corretations and path analysis.

Results and discussion

Podyield/plant had significant positive association with
harvest index (r, = 0.315, ry = 0.310), number of well
filled and mature pods/plant (r, = 0.565, r, = 0.616} and
kernel yield/plant (1, = 0.657, r, = 0.687) (Table 1).These
characters can be considered as criteria for selection for
higher yield as they are mutually and directly associated
with pod yield/plant. Similar results have been reported
by Johar Singh and Mohinder Singh (2001). It had
significant negative association with per cent reduction ef
Fv/Fm (r, = -0.445) and shelling per cent (r, = -0.313)
Chauhan and Senboku (1997) while studying heal
tolerance in groundnut by chlorophyll fluorescencé
technique, observed a strong positive correlation between
chlorophyll concentration and chlorophyll fluorescence.
They observed that Fv/Fm ratio decreased with increasing
temperature stress. Therefore, lesser the per cent of
reduction of Fv/Fm more will be the ability of plant 10
tolerate to high temperature stress and resulting i"
increased pod yield even under drought conditions.

Kernel vyield/plant exhibited significant and postive
association with specific leaf nitrogen (r,= 0.417)
harvest index (r, = 0.414, r, = 0.483), oit per cent (7, ©
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n.286) and sound mature kernel per c.;ent (r,=0.644. 1, =
0.665)_ Similar results have been obtamgd by qayalakshml
ef al., {2000} in groundnut. The relationship .of kernel
yield/plant with SPAD chlorophyll meter reading {r, =
~0.268, r, = -0.348), per cent reduction of Fv/Fm (r, =
.0.534) and root length (r, = -0.407) was significant and

negative.

SPAD chlorophyll meter reading established a significant
and positive relationship with specific leaf nitrogen (r, =
0.296), per cent reduction of Fv/Fm  (r; = 0.390), root
length (r, = 0.307), shell thickness (r, = 0.577) and sound
mature kernel per cent (r, = 0.275), while it's association
with harvest index (r, = -0.4720) was significant and
negative. Wright el al. (1994) reported that SCMR and
SLN considered to be an indicator of leaf chlorophyll
contert and hence CO, assimilation capacity. Increase in
SCMR and SLNis associated with higher CO, assimilation
and thereby increase pod yield even under moisture
stress conditions. Specific leaf nitrogen exhibited
significant positive association with specific leafarea (r, =
0.266, r, = 0.278), per cent reduction of FviFm (r, =
0.378, r,=0.438), shell thickness (r,= 0.327,r,= 0.331)
and sound mature kernel per cent (r, = 0.474, r, = (0.540).
Specific leaf area had significant positive association with
harvestindex {r, = 0.285). Anuradha (1995) correlated the
differences in photosynthetic rates with genotypic
differences in SLA in many crop species. Peanut

genotypes with low SLA had more photosynthetic
machinery and the greater potential for assimiiation of
carbondioxide per unit leaf area. The differences in
photosynthetic rates were closely associated with leaf
thickness in other lequmes. Leaves with high SLW
{inverse of SLA) were coocler under a given radiation load
due to higher stomatal conductance resulting in more
evaporative cooling (Gupta et al, 1989). High stematal
cowductance was also shown to be negatively correlated
with SLA in cotton(Bhardwaj et al., 1988). Based on many
experiments, over a wide range of environments and
cultivars it was concluded that SLA was closely and
negatively correlated with water use efficiency and
positively correlated with carbon isotope discrimination.
This highlights the possibility of using SLA as a selection
index for high water use efficiency (Nageswara Rao and
Wright ,1994}. Per cent reduction of Fv/Fm had significant
negative association with harvest index (r, = -0.338) and
number of well filled and mature pods/plant (r, =-0.398).

Root length had significant positive association with sheil
thickness (r, = 0.349, r, = 0.380) and significant negative
association with oil per cent {r, =-0.355,r, = - 0.490).
Harvest index showed significant and positive association
with number of well filled and mature pods per plant{r, =
0.428, r, = 0.433. Similar results have been reported by
Jayalakshmi et af., (20Q0).

Table 1 Phenotypic (P) and genotypic {G) correlation coefficients for physiclogical, yield and yield componert

Character SLN SLA  FwFm RL Hi ST OP SP  SMKP PPL KY PY
SCMR P 0.219 0.007 0.169 0.132 -0.312* 0.403* -0.024 -0.133 0.158 -0.119 -0.268* -0.160
G 0.296* 0.085 0.380* 0.307* -0.472** 0577 -0116 -0226 0.279* -0.006 -D.348 -0.112
SLN P 0.266* 0.378™ 0052 -0.012 0.327* 0.163 0.128 0.474** -0.056 0.0226 -0.019
G 0.279* 0438~ 0056 -0.017 0331 0199 0.166 0540 -0.136 0.417* -0.026
SLA P 0.027 -0118 0253 0074 -0019 0080 -0004 0114 -0.032 0.081
G 0.029 -0187 0.285* 0076 -0.020 0081 -0.005 0221 -0.053 0.107
FviFm P -0.119 -0195 0023 0.087 0.210 0.08% -0.151 -0.242 -0.245
G -0.152 -0.338* 0.024 0.056 0.247 0.103  -0.398* -0.534* .0.445%*
RL P -0.189  0.349** -0.355** -0.155 .0.015 -0.113 -0.150 -0.008
G -0.245  0.380"* -0450*" -0.208 -0.013  -0.258 -D.407** -0.126
HI P -0.165 0.083 0031 D047  0.428* 0.414* 0315
G -0.209 0.070 0.035 0.057  0.433* 0.483** 0.310"
ST P -0.087 -0.259 0.221 0.075 -0.047 -0.009
G -0.074 -0.315* 0.233 0095 -0.120 -0.038
op P -0.048 0.055 -0D.038 0.151 -0.119
G -0.049 0.098 -0.166 0.286* -0.084
sp P 0.386" -0.146 0.080 -0.084
G 0.504"* -0.25¢ 0.088 -0.313*
SMKP P -0.070 -0.206 -0.049
G -0.287" -0.124 -0.014
FPL P 0.644™ (.565"
G 0.666** 0.616*
Ky P 0.657**
G 0.657**

"™ Significant at 5% an
SCMR :sPaAD chloro,
FviFm -per cent red
SP: Shelling per ca

- Kemel yieid per plant; PY - Pod yield per plant

d 1% levels of probability respectively

Dh‘yli meter reading; SLN: Specific leaf nitrogen; SLA: Specific leaf area:
uction of Fv/Fm; RL: Root length; HI: Harvest index; ST: Shel: thicknass; OP: Oil per cent;
nt; SMKP: Sound mature kernel per cent; PPL: Number of well filled and mature pods per plant
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Table 2 Path coefficients for pod yield in F,s in groundnut

Character SCMR SLN SLA Fv/Fm RL Hi ST OP SpP SMKP PPL KY
SCMR -0.00. 0.032 0.0 -0.018 0.020 0.023 -0.068  -0.002 0.019 0.014 0029 -D.148
SLN -0.001 0.146 Q.025 -0.040 0.008 0.001 -0.055 Q.01 -0.018 0.041 0013 -0.425
SLA -0.000 0.039% 0.094 -0.003 -0.101 -0.018 -0.013 -0.001 -0.011 -G.001 0.027 -0.017
Fv/Fm -0.001 0.056 0.003 -0.016 -0.019 0.015 -0.004 0.008 -0.029 0.008 -0.036 -0.136
RL -0.001 0.008 -0.011 0.013 0.156 0.012 -0.058 -0.025 0.022 -0.001 -0.027 -0.079
HI 0.001 -0.002 0.024 0.021 -0.026 -0.072 0.028 C.006 -C.005 0.004 0.103 0.227
8T -0.001 0.048 0.007 -0.003 0.054 0.012 -0.168 -0.005 0.037 .01 0.019 -0.025
opP 0.000 0.024 -0.002 -0.009 -0.055 -0.008 ¢.012 0.069 0.008 0.005 .3.008 0.084
Sp 0.001 0.019 0.008 -0.022 -0.024 -0.002 0.044 -0.004 0.142 0.033 -0.035 0.041
SMKP  -0.001 0.069 -0.001 0009 0002  -0003 D037 0.004 -0.055 0.085 -0.017 0.015
PPL 0.000 -0.008  0.011 0016 018 -0031 -0.013 -0003 ©.021 -0.006 0.241 0.355
KY 0.001 -0.033 -(0.003 0.028 -0.022 -0.209 (.008 Q.011 -0.011 02.002 0.155 0.552

Residual effect :

Shell thickness exhibited significant negative association
with shelling per cent (r, = -0.315) indicating that thin
shelled genotypes would have higher shelling per cent.
The association between shelling per cent and sound
mature kernel per cent was significant and positive {r, =
0.388, i, = 0.504). Sharma and Varshney (1893) reported
similar results in groundnut. Sound mature kernel per cent
exhibited significant negative association with number of
weflfilled and mature pods per plant (r, =-0.287). This is in
tencurrence with the findings of Vasanthi ef al. .(1998). Out
of 13 characters studied (Table 2) kernel yield per piant
€xerred maximum positive direct effect on pod yield per
Flantwhich is in agreement with the results of Makhan Lal
etal., (2003). The direct effects of specific leaf nitrogen,
specific teaf area, root length, cil per cent, shelling per
cent, sound mature kernef per cent and number well filled
and mature pods/plant on pod yield/plant was also
Positive. Number well filled and mature peds/plant and
harvest index exerted high positive indirect effects
through kernel yield/plant and contributed directly and
positively to pod vield/plant. In case of harvest index
tegative direct effect was nulified by its positive indirect
effact via specific leaf area, per cent reduction of Fu/Fm |
shell thickness, number of well filled and mature
pods/plant and kernel yield. When both direct and indirect
Positive contributions were considered, kernel yield/plant,
harvest index, specific leaf nitrogen, root length, shelling
per cent was proved to be an outstanding character
ifluencing ped yieldflant in groundnut. Furher, the
residual factor was Jow which suggest that the variables
chosen in the present study were sufficient to explain pod
yield/plant. These findings are in agreement with the
findings of Azad and Hamid (2000).
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Abstract

Pod shattering in soybean is one of the major lacunae
that takes a heavy toll of the produce. Seven soybean
varieties, representing high variation in pod shattering
behaviour and their 21 F, crosses and six selected F,
populations were grown to study combining ability,
gene action and genetics of pod shattering and
productivity related traits in soybean. The parents
Bragg, Indira Soya-9 and J8-335 were found 1o be
good general combiners for pod shattering and other
important characters. Hybrids, J$-335 x Bragg and
Indira Soya-9 x Bragg were found te have high
yielding ability along with considerable pod shattering
resistance, thus these crosses give scope for overall
improvement, Segregation pattern of pod shattering
was very complex in F, generation and shows
quantitative response. The F, segregation pattern
revealed the possibility of developing shattering
resistant genotypes by crossing two resistant parents.

Key words: Soybean, pod shattering, combining

ability, gene action, genetics
Intraduction

Pod shattering in so0ybean is a disadvantage, which leads
o serious yield losses. Pod shattering refers to the
opening of mature pods along with dorsal or ventral
Sutures and dispersal of seed as the crop reaches
Mmaturity as well as during harvesting. Seed losses of 50
0 100% are often associated with pod shattering in
susceptible varieties and delayed harvesting after maturity
(Anonymous, 2001), Among the reasons for pod
shattering, the genetic endowment of the variety plays an
‘Mportant role on the overall expression of pod shattering
{Ttwari ana Bhatnagar, 1991)

Materials and methods

The seven soybean lines viz., J$-335, JS 80-21, Indira
Soya-9, Bragg, Birsa Soya-1, Monetta and PK-1029,
;?apiqe]sentrr?g variation in pod shattering were crossed in
Oils: fdashlcm excluding reciprocais during kharif, 2003 at
Un_“l;S“Rese_.arch Area qf Indira Gandhi Agricultural
Were ¥, Rgnpur. Al tr_me lines and resultant 21 crosses
thre grown in Randomlzed Complete Block Design with

€ replications during kharif, 2004, Each entry was
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grown in single row of 3 m length with spacing of 40 cm x
10 cm. Observations were recorded on five random plants
in each entry for 19 quantitative characters. The data was
analyzed by using GCriffing's Method-2 and Model-1
(Griffing, 1956). The pod shattering was recorded using
laboratory method (Tiwari and Bhatnagar, 1991} in which,
from each entry a sample of 25 pods were collected at
maturity and kept in oven at 40°C for seven days. On the
seventh day the number of shattered pods were counted
and expressed in the percentage. The angular
transformed values of pod shattering percentage were
used for statistical analysis. The F, generation (advanced
from F, to F, during rabi/summer 2003-04) of six selected
crosses along with parents were also grown during kharnf,
2004. The pod shattering percentage of individual plants
of six F, populations were classified using frequency
distribution.

Results and discussion

Analysis of variance of combining ability revealed that
mean squares due to gea and sca were highly significant
for all the characters, indicating the importance of both
additive and non-additive genetic components of variation
for controlling the traits. The general combining ability
effect of parents for the characters studied (Table 1)
indicated that for pod shattering resistance, Bragg was the
best general combiner followed by JS-335, Indira Soya-9
and PK-1029. Tiwari and Bhatnagar {1991} also reported
that Bragp was good general combiner for pod shattering
resistance. Indira Soya-9 and Bragg were found to be
good general combiners for seed yield, pods/plant and
clusters/plant. Thus these parents should be used in
hybridization pragram to impart pod shattering resistance
along with high yielding potential in soybean. As none of
the parents was found to be good combiner for all the
characters, the procedure suggested by Arunachaiam et
al. (1984) was employed to ascertain the overall status of
parent with respect to number of component characters.
On overall character basis (Table 1), Bragg, Indira Soya-9
and JS-335 were considered as good general combiners,
whereas JS 80-21, Birsa Soya-1, Monetta and PK-1029
were poor combiners.

The hybrids, those had given significantly higher yield than
local check Indira Soya-9 are presented in Table 2. Hybrid,
Indira Soya-9 x Bragg was the highest yielder and found
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to be at par with JS 80-21 x Indira Soya-9, indira Soya-8
x Monetta, Bragg x Birsa Soya-1 and Bragg x Monetta,
These crosses exhibited higher per se performance,
highly significant sca effects for yield and having high
overall sca effect. Thus these hybrids can be considered
as promising one and should be selected in breeding
program to exploit vield potential in soybean. In general it
was observed that parents, Indira Soya-9 and Bragg,
which are categorized as good general combiners for
seed yield had given better hybrids with other parents.
Thus, it appears that for getting good hybrid combinations
foryield, gca of parent is very important. Kaw and Menan
{1981), Halvankar and Patil (1993} and Gadag ef al.
(1999) reported that superior combinations for seed yield,
involved at least cne parent with high gca.

The performance of 7 parents and their 21 crosses in F,
generation with regards to pod shattering are presented in
Table 3. Among the parents, Bragg (3.68%) found to be
highly resistant to pod shattering followed by JS-335
(14.24%) and Indira Soya-9 {16.32%), whereas, on the
other hand Monetta (86.24%) was found to be highly
susceptible to pod shattering. Parents JS 80-21 (45.92%)
and Birsa Soya-1 (36.80%) were found to be moderately
susceplible, while, PK-1029 registered 30.72% pod
shattering. Tiwari and Bhatnagar (1993} also reported that
Bragg possessed the high degree of resistance to pod
shattering, while Monetta was highly susceptible one.
Among the crosses studied, JS-335 x Bragg was found to
have lowest pod shattering percentage, followed by Indira
Soya-9 x Bragg, JS-335 x Indira Soya-9 and Bragg x
PK-1029. These four selected crosses have high x high
gca status of parents involved in developing resistance to

pod shattering. The segregation pattern (Fig. 1) of Crosg
involving highty resistant (HR) x highly susceptibie (HS)
(Bragg x Monetta) parents showed a continugyg
distribution of pod shattering per cent over all the clags
intervals. Similar trend was also cbserved for othe
crosses studied in F, generation. The wide range of F
segregants in all the class intervals may be due tg
presence of dominant genes inthe susceptible variety thy
masks the recessive resistant genes. Thus, the
segregation pattern of pod shattering was very complexin
F, generation and shows quantitative response. The
frequency of most desirable plants (up to 10 %) in F,
generation was highest in the cross of Indira Soya-9 x
Bragg (56 plants), folfowed by JS-335 x Bragg (53), while
total number of desirable segregants (up to 20%) were
highest in J5-335 x Bragg (136 plants) followed by Indira
Soya-9 x Bragg (134 plants). Thus both the cross involving
Tesistant ¥ highty resisiant parents for pod shatienng had
given highest number of desirable segregants, indicating
the possibility of development of highly shattering resistant
genotypes in future soybean-breeding program. The
chances of further segregation of most desirable plants
were less as they had most of recessive genes, which do
not segregate in further generation. In the present study
Indira Soya-9 x Bragg was highest yielder and rank
second for pod shattering resistance while, JS-335 x
Bragg exhibited lowest pod shattering and was found at
par with Indira Soya-92 for yield performance in F
generation. Thus these two crosses (JS-335 x Bragg and
Indira Soya-9 x Bragg) give a scope for overal
improvement. ’

Table 1 General combining ability effects of parents for pod shattering and overall gca status for 19 characters in soybean

Character JS 335 U5 80-21 Indira Soya-8 Bragg Birsa Soya-1 Monetta PK 1029 SE (gi)
Pod shattering -5.14** 3,69 -4. 41 -8.08™ 1.57* 13.30* -0.84* 0.27
Qverall gca status H L H H L L L I

**=Significant at 1% level; SE(gi) = Standard error for general cambining ability effects; H = High, L= Low

Table 2 Hybrids with better performance for yield with sca values, overall sca values and ygea status of parents involved

Crosses Yield sca effect for  Qverall sca gca effect of parents
{g/plant) yield/plant effect Female Male

Indira Soya-9 x Bragg 25.41 3.01* H H H
J8 80-21 x Indira soya-8 24 .85 5.34* H L H
Indira Soya-9 x Monetta 24.24 4.58™ H H L
Bragg x Birsa Soya-1 $ 2410 575" H H L
Bragg x Monetta 2317 5.21* H H L
JS-335 x Indira Soya-9 21.50 0.87 H L H
Bragg x PK-1029 20.91 371 H H L
Indira Soya-8 x PK-1029 20.56 1.68 H H L
JS-335 x Birsa Soya-1 20.41 3.83* H H L
Indira Soya-9 © 16.87 -

** = Significant at 1% level, H = High; L = Low
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Table 3P

Nichal and Rao

rformance of parents and their crosses for pod shattering in F, generation with gca status of parents involve
e

Pod shattering percentage

parent / Cross Parent F, gea effect of parents
14 24 - H
45339 45.92 - L
/s 8021 16.32 - H
Indira Soya-9 3 68 H
Bragg
Birsa Soya-1 36.80 - L
Monetta 85.24 : L
PK-1029 3072 - H
45-335 x J& 80-21 - 38.29 HXL
18335 x Indira Soya-9 - 16.57 HXH
JS-335 x Bragg - 12.18 HXH
JS-335 x Birsa Soya-1 - 2028 HY L
J5-335 x Monetta - 65.71 "THXL
J5-335 x PK-1029 - 2533 HXH
JS 80-21 x Indira Soya-9 - 38.1% LXH
JS 80-21 x Bragg - 33.52 LXH
JS 80-21 x Birsa Saya-1 - 44.38 LXL
JS 80-21 x Monetta - 79.81 LXL
JS 80-21 x PK-1029 - 41.52 LXH
Indira Soya-9 x Bragg - 14.43 HXH
indira Soya-9 x Birsa Soya-1 - 35.24 HXL
Indira Soya-9 x Monetta - 6267 - HXL
Indira Soya-3 x PK-1029 - 26.86 HXH
Bragg x Birsa Soya-1 - 2990 HXL
Bragg x Maretta . 68.76 ‘ HXL
Bragg x PK-1029 - 21.14 HXH
Birsa Soya-1 x Monetta . 76.57 LXL
Birsa Soya-1 x PK-1029 - 36.62 LXH
Monetta x PK- 1029 - 70.29 LXH
L=lLow
H = High
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Abstract

One hundred twelve germplasm accessions of Indian
mustard Brassica juncea were evaluated for 15
agro-morphological and quality traits, with three
checks [PCR 7, BIO 902 and RH 30). The maximum
variability was observed for secondary branches/plant
followed by 1000-seed weight whereas, least
variability was observed for days to maturity followed
by oil content. Promising donors were identified for
various economic traits, which can be further used for
future breeding programme. Genotype RAURD 9612
was found to be one of the useful donors for siliqua
length, main shoctlength and seeds/siliqua. Genotype
RN 553 was found as desirable donor for main shoot
length and 1000-seed weight, Genotype PRO 2103 was
found superior for primary branches, more number of
siliquae on main shoot. Harvest index were recorded
maximum in the genotype, ORT (m) 7-1, highest
1000-seed weight and seeds/siliqua were recorded in
genotype YRS 67 and HNS 9605 respectively. The seed
yield had positive and significant correlations with
Plat height, main shoot length, siliquae on main
shoot, primary and secondary branchesiplant. Hence
selection for the higher values of these traits will be
desirable to increase seed yield. Characterization of
promising genotypes having high oil content and
1000-seed weight was also undertaken.

Key words: indian mustard, germplasm,
variability, donors, evaluation,
characterisation

Introduction

;”“dn'i;musta-rd [Brassica juncea (L) Czern & Coss] is an
imports StDeCles beJongmg ta family Brassicaceae and
in Inc;cil; aé“°”9fstthe cultivated oilseed Brassica species
Variabm{ rass:_cas haye narrow genetic base and
Tapeseedy available in present germplasm of
ofthe ge *miIJStard_ is timited to a few desired traits. Many
Othemisgzp asm !lnes possess desirgble traits which are
—— ot avallal?le in cultivated oilseed Brassica and
Progra M play an important role in crop improvement

mme of rapeseed-mustard (Kumar et al., 2004).
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Evaluation and characterization of germplasm is
necessary in order to search for potential donors (Yadav
et al., 1997; Misra et al., 2004). A number of rapeseed-
mustard varieties have been developed by utilization of
elite germplasm (Kumar et al, 2004; Chauhan et al.,
2008}, Therefore, in the present investigations, emphasis
has been given to characterize germplasm for oil content
and 1000- seed weight.

Materials and methods

Elite germplasm accessions were procured from various
centers of AICRP {R-M) network during 2001 and 2002.
These germplasm accessions were grown in an
Augmented Design spaced 30 cm x 10 cm with three
checks (PCR 7, BIO 802 and RH 30) at National Research
Centre on Rapeseed-Mustard, Sewar, Bharatpur during
rafi 2002-2003. These germplasm accessians were
evaluated for 15 agro-morphclogical and quality traits viz.,
initiation of flowering (days), 50% flowering {days), daysto
maturity, plant height (cm), primary branches, secondary
branches, main shoot length (cm), siliguae on main shoot,
siliqua length {cm), siliqua beak length (cm), seeds per
siliqua, 1000-seed weight (g). harvest index (%), ail and
protein content (%). The observaticns were recorded on
randomly tagged five plants for different traits at
appropriate growth stages. Protein and oil content were
analyzed by Near Infrared Reflectance Spectroscopy
{Dickey- John, Instalab 600). Range, mean, coefficient of
variation and simple correlation coefficients were
computed using standard statistical methods (Gomez and
Gomez, 1984).

Results and discussion

Sufficient genetic variability was observed in the material
under study (Table 1). Among the 15 traits studied,
maximum variability was obsetved far secondary
branches/plant followed by 1000-seed weight. The least
variability was observed for days to maturity followed by oil
content. Similar trend of genetic variation has also been
reported by various other workers in cilseed Brassica
(Yadav et al., 1997; Kumar et al., 2000; Chauhan ef al.,
2000; Meena et al., 2000).

Promising donors were identified for various economic
traits (Table 2), which can be further used for future
breeding programme, Genotype RAURD 9612 found to be
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one of the useful donors for sitiqua tength, main shoot
length and seeds/siliqua. Genotypes BIO (E) 2 and ORT
(m) 7-1 were identified for early as well as 50% flowering.
Further, genotype RN 553 was recorded as desirable
donor for main shoot length and 1000-seed weight,
Genotype PRO 2103 had highest number of primary
branches and siliquae on main shoot. Harvest index was
recorded to be maximum in the genotype ORT {m) 7-1.
The highest 1000-seed weight and seeds/siliqua were
recorded in genotype YRS &7 and HNS 2605,
respectively.

Seed yield had positive and significant correlations with
plant height, primary branches/plant, secondary
branchesfplant, main shoot length and siliquae on main
shoot (Table 3). These findings are in agreement with
Reddy (1991), Kachroo et al. (1997) and Misra ef al.
(2004}, Therefore, seiection of these characters will be
helpful in increasing seed yield. Seed yield had non
significant corretation for 10 morphological fraits.
However, it had negative correlation with oif content,
siliqua beak length and 50 % flowering. Others important
fraits such as siliqguae on main shoot had positive
correlated with plant height, main shoot length and 1000
seed weight; in addition to this, 1000 seed weight had
. positively correlated with main shoot length. While, ol
content had non- significant correlated with all the traits.
Significantly negative correlations of 50% flowering with
main shoot length, plant height and harvest index were
observed. The assaciations between the yield refated
attributes revealed the mutual relationship between two or

more characters; therefore, it is an important parametg
for taking a decision regarding the selecfion and in
formulation of breeding programme.,

There was less variability for oil content per se in Indian
mustard. The maximum cil content i.e. 43.4 % is reporieg
in BPR 171, The promising accessions with more than
42% oil content were BPR 171, JGM 8011, ORT (m) 74
HUM 8803, JGM G1-11, YET 17, JGM 9005, RAURD
9621, PRO 2001 and HUM 9964 (Table 4). There arg
several bold seeded genotypes present in the available
gene pool. The maximum 1000- seed weight (7.5 g) was
recorded in genotype YRS 67. High 1000- seed weigh
(»6.5 g) were recorded in YRS 67, YRN 8, RN 553, RH
9304, YET 17, RN 518, MAHON 8 and RK-01-01. Thesg
promising genotypes having high seed weight were alsg
characterized for various agromerphological traits
(Table 5). These genotypes can be utilized in genetic
enhancement of Indian mustard.

The promising accessions can be used directly for
hybridization and other breeding strategy related tc
genetic improvement. It may also be concluded that seed
yield had positive and significant correlations with plan
height, primary branches/plant, secondary branches/plant,
main shoot length and siliqguae on main shoot and it had
negative carrelation with oil content, siliqua beak length
and 50 % flowering. Therefore these characters should be
considered for seed yieid improvement in rnustard
breeding programmes,

Table 1 Variability in some agro-morphelogical traits in Indian mustard

Character Range

Mean + SEm

Mean values of checks

CV (%)

PCR 7 BIOg02 =~ RH3C
Initiation of flowering (days) 34.0-99.0 519+ 0.8 15.3 57.0 48.5 48 .4
50 % flowering (days) . 47.0-116.0 618+ 09 14.5 661 57 .1 56.4
Plant height (cm) 61.4-202.8 1833+ 0.7 11.4 187.4 162.5 160.4
Primary branches / plant 3.6-8.8 6.2+ 0.1 19.2 6.6 . 6.1 58
Secondary branches / plant 1.0-17.6 10.4+ 0.3 35.7 11.4 1.7 10.8
Main shoot length {cm) 21.4-88.0 67.6+ 09 15.1 72.0 721 75.0
Siliqua on main shoot 20.4-54.8 416+ 05 12.8 4318 435 46.0
Maturity (days) 138.0-158.0 148.4+ 0.2 1.7 149.6 147.2 149.8
Siligua length {cm) 3.37-6.1 48+0.0 11.3 5.5 51 51
Siliqua beak length (cm)i 0.63-1.7 1.07+ 0.0 12.7 1.08 1.04 1.09
Harvest index (%) 16.6-37.5 28.5+ 0.3 13.8 23.7 27.8 287
Seeds / siliqua 10.6-20.2° 14.3+ 0.1 9.9 14.5 13.3 137
1000-seed weight (g) 2.6-75 4.9+ 0.1 209 52 6.3 6.1
Protein content (%) 19.2-22.9 208+ 0.0 3.3 208 202 206
Qil content (%) 37.4-43.4 40.3+ 0.1 31 401 38.0 391
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Table 2 Promising accessions of Indian mustard

Character Indian mustard accessions
imary branches/plant > 6.6
Pamary BIO 322-05, JGMO1-15, PAB 9534, RGN 55, PRO 2103
ain shoot length {cm) =752:
M NDR 2004, PR 9808, RAURD 9812, RK 01-04, RN 583
Siliguae on main shoot =45.0:
JS 10, MJ 234, PRO 2103, PWR 9541, RGN 42
Siliqua length (cm) > 5.5
. DHR 9618, HUM 0003, NDR 2004, PR 9801, RAURD 8612
Seeds per siliqua >14.5:
DHR 8618, HNS 9605, PBR 210, RAURD 9612, RK 2003
1000-seed weight {g) >7.0
RH 9904, RN 553, YET 17, YRN 8, YRS 67
Oit contant (%) =42 5

BPR 171, JGM 01-11, JGM 9011, HUM 9903, ORT (m)7-1, YET 17

Table 3 Carrelations among the different agro-morphological traits in Indian mustard germplasm

Inialion gy, pigy Primany Secondary Main Slause pogio gjigua SUOS2 Harvest Seeds/ oo Protein O

Character ﬂaw?efr'mg flowering height brir,:::fs” brapr;;::iesl l‘:ig?; oghr:;;in maturity length Ien;h index  siliqua weight content content
50 % flawaring 0.89"

Flant 0.35* 0.35*

height

Primary branches 0.33* D30 0.42°

Secondary branches  -0.05 011 027 Q48

Main shoot length -0.22 -0.33* 029 -0.13 0.23

Siliquae on main -0.15 -0.20 Q35 .10 0.24 0.57*

shoot

Gays to maturity 048~ 0.58* 054 0238 05 105 Q08

Siligua length 0.09 0.09 0.28" 017 0.06 013 018 0.24

Siliqua beak length -0.01 -0.04 -0.24 -0.20 -0.38 005 043 013 D.WD

Harvest index -0.21 -0.24 035 024 -0.25 o.M 0.07 0156 009 006

Seeds/siligua 0.18 0.33* o1 015 .04 003 008 017 029" -0.15 -0.12

1000-seed weight -0.14 -0.25 0.13 -0.08 0.1 D.48* D27~ 0.03 G118 017 Q.25 -0.20

Protein content 0.4 008 002 047 947 D03 000 008 007 016 003 003 014

Ol content -0.09 002 005 008 010 037 007 000 003 00§ 009 009 043 -018

Seed yield 0.03 .07 035 036" 0.62% 0.42* 043" 012 013 -0.19 0.07 0.01 028 012 -DO05

Table 4 Characterisation of promising accessions of Indian mustard having nigh oil content (>42%)

O Inial  50%  Plant Pri ondary M3N g iqua Sidua 1900 brotein
Gamatype  Content ﬂow;ring Fiowering Heig?:t Br;:rt]:igs!SBer:ncg:g shoot S‘::?;:E! Days to ?en?;tr? beak Harvest Seeds/ seed o
(%) (days) (days) (om)  piant  plant NN gpogy maturity T lengthindex  siiqua - weight T,
— {em) ey @ -
BPR171 434 54 65 163 ) 3 8 150 43 08 343 13 45 1959
JOMS011 428 a7 54 150 5 9 51 46 145 42 1.0 267 13 4.0 2042
ORT(mj 71 428 39 47 1 4 1 21 20 18 37 48 375 12 10 19.94
HUM9%0s 426 a7 80 163 6 10 73 40 152 42 12 288 14 55 1983
IGM 0111 425 47 57 174 7 13 72 45 148 48 10 278 14 4.2 20.55
YET 17 425 49 54 172 5 7 77 43 148 51 11 294 13 70 20.88
JGMagos 423 49 59 189 8 14 65 39 150 47 10 200 15 34 27
RAURD 8621 423 50 84 174 & 8 60 40 149 5.0 1.0 285 15 38 2126
PRO2001 422 5 62 183 g 15 75 48 150 56 88 261 14 60 1983
HUM 9964 421 57 65 169, & 9 63 39 151 5.1 1.0 325 15 47 2068
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Table 5§ Characterisation of promising accessions of Indian mustard having highest 1000-seed weight (>6.5 g}

1000- initia1 50 % Plant Primary Secondary ;ﬁg‘;‘t Siliquae/ Days fo Siliqua S;‘f;‘;a Harvest Seeds/ Protein
Ganotype: seed  flowering flowering  height  Dranche branches!/ length main o turity length length lngiex siliqua content
weight (g} (days) {days) {emy &/ plant plant (o) shoot {cm) {em) (%) {%)
YRS 67 7.5 51 & 14 79 14 788 45,8 149 5.4 1.2 298 15 19.95
YRN & 74 50 g <] 77 B.& 788 48.2 145 4.9 N 288 14 2004
RN 853 73 5% 4 4 87 38 87 4 40.6 146 4.2 17 275 13 207
RH 9304 7A 50 5 4 70 4 69.8 43.4 149 4.7 1.1 M43 13 2068%
YET 17 7.0 49 5 7 77 74 77 43 146 52 1.4 294 13 2088
RN 518 6.9 45 6 4 72 4 718 394 148 51 11 7 14 19.88
MAHORM B 5.9 51 5 7 70 7.4 64.6 384 147 37 1.1 2B6 11 20.65
RK 01-01 5.7 b5 8 13 G3 13.4 578 48 4 151 5% 1.1 313 13 2118
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Abstract

The magnitude of genetic wvariability and
inter-relationships were studied for yield and its
campanent characters in 80 germplasm lines of
yellow sarson (Brassica rapa var. yellow sarson) in
two envirenments, Higher estimates of phenoiypic
and genotypic coefficients of variability were recorded
for seed yield! plant and number of siliguae/plant in
hoth the environments. High heritability along with
high genetic advance were recorded for seed
yieldiplant, number of siliguae/ptant and number of
primary branches/plant. Correlation and path analysis
revealed that plant height and number of
siliquasiplant were the key yield contributing
characters under study.

ey words: Brassica rapa, correlation, path

analysis
Introduction

Yellow sarson (Brassica rapa var. yellow sarson) is an
important rabi pilseed crop of north east India. Being a
seif-compatible and selfpollinated crop, pure line
sefection in genetically variable populations has been the
main stay of breeding programme. Presence of variability
'S a pre-requisite for Improvement in seed yield in any
crop. Seed yield s polygenically controlled cormplex
character and is determined by a number of yield
Companents which are also quantitatively inherited. A
knowledge of heritability and genetic advance of these
characters indicates the scope of improvement through
s_election. Estimation of character asscciation with seed
yield and their direct and indirect effects on yield helps in
the selection of desirable plant types. Therefore, the
Present investigation aims to examine the extent of
anetic variability, and degree of association among
different characters and to select superior lines for yield
and related characters.

Materials and methods

The study was carried out with 80 diverse genotypes of
3’_9"<le sarson including 73 local collections from different
districts of eastern Uttar Pradesh, two lines from Jaina
{Mahycoy), three from NRCRM Bharatpur (Rajasthan) and
ohe each from RAU, Dholi (Bihar) and Berhampore
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{(W.B.). The experiment was conducted at Crop Research
Station, Masodha (E,) and Research Farm of Department
of Genetics and Plant Breeding (£;) of Narendra Deva
University of Agricufture and Technology, Narendra Nagar
(Kumarganj), Faizabad in Randomized Blotk Design with
three replications. Each plot consisted of single row of 3m
tength with row to row and pfant to plant spacing of 30 cm
and 15 cm, respectively. Observations were recorded on
five randomly selected competitive plants from each plot
for 11 quantitative characters (Table 1}. The data were
statistically analyzed to estimate phenotypic and genotypic
coefiicient of varigtion, heritability and genetic advance.
Phenotypic and genotypic correlations were calculated
along with path coefficient analysis (Al-Jibouri ef af., 1958;
Dewey and Lu, 1958).

Results and discussion

Analysis of variance reveated significant variability for all
ihe characiers under study. The coefficient of variability
bath at phenotypic and genotypic level were high for seed
yield/plant followed by number of siliquae/plant, length of
main raceme at E, and for seed yield/piant, followed by
number of stliquae/plant, number of primary
branches/plant, langth of main raceme and plant height at
E, (Table 1). Similar results were also reported by Singh
et al. (1998) in yellow sarson, Saraswat (2002) and Mahia
ef al. {2003) in Indian mustard. Wide differences in the
estimates of coefficients of variability at phenotypic and
genotypic level for length of main raceme, number of
primary branches/plant, number of siliguae/plant and
1000-seed weight at €, and days to 50 % flowering, length
of main raceme, length of siliqua and plant height at E,
indicated that these characters were highly influenced by
environmental fluctuations.

The heritability estimates in broad sense were high for
seed yieldipiant, oil content and number of seeds siiiqua
in E, and for number of siliquae/plant, seed yield/plant and
number of primary branches/ plant in E,.

Qi content showed high henitability and low genetic
advance at E, couwd be due to predominance of
non-additive gene action (dominant or epistatic) and/or
less genetic variabifity for this trait in the material,
incorporation of additionat vaniability for ol content in the
material would be rewarding. The characters such as seed
yield/plant, number of siliguae/plant and number of primary
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branches/plant in both the environments exhibited high
heritability with high genetic advance indicating the
predominance of additive gene effects and greater scope
for improvement int these characters through selection.
The high genetic advance coupled with moderate
heritability for plant height and number of siliquae/plant at
E, and 1000-seed weight at E, indicated the presence of
both additive and non-additive gene effects and hence
some promise for improvement in these traits through
selection. Based on per se performance in both the
environments, best three genotypes for different
characters were identified (Table 2}. It is evident from the
table that cutstanding genotypes forindividual component
characters were not simuftaneously higher yielder. This
revealed that yielding ability of the genotypes is
dependent upon balanced combination of compenent
characters. However, superior genotypes for individual
component characters may be used as potential parents
in combination breeding programme.

Correlation coefficients at genotypic and phenotypiclevels
showed that the number of siliquae/plant had positive and
significant association with seed yield at E, as well as at
E, Plant height showed positive and significant
asscciation with length of main raceme, number of primary
branches/plant, number of siliquae/plant and seed
yield/plant both at phenotypic and genotypic level at E,.
The associations of plant height with length of main

raceme and primary branches/plant indicated that
increase in plant height will accompany the positive
improvement in these associated characters and will
ultimately lead to increased seed yield. Length of main
raceme expressed pasitive and significant association with
number of siliquae/plant at E,. This indicated that by
increasing length of main raceme, number of
siliguae/plant could be substantially increased leading to
higher seed yield. The presence of substantial amount of
variability in number of siliquae/plant and seeds/siliqua
and their positive correlation with economic yield merit
consideration for improvement of these characters. The
estimates of genotypic and phenotypic correlation for
different characters varied considerably in the two
envirenments. The patfern of associations between
characters was different under two environments, as also
reported earlier by Masood et al. (1999), Shah ef al.
(2002) and Singh (2004} in Brassica species.

Path coefficient analysis (Table 3 and 4) revealed differing
direction and magnitude of direct and indirect effects of
compenent characters lowards seed vyield in two
environments. On the basis of correlation studies it was
inferred that higher expression of number of siliquae/plant
in both the environments were jndicative of higher seed
yield. Number of siliquae/plant also showed highest direct
effect on seed yield in both the environments.

Table 1 Genotypic and phenotypic coefficient of variability,, heritability {%) and genettc advance of different characters in E, and E,

Grand mean Coefficient of variahiiity Heritabiiity Genetic Geneii_c
Character Range advance in %
{z)SE Pherotypic  Genotypic  (2r03d sense)  advance mean
Days to 50 % flowering E, 44 33 #1.55 40.66-49.00 5.16 2.88 31.20 1.47 3.31
E, 4407 +2.03 38.33-43.00 6.21 2.57 172 097 2.20
Days to maturity E, 103.76+ 247  100.00-117.33 3.39 1.73 26.1 1.89 182
E, 104.92 + 2,13 101.00-111.00 2.98 1.64 13.3 1.95 1.88
Mant neigt {em) E, 9777 +8.17 55.13-124.50 14.8b 12,68 721 2181 22.31
E, 95.01+ 13.00 5513-119.50 18.23 7.18 155 5.54 583
Length of main raceme  (cm) E, 46,90 + 5.65 27.93-64.10 18.76 11.56 38.0 .88 1467
E, 46.22 + 6.36 27.93-64.99 20.57 11.80 32e 644 13.94
Number of primary branches/plant E, 7.39+0.99 4.38-12.63 26.66 21.06 62.1 2.52 34 11
£, 730+059 4.05-12.20 26.36 24.40 857 3.39 46.63
Number of sifiquae/plant E, 86.14+ 12,58 44.88-172.12 33.35 2815 713 4217 48.96
E, 7168 + 476 36.73-135.5% 3029 2814 92.8 41.44 57.82
Number of seeds/siliqua E, 2852+123 16.43-39.46 12.97 11.64 806 5.70 21,51
E, 26.85+ 1.36 21.50-32.77 10.56 B.53 85.3 3.81 14.21
Length of siliqua (cm) E, 577+ 0.26 4.50-6.76 9.75 7.98 67.0 077 13.45
E, 5.79+ 0.54 4.86-7.14 1235 4.70 14 5 0.21 368
1000-seed weight (g} ‘ E, 3.22+0.30 2.44-4.42 13.62 7.14 276 0.25 7.73
E, 314+ 0.21 2.43-4.28 1476 1210 67.2 0.64 20.43
Ol content {%) E, 4168 + 0.57 37.60-44 08 3.83 3.54 813 274 ©.59
E, 4279+ 0.80 39.37-45.69 3.30 238 51.0 048 347
Seed yield/plant {g) E, 7.56 + D.75 3.80-14.70 33.59 31.27 B6.8 4.53 59.94
E, 616+ 0.71 2.79-11.45 34.67 31.57 83.2 3.65 59.31
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Character

Yellow sarson accessions

Days to 50 % flawering

Days to maturity

Plant height {cm)

Length of main raceme (cm)
Number of primary branches/plant
Number of siliquae/plant

Number of seeds/siliquae

Length of siliquae {cm)

Test weight (g)

Qil content (%)

Seed yield/plant (g)

<43, NDYS-2, NDYS-38, NDYS-105

< 103, NDYS-38, NDYS-102, NDYS-118

> 110, NDYS-180, NDYS-229, NDYS-9509
=50, NDYS-2, NDYS-130, NDYS-179
=10, NDYS-121, NDYS-174, NDYS-179,

2 80, NDYS-132, NDYS-114, MYSL-201

> 25 NDYS-38, NDYS-44, NDYS-45

z 5.5, NDYS - 44, NDYS —101, NDYS —-132
> 3.5, NDYS- 115, YSC-80, MYSL-207

> 43.5, NDY5-117, NDYS-118, NDYS -132
= 8.0, NDYS-136, NDYS-211, MYSL-201

Table 3. Direct and indirect effect of different characters on seed yield/plant at phenotypic and genetypic level of E,

Days to Davs 1o Plant Length of Primary  Number of Number of Lengih of Test Oit Genotypic
Character 50 % ma{um hemght main raceme branches! siliauaal seads! siligua  weight  conlent corglation with
flowering Y {cr) {em) plant plant siliqua {cm) {g) (%) secd yield
P pogp 0001 DOOY 0001 5008 0003 0.001 0002 0007 .00 0.063
Days to 50 % 013
flowering G 0058 0004 0OT6 0.025 £.005 0.015 0.001 0.008 0011 -0019 134
P 0001 0103  -0003 -0.003 -0.005 -0.047 -0.601 -0.009  -0003 0001 0034
Days to maturi
Y Y 6 ooess o0 a 128 0.288 o001 0110 -0.002 0004  -0025 -0.004 0.0e7
P 0002 -0.009  0.040 0.047 0.082 0.254 0.002 0022 0010 -0006 0.444
Plant height {cm
S 0.002 -0.004 0.672 0.391 0.034 0.285 0.002 0018 004D -0.03% 0532
L ) P 0802 0003 0024 0.077 0.082 0.124 £.001 005 0008 0.002 0.290
ength of main
maceme (e} G 0001 -0006 1000 0732 0024 0224 0001 6013 0051 0030 0530
Primary P -0.005 -0.003 0.016 0.016 0.207 0.284 0.005 0.017 0012  -0.008 0.541
banchesipant G 9005  -0.001 1146 -0.694 -0.059 0.327 0002 0015 0031 0026 9.70e
Murnber of p -0001 -CO09 D018 0.017 0.106 0.553 0.002 0.020 0001 0.003 0710
slliquaeiplant 6 0002 -0.009 1228 -0.831 0042 0.458 0001 _0021 0018 0021 0823
Number of P 0001 -0001 . 0002 0.001 £.020 0.024 0.054 D019  -0.011 -0.020 0.089
3 !
Beds/siligua G oopa  -a003 0185 q.044 .0.005 0026 0025 0017 -003F 0122 0.104
(Leng[h of siligua P .0on2 -0 010 0.009 0.012 0037 0113 0.012 0.097 0.001 0.002 n.271
cm
I G D00 0003 0818 -0.369 -0.015 0.164 0.007 0058 0003 0023 0.361
_ P 0004 0004  0.005 0.008 0.0%4 ©.001 -0 008 o.001 0078 0.001 0.112
Test weight (q) 0.261
G 0005 -D.007 0709 0644 -0.014 0.052 -0.006 0001 0.136 0021 ‘
il content 24y P 0001 0003 -0.003 0.002 0,020 0.018 0.013 D002 0.001  0.082 0073
G 0003 0001 0183 0136 0.004 0026 0008 0004 0.008  0.369 £.094

T — .
YPIC residual effect = 0.4009. Genotypic residual effecl = 04572, Bold value denole direct path efiect
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Table 4 Direct and indirect effect of different characters on seed yieldiptant at phenotypic and genotypic level in E,

Days 10 Days to Pilam Length of Primary ~ Number of  Number of Length of  Test Qil Genqtym
Characters 50 % maturiy height main raceme  branches/ sihquae/ s‘eredsf siliqua  weight content correfation wiy,
flowering (em) fcm) plant plant siliqua ooy )] %o} seed yield
Days 1o 50 % P D62 0 00y 0.001 0.001 0.001 0.048 0.014 001 0001 000 003
fiowering G -0.041 -0.0a7 20358 9020 0008 0.130 0.068 -0.03%6 @005 -0018 0078
Cays to maturity e 0003 0.005 0.003 [V En1¢3] oo 0.003 0.a01 0008 -0.0Q1 0.0Q3 q.027
G G0.0G6 0.051 0.083 -0.042 -0.005 0.028 02.001 -0.080. 0001 0.008 0072
Plant heignt (cm) P 0.001 0001 0.029 G 004 0.001 0.113 -0 005 0014 Q.03 -0.003 0.157
G -0.001 0.029 0.146 -0.253 0.007 0262 -2.003 g.181 0.004 -0.020 0.352
Length of main P 0ol 0.00+4 0009 0.013 - 0.001 0.088 0.002 0010 0.003 -0.008 0.119
faceme (om) G -0.003 0.0017 0.140 -0.1864 0.008 0.185 -0.804 0043 DO 0022 0182
Mumper of primary P -0.008 0001 -0.003 -3.002 0.0a3 0403z 0.002 0008 04003 QO08 2048
branches plant” G -0.011t 0008  -D.034 0.038 0.029 0072 0.003 0.037 0004 0.009 0087
Number of siliquae P -0.005 0.001 0.008 0.004 0.002 0.596 0.010 0.008 0001 0004 0.629
plant® G -0.001 0.001 0.085 -0.072 0.001 0.654 0.04% 002 DOD5 0005 0.715
MNumber of seeds F  0.009 Q.001 0.002 0.001 0.001 -0.052 -0.098 0.006 -0.007 Q012 -0.125
siliqua G 0018 0001 0002 -0.007 0.001 -0.067 -0.152 0050 -0.003 0.022 0137
Length of stiqua P 000 0.001 0.004 0.00 .01 D039 0.194 0.108 8.003 -0.005 0.347
tem) G 3.035 -0.001 0.088 -0.038 -0.004 Q114 -0.027 0.249 0033 -0.008 0418
Tesiweignt (g) P -0.002 D.001 0.001 0.001 0.001 0.100 0.011 0.006 0062 -0.010 0171
G -0009 0.601 0025 0.002 -0.005 G141 0.024 0025 0023 -0018 0.211
Qif content (%) P -0.001 0.001 0.001 3.002 0.001 -0.037 0.016 0.008 a.185 -0.073 0.073
G -0.008 -0.005 0.024 -0.067 0.003 -0.048 G037 0.018 0244 -0.088 0120

Phenotypic resicual factor =0 5754, Genolypic residual factor = 0.3452. Boid value denote direct path effect

Plant height, length of main raceme and number of
primary branches/plant alsg had positive assaciation
with seed yielid at E, but only plant height exerted
high order airect effect on seed yield. The positive
correlation of tength of main raceme and number of
primary branches/plant with seed yietd was primarily
due to its paositive indirect effect via number of
siliguae/plant (Patel et al., 1999). The direct effect of
oil content on seed yield was positive (Patel et af,
1999}, At E,, length of siliqua and number of
siliquae/plant had positive and significant association
with seed yield. Evidently these characters have
emerged as key components of sead yield. Besides,
days to matunty, plant height and fength of main
raceme also manifested positive association with
seed yield though their direct effect was not of high
order. The direct effects of days to maturity and ptant
heightwere positive at both genotypic and phenotypic
leve! at E, as well as at E;. Plant height exerted its
positive effect on seed yield mainly via number of
siliguae/plant and length of siliqua. it may be inferred
that plant height and number of siliguae/plant are the
key component that determine and describe seed
yield in the material under study. '
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Apstract

Thirty four genotypes of toria were evaluated under
eight diverse environments far stability analysis for
yield and its refated traits. Pooled analysis of variance
far afl the thirteen characters indicated significant
differences among the genotypes and environments.
The lingar component was observed fo be significant
for all the characters except number of primary
branches suggesting that the prediction of
performance of genotypes was possible across the
environments. Genotype 1C 212033 was observedtobe
desirable and stabie for seed yield as well as other
characters like days to maturity, plant height, number
of primary and secondary branchesiplant, siliqua
length and bioclogical yield. Further, the genotypes (C
258447 and IC 259462 were having high yield, S%di=0
and b>1 indicating that these genotypes would
perform better in favour.h'e conditions.

Key words: Toria, stability, seed yield, regression

coefficient

Intraduction

The effects of genotype and environment on phenotype
may not be aiways independent. The phenotypic response
to change in environment is not same for all genotypes,
the consequences of variation in nhenotype depend upon
the environment. Since GxE interaction has marking effact
On genotype (Comstock and Moll, 1963) hence these
Interactions are of considerable importance to plant
breeders in identifying the genotypes suitable for
favourable1ocationfenvironment and assumes importance
fo hetential expression of characters under interest. The
'mpartance of GxE interactions is recognized well and
these are knowrn to be heritable and statistical techniques
are available to estimate them. The main efforts of
geneticists are to reduce them or o scale them out. The
S€notypes adjusting their phenotypic state in response to
he Environment so that they are able o give their
Maximum yield or near maximum economic returns are
Called "well buffered’ genotype (Allard and Hansche.
15164} Hence present investigatio_n was carried out

iZing 34 genotypes over diverse eight environments to

a3§e§5 to the stability of seed yield and its component
Vraits in Toria,
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Materials and methods

The present experiment was conducied during iwo years
{ 2003 and 2004} af two diverse locations i.e., Simbhacli,
UP and R.S. Pura, J&K with early and late sowings. The
34 genotypes procured from NBPGR, New Delhi, were
grown in Randomized Block Design with three replications
under eight environments. Each entry was sown in single
row of 3 m length with a distance of 3C cm and 15 cm
between rows and plants, respectively. In each replication
the observations were recerded on five randomly selected
plants in each plot on seed yield and related {raifs, Plot
means were subjected to stability analysis as per mode!
given by Eberbart ang Russell (19686).

Results and discussion

The pooled analysis of variance for GxE was highly
significant for all the 13 characters, thus indicating the

presence of genetic variabilily in the material studied and

alse the vanation in the environment under study {Table ).

The analysis of variance also exhibited that linear
component of environment was significant for ali the

characters except number of primary branches. Variance

due to GxE was highly significant for all the characters

except plant height, number of secondary branches, 1000
seed weight and oil content indicaling the differential

response of genotypes in the expression of characters

under varying environments. Similar to the present results

Mahto (1598), Krishnanand and Bhajan (1997), and

Dhillon et al. (2001) also reported that the environmental

linear component was highly significart for all the

characters, The linear portion of GxE was important for
days to maturity, number of primary and secondary
branches, number of siligua/piant, number of
seeds/siliqua, seed yield, biological yield, harvest index
and 1000 seed weight reflecting the predictability of the

performance of genotypes over environments while the
non-linear portion of GxE interaction was important for
days to 50% flowing, plant height and oil content and for
siliqua length both tinear and non-linear components were
equally impontant (Table 1). Chaudhary et al. {2004) also
reparted that linear camponent was pre-dominant for days
to flowering, days to maturity, siliqua on main shoot,

number of siligua/plant, seed yield, 1000-seed weight
harvest index and oil content in indian mustard.



Phenotypic stability of yield and its compenent traits in toria var. toria

Eberhart and Russell (1966} suggested that both linear
sensitivity coefficient (bi) and non-linear sensitivity
coefficient ($°di) should be considered in assessing the
phenotypic stability of a genotype and considered three
stability parameters viz., mean performance (x), regression
coeficient (bi) and deviation from regression (S?di). Based
on stability parameters the genotypes IC 259352, IC
259353, IC 259355, IC 259445, [C 259446, |C 2594467,
IC 259468 and IC 268317 were found to be stable and
desirable for days to 50% flowering (Table 2). Mean
number of days taken to maturity ranged from 91.5 {IC
259353; to 98.4 (IC 212077) over eight environments with
a general mean of 94.3 days. The genotypes |C 259351,
IC 259445, [C 259447, |C 258457 and IC 259460 with low
mean, unit regression (b=1) and s°d=0 were identified as
desirable and stable for days to maturity (Table 2). For
plant height , the genotype IC 259462 had high mean and
b>1 indicating better response to favourable environment.
Only 10 genotypes nameiy 1C 212034, IC 212077, IC
212129, 1C 230974, {C 259230, IC 259340, IC 268313,{C
268317, 1C 268318 and IC 268326 had high mean, b=1
and s°d=0 and were screened as desirable and stable
across the environments for ptant height. Genotype IC
258465 for number of primary branches; IC 212077, IC
212129, IC 259230 and [C 259353 for number of
secondary branches; IC 259462 and IC 259353 for siliqua
length showed high mean, average response (b=1} and
non-significant  s2di indicating predictable performance
and found to be stable over environmenis.

The genotypes IC 212077 and 1C 259340 for
seeds/siliqua; 1C 212033 and 259444 for seed yield; IC
259351 and IC 259443 for 1000 seed weight and IC
212032, 1C 212077, 1C 212129, IC 259353, IC 259355,
1C 259443, 1C 259444, IC 259445, IC 259462 and IC
259468 for oil content showed high mean performance,

Tabie 1 Joint regression analysis for yield compenents in toria

b=1 and sdi=0 indicating stable performance gy
enviranments,

The genotypes IC 212032, IC 214824, IC 258230, ¢
258340, IC 253443, IC 259445, |C 259448, 1C 250449
IC 259467, IC 268318 and IC 268326 for seed yiald: ¢
212032, (C 259230, |\C 259448 and {C 259458 f
biological yield and {C 253355, IC 259446, 1C 259461 any
IC 268326 for harvest index showed Delow meg,
performance, unit regression coefficient ang
non-significant s%di (Table 2). This indicated that thy
performance of these genotypes can be improved by

' adopting suitable management practices and can alsobg

used as one of the parents along with high mesn
performance to breed genotypes with high mean
performance and wider adaptation. Further the genotypes
IC 252447 and |C 259462 were observed to be high
yielding and stable but their corresponding bi values werg
significantly greater than unity. This showed that these
genotypes would perform better in favourable conditions
and hence could be recommended for cultivation in high
fertility areas and management practices. Furthermiore,
genotypes IC 212034, IC 259444 and [C 268321 had
mean seed yield greater than population mean and was
stable (s°di=0) but their bi values were significantly lower
than unity {(b<1). It indicated that these genotype wauld
perform better in poor environmental conditions  and
hence these genotype can be used as a donor parent to
breed a suitable genotype for poor enviranment (Table 2).

The results of the present study indicated that none of the
genotype studied was found superior for all the characters
in ail the environments, The stable genotypes identified
could be used as parents in future breeding programme
for developing suitable genotypes with wider adaptabiity.

1000-

Saweot g U0 Da e U oy s emn sesds  yels  calved hoss SSCS conien
fiowering branches branches plant {cm)  Jsiliqguae /piant (g) (g) (%} (@ (%%}
Genolypic 33 12.80*% 2350* T77 83 157 3.27* 229378 101" 1647 963" 30851 7295 238" 4194
Emaronment 7 B.09*™ 103.23** 174.51 0.6 891" 941532™ 286" 15688 I7.71% 31948 111.56% 228 4.76™
GxE 231 159~ 4.02* 3579 Q.58 1.88 451.99" 038 421 276 8609 1848 015 0480
E+GxE 258 1.72 5.94 39.87 0.57 202 1113.56 042 4.54 379 295 2219 0.1 0.79
E (lingar) 1 4262 72213** 122333 116 48.43* 55908.93* 16.63* 109.57* 263.99" 2236.44*"780 89** 16.96*" 2984
GxE {lingary 3 1.44 421 2571 0.84™ 2.25 1158.94 0.35 4.60 4.48™  173B6™ 4733 0D24™ 0486
Pooled deviation 204 1.58** 387 3838 Q.52 1.78% 788 59* Q357 402 241 69.39* 1440% 013 Q070
Paoled error 528 089 1.51 31.08 0.28 1.63 253 .81 012 1.26 1.67 32.58 4.1Q G.21 0.63

** Significant at P=3.01 leve!
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Table 2 Estimates of stability parameters in 34 genotypes of toria

D vty ey P No ofprimary branches " SEEIEY siiquarpant
Genalypes

H b 5% 5 b 5%d % b 5% “ b 5% * b 54 H b 5%
oz 2333 230 063 9433 127 115 6829 109 218 364 D008 011 1000 011 120 18159 085 34837
1C-212033 2582 154 122+ 9408 136 189 81.60 1.95 319 347 -4.40 o111 9.45 2.26 0.51 153.12. 1.41 1000.87++
212034 2700 080 278+ 97.83 081 202 9685 255 2456 315 557 022 1007 180 112 170.23 013 233540++
(212077 2512 083 4514+ 9838 095 180 9061 111 083 451 002 048+ 116 177 D01 19752 057 642344+
212129 2383 243 206++ 9342 199" 467++ BUED 150 2794 4727 493 0.09 1211 o3 227 18883 077 604 26++
|c.214824 2475 288 1994+ 9292 127 158 7262 185 099 349 ©B1 006 978 016 079 17821 113 20281
230874 2595 D42 164+ 9575 158 10.08+7 110.31 148 5440 584 -410 044 1087 005 026 20743 -003 146965++
|C-259230 2508 -0.03 065 ©500 082 171 8533 185 5123 391 -B15 127++ 1181 -1.23 187 19048 060 12762
CJESMG A58 168 106 9662 045 571++ 8986 200 1028 335 843 025 @80 072 282+ 18835 059 1298.11++
Ic269351 2371 148 103 9268 104 244 7727 124 221 338 027 107++ ©894 010 192 18560 002 51273+
IC-250352 2346 225 045 9371 144 071 7909 163 B680B+ 338 430" 001 1038 142 010 18884 184 397.83
IC259353 2158 126 017 9153 035 389++ 7632 -0.07 7081+ 371 201 001 1202 126 016 16494 03§ 2886
IC-259355 2279 140 025 9350 1.05 176 6886 102 1397 348 060 048+ 1080 288 245 17558 201 8781133
IC-250441 2367 124 071 9438 050 533++ 7099 226 6730+ 309 -081 039 961 231 093 15744 168 51946+
IC-269443 2350 166 041 92.88 036" 114 7254 -036 3395 360 583 CB4++ 1024 140 44d++ 19314 -029° 45952+
IC-250444 2388 051 003 9454 113 064 7058 -026 7443 356 7.11% 007 1007 183 235 19199 001 B842.32++
IG-258445 2325 -0.11 065 9279 0.99 084 7353 005 7352 364 755 008 966 118 D18 17197 180 74337++
IC-269446 2408 286 087 0483 148 259 7123 085 -121 289 48 026 878 022 121 17069 137 450.44+
IC-259447 2379 038 -0.04 9192 120 116 7473 144 2011 428 245 O71++ 1071 057 218 18440 029 630.45++
IC-259448 2488 173 370++ 9567 062 475++ 7662 121 3603 366 367 054+ 1044 148 215 18626 222" 6150
IC-259449 2383 -DB3 081 0250 1.26 270+ B980 058 3820 330 520 047 992 157 Q77 15370 1.09 1035.06++
IC-259456 2325 -0.96 220++ 9325 0.96 -030 71.01 132 1411 4534 -684 218++ 1246 -042 489+ 18104 195 68059++
1C-259457 2279 112 132+ 9254 118 1.28 62.26 0.79 201 4.07 3.36 0.65++ 945 1.72 0.51 174 48 1.85 2233.66++
IC-2594€0 2429 -.007 067 9233 087 -006 7418 184 2512 415 129 026 1032 -0.23 018 186,35 158 843856+
IC-253461  26.00 255 3154+ O97.54 1.22 4.40++° 8167 139 701 349 885 030 ta.f1 042 020 21468 015 1232.93+
IC-259462 2733 1.16 4.15++ S6.50 GB7 197+ B217 -121* 2089 455 446 125++ 1083 518 178 21403 146 54601+
IC-250465 2421 026 038 9388 057 167 7138 081 647 482 316 016 1133 058 150 2029 124 67160+
IC-250467 2279 .048 046 9296 0.88 5.35++ 7391 009 1380 423 620 061+ 995 116 054 19280 2.26 55036+
IG-259466 2288 067 007 9286 1.25 091 6144 130 4519 341 004 026 945 214 079 14307 104 957.90++
IC-268313  24.79 143 393++ 9438 205 12.93++ B439 089 648 377 284 035 1019 102 -016 19848 205" 192,03
IC-268317 2273 037 18 9554 009 1765++ 8297 118 2039 343 8§42 056+ 1086 -048° 001 20797 070 609.10+
IC-288318 2437 043 D1¢ 9579 D4 124 B320 004 135 385 659 050+ 1012 142 160 19823 043 102,19
268321 . 2471 016 018 G471 064 310+ 8042 036 2047 393 483 033 1083  G87 007 19027 004 67946+
IC-268326 2575 221 303++ 9383 108 531++ 8465 002 3432 401 -314 034 1149 177 086 17979 035 17266
Mean 2422 94.28 7824 Q 376 10.45 185.07
SEme 047 111 074 042 227 100 027 393 050 141 1061 063
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Table 2 Contd....

Siliqua length (e Mo, of seedelsiliqua Seed yield {g) Riological yield (g}

Genotypes

z b 5% E: b 5% i [} S - b s
1C-212032 4.47 1.13 T43++ 1429 232 235+ 376 145 D42 30.50 4.53 34 .85
IC-212033 3.71 1.8¢ 0.18 12.26 -0.33% 077 10.71 .00 0.67 37.81 0686 4551
1C-212034 4.32 1.73 089+ 14.46 0.34 3.29++ 1013 055 357 36.08 -2.71 g181++
C-212077 4.38 334 014 1512 1.26 162 9.60 088 Q.75 43.22 1.29 74.52+
1C-212129 3482 1.85 0.49++ 12.92 1.02 0.42 8.1 1.36 1.12 38.80 047 3¢ ¢z
1C-214824 348 .54 pavd 13,14 0.57 085 8.41 0.43 0.37 35.02 018 137 884+
IC-230874 4.31 133 07i++  17.59 1.96 1.88 1211 1.75 14814+ 5440 -3.00 237 16++
WC-259230 351 1.22 0.80++ 12.90 0.53 4.53++ 8.48 0.70 0.28 3672 1.22 1770
1C-259340 384 Q.87 031++ 1540 0.45 1.99 840 08 Q.67 38 89 1.5 38.89
1C-259351 4.13 0.50 0.34++ 15.43 0.99 6.67++ 9.75 0.55 -0.09 43.69 137 7977+
1C-3859352 4.3% D87 0.20+ 16.1% -0.6% 4.40++ B.63 0.427 0.70 30,28 -0.93° 3172
IC-259353 4.60 1.20 0.16 13.21 -0.46 4.27++ 888  240™ 080 34.07 2.268 117.60++
1C-2553558 4 08 1.58 0.23+ 15.54 215 4.19++ 9.27 1.29 2.41 43.14 211 2412
16-259441 3.58 038 046++ 1251 -0.03 5.78++ 881 204" 015 3400 -2.08” 274
1C-258443 339 094 0.13 14.64 1.82 257+ B.44 119 -0.37 37.90 Q.71 -1.89
1C-250444 328 06 0.07 13.26 -0.58 731+ 1084 087 160 44.77 el 87.48++
1-259445 430 0.60 081+ 1630 0.98 233+ B.45 090 098 37.96 842 2472
1C-258445 3.56 1.50 0.14 13.89 1.48 2.40+ 836 0.86 0.48 39.98 200" 215
C-253447 417 Q.97 0.05 1346 1.23 231+ 1142 2456 213 4508 111 1347
1C-253448 3.88 2.42 0.23+ 13.61 2.07 2.24+ 9.47 0.65 072 3r.ar 0.14 - 44.67
{C-263443 414 1.89 0.53++ 1321 272 0.22 84 0.74 1.32 34,83 215 67.10+
1C-259458 3.84 1.09 0.17 13.12 318 4.95++ 8.05 020 239 31.8¢4 1.28 27.78
1C-259457 415 1.31 032++ 1414 2.87 10.28++ 7.97 1757 039 34.54 3oz 47.91
1G-268480 3.83 0.56 015 14 .59 079 2.55+ 9.40 063 214 3997 1.09 52.90
1C-259461 4.1 1.63 0.12 11.83 1.40 4.34++ 9.35 0.81 Q.72 4577 2.8 -0.20
1259482 4.5¢ 1.80 018 1414 2.28 ERREA 10.81 2.35" 815 49,88 3,83 S22
iC-259485 3.58 2.03 0.54++ 1072 1.29 0.59 8.88 111 54a3++ 4248 3.03° 33.54
1C-259487 436 038 0.7 15.82 -0.48 2 86+ 814 167 (64 42.94 2.83 121.58++
1C-259468 449 1.82 0.36++ 1512 3.34* 236+ B75 180 316+ 3803 1.13 40.81
1C-268313 3.53 021t .09 15.43 -1.02 8.32++ 2323 018 2.60 4853 -1.26 107 43+~
C-268317 4.23 £.10 0.55++ 1634 436 11.0B++ 2.87 g8 Q05 54,08 127 73.84+
1C-268318 420 -161*  051++ 1323 1.03 3.41++ 8.55% Q.44 1.40 33.74 -1.57** 2.9
1C-268321 4235 034 0.08 14.42 057 0.94 1027 -0.B8™ 148 4770 220 7305+
1C-268326 408 1.03 0.10 13.09 0.43 8.25++ a7 126 272 4557 243 128.84++
Mean 4.02 14.13 g8.18 40.24
SEmz Q.22 .80 Q75 1.1 Q58 355 3.14 1.02
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Tabie Z Contd....

Harvest index (%)

1000-seed weight (g} Ot comtent (%)

%

Genotypes E b s b R % b St
IC-212032 2023 0.09 10.00+ 337 173 -0.04 39.24 .68 008
1c-212033 2513 1.88 32154+ 788 0.90 0.05 37.5¢ 1.06 0.03
1C-212034 29.62 003 26.71++ 2.09 0.90 0.03 537 g.13 Q.06
1C-212077 2272 112 723+ 347 089 Q.01 4002 0.80 0.04
16212128 2333 .80 0.54 3.14 0.87 0.03 39.63 027 038
1C-214824 25.46 =227 9.88+ 2.34 0.42 -0.03 35.83 (.35 0.30
1C-220074 22.36 1.78 6.69 2.89 0.49 0.03 3815 041" -0.18
|C-259230 23.40 142 3.98 3.18 0.55 018 35.48 -0.52 0.66
IC-259340 22.21 189 12.52++ 388 0.09 .18 36,72 0.9 008
(C-259351 23.24 -1.44% 14714+ 4.27 1.27 0.00 38.22 132 0.22
1C-259352 29.83 2.8C 36.71++ 3.59 047 -0.01 36.42 0.64 0.05
1C-259353 27.05 2 37 870+ 3.70 022 017 38.87 019 008
1C-259355 21.49 1.01 Q.45 3.70 1.26 0.06 39.1¢9 111 -0.18
10-250441 26.02 1.46 33.60++ 3.33 0.26 0.05 38.24 069 014
1C-259443 2233 168 0.85 429 0.21 £.05 42.00 135 0.16
1C-250444 24.87 218 14.08++ 3.30 0.71 0.18 42.29 -0 58 0.56
C-266445 22.33 0.44 7.59++ 3.94 2.45* 0.04 41.37 1.48 0.07
1C-259448 2112 0.z7 502 3.50 1.88 -0.01 40 57 2.00% -0.08
[C-250447 2536 2.80 11.54++ 3,71 1.04 .00 35.92 138 4.18
#-259448 26.39 228 22.12++ 428 2.32 0.54++ 36.592 1.55 0.25
1C-259449 2043 Q.09 8 58+ 386 2.5 0.05 37.15 0.48 0.22
1C-259456 2578 0.62 16.31++ 3.29 1.58 0.04 3585 1.33 -G.14
He-259457 24.04 -0.13 14.70++ 3.73 1.53 0.01 35.61 1.89* 013
IC-258460 2471 209 13 80++ 3.32 1.63 -0.02 35.28 1.16 .20
1C-259461 2072 0.28 573 365 2.02™ -0.02 40.45 4.85 4. 73++
W-25%482 2197 .53 804+ 358 .33 Q.08 42.33 .86 .08
IC-259465 2108 -1.57 10.27++ 3.16 1.89 0.39+ 37.47 144 - 3.059++
IC-255467 20.10 3.00* 1.28 3.18 077 012 3950 286 3.20++
1C-258468 2325 0.86 14.10++ 349 0.51 0.00 41.40 1.61 0.00
IC-268313 2029 3.03* 3.86 2.68 0.56 0.00 3865 1.63 3.48++
1C-268317 19.02 2.25 1.38 3N 1.05 003 36.64 1.48 -0.07
iC-268318 2652 3.02 24 93++ 2.15 0.71 -0.01 34.57 1.19 0.10
1C-268321 2285 0.70 49.18++ 2.73 -0,06 012 36.99 1.35 0.01
IC-268326 18.50 1.45 1.88 394 0.83 0.00 34.96 0.90 -0.08
Mean 2371 377 33.08

SEmzx 1.43 079 013 0 54 0.31 0.89

e Sig_n‘ﬁ‘icanﬂy deviating from unity at P=0.05 and P=0.01 lavels respeciively,
*.++ Significantly deviating from zero al P=0.05 and P=0.01 levels. respectively
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Abstract

A diallel set of 28 F,'s involving eight inbred lines
excluding reciprocals along with eight parents was
raised over four environments to estimate gene
effects, combining ability and its interaction with
environment for leaf area index in Spring 2003.
Analysis of variance over environments indicated that
parents and hybrids differed significantly. Significant
parents vs hybrids x environment interaction
indicated that heterotic effects vary with change in
environment. The parents and hybrids differed
significantly with respect to their gca and sca
respectively. The significant females x males x
environment interaction indicated that combining
ability of the lines vary with change in environment.
The non additive gene effects were found to be
predominant and these were more prone to
environmental fluctuations than additive effects. The
iLeaf area index was found to be positively correlated
with seed yield. The parents 1136-1 and Acc. No. 220
were identified as good general combiners for leaf
area index.

Key words: Leaf area index, combining ahility,

gca, sca, heierosis
Introduction

Oif yield in sunfiower is reduced when normal spring
sowing was delayed in both temperate and subtropical
environments (Patil et al, 1989). The lower yields
asscciated with 1aie plantings have been hypothesized as
due to warm temperatures during the early growth period
which promates excessive stem growth (Beard and Geng,
1982 and reduced time to flowering. Leaf area is of value
as an index of plant growth and in addition is related to the
accumulation of drymatter, plant metabalism and yieid.
Crop guality and maturity may also be related to leaf area.
The ratio of leaf surface area to unit ground cover called
leaf area index is an integrative measure of carbon and
waler batance in plants and is one of the major
components of plant productivity (Cowling, 2003).
Accurate estimate of leaf area index is needed because of
the importance of canopy struciure in gas, water, carbon
and energy exchange. Many of the studies have not
specifically examined the physiological basis of yield
response o late sowing or altempted to relate these to a
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selection strategy. Developing an understanding of the
biophysical basis for these interactions could lead {o
identification of opperiunities for genetic improvement to

" overcome this constraint to production (Basford and

Cooper, 1898). Further, for the improvement of a trait
through heterosis breeding it is imperative to study the
magnitude of hetercsis available and combining abiiity of
the lines. There is no report available in the literature on
these aspects in respect of leaf area index in sunflower.
Keeping these poinis in view the expernment was planned
o study the effect of leaf area on seed yield and to
estimate heterosis and combining ability effects for leaf
area index in differant environments.

Materials and methods

A set of 28 crosses was synthesized by crossing in a
diallet fashion axcluding reciprocals, eightinbred lines viz,,
IL-GP,-28, IL-EC-43, HL-3F-78, 1L-1P-226, IL-OH-130,
iL-M-194, 1136-1 and Acc. No.220. The crosses were
made by spraying GA3 (100 ppm) at star bud stage far
three consecutive days in the evening to induce male
sterility in the female parents. The material was grown in
a Randomized Complete Bfock Design with three
replications over four environments. The envircnments
were created by sowing the experiment on 2 dates at two
lacations (Ludhiana January 23, and February, 25 and
Faridket February 7 and 28), The combining ability
analysis over environments was done following Singh
(1979). The simple correfations were worked out following
the procedure given by Dewey and Lu (1959). Leaf area

" index was recorded on five random plants.

Results and discussion

The mean squares due to genotypes were highly
significant for leaf area index for individual environments
as well as over all the environments. Highly significant
GxE interactions showed differential behavior of genctypes
over all the environments (Table 1). A genotype x sowing
date interaction for yield (Beard and Geng, 1982; Miller ef
al., 1984) has also suggested the existence of genetic
variability for traifs related to specific adaptations ta late
piantings. Genotypic variation in maximum teaf area and
in leaf area index has also been observed by Gimeneg
and Fereres (1986). In the present study parents and
hybrids behaved differently in the diverse environments as
revealed by the significant variances due to environments,
parents and hybrids x environments interactions. There
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correlation between leaf area index and days
=+ 0.017), however, leaf area index showed

ignificant positive correlation with plant height ® =+O..4)
si9 ! seed yieid ® =+0.6) The parent Acc. No. 220 which
?nnamred in 09 days, had more leaf area index (2.30}) and
more seed yield/plant (20.29) as compgred to parent
IL-GP5-28 with LAl of 1 .23 which matured in 93 days and
had 16.7 g seed yield/plant. The parent IL-SF-78 had leaf
area index of 1.11 but its seed yield/plant wa; maximum
(22.8g) which indicates that plant type of this parent is
ideal in using sunlight for photosynthesis and further
transiocation 1o the sink (Table 4). The significance of (P
vs Hix E interaction indicated the influence of environment
on the manifestation of heterosis. The magnitude of
heterosis had a wide range from -30.43 to 163.21%. The
cross combination IL-EC-43 x IL-IP-226 manifested the
highest heterosis (163.2) followed by iL-GP; -28 x
IL-IP-226 (148.8), IL-OH-130 x IL-M-194 (147 9). A total of
2% cross combinations exhibited  sigrificant positive
helerosis.

was positive
1o maturtty ®

Combining ability analysis: Mean squares due to gea

significantly with respect to their gca and sca effects
respectively (Table 1). The gca as well as sca variances
showed significant interactions with the environment. La
Vega and Hall {2002) reported tha! GxE interaction
accounted for a portion of the total variability three times
higher than the contribution of genotypes alone. They alsc
observed biomass differences between planting dates to
be dominant determinant of the sowing date effect on
yield. Also a predominant role of the non-additive gene
effects in the expression of leaf area index was observed.
In the present study also parents interacted differently in
different environments with respect to teaf area index as

" well as seed yield/plant (Table 4). Maximum ieaf area

index was observed in February sown crop at Faridkot (E,}
and it was positively correlated with seed yield also since
highest seed yield/plant was recorded in this environment.
Minimum leaf area index and seed yield/plant were
observed at Ludhiana in January sown crap (E,). A simitar
frend was observed o1 ciosses {Table 4). The ciosses
(IL-SF-78 x IL-IP-226) and (IL-OH-130 x Acc. No. 220)
had less leaf area index but gave more seed yield/plant at
Faridkot as compared to Ludhiana.

and sca were highly significant under each environment.
Inthe pooled analysis the parents and the hybrids differed

Table 1 Analysis of variance

QOver envircnments Combining ability over environments

Source af M3 Source af M5
Environ (E) 3 46.13* geca 7 0.85*
Parents (P) 7 1.95* sca 28 23.56™
Hybrids (H) 27 2.32** Env (E) 3 46.13*
PvsH 1 65.11** gecax k 21 .04
PXE 21 0.03* scaxE 84 1.66™
HXE ] 81 0.18* Error 280 0.01
(PvsHYXE 3 12.78* 0.01
Error 140

™ = Significant at 1% level.

Table 2 Estimates of general combining ability effects for individual environments and pocled over
environment

Parent E, E, E, E, Pooled
iL-GP&-28 0.04* (H) 0.07**(H) 0.13*(H) 0.17**(H) 0.10
W-EC-43 -0.12%%(L) -0.13"(L) -0.31"(L) -0.29*(L) -0.217(L)
IL-SF-78 -0.06*%(L) -0.07**(L) -0.16**(L) 0.17*(L) 0.11
IL-IP-206 -0.02 -0.04**(L) -0.01 -0.04"(L) 0.03
IL-OH-130 -0.10*(L) -0.10%*(L) -0.18*(L) -0.18*(L) -0.14*(L)
IL-M-194 0.03*(H) 0.02 0.09**(H) 0.07**(H) 0.05
1136-1 0.09**(H) 0.09**(H) 0,22**(H) 0 24*(H) 0.16%(H)
Ace.No.220 0.14**(H) (0.168*(H) 0.21"*(H} 0.19**(H) 0.18**(H)
SE (gi) + 0.01 0.01 0.01 0.05

L = Low; H = High
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Table 3 Besl crosses based on per se performance, heterosis and sca effects pooled over environments

Genetic analysis for leaf area index in sunflower

Per se performance

sca effects

Heterotic effects (%)

IL-SF-78 x ACC.NO.220(3.4)
IL-GP,-28 x 1136-1 (3.4)
IL-GP,-28 x IL-1P-226 (3.1)
IL-OH-130 x IL-M-194 (3.1)
IL-GP,-28 x IL-M-194 (2.9)

IL-SF-78 x ACC.NQ.220(1.2)

[L-GPg-28 x 1136-1 (1.0}

(L-OH-130 x IL-M-194 (1.0}
IL-GP-28 x IL-OH-226 (0%

IL-SF-78 % IL.-OH-130 {0.7)

IL-GP,-28 X IL-IP-226(148.8)

IL-GP,-28 x 1136-1 (134.5)

IL-EC-43 x IL-IP-226 (163.2)
IL-8F-78 x IL-OH-130 (134.2)
{L-OH-130 x IL-M-194 (148.0)

Tabie 4 WMean performance of parents and hybrids for LAl and seed yield in different environments

. Pooled

Parents/ Hybrids AT SY AL SV A5V LA SY 1Al _ 8V

LGP, 28(P1) 100 2900 089 820 160 2350 ~ 140 1380 123 1673
\L-EC-43(P2) 089 940 070 380 140 1850 120 17.30 108 1229
IL-SF-78 (P3) 090 1220 080 1170 150 3750 120 2060 111 2277
IL-1P-226 (P4) 070 900 080 950 120 3330 150 1860 092 17.68
IL-OH-130 (P5) 050 1000 040 620 080 3430 060 1680 062 17.07
IL-M-194 (PG} 090 1850 089 990 160 2950 140 1910 123  19.25
1136-1(P7) 116 1650 100 770 190 2180 170 2030 145 16.58
Acc. No..220 (P8) 180 1650 170 1000 290 2840 270 2600 230 2023
P1 x P2 100 1960 094 1440 292 5130 273 2220 180 2681
P1 x P3 097 1870 090 2120 280 2860 282 4510 182 2841
P1x P4 181 2870 151 1700 470 2610 445 4530 306 2952
P1x P5 123 3000 118 1690 358 6370 342 3240 236 3550
P1xP§ 147 2000 141 2310 428 3960 422 6020 285 3566
P1x P7 175 2830 170 2360 510 4480 503 3450 340 3282
P1 x P8 123 2200 121 2320 358 3000 344 5150 237 3168
P2 x P3 060 520 050 1160 174 3400 163 3910 121 2248
P2 x P4 147 380 135 2310 426 4120 409 3720 279 3308
P2 x P5 0.87 1670 072 2330 251 3480 230 3180 160 2666
P2 x P6 129 2030 114 2750 354 2300 330 3630 230 26.76
P2 x P7 136 2510 122 2100 395 3850 378 03260 258 29.28
P2 x P8 137 2060 133 2190 398 3920 380 5210 263 3571
P3x P4 121 1910 110 3440 353 6930 322 4410 227 4169
P3 x P5 137 2470 122 2070 399 4770 380 51.80 260 36.22
P3 x P6 132 1760 142 2740 385 5840 360 4980 248  38.16
P3x PT 141 2950 105 3530 321 5690 304 4460 241  41.5
P3x P8 180 3160 170 3740 522 6130 500 6020 343 4761
P4 x P5 113 1460 110 1370 330 2380 307 2880 215 2031
P4 x PG 142 1470 130 1230 415 2800 387 3020 269 21.30
P4 x P7 133 1860 126 1790 386 2630 357 3060 251 2307
P4 x P8 188 1550 073 1570 256 2410 231 2630 162 1964
P5 x P6 160 3240 152 1670 465 3410 444 3290 305 2901
P5 x P7 141 2150 132 1780 408 1860 388 2350 267 2033
P5 x P8 112 2420 102 920 327 2730 303 2950 241 2252
P6 x P7 114 2320 103 3070 334 5480 3.10 7800 215 4608
P6 x P8 094 2470 083 1950 272 4330 243 4580 172 3311
P7 x P8 130 2200 122 1170 376 3020 354 3670 245 2515

£, PAU, Ludhiana (Jan, 23},
E, : PAU, Ludhiana {Feb. 25},

E, RRS., Faridkot (Fen, 07)
E,: RRS, Faridkot (Feb. 28)
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The mean squares due to gcg x E and sca x E indicated
that non-additive genetic variances were more prone 0
fluctuations due to interplay of genetic and es_w'.ron"ment
factors. The mean square due to sca having higher
magnitude than sca x E revealed that non-additive effects
for leaf area index were relatively stable over varying
environments. Similarly variance due to gca being greater
in magnitude than goa x E. suggested that the additive
offects fluctuated relatively less with the environmental
changes as compared to sca effects.

The parents {L-GP-28, 1136-1 and Acc. No 220 displayed
significantly positive while the parents IL-EC-43, I_-SF-78
and IL-OH-130 displayed significantly negative gca effects
in all the individual environments (Table 2).The parents
1136-1 and Acc. No.220 were identified as good general
combiners. The parent IL-GP,-28, however, was not a
good combiner for leaf area index in the individual
environmenis but over the environments the gea effects
were significant which reveals the greater role of the
environment 1n establisning the combining abiiity in
respect of leaf area index.

Seventeen cross combinations exhibited positive sca
effects under alt the individual environments. On the basis
of pooled analysis a total of 18 hybrids possessed
significant positive sca effects and the top most five cross
combinations are IL-SF-78 x Acc. No. 220, IL-GP.-78 x
IL-OH-130, IL-GP,-28 x 1136-1, IL-OH-130 x IL-M-194 and
IL-GP,-28 x IL-OH-226. (Table 3)

i is geoncluded that parents and hybrids interacted
diffefently in different environments with respect to leaf
area (ndex and seed yield. The leaf area index was found
to be positively associated with sead yield. Maximum leaf
area index and seed yield per plant were observed at
Faridkot location in early sown crop which reveals the role
of enviconment in getting the potential vields from
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sunflower. The parents 1136-1 and Acc. No. 220 were
identified as good general combiners for leaf area index.
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Abstract

A field experiment was carried out to study the effect
of location, season and staggered sowing on seed
quality attributes of sunfiower cv. RBFH-1 duwring
kharif and rabi season of 2003-04 at two locations i.e.,
Dharwad and Bagalkot. Significantly higher seed
germination (88.3%), vigour index {2883}, germination
rate index (22.0) and oil content {35.3%) were recorded
at Bagalkot location than Dharwad (83.6%, 2453, 19.5
and 31.3%, respectively). Similarly, all these quality
parameters were significantly better during rabi than
kharif season. The staggered sowing of male parent
seven days early recorded optimum values for seed
germination {84.2%), seedling vigour index {2428),
germination rate index (20.2) and field emergence
(76.8), which were in acceptable limits. Hence,
Bagalkot and rabi season is better to produce good
guality seed with the sowing of male parent seed
seven days earlier than female parent.

Key words: Provenance, season, seed quality,

staggered sowing, sunflower
Introduction

Good quality seed is the basis for successful seed
production programme which in turn will ensure uniform
germination and rapid root and shoot development and
thus increase yield per unit area. increase in use of high
quality seed is one of the preventive steps against
catastrophicfood problem. Realization of higher seed yield
should always be accompanied by the production of
superior guality seed. The location, season and staggeied
sowing in seed production play great role in determining
the seed guality, since seed development and maturity is
targely influenced by these factors (Vanangamudi and
Karivartharaju, 1985, Scmasekhara, 1997). The present
study was, therefore conducted to determine the influence
of location, season and staggered sowing of quality on
seeds of sunflower.

Materials and methods

A fieid experiment was conductaed during kharnf and rabi
2003-04 at Water and Land use Management Institute
(WALMI}, Dharwad and Agricultural Research Station
(ARS), Bagalket. The experiment was laid out in
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Randomised Block Design in with facterial concept wit
three replications. The seeds of parental lines (CMS1034

" and R-64NB) were treated with captan @ 2 g/kg of seeds

Female and male parents were sown on 1% August and 5
November 2003 as per the treatment (Table 1) during
kharif and rabi season respectively at Dharwad, similary
on 13" August and 18" November at Bagalkot. Each plot
was 5.4 m wide and 4.2 m length. A spacing of 60 cm
between rows and 30 cm between plants with 3:1 female
{o male planting ratio was maintained. Scil types were
black clay foam and deep black at Dharwad and ARS,
Bagalkot, respectively, Al the recommended seed
production practices were carried out. After the harvestthe
seeds were dried, cleaned and processed for laboratoy
test of seed germinalion, seedliing vigour index
germination rate indéex, oil content and field emergence by
adopting the standard procedures.

Results and discussion

Significant differences were noticed due to provenance for
seed quality parameters. Germination and seed vigow
index were higher in the seeds produced at Bagalkol
compared to Dharwad (Table 1). It is attributed due to the
favourable environmental conditions like dry and ceol
weather and absence of rains prevailing during seed
development stage. The results are in conformity with the
findings of Vanangamadi and Karivaratharaju {1985).

Higher germination rate index and field emergence were
recarded in the seeds praduced at Bagalkot compared
Dharwad. This difference in seed quality parameters over
the locations could be mainly due o better stored food
reserves and healthy condition of seeds (Narayanswamy
and Shambulingappa, 1994). The seeds produced at
Bagalkot recorded higher oil content compared t0
Dharwad (Table 2). This difference may be due to the
abiotic factors such as soil, rainfall and other
environmental barameters (Yousuf Ali Khan et al,, 1973).

The germination per cent was found to be higher in the
seeds produced during rabi season than khasf (84.8)
(Table 1). This variation in germination between the
season could be attributed to the better development of
seeds during rabi season, which may be due to higher test
weight seeds oblained in rabi than kharif season
(Jagadish and Shambulingappa, 1983). Higher seedling
vigour index and germination rate index in the rab!
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ared to khanf was mainly due to the heavy seeds
C(-)tr:%eﬁe( faad reserves {Table 1). The seeds produced
"dv;ring rabi season recorded significantly higher field
emergence compared to kharif. The oil content was more
in rabi season compared to kharif (Table 2). This could be
attributed to the bright sunshine hours and prolonged d?‘y
length during flowering and seed development stage in
rabi season (Habeebullah ef al., 1983).

Tne superiority i the seed quality parameters like seed

garmination, seedling vigour index, germination rate index

and filed emergence in the seeds of simultaneous sowing
of parental lines may be attributed to better translocation
of photosynthates 1o the limited sink leading o better
developmeant of seeds compared to moderate values
recorded with seven days staggering, which were also in
acceptable limits {Somasekhara, 1937). Therefore, the
present study amply shows that taking of seed production
at Bagalkot during rabi season with staggering of male
parent seven day early is found to be optimum to get
better quality seeds compared to Dharwad location.

Table 1. Germination percentage, seedling vigour index and germination rate index as influenced by provenance, planting

season and staggered sowing in sunfiower

Germination {%)

Treatment Location (L) Seasan (P) Kharif (P, Rabi (P}
L, L, P, P, L, L, L, L,
S, 86.5 (68.4) 91.1(72.7) B87.7(69.4) 80.2(71.8) 849(67.1) 80.0(¥1.6) 88.0(69.8) 922(737)
S, 84.2 (66.6) 89.1(70.7) 859(68.0) 87.5(69.3) B28§(655) 889(705 856(67.7) 894(71.0)
S, 82.0{64.8) £B6.6(68.3) 83.2(658) B853(G74) 808{640) 854{675) 831657 874(692)
s, B3.7 (6.2} BB.9I6B.7) B4.2(FB.6) BA.4(BB3) B826(653) B58(67.9) BAS(BT.1) 87.9(636)
S, 84 4 (66.7) 8B.8(70.4) 85.2(67.4) B8B.0(69.7) 83.2(658) B7.2(69.0) 856 (87.7) 90.3(71.8)
S 82.1(64.9) 883(70.0) 84.3(66.86) 86.4(684) 81.0(64.1) 87.2{(690) 83.2(658) 894(71.0)
Sq §1.5 (B4.5) 87.0{B8.9) B832(658) B5.5(E7TH) 79.2(62.8) 86.5(687) B83.8(662) B87.2(69.0)
S, 84.1(66.5) 88.2(89.9) 845(868) 87.8(686} 822650} BE6.8(6B.7} B6.0(CB0} BIT7(71.2)
Mean 83.6 {66.1) 88.3(70.0) 84.8(57.0) B87.2(69.0) 82.1(B4.9) B7.3(6%.1) B850(67.2) 88.2(70.8)
L LS P P'S L'P L'P'S
SEmzx 0.36 1.03 .36 1.03 .51 1.45
CO{P=0.05) 1.03 NS 1.03 NS NS NS
Seedling vigour index
S, 2748 3287 2931 3108 2615 3247 2882 3327
g, 2483 2994 2665 2813 2373 2957 2594 3031
5, 2280 2592 2325 2527 2126 2525 2395 2659
S, 2408 2677 2464 2621 2357 2571 2460 2732
3, 2642 2976 2665 2953 2528 2802 2755 3151
S, 2346 2907 2524 2728 2267 2782 2425 3032
S 2271 2723 2442 2552 2116 2768 2426 2678
S; 2487 2905 255% 2813 2344 2775 2590 3035
Mean 2453 2883 2572 2764 2341 2803 2566 2882
L L'S P P'S LP L'P'S
SEmz 18.82 53.23 18.82 53.23 26.62 7529
CD at 5% 53.17 NS 53.17 NS NS NS
Germination rate index
S 20.1 225 20.% 217 19.8 220 204 229
5, 19.6 22.4 207 21.2 185 21.9 19.6 22.8
3, 191 21.2 20.0 20.4 18.0 21.0 19.2 215
8, 19.4 215 20.3 20.6 194 21.2 19.3 218
S, 18.9 22.4 208 215 18.7 218 20.1 29
S, 19.2 221 20.5 209 19.2 217 18.3 22.5
S, 19.4 21.7 204 20.5 19.0 21.7 19.3 21.7
5, 19.5 221 206 211 19.5 216 19.6 2286
Mean 19.5 229 20.5 210 19.4 218 19.6 22.3
L . LS P P'S LpP LPS
S.Emzt 0.13 0.37 0.13 0.37 018 0.53
—CD(P=0.05) 0.38 NS 0.38 NS NS NS

N8 : Non significant; * Figures in parenthesis indicates the arcsine values
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Dharwad L,- Bagalkot P,- Kharif P,- Rabi
Simultaneous sowing of female and male parent

Sowing of male parent four days early to the female parent

Sowing of male parent seven days early to the female parent
Sowing of male parent ten days early to the female parent

S, + spraying of urea (2% at button farmation stage to male parent
S, + spraying of urea {2%) at button formation stage to male parent
S, + spraying of urea {2%) at button formation stage to male parent
8, + spraying of urea (2%} at button formation stage to male parent

Table 2. Field emergence and oil content as influenced by provenance, planting seasons and staggered sowing in sunflowe,

Field emergence (%)

Treatment Location (L} Season (P) Kharif (P,) Rabi (P;)
L, L, P, P, L, L, L L,
S, 79.5 (63.0) 84.2 (66.5) 80.5(63.8) 83.2(65.8) 77.8(61.8) 832(658) 81.1(64.3) 85.1 (67.3)
3, 77.1(61.4) 82.0(64.9y 78.7(62.5) B041(683.7) 756(60.4) B1B8(64.7) 785 (62.4) 82.3 (65.1)
S, 747 (58.8) 78.9(6828) 759{B08) 77.7(61.8) 73.1(587y 7TBG&(B2.E) T76.3(60.8) 792 (82.8)
3, 755 (60.2) 79.3(829) 776(61.7) 773(61.5) 753(80.2) 79.8(83.2) 75.7(604) 78.8 (82.8)
S, 775(817)  822(650) 789(626) 80.9(641) T7B.6(61.0) 812(64.3) 785(624) 83.2(658)
S, 77.6(60.4) 81.4(64.4) 77.8(61.8) 78.4(63.0) 74.3(58.5) B81.0(64.2) 76.2(61.3) 81.8(64.7)
Ss 75.6(60.0) 80.1(63.5) 76.7(61.1) 78.5(62.3) 73.2(58.8) 80.1(63.5) 76.8(61.2) 80.1(635)
S; 75.0(63.2) 81.1(64.2) 79.8(63.3) 81.1{64.2) 79.8(63.2) 799(63.3) 798(63.2} 82.4 (65.2)
Mean 76.9 (61.2) 81.2(64.3) 784(62.3) 79.9(633) 75.7(60.5) 807(63.9) 78.0(62.0) 81.6 (64.6)
L LS P P'S L'P . L'P'S
S Emzt 0.17 0.48 0.17 0.48 0.24 0.68
CD (P=005) 0.48 NS 0.48 NS NS NS
Oil content (%)
S, 32.15 35.48 33.15 34.48 31.43 34.87 32.87 36.08
S, 30.94 3505 31.87 34.11 29.73 34.01 32.14 36.08
S, 3099 - 35.43 3217 34,25 2960 34.74 32.37 3612
3, 3107 35.87 32.44 3450 29.91 34.98 32.23 38.77
S, 31.44 35.71 32.61 34.54 30.25 34.96 32.62 36.47
8, 31.09 34.82 31.97 33.95 29.50 3443 32.68 B2
Se 31.71 35.45 3227 34.89 30.33 34.21 33.09 36.69
8, 31.27 35.05 31.72 34.60 29.89 33.55 32.65 36.55
Mean 31.33 35.36 3227 34.41 30.08 34 .47 32.58 3825
= o us P P'S . LP L'P'S
S.Emzt 017 0.48 0.17 0.48 0.24 0.68
CD {P=0.05} C.48 NS D.48 NS NS NS

NS : Non-significant; * Figures in parenthesis indicates the arcsine values
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Dharwad L,- Bagalkot P,- Kharif P Rabi

Simuitanecus sowing of female and male parent

Sowing of male parent four days early to the female parent

Sowing of male parent seven days early to the female parent

Sowing of male parent ten days earsiy to the female parent

S, + spraying of urea (2%} at button formation stage to male parent

S, + spraying of urea (2%} at button formation stage t¢ male parent

S, + spraying of urea (2%) at button formation stage to male parent
S, + spraying of urea {2%) at button formation stage {o male parent
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Abstract

The sesame variety DS-1 was treated with three doses
of gamma rays (300, 400 and 500 Gy) and EMS 0.50%.
Analysis of variance of M, generation indicated highly
significant differences among parents. The yield/ha
was significant in high yielding mutants and the mean
values for most of the traits were higher as compared
to the parent DS-1. The heritability, genetic advance
and genetic advance over mean were high to
moderate for most of the characters. EMS 0.50% and
gamma rays 300 Gy were found to be effective in
increasing yield in M, generation. The frequency of
superior M, families was higher with EMS 0.50%
followed by gamma rays (300 Gy} for yield and yield
attributing characters. Promising high vyielding
mutants were identified, which can be tested over
different locations for yield performance.

Key words: Mutagens, gamma rays, EMS

Introduction

Sesame (Sesamum indicum L) is one of the world's
oldes! oilseed crops. It is the 6™ most important oilseed
crop grown in India on an area of 2.90 m.ha. with a
productivity of 332 kg/ha which is far below the world level
of 389 kg/ha. The major yield constraints are instability in
yield, narrow adaptability, non-synchronous maturity, low
seed retention and poor harvest index. Mutation breeding
will be of special significance in sesame, where narrow
variability prevails for yield traits. The utilization of
mutagens for enlarging variability in quantitatively
inherited characters has been demonstrated in sesame
{(Rangaswamy, 1980). Hence, the present investigation
was undertaken to assess the amount of variability
induced by ariificial mutagens in M, generation and to
isolate desirable high yielding mutants.

Materials and methods

The experiment was conducted during rabi 2003 and
kharif 2004 at Saidapur Farm of University of Agricuitural
Sciences, Dharwad which falls under zone-8 (Northern
Transitional Zene) of Karnataka, Dry seeds of popular
variety 05-1 were pre-soaked in water for six hours and
treated with 0.50% and EMS for eight hours. The other
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treatment consisted of treating the seeds with physical
mutagens viz.,, 300, 400 and 500 Gy doses of gammay
rays at BARC, Mumbai.

The material in M, generation for high yielding mutanis
trial consisted of 86 plants with high yield {>10g/plant)
selected from M, generation and raised as plant o row
pregenies in randomized block design with two
replications. Each entry was planted in three rows of 3 m
with inter and intra-row spacing of 45 x 30 cm,
respectively. Observations were recorded on five randomly
selected plants in each entry on plant height (cm), days to
50% flowering, number ¢f primary branches, number of
capsules/plant, length of capsute {cm), days to maturity,
seed yield/plot (g), 1000 seed weight {g) and oil content.
The estimates of variance, genetic advance and genetic
advance over mean were calculated as per Johnson et al,
(1955}, PCV and GCV as per Burton and De Vane {1953)
and heritability as per Hanson ef al. (19586).

Results and Discussion

The analysis of variance indicated highly significant
variations among mutants for all the traits indicating ample
variability among the genotypes.

The genetic variance for plant height was high in all the
treated populations. 300 Gy recorded highest genetic
variance and GCV. EMS-0.50% recorded highest
heritability of 84.25% followed by 300 Gy (80%). Highest
genetic advance and genetic advance over mean were
recorded with 300 Gy (Table 2). The results imply that
selection for plant height is efficient as revealed by
Rangaswamy (1980}.

The genetic variance for number of primary branches
increased only in gamma rays with 400 Gy and EMS-
0.50% and decreased with gamma rays with 300 Gy and
500 Gy. Highest genetic variance (0.18), GCV (14.62),
genetic advance (0.74} and genetic advance over mean
(25.50) were recorded with 400 Gy and higher heritability
estimates of 80% was observed in EMS-0.50%. Chavan
and Chopde (1982) also obtained higher heritability and
genelic advance, which suggests the possible scope for
exercising selection for improving number of primary
branches.
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ple 1 MSS of genotypes for high yielding mutants in M, generation
Table

Sources of variation MS3
Charfarfs;t (cm) Among mutants 17434 33"
:f;:ber of pnmary branches Among mutants 21.44™
Number af capsules Among mutants 700137
Capscle length {cm) Among rmutants 12547
Days o 50% flowering Among mutants 4831.63*
Days to maturity Among mutants 23605.52*
Geed yield/plant ig) Among mutants 7321
Seed yeldha (xg) Among mutants 330040 06*
1000-grain weight (9) Among mutarts 23.88"

Armaong mutants 450373

ol content (%6)
S gignificantat 5% and 1% level of prabahility, respectively at 85 degrees
df freaciom for all characters

Gammay rays 500 Gy recorded highest GCV (6.18%) for
days to 50% flowering. The heritahility values were
moderate ta high in all the treated populations. The
trealmant 300 Gy recorded highest heritability of 48.68%.
The genetic advance increased in all the papulations while
the genetic advance over mean was low in all the
populations. The treatment 500 Gy recarded highest
genetic advance (4.31) and genetic advance over mean
{8.80). lbrahim et al. (1983) studied 12 homozygous M,
mutants which revealed positive relationship for number
of days to flowering.

The genetic variance for number of capsules increased in
all populations except 500 Gy. EMS-0.50% recorded
highest genotypic variance (93.61), which was double the
parental value (49.80) and GCV (16.59%). Highest
heritability was recorded by Gamma rays., 300 Gy
(83.60%). The irradiated popufations showed similar
vaiues for genetic advance as compared to EMS-G.50%
which recorded highest genetic advance (18.12) and
genetic advance over mean (31,08%). Similar resulfs were
obtained by Sheeba ef al. (2003) at 400 Krad for number
of capsules/plant.

For capsule length, the genotypic variance increased in all
the treated populations (Table 1). Gamma rays 500 Gy
recorded highest GCV value {6.19%). The heritability
values of all the treated popuiaticns for capsule length
were mederate. The treatment with EMS-0.50% recorded
highest heritability (62.92%) followed by 300 Gy with
61.90%. The genetic advance for all the treatments were
low, however, the genetic advance over mean was highest
in EMS-0.50% (47.03) followed by 500 Gy (43.71). The
moderate heritability with higher genetic advance cver
mean indicated good scope for selection, as capsule
tength is a polygenic trait. The results are in confirmation
with Sheeba ef al. (2003).

Table 2 Genetic variahility for different characters among selected mutants for high yield in M, generation of sesame

Treatment Plant height (cm) ) No of primary branches L Days to 50% flowering

V. GOV (%) hs GA  GAM(%) V, GOV h, GA  GAM(%) V., GCY(%) h, GA GAM{%)
Contral 1360 407 6040 585 646 009 1153 5625 046 17.82 283 347 4085 221 459
300 Gy 3820 567 BOOO 1150 1044 007 998 6382 039 1509 742 557 4868 3580 811
400 Gy 1451 399 5888 582 622 018 1462 7200 074 2550 363 388 4285 255 523
500 Gy 1780 448 5714 653 688 008 930 6153 045 1503 925 618 4766 431 880
EMS-0.50% 1820 457 8425 RBOE BGO0 D76 12517  BOOD 073 2303 7.22 552 4444 368  7.57
Treatment No. of capsules/plant J_ Capsule length (o) ]_ Days to matutity

Ve GEV(%) by GA GAM{%) V., GCV{%) h GA GAM(%) V., GCV{%) h, GA GAM{%)
Contrat 4960 1313 7558 1259 2353 012  144% 4444 047 1988 572 256 5591 368 395
300 Gy 5372 1160 8368 1380 2188 028 2039 6190 082 3305 76§ 278 6243 451 452
400 Gy 6130 1520 7420 1390 26895 013 1489 5416 054 2258 675 268 5970 4413 427
500 Gy 4781 1280 Y281 1217 2250 060 3123 4815 108 4371 1082 351 7851 594 642
EMS-0.50% 9367 1659 8267 1812 31.08 056 2878 6292 122 4703 861 289 EDSE 470 464
Treatment Seed yeld/na _l 1000-seed weight l Ol content

V, GOV(%) GA GAM(%) V, GOV h, GA  GAM{%) V., GCW (%) h, GA GAM%]
Contrgf 11280 108 6040 1696 182 D27 1608 4153 088 2135 172 283 4661 1.84 389
300 Gy 12871 117 5241 1700 176 067 2383 5583 125 3680 467 460 4884 310 662
400 Gy 15763 121 4813 17.97 173 043 1889 3805 083 2401 721 565 6352 440  0.28
500 Gy 18577 130 4500 1778 178 047 1990 3357 081 2385 B36 611 545 430 930
EMS-0 50% 13563 118 5037 1702 174 075 2480 6097 138 3357 542 405 5765 364 774
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Table 3 Mean performance of high yielding mutants selected in M, generation of sesame

Progen Seed yield  Oil content Ol yield 1000-seed .
nurr?be)rf Treatment (kg!r?a) (%) (Igs.:ha) weight (@) Special characters
639 EMS-0.5% 1481.4** 48.3 7111 3.7 High seed yield
949 GR-500 Gy 1449 3% 48.5 702.9 34 High seed yield
450 GR-500 Gy 1449.3* 487 705.8 39 High seed vield and oil per cent
383 GR-400 Gy 1276.0** 47.7 607.4 3.9 High test weight
1022 Gr-500 Gy 1266.5** 47 6 601.6 3.3 Early maturity
1041 Gr-300 Gy 11481+ 471 5407 3.8 High test weight
885 EMS-0.6% 1357 483 5485 34 High oil per cent
119 GR-300 Gy 11258 47 8 370 24 Medium sead yield
504 EMS-0.5% 11158 487 5423 3.4 High oll per cent
815 GR-300 Gy 11111 47.2 5233 35 High test weight
Mean {DS-1) 1056.7 47.5 - 34
SEmzt 406 0.4 02
CD {P=0.05) 815 2.2 - NS
CV (%) 14.6 5.6 - 9.2

= Significant at 5% and 1% level of probability, respectively.

The GCV values for days to maturity were low amoeng all
the populations with 500 Gy recording the highest GCV of
3.51%. Heritability values were moderate to high while the
genetic advance and genelic advance over mean had low
values among all the populations. Gamma rays 500 Gy
reccrded highest genetic advance (5.94) and genetic
advance over mean {6.42%). The mean number of days to
maturity was less in gamma rays with 500 Gy compared to
any other treatments. Chavan and Chopde {1982) also
obtained early mutants with gamma rays.,

Yield performance showed increase in genotypic variance
for all the treated populations (Table 3). 500 Gy recorded
highest GCV (1.30). The heritability values were moderate
fo high when compared fo control, recording highest
values of 60.40%. However, among the treated
populations 300 Gy had highest heritability values
(52.41%). The genetic advance was higher in 400 Gy
(17.97), while the highest genetic advance over mean was
noticed in control treatment (1.82} foflowed by 500 Gy
(1.79). Sheeba et al. (2003) abtained maximum heritability
for single plant yield in EMS-1.0% treated progenies and
recommended selection based on seed yield when
heritability is high.

1000-seed weight registered increase in genotypic
variance in all the treated populations, The heritability
values were maoderate to high among the treated
populations, indicating scope for arfificial selection for
seed size, while the genetic advance values were low,
EMS-0.50% recorded highest GCV (24.60%), heritability
{60.97%), genetic advance (1.39) and genetic advance
over mean {38.57%) among the treated populations.
Rangaswamy {1980) observed decrease in mean for
1000-seed weight in M, and M, generations.

The treatment, 500 Gy recoided the highest genotypic
variance (8.36) and GCV (6.11%} for oil content. Highest
heritability value of 63.52% was noticed in treatment 400
Gy. The values of genetic advance and genetic advance
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over mean for 400 Gy and 500 Gy were on par with each
other. 400 Gy recorded higher genetic advance (4.40),
while 500 Gy recorded higher genelic advance over mean
(9.30%). Rangaswamy {1980) observed decrease in mean
value for oif content in M, and M, generation, while Kamal
and Sasikala (1985) obtained high vielding mutants, which
had 5-13% higher oil content through gamma irradiation.

References

Burton, G.W. and De Vane, E.H. 1953, Estimating heritabilily in
tall fescue (Festuca arundanaceae) from replicated
clonai material. Agronomy Journal, 45.478-481

G.V. and Chopde, P.R. 1982. Polygenic variability,
heritability and genetic advance in irradiated sesame.
Journal of Maharashtra Agricultural  Universities,
7{117-18.

C.H., Rohinson, H.F. and Comstock, R.E. 1956.
Biometrical studies of yield in segregating populations
of Korean iespedeza. Agronomy Journal, 48:265-272.
AF., Eikadi, D.A., Ahmed, A.K. and Sherief, 5.A.
1983. Interrelationships and path coefficient anaiysis for
some characters in sesame (Sesamum indicum L.).
Zeitschriff fir Acker and Pblanzentalf, 152:454-458.
Johnsen, HW., Robinson, H.F. and Comstock, R.E. 1955.
Estimates of genetic and environmental variability in
soybeans. Agronomy Journal 47:314-318

Chavan,

Hanson,

Ibrahim,

Kamal, T. and Sasikala, 8. 1985. Gamma ray and colchicines
induced mutants in TMV 5 and 1S 103 sesame. {ndian
Journal of Agricultural Scicnces, 55(3) . 151-155.

Rangaswamy, R. 1980. Induction of variabiity through
mutagenesis of the intraspecific hybrid in sesame
(Sesamum indicum L.). Ph.D., Thesis, Tamil Nadu
Agricultural University, Coimbatore.

Sheeba, A, Ibrahim, S.M., Ygameenakshi, P. and Babu, 5.
2003. Effect of mutagens on guantitative traits in M,
generation in sesame {Sesamum ndicum L.). indian
Journal of Genetics, 63{2) : 173174,



J Oilseeds Res., 24(1) : 51-55 (2007}

Heterosis in relation to combining ability for yield and its components in

sesame, Sesamum indicum L.

A K. Singh, J.P. Lal, H. Kumar and R.K. Agrawal

Dept. of Genetics and Plant Breeding, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi-221 005, UP

(Received: January, 2006; Revised: August, 2006; Accepted: Cctober, 2006)

Abstract

Line x Tester analysis in sesame using four lines and
three testers was carried out to study the combining
ability and heterosis for yield and its attributes viz.,
days to maturity, plant height, number of primary
pranches/plant, number of capsules on the main axis,
humber of capsules/piant, length of capsule, number
of seeds/capsule, 1000-seed weight and seed
yield/plant. General and specific combining ability
(gca and scaj variances showed major cantribution of
additive gene action for all the nine characters studied
except number of seeds/capsule. Lines TC-289 and
T-4 were good general combiners for most of the
characters including seed vyield/plant. Highest
magnitude of standard heterosis was recorded in the
cross TC-289 x ES-3. Other promising crosses for
high yield were T-4 x ES-3, TC-289 x GT-1 and TC-289
% JLT-8 on the basis of sca effect. Heterosis and per
se performance may be used to select crosses for
exploitation of heterosis in sesame.

Heterosis, Sesame indicum,
combining ability

Key words:

Introduction

Sesame, Sesamum indicum L. is an important oilseed
crop in the tropical and subtropical regicns. India ranks
firstin the world in sesame cultivation (27.7 % area) but its
nroductivity is quite low (3.68 g/ha) as compared (o world's
{4.89 g/ha) (FAD, 2004). For breaking the present yield
tarrier and evolving varieties with high yield potential, it is
desirable to combine the genes from genetically diverse
parents. The success in identifying such parents mainly
depends on the gene action that controls the trait under
improvement, combining ability and genetic makeup.
There are several techniques for evatuating the varieties
or strains in terms of their combining ability and genetic
make up. Of these, diallel, partial diallel and line x tester
techniques are in commaon use. In the present study, 4
lines, 3 testers and their 12 crosses were evaluated for
tombining ability and heterosis for yield and its
components.

Materials and methods

The present investigations were conducted during rainy
season of 2003 at the Agriculture Research Farm of
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Institute  of Agricultural Sciences, Banaras Hindu
University, Varanasi. Three testers (viz., JLT-8, GT-1 and
ES-3) and tour lines of varying agronomic and -
morphological characteristics (viz., T-4, T-12, TC-25 and
TC-289) were crossed during 2002 to produce 12 F,s.

Test material was raised in a Randomized Block Design
with three replications. Seeds of each cross and their
parents were sown in a row of 4 m in length in each
replication with a spacing of 45 ¢m between the rows and
15 cm between plants. Observations were recorded on 10
plants selected at random in each replication for nine
important characters viz., days to maturity, plant height,
number of primary branches/plant, number of capsules on
the main axis, number of capsules/plant, length of
capsule, number of seeds/capsuie, 1000-seed weight and
seed yield/plant. Combining ability analysis was done
following standard procedure of Kempthorne (1957).
Relative helerosis, heterobeltiosis and standard heterosis
were estimated following the methods suggested by Hays
et al, {1955}, Variety TC-25 was used as the standard
parent (check).

Results and discussion

The variances due to crosses, lines, testers and line x
tester were significant for all the characters except plant
height and number of seeds/capsule for lines, number of
seedsizansule for testers and seed yieldipland for line x
tester (Table 1). The significant variances due to lines,
testers and line x tester showed the involvement of both
additive and non-additive gene actions in controlling the
traits. However, all these characters except number of
seeds/capsule appeared to be controlled predominantly by
additive gene action as judged from the high GCA
variance compared to SCA variance. For number of
seeds/capsule, the estimate of sca was higher than the
gca indicating the predominance of non-additive gene
action for this trait. Simitar reporsts have been reported by
Babu ef a/. (2004) and Vidhyavathi et af. (2005).

A perusal of gea effects revealed that among the tines,
TC-289 and T-4 were good general comhbiners for seed
yield and its components with highly significant gca effects
forthese traits. Among the testers, ES-3 was good general
combiner for seed yield/plant, number of capsulesiplant
and number of seedsicapsule while JLT-8 was good
combiner for days to maturity, number of primary
branches/plant, number of capsules on main axis, number
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of capsules/plant and length of capsuie. As regards to
earliness, TC-25, GT-1 and T-4 were found to be the best
general combiners (Table 2).

The performance of the F,s derived from crosses T-4 x
GT-1, TC-25 x JLT-8 and T-12 x JLT-8 showed better
performances for early maturity. The F.s derived from
T-12 x ES-3 and TC-288 x JLT-8 for number of capsules
on main axis and number of capsules/plant, F,s from
TC-25 x ES-3 for number of seeds/capsule and length of
capsule, showed significant positive sca effects. Similarly
crosses between T-12 x GT-1 and TC-289 x ES-3 for
1000-seed weight and T-4 x ES-3 for seed yield/plant
were good specific combiners. Therefore, the parents,
whose per se performance was good, were not
necessarily good general combiners. Thus, for selecting
good parents, both per se performance and gca effects of
the parents may be more realistic. Similarly, best F,s on
the basis of per se performance were not in accordance
to F,s with respect o sca effects. it is observed that all the
parents were not good general combiners for all the traits
but when they were crossed with good general combiners,
their sca effects were high, e.g., T-12 x ES-3 for number
of capsules/plant. Similarly, low x [ow combiners gave
significant sca effects though they were not goed generat
combiners, e.q., the performance of F,s from the cross
T-12 x ES-3 for numbers of capsules on the main axis.

Heterosis was calcuiated as percent increase and
decrease over mid-parent, corresponding better parent
and standard parent {Table 3). Five crosses viz,, TC-25x
ES-3, TC-25 x GT-1, TC-25 x JLT-8, T-4 x GT-1 and
T-4xES-3 recorded  significant negative heterosis,
heterobeltiosis and standard heterosis for maturity. Similar
results were reported by Sankar and Kumar (2001). Allthe

Table 1 Analysis of variance for combining ability in sesame

i

12 crosses showed significant negative heterosis ove,
standard check displaying dominance for earliness. The
range of standard heterosis for seed yield/plant wag
-11.74 to 29.78% and found maximum in the crosg
TC-289 x ES-3. The same cross had a high heterotic
value for four other traits viz., number of capsules on thg
main axis, number of capsules/plant, number o
seeds/capsule and 1000-seed weight. Heterotic behaviayr
of crosses with respect fo yield and component trailg
differs from character to character. However, a few
crosses such as, T4 x ES-3, TC-289 x GT-1 and T-4
GT-1 showed appreciable level of promising hybrid vigor
for sead yield as well as over other major component
traits. These findings got support from the views of earlier
workers, Mishra and Yadav (1996), Solanki and Gupta
(2000), Sankar and Kumar (2001). Senthil et al. (2003)
and Singh et al. (2005) regarding the heterosis in sesame.

Best three parents on the basis of per se performance and
goa effect and best three crosses with respect to their per
se performance, sca effects and standard heterosis have
been presented in Table 4. The crosses showed
significant sca effects and heterosis for yield/plant, in
which baoth the parents were good general comhiners that
produced high sca effects indicating the predominance of
additive gene interactions e.g., the performance of the
cross T-4 x ES-3. Whereas other superior crosses, where
both the parents were not good general combiners
showed the involvement of non-additive types of gent
action. The crosses that exhibited high heterosis for seet
yield and its contributing traits (TC-289 x ES-3, T-4 x ES-3
TC-289 x GT-1 and TC-289 x JLT-8) could be used fo
commercial exploitation of heterosis in sesame.

Mean sum of squares

df Plant No. of Ngo. of capsules  No. of  Length of  No. of 1000-seed Seed

Source E\g{jﬂtg height primary onthe main capsules/ capsule  seeds/ weight yield/plant
{cm) branches/plant axis plant (cm) capsuie {g) (g)

Crosses 11 18.05** 516.26*" 0.685* 72.20™ 181.11* 0.2457** 5177 0.162* 9.74*
Lines 3 34.41" 641.26 1.023~ 137.70™ 344,96™ 0.28* 7595 0.25* 21.76"
Testers 2 3B.87F 1336.45¢ 1.53" 168.86™ 418.365™ 0D.79™ 103.57 0.421* 17.86™
Line x Tester 6 36" 180.40** 0.197* 7.23* 20,77 0.048* 22.41* 0.033* 1.00
Error 36 045 24.20 0.07 1.30 1.32 0.0068 2.89 .0043 0.37
o*GCA - 305 ' 770 0.05 13.91 3428 005 6 .41 0.03 1.80
¢’ SCA - 1.05 521 0.042 1.98 6.48 0.014 6.51 0.01 0.21
oA - 610 154.0 010 27.82 68.55 0093 1283 - (08 3.60
a0 - 105 . 5210 0.042 I 198 548 3.014 6.51 0. 0.21
oD/ oA - A7 0.34 042 0.07 0.10 0.15 0.51 0.175 0.06

* ** = Significant at 5% and 1%, respectively.
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ple 2 Estimates of general combining ability (gea) and specific combining ability (s¢a) effects in sesame

Ta
Doyt s AT e M et e e S
plant the main axis plant {cm) capsule (g) plant (@)

Lines
TC-289 g.61* 7.89" -3.241* LI B et 1.78™ 0.233* 3.03* g.202**  1.89*
T-12 2.39™ -11.44** 0114 -1.447 -2.67™ -0.058* -0.86 -0.047*  -1.49%
TC-25 27 4. 45* -0.30* -4 44*" -6.78™ -0.15** -3.64* 0.043  -0.93
T4 -0.83* -0.89 0.425"* 4,78 7.67  -0.133* 147 -0.195*  (.42*
SE(gh 0.22 1.64 0.088 0.38 0.38 0.028 0.57 0.022 0.203
SE (gi-gi) 0.32 2.32 0.125 G.54 0.54 0.039 0.080 0.027 0.287
Testers |

A JLT-8 1.68* BV 0.381 3.70 536" 0.231* 327"  -0.189* 110%™
GT-1 -1.81" 9.89 -0.052 -3.80™ -6.31" 0.044 0.86 0185  -0.22
ES-3 0.11 1.22 0.327* [OND Q.94™  -0.276*  2.41™ 0.005 7.01*
SE(g)) 020 1.42 0.076 0.33 0.33 0.024 049 0.019 0.176
SE {gj-g) 0.27 2.0 0.1 047 0.47 0.034 0.69 0.027 0.248
Crosses
TC-289 x JLT-8 0.29 -1.89 0.007 1.64% 3.64* 0.089 -2.26" -0.017 -0.08
TC-28% x GT-1 -0.523 -0.89 -0.06 -1.20 -2.03" -0.081 1.81 -0.072 0.05
TC-289 x ES-3 : 0.223 2.78 - 0.048 -0.44 -1.61* -0.008 0.66 0.085* 0.04
T-12x JLT-8 -0.823* -0.56 0.16 -1.48" -2.58™ 0.086 1.89 -0.051 -0.18
T-12xGT-1 0.363 1.11 0.09 -0.313 0.423 0.053 1.70 0.127* 0.64
T-12xES-3 0.443 -0.56 -0.24 1.78* 247 -0.139*  -3.50* -0.09* -0.48
TC-25 x JLT-8 -0.93* -§.45™ -0.37 0.853 0.883 QAT 319 -0.011 0.23
TC-25 x GT-1 1.34* 522 -0.20 0.353 0.87 0.082 -2.79 0.054 0.093
TC-25 x E3-3 -0.33 422 0175 -1.223 -1.72% 1.09* 2.99* -0.046 -0.32
T-4 x JLT-8 1.40% . 11.89* 0.213 -1.03 -1.92* -0.002 0.563 0.0723 0.02
T-4xGT-1 -1.083™ -5.44 -0.22 1.133 0.75 -0.055 -0.50 012 073"
T-4 x ES-3 -0.34 -6.44~ 0.021 -0.11 1.17 0.06 -0.05 C.041 0.75"
SE (Si)) 0.387 2.84 0.153 . 0.658 0.863 0.048 0.98 0.038 0.35
SE (Sij-Sij) 0.548 4.02 0.216 0.93 0.94 0.067 1.39 0.054 0.50

*, ** Significant at 5% and 1%, respectively.
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Table 3 Heterosis {in per cent) over mid parent {h,), better parent (h,} and standard variety TC-25 (h,} for different chy
rac

in sesame
_ No. of 1000
Heterosis Days to Plant primary No. of No.of Lengthof No of seed
Crosses {in percent} maturit height branches/ capsuies on capsules/ capsule seeds/ A Seeq
over Y em) the main axis  plant (cti  capsule WE'ONT yieldipay,
plant (g} S
TC-289 x JLT-8 H, 408" 083 237 15327 781 B4 -4 43 1.00 2.08
H, 159 6.33 0.00 3.69 1.95"  6.54™  -10.96" BB g0
H, -230*  -954 8.90 26.96"  15.44* 2527 313 15 12 550
TG-289 x GT-1 H, 0.42 B.54™ 1243 249 076 033 376" 1134 135m
H, 3.59% 8727 -13.627 -5.76 576  -467 0.20 5157 28
H, -7 28% 2.05 -5.03 -7.89" 789 1209 18107 1440™  {g4ge
TC-289 x ES-3 H, 1.62* 284 2110 1163 595~ .1.05 5037 218 10,23
H, -0.40* 1.94 -23.88*  1034™ 402 <1215 1.03 0.0 583
Hy -4 20% 0.19 1098 . 7.85* 478> 3.30 17.02 1360 297
T-12 x JLT-8 H, 3.84* 498 2448  -943™ 631" 851 228 -BBI™  _pgge
H, 0.40° £.325" 19147 <1192 844" 481" 1.04  -1067*  -155"
H, 153 -19.85 2374 7.85 3BT 19.06% 355 98 qi7ge
T-12 x GT-1 H, 287 551 8.4z -1248%  -5.58™  4.84* 455 1423 348
H, 234 020 2.80 25237 1293 484 185  11.07* 448
H, 422 -B.87 8.90 -13.48  -58%"  10.9¢*  9.95™ 1240 620
T2 x ES-3 H, 3.02* 383 -13.04* 1.09 143 §32% 0.83 887 -S4
H, 0.0 AT 1242 775 374 L1280 -203 -14.79% 5.86¢
H, -1g2 1279 -8.01 6.74* 404* 770 3.88 32 265
TC-25 x JLT-8 H, 2,80 926 597 -5.08% 348 -4.29° -430° 052 203
H, 6.897  -15.84%  -7.71 -13.767  -10.107 -10.00™  -4.30 4.4 -5.16
H, €80 -15.84* 415 5.59 293~ 220 -4.30 4.4 -5.16
TC-25 x GT-1 H, 284 849 -2.88 -13.58""  .6.84* 142 -5.54* 1575  B.51
H, 843 458 -5.80 2137 993" -138 -8.08~ 1320 014
H, -8.43* 458 0.0 21377 893 4.40 B2 13200 04
TC-25 x ES-3 H, -438™ 010 -15.07" 1148~ -336% 263 1.617  -4.49* 1.5
H, -B.05™ 096 212 1348 479" 898" 281 1021~ 48
H, 805 096 -8.01 -1348%  -47%% -6.96* 1001 20 48t
T4 x JLT-8 K, 201 891 2583  1264* B0~ 495 1.50 -2.19 2.58
H, S1.02% BET™ 22.43% 5.64* 2270 419 -1.94 346 -357
H, 268" 668 3442 3033 1581 8.80™ 517*  -10.80* 256
T-4x GT-1 H, 367 650 0.98 1768  B&7™ 018 2.40 4.31 51"
H, - -9.26™ 2.25 -0.81 3.10 0.70 -5.54 -0.90 1.26 +2.83
H, -9.57*  -4.58 8.90 12.34** 588" 0.0 10,12 -3.2 3.2
T4 xES-3 H, 240" 239 -4 85 18.69"  13.10~ 020 583 570" 13-28:
H, 580" -8.55  .7.64 11.35%  B.75  -1.17 5727 1550 10107
K, 652 4012 7.72 21.34" 1434~ 2733 1335~ 40 2%
CD {P=0.05) H, 0.95 7.06 0.39 1.64 1.64 012 2.44 .09 087
CD (P=0.01) H, 128 9.47 0.52 2.20 220 016 326 013 147
Ch (P=0.05) H, & H, 1.12 8.16 .44 1.89 1.91 0.14 2.82 .11 102
GD(P=001)  H,&H, 1.50 103 0.59 263 256 0.18 378 i1_5______1ﬁﬁ_,_-

* *= = Significant at 5% and 1%, respectively
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hest parents, F S, general combiners and specific combiners for yield and component traits in sesame in
Three

e d
Tabl jine x tester
rrit Plant height Mo, of primary  No.of No. of -
Days to maturily branches!  cansules on  capsufes? Lengthof  No of seeds/  1000-ssed  Saed yialdf
| h capsule capsule weight piant
y Late Tait Dwarf plant the main axs plant
Ear
' 1G-25 TC-25 T-12 £5-3 JLT-8 AT-8 TC-288 TC-285 ES-3 TC-289
postpaent 2 STL Ta ES-3 JLTB T4 T-12 T12 JLT8 GT-1 C-289 £53
sa pesiormancel JELg 3 T2 TC-289 T4 TC-288 T4 T4 GT-1 T-4 T2 T4
TC-25 T-12 GT-1 T-12 T-4 T-4 T-4 TC-289 TC-289 TC-289 ES3
a G{-1 JLT-8 TC-2B5 JLT-3 NT-B JLT-8 JLT-8 ILT-8 ES-3 GT-1 - JC-289
comtuners {gC2) T4 TC280 TC-25 T4 T-12 1C-289 TC-289 GT-1 T-4 TC-25 T-4

JAxGTA TAxJLT8  T-4xJLT-8 TC-25xILT-B  T-AxilT-8  T-12xES-3 TC-288xJLT-B TC-25XES-3 TC-25:ES3 T-I2xGT  T-(ES-3
Befswh O 18 TC-25GT-1 TC-ZSGTY  T-ESD  TC-25xES-3 TC2B9XILTB T-12ESS TC-28MAT-B T-I2xLTE TC2BHXES3  T-12xGT-1
rspectofscdTINTE TABES3 TC2SESS  TAXGT1 TAZULTE  T-4GT-1 T-#ES3  T-I2xILTE  TI2xGT-1  TC25xGT-1 TC-26xLT-8

BestFs Wl TGT! 10 opguiT-B TO-25GTH TA20LT8  T4xdiTB  T-4lT8  T40LTS TC289AT8 TCIB9RESD TCIBSGT1 TC-28IESS
185p6C 10 P8 € 10 0 (5T-1 1 {Gp0 F Q3 TC.2BIGT-1 TC-26xJLT-R TC-2880)LT-8 TC-280xJLT-8 TC-28LT-8 T-12%JLT-8  TC289xGT-1 TCEBOKES2  T4xES-3

m",‘:"wmm'”"ES'S TAZxJLT-8 TC-289xES-3 T-12xES-3  T-4xES-3  T-axES-3  T-4xES-3  TC-289xGT-1  TAxES3  TC25%GT-1 TC-289xGT-1

heterosis
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Abstract

Sixty two sesame genotypes were evaluated during
kharif, 2002 for genetic diversity in respect of nine
quantitative characters, Analysis of variance revealed
significant differences among genotypes for all the
nine characters studied. High GCV and PCV were
ohserved for seed vyield/plant, number of
capsules/plant, number of primary branches, number
of seeds/capsule and piant height. High heritability
and genetic advance as per cent mean was observed
for seed yield, number of capsules/plant, number of
primary branches, number of seeds/capsule, plant
height and days to 50% flowering. Seed yield/plant
showed significant and positive association with plant
height, number of capsules/plant, capsule length,
number of seeds/capsule and number of primary
branches. Path coefficientanalysis revealed maximum
positive direct effect of number of capsules on seed
yield followed by capsule length and plant height.

Key words: Genetic variability, character

association, sesame
Introduction

Sesame is an important oitseed crop of tropical and sub-
tropical region. The success of any crop improvement
programme essentially depends on the nature and
magnitude of the genetic variability present in the crop.
The knowledge of nature and magnitude of genetic
variability is of immense value for planning efficient
breeding programme to improve the yield potential of the
genotypes. Information on the association of plant
characters with seed yield is of great important to a
breeder in selecting desirable genotypes. Since, the
information on these aspects is limited, the present
investigation was carried out to gather information on
variability, characters association and path coefficient
analysis in 62 genotypes of sesame for nine characters.

Materials and methods

The material for the study comprised of 82 sesame
genotypes representing diverse eco-geographic origin.
The experiment was conducted at College of Agriculture,
Dharwad during kharf, 2002 in a Randomized Block
Design with three replications. Each genotype was sown
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in a single row of 4 m length at a distance of 30 cm
between the rows and 10 cm between the plants within the
rows. Five plants in each row were selected atrandom and
the data on nine characters were recorded. Phenotypic
and genotypic components of variances were worked out
based on the formula given by Lush (1940). Heritability in
fhe broad sense was derived based on the formuia given
by Hanson ef af, (1956). Genetic advance was obtained by
the formula prescribed by Johnson et afl. (1955). The
method adopted by Burton and Devane (1953) was used
to calcutate phenotypic and genotypic coefficients of
variation. The genotypic and phenotypic correlation
coefficients were warked out by following Al-Jibouri ef af.
(1958) and path coefficient analysis as suggested by
Dewey and Lu (1959).

Results and discussion

The analysis of variance revealed significant differences
among the genotypes for seed yield and component
characters indicating considerable amount of genetic
variation in the material. The phenotypic and genotypic
coefficients of variation (Table 1) were highest for seed
yield/plant, number of capsules/plant, number of primary
branches and number of seeds/capsule, suggesting that
these characters are under the influence of genetic
control. Mence, these characters can be relied upon
simple selection can be practiced for further improvement.
These results are in consonance with those of Patil and
Sheriff {1966) and Reddy ef al. (2001). Moderate PCV and
GCV values were recorded for plant height, days to 50%
flowering and capsule length. The results are in confirmity
with the findings of Chandrashekhara and Reddy (1993)
and Reddy ef al. (2001). Oil content and days to maturity
reccrded a low phenotypic and genotypic coefficients of
variation. Similar resuits were reported by Pathak and Dixit
(1992), Chandrashekhara and Reddy (1993) and
Shadakshari et al. (1995).

High heritability coupled with high genetic advance was
observed for seed yield/plant, number of capsules/plant,
number of primary branches, number of seeds/capsule,
plant height and days to 50% flowering. This indicates the
lesser influence of environment in expression of these
characters and prevalence of additive gene action in their
inheritance hence, amenabie for simple selection. Similar
results were reported by Reddy et al (2001) and
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Krishnaiah et al. (2002). High heritability with moderate
geneﬁc advance was recorded for days to maturity and
capsule length indicating that the character was also
governed by both additive gene action. These results are
in accordance with Krishnaiah ef al. (2002). High
heritability coupled with low genetic advance was
racorded for oil content indicating non-additive gene
action. These results are in confirmity with the findings of

Reddy et al. (2001).

Significant positive correlation between number of
capsules and yield/plant indicated that this trait was a
reliable indicator. Tomar ef al. (1999) also found similar
observaticns. Capsuie length, number of seeds/capsule
and number of primary branches exhibited significant
correlation with seed yield/plant.

The results of path coefficient analysis revealed (Table 4)
that the number of capsules/plant had maximum positive
direct effect on seed yield/plant followed by capsule length

and plant height. Therefore, these traits may be
considered as the principal traits whife selecting for seed
yield. In other words, selection indices may be formed by
cansidering all these characters for impravement of seed
yield.

Genotypic correlation in general was higher than the
phenotypic correfation (Table 2 and 3} indicating a less
influence of environmental factors. Plant height exhibited
significant positive association with seed yield/plant.
Similar association was observed by Pawar et al. {2002).

Table 1 Genetic parameters for nine quantitative characters in sesame

Range Variance Coefficient of variability Broad Expec(ed Genetia
Charscters Mean : ‘ sense genetic advance per
Min. Max. Genotypic Phenotypic Genotypic Phenolypic heintabﬂgwty ad:ance at  centmean
{GCV) 1PCVY {%) (h*) £% {GA) {CAN
Days to 50% flowering 300 537 42.5 45.2 46.1 158 15.9 98.0 137 323
Days to maturity 74.0 147 B86.0 824 832 10.6 10.6 §2.0 186 7
Plant height 604 124.0 80.0 246.5 2657 19.6 20.4 9z2.8 31.2 38.9
Number of primary branches Q.3 5.0 28 08 0.6 29.0 31.0 87.8 1.4 56.0
Number of capsules/plant 227 1061 43.4 3428 3555 42.6 43.4 96.4 374 562
Capsule length 1.8 3 23 0.1 01 108 12.2 78.0 0.5 197
Number of seeds/capsule 39.9 102.8 63.7 189.8 2254 2186 238 842 26.1 40.9
Oil content : 483 52.3 50.7 07 08 16 1.8 80.0 15 29
Seed yield/plant 21 14.5 4.3 B.9 8.7 587 50.1 98.7 5.3 1221
Table 2 Genotypic correlation coefficients between seed yield and its components in sesame
Dayst050% Daystc  Plant  umberof Numberof o .., Numberof — ., Seed
Characters frowering maturity height primary capsules/ length seeds! content yield/plant
branches plant capsule
Days to 50% flowering 1.000 0.679™ 0.092 0.011 0.087 0165 0.748 0012 0.111
Days to maturity 1.000 0121 -0.001 o109 0.242 0235 0.047 0.120
Plant height 1.000 0.325* 0.ggg* 0.317* 0.330* 0.193 0785
Number of primary branches 1.000 0.334™ -0.139 -0113 -0.002 0.328*
Number of capsules/plant 1.000 0.329* 0341 0.201 0784
Capsule length 1.000 1.007* Q0.052 0.340%
Number of seeds/capsule 1.000 0.055 0.331*
Qil content 1.000 0.202
Seed yield/plant 1.000
" Significant at 5%, ** Significant at 1%
Table 3 Phenotypic correlation coefficients between seed yield and its components in sesame
Characters Cays to ‘50% Days )o Planl N;?nssr[yd ‘::g;?ﬁ;g Capsule Ni:f;;fc’f Qil Seed
flowering maturity height branches plant length capsule content yield/plant
Days to 50% flowering 1.000 0.571"" 0.092 0.008 0.087 0138 0.133 0.002 0.110
Days to maturity 1.000 0.116 -0.001 0.105 0.210 0209 0.048 0.119
Plant height 1.000 0.305" 0.988** 0287 0.309* 0.165 0.778*
Number of primary branches 1.000 0.318" -0.101 -0.082 -0.008 0314*
Number of capsules/plant 1.000 0.289* 0.314 0174 0784
Capsule Jength 1.000 0.971* 0.044 0.300*
Number of seeds/capsule 1.000 0.067 8.305"
Qil content 1.000 0.180
Seed yvieid/plant 1.000

* Significant at 5%; ** Significant at 1%
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Table 4 Direct (diagonal) and indirect effects of eight characters on seed yieid/plant at phenotypic level in sesame

. h i
Characters pasiosen Daysto  Plan NSO NAOMST capaie MTUEST o o SRS
flowering matunity height pranches plant length capsule content seed yield
Days 1o 50% flowering 0.031 0.001 0.015 0.001 0.048 0.041 -0.028 0.000 0110
Davs ta maturity 0.018 0.002 0.018 0.000 0.058 0.062 0043 0.0003 0113
Plant height 0.003 0.000 0.165 0.030 0.550 0.085 -0.064 0.009 0778
Number of primary branches 0.000 0.000 0.050 0.098 0177 -0.030 0.019 0.000 0314
Number of capsules/plant 0.003 0.000 0.163 0.031 0.557 0088 -0.085 0.010 0784
Capsule length 0.004 0.000 0.047 -6.010 0.161 0.2986 -0.201 0.002 0.300
Number of seeds/capsule 0.004 0.000 0.051 -0.008 0175 0.287 -D.208 0.004 0.305
Qi content n.000 0.000 0.027 -0.001 0.097 0.013 -0.014 0.457 0.180

Residual = 0.3655
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Abstract

Six genetic populations viz, P, P,.F,,F,, BC,and BC,
of eight crosses involving 12 parents were evaluated
to estimate the nature and magnitude of gene action,
their heterotic response and inbreeding depression
for seven gquantitative characters during rabij,
2001.The results on gene action and mean analysis
showed that all the three types of gene actions i.e.,
additive, dominance and epistatic were responsiblein
varying proportions for all the crosses of seven
characters. Among the epistatic interaction
dominance x dominance was more important followed
by additive x additive effects. Studies on heterosis
indicated that dominance was largely responsible for
high level of heterotic effects. Under such a genetic
situation it was suggested that reciprocal recurrent
selection or mass selection with recurrent random
mating might be most efficient for utilization of all
three types of gene effects.

Key words; Linseed, Linum usitatissimum,
generation mean analysis, gene
action, quantitative characters

Introduction

An understanding of the mode of inheritance of complex
guantitalive characters is essential for forinulation of any
effective selection procedure for improvement of a
particular trait. The estimates of gene effects help in
understanding the genetic potentiality of the population.
The present investigation was undertaken to study the
gene effects, heterosis and inbreeding depression for
seven characters in linseed.

Materials and methods

Three experiments, consists of 8 genetic population viz.,
P, Py, F,, F,, BC, and BC, were laid.out in a Randomized
Complete Block Design with three replications at
Research Farm of C.S. Azad University of Agriculture and
Technotogy, Nawabganj, Kanpur during rabi 2001-02. The
F, and parents were sown in single row each whereas,
backcross and F, populations were sown in three and six
Tows, respectively, in three meter length at a row spacing
0of 30 cm. Observations for seven traits in each replication
Were recorded on 10 randomly selected plants from
Parents and F,s, 20 plants from backcrosses (BC, and
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BC,) and 30 plants farm F, generation. Six genetic
parameters were estimated according to Hayman (1958).

Results and discussion

The additive gene effect {d) was significant but lower in
magnitude as compared to dominance (h) for all the traits
except 100 seed weight, where dominance gene effect
was higher than additive.

The dominance gene effect (h) was found to be significant
for the inheritance of days to 50% flowering in crosses RL
993 x Janki, Neelum x Ayogi and Chambal x Ayogi; for
plant height in crosses Neelum x Ayogi, Chambal x Ayogi
Nagarkot x Neela, for number of primary branches in
crosses Neelum x Ayogi, RL 893 x JRF 5 and RL 993 x
Janki: for number of capsules/plant RL 993 x JRF 5,
Nagarkot x Neela and Nagarkot x J-23, for days to
maturity, Nagarkot x J-23, Neelum x Ayogi and RL 993 x
JRF 5 and for seed yield/plant (g) in crosses Neelum x
Ayogi, KL 187 x Hira and Chambal x Ayogi.

Amoeng the non-allelic interactions, additive x additive (1)
contributed much to the inheritance of days to 50%
flowering in crosses of Chambal x Ayegi and RL 993 x
Janki:p plant height in crosses of Chambal x Ayogi,
Nagarkot x Neela and RL 993 x Janki: number of primary
branches/plant in crosses of RL 993 x JRF 5, RL 993 x
Janki, Chambal x ES-44 and Nagarkot x J-23; number of
capsulesflant in crosses of R{ 893 x JRF 5, Nagarkot x
Neela and Nagarkot x J-23; days to maturity in crosses of
Nagarkot x J-23, RL 993 x JRF 5 and Neelum x Ayogi;
seed yield/plant {(g) for Neelum x Ayogi, KL 178 x Hira.
Additive x additive (1) interaction was relatively higher in all
the characters except 1000-seed weight. The tolaf
absolute magnitude of |, |, 1 interactions were found to be
tess than the mean effect in most of the crosses.

Duplicate type of epistatis was more pronounced than the
complernentary type for days to 50% flowering, plant
height, number of primary branches/plant, number of
capsules/plant, days to maturity and seed yield/plant.

The estimate of gene effects showed that in all the
crosses, additive gene effect {(d) had significant
contribution in the inheritance of days to maturity and 1000
seed weight in all the crosses. On the other hand,
dominance gene effect (h) was equally important for days
to maturity, number of capsules/plant, number of primary
branches/plant and plant height in most of the crosses.
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The contribution of dominance gene effect was even
larger than the additive gene effect. The presence of
epistatic gene effect were observed in all the characters
considering the individual digenic epistasis; dominance x
daminance (|) effect followed by additive x additive {)) and
additive x dominance (j) effects contributed maximum
gene interactions. The sign of dominance x dominance (1)
interaction varied (plus or minus) depending upon the
diminishing or enhancing effect due to the presence of
duplicate or complementation effects. However,
complementations of the genes were observed for these
traits as also observed by Tak and Guptia {1989), Singh
(2000) and Rao et al. (2001).

The presence of epistasis can not be ignored, while
formulating an effective breeding programme. Therefore,
estimation of only the main gene effects and formulating
a breeding programme presuming that epistasis is absent
or negligible is fikely to be not only misteading but also
vitiate the estimates of genetic variation. Wright (1935)
reported that any character is affected by all the genes in
a genome hence it would be unrealistic to assume that
inter-allelic interaction would be absent.

Table 1 Estimation of gene effect based on six

The F, in fact, would express the average effect of all the
polygenes which may be interacting at the allelic as well
as non-alielic ‘evel and the non-alletic interaction of
complementary would tend to depress the regression of
the progeny means on the parental values by causing the
genotypic variance 1o be greater due o additive variance
(Panse and Sukhatme, 1961). The results in breeding
depression and heterosis suggested that the characters,
number of primary pranches/plant, days to maturity and
seed yield/plant showed usefu) heterosis which might be
due to the presence of dominance effects (h) (Table 1). It
was found that all the characters showed less reductionin
vigour in generation. The degree of inbreeding
depression depends upon the contribution of additive
gene effects.

On the basis of present study, when all the three types of
gene action viz., additive, dominance and epistatic played
a vital role in the expression of guantitative characters.
Biparental mating in early generation followed by
reciprocal recurrent selection should be more appropriate
to break the gene constitution and so release the free
variability for the traits.

parameter model for 7 characters in linseed

Characier Crosses m d n ! j i eE%SZ\SiL
Days to 50% flowering KL 178 x Hira 81.00™ £0.33 -1.83 733~ -0.83 -12.337 C
+0 58 +0.66 12.75 +2.67 +0.78 +3.80
Nagarkot x Neela 77.33" 1.00* 217 2.00 1.83 -1.67 D
1+0.33 +0.47 +02.00 +1.83 +1.11 +3.28
Nagarkot x J-23 78 00*~  -3.33  -8.00% -8.00* -4.75 13.00* (0]
+6.00 +0.47 +1.01 +0.94 1+0.50 12.03
RL $93 x Janki 73.33*  6.00"* 2133 20.00* 7.67* -24.00™ D
16.67 +00.47 4315 +2.83 +135 +4.29
RL 993 x JRF 5 8333 2.00* gAT*™ 8.00** 183 -2167™ D
+0.33 +0.94 +2.32 +2.31 +0,96 +4.01
Meelum x Ayogi gz 67 -B.00* 16867 10.67* 467~ -32.00 D
10.87 +074 +3.08 +3.08 +0.78 +4 03
Chambal x Ayogi 74.00%* 0.33% 70.33* 26.00™ 1.67  -43.33" )
+6.00 +0.75 +2.14 +1.49 11.67 +4 28
Chambal x ES-44 72.0% -0.33 517 6.00* -0.52 -5.00* )
10.50 +0.47 +1.01 +0.94 +0.20 +2.02
Plant height (crn) KL 178 x Hira 140.33*" 033 -1.50 -1.98* -0.50 -7.66™ C
+ (.88 10.66 +3.80 +3.77 +0.74 14.52
Nagarko! x Neela 136.00*  -0.67 6.50* 6.67* 117 -21.00* D--
‘ +0.57 +0.87 3214 +2 67 +0.71 1+3.74
Nagarkol x J-23 140.67" Q.00 -2.50" -1.33 -0.83 -1233" C
1+0.33 1+0.47 +1.71 +1.63 1+0.60 12.52
RL 993 x Janki 14267  «1.33 _7.00 867 -1.67 -6.00* G
+0.33 £0.47 1168 1163 +0.53 1+2.45
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(2)

Number of primary branches/plant

Number of capsules/plant

Days to maturity

KL 178 x Hira

KL 178 x Hira

KL 178 x Hira

(3) {4 (5) (8) {7} (8} {9)
RL 993 x JRF & 139,33 0.00 S5ATH 5.33* 058 -21.00* D
+0.33 10.94 13.08 +3.06 +0.78 +4.08
Neglum x Ayogi 140,67 0.33 117.00* - - - -
10.23 +0.88 1225 - - -
Chambal x Ayogi 139.33% .33 20,33 26.00* 1.67 -43 43 D
+0.33 20,75 +2.14 +1.48 +1.67 14.28
Chambal x ES-44 139.67™* -0.33 0.83 2.00" -0.83  -1367 D
+1.45 £0.61 1061 1586 +0.96 16.57
73.00" 333 14 83* 1487 317*  -20.33 D
.55 .04 14 B2 492 i 7 E )
Nagarket x Neela 74.33" -0.33 17.33** 15.33* 867 -2533* D
10.67 +1.66 +4.39 +4 27 175 +7 .47
Nagarkot x 3-23 6567 -487" 3450** 2267% -0.83 -41.00* D
+1.20 +1.05 +5.38 15.25 +0.15 16.82
RL 993 x Jankj 80.00" -133 32.67  28.00™ -2.33 -B9.33" o
£2.00 +2 56 +13.97 +9.50 +5.87 +17.02
L 993 x JRF 5 7433 3.00% 36.33* 31.33* -8.00* 2467 D
+2.33 £2.21 1060  +10.33 +2.54 +13.90
NeeJum x Ayogi 87 33" 1967 5917 - - - -
¥3.48 12 .67 +25.26 - - -
Chambal x Ayogi 90.00*  -24 33" -800* - - -
+4.04 +2.60 +17 66 - - -
Chambal x ES-44 73.00" 0.00 26.67* 25.33 7.67** -40.00%* D
+1.83 +0.41 +10.33 110.24 +4 17 +17.75
867" 0.00 2.33* 1.33 0.00 -7.33* D
+0.33 +8.17 +2.22 +2.10 $0.91 +3.80
Nagarkot x Neela 6.67 -2.67 6.17* 533 317" -16.33" D
10.88 +0.94 406 1400 +0.07 +5.33
Nagarkol x 423 7.00** Q.67 367 4 .00 0.33 -14.00* o
+0.58 +0.47 1252 +2.49 +0.50 +3.07
RL 993 x Janki 7.00%* 2.33* 3.33" 3.33* 2.00* -16.87™ D
£0.00 Q.67 1153 +1.33 10.82 +3 06 '
RLog3Ix JRF 5 7.00%* 300 1017 10.00*™ .2.83* .21.16** 8}
+1.00 +0.58 +4.18 +4.16 +0.62 +4.69
Neelym X Ayogi 8.00* -1.00 1.83 0.67 -0.83 -10.33* D
1057 +0.47 +2 85 +2.48 +0.50 +3.48
Chambal x Ayegi 8 33" -367" -0.33 -0.67 -3.33*  -10.00* C
+0.88 +0.33 +0.36 +3.59 +0.37 +3.84
Chareal v ES-44, 723 -4 BT PNl G A7 AL 2
+0.33 10.68 +1.95 +1.89 .73 +3 14
18167 -200% -3650™ -4267 -6.50** -8167 C
+3.91 +3.78 +17.55 +17.44 +3.59 +22.16
Nagarkot x Neela 143.00* 3233 107.00* 122.00" -29.33* -311.09* D
5. 60 1314 +27 45 +27.37 +3.72 +29.78
Nagarkot x J-23 132.67* -11.33* 322.67* 300.00* -9.33* -580.00*" [}
+3.76 +3.02 116.40 +16.19 +3.40 +18.57
RL 993 x Janki 176.00*™ -11.00*" 28.00* 1933 -12.67" 2.73‘00 D
1285 12.21 +12 89 +11.47 +3.10 +17.25
RLOG3Ix JRF & 158133 1867 21817 218.67* -15.50* -468.33™ D
1418 +3.59 +18.42 +18.18 +3.96 +22.79
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Table 1 Contd. .
! 2) (2 4] (5] (6] {7} (8) Wiy
Neeium x Ayogi 126,33 36.33* 22533 202.00" 4067 441337 D
1273 14,63 +15.07 +14.31 +5.21 125,80
Chambal x Ayogi 200.33** -89.00** 4547~ -1150.06" -56.50* -19.00 C
+4 84 +5.37 +22 60 +22.15 573 £3030
Chambal x ES-44 150 87  -5B.33* 10050 118.00* -32.83 -206.33* D
13.84 t1.45 #1572 +15.854 +1.58 +16.71
1000-seed weight (q) KL 178 x Hira 11833~ 7.67* -70.83~ -B8.67** 2850 -203.66™ C
+1.67 x7.77 £17.03 +16.92 +7.82 +32.04
Nagarkot x Neeid g3.2z* -28.33™ 4333 -43.33™ -30.00 -193.00** c
.67 +4.71 £11.78 +11.55 +5.00 +20.50
Nagarkot x J-23 129.33* *71.87* -17.33~ -20.67* -73.33" -356.00" C
+2.86 +3.33 +13 .80 +13.58 +3.73 118.45
RL 983 x Janki 150,00 -15.0D** -57.33% -43.33" -76.67** -345.33* C
+2.89 +5.52 +16.85 +15.599 +5.81 =27.1
RL 993 x JRF 5 125.00* -5.00* -3583* -30.00* -12.50* -315.00" c
+2.89 +4.08 +14.29 +14.14 14.25 12041
Neelum x Ayogi 101.67* 1.7  -83.00* -70.00™ -9&7* -147.33" C
+4.41 14 .40 +19.80 +19.72 +4.47 12521
Chamba! x Ayoqgi 116.67 3500 -113.33* -116.67** 28.33* -133.33* (&
+3.33 +4.08 +15.81 115.63 +4.41 121,60
Chambal x ES-44 120.00* -45.677 -BG.67* -73.33% -33.33™ -1B3.33v c
+2.89 +4.40 +14.93 +14 52 +533 2217
Seed yield/plant (g} KL 178 x Hira 781 D37 581 . 599 123 1292 D
+0.12 +0.26 (.73 +0.70 +0.27 +1.22
Nagarkot x Neela 7 A4+ -2.38* 1.81 1.41 -2.62* -8.07*9* D
+0.33 .13 +1.29 +1.27 +0.27 +1,50
Nagarkot x J-23 §.45™  -0.56* 1.81 1.27*  -0.82™ 7.10* D
30.25 +0.23 £1.11 +1.09 +0.25 11.43
RL 993 x Janki 9.46™ 0.13 -4.07 -3.25% 0.61* S3.77 C
10.25 £0.33 +1.20 +1.19 10.35 +1.68
R 993 x JRF 5 8.94* =117 -3.86™ -4.20** 106%™ 1.81* [}
+0.13 10.30 +0.84 +0.79 +0.34 +1.43
Neelum x Ayogi 8.99** 2.07* 5.97* 8.40™ 4,007  17.21* D
+0.27 +0.50 +1.51 11.47 10.56 12 46
Chambai x Ayogi 7.682* 1.09** 3.08* 2.15* 087 893 D
0.7 1017 +0.47 +0.45 +0.20 +0.29
Chambal x ES-44 g.27* -0.80 107 .51 -1.34* 5637 D
‘ +0.17 £0.13 +0.74 071 019 084

", ™ Significant at 5% and 1% levels, respectively.
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Ta

ble 2 Estimates over superior parent heterosis and inbreeding depression for 10 characters in linseed

)
Lays to 50% Plant height {cm)

Ne. of primary

No. of capsules/plant  Days to maturity

flowering branches/plant
Cross
h{SF) B h{SP) 8 h{SP) 1B h{SP) B h(SP) B
KL 178 x Hira 600" -4.00* 1.33" -2.67" 0.33 2.33 1.00™ -0.67 1067 -38.67*
Nagarkot x Neela 1.00 087 -067 -2.00* 8.33™ 233 1.33* -1.60 -18.00™ -24 33
Nagarkot x J-23 -1.33 -0.67¢ -2.00" -4.33" 15.67* 7.00"* 0.67* -1.67* 24 67 16.33*
RL 993 x Janki 3.00 4.67* 0.Go -5.00™ 587 -6.00** 0.33 -1.00 10.33*  -45.33*
RL 993 x JRF 5 0.33 -1.33* -0.67 -2.67* 16.00™ 12.00** 0.33 -0.33 387 8.00*
Neelum x Ayogi -1.33* -2.67* 1.0C* 0.00 31337 17.00" 1.33™ -1.67 27 67 2.33
Chambal x Ayegi -7.e7  -0.67* 1.33* -2.33™ -45 .33 -3.67 0.67* -2.67 27.33*  -52.33"
Chambal x ES-44 -1.00* 1.33% -1.67 -3.00* -9.00™ 333 -1.33 -2.00™  43.00* 1.33
1000-seed weight (g) Seed yield/plant Qil content (%) lodine value Alternaria blight
Cross h(SF) 8 h(SP)Y B h(SP) 8 h(SP) 8 a{SP) B
KL 178 x Hira -3.00% 8633 0.95* -0.27 1.41* 0.80 095 0.74 -6.00*  -2.33*
Nagarkot x Neela 467 -70.00™* 0.63* -1.12* 0.75™ 0.26 0.36™ 0.06 -1.00 067
Nagarkot x J-23 500  -G7.67* 0.73* -0.87* -0.42~* 0.27 1,39 0.19 -3.00 -0.67
RL 993 x Janki -21.33™ -115.00*  -1.29* 1.08** -0.40 0.11 017 -0.10 2.00 1.33
RL 893 xJRF 5 -13.33* -88.67* 0.43 -1.49* 0.54* G.60** 0.73* 0.50 1.00 367
Neelum x Ayogi -24.33* 7833 446" -1.32* 1.00** 0.57* 0.56" 0.3%9 -21.00"  4.33*
Chambal x Ayogi 10.00™  -30.00* 26" -0.89™ -0.93* 032 0.86* -0.05 -27.00%  4.00
Chambal x ES-44  -31.67** -91.67** 114 -0.87* -0.86 0.10 -0.53 0.55 2087 11.00*

*, ** Significant at 5% and 1% level, respectively
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Abstract

Stability parameters along with per plant performance
of 26 promising genoctypes af linseed were worked
out for 9 vyield traits under fthree different
environmentafl conditions. High significant differences
among genotypes were observed for all the characters
except days to maturity, number of primary branches/
plant. The significant genotype x environment for all
the characters were recorded except for number of
secondary branches/glant and number of
seeds/capsule. Environmeni {linear) interaction
camponent was significant for all the traits except
number of secondary branches/plant and number of
seeds/capsule, while the linear component of
enviroament interaction was significant for all the
traits except number of secondary branches! plant
and number of seeds/capsule. The variance due to
poeoled deviation {non linearywas highly significant for
afl the characters which refiect considerable genetic
diversity in the material. The genotype, R-2548 was
stable for number of capsulesipltam and seed
vield/plant. The genotype, R-2560 was stable for
number of secondary branches/plant and seed
yield/plant.

Key words: Stability, yield coamponents, linseed

Intreduction

in any breeding prograrmme it is necessary to screen and
identify phenotypically stable genotypes far yield, which
could perform more or less uniformly under different
environmental conditions. It is an esiablished fact that
yield is a complex characier and largely depends upon its
component characters, with an interaction with the
environment resulting into the ultimate product, i.e., yield.
So far breeding a stable variety, it is necessary to get the
information an the extent of genctypes x environment
interaction (GED for yield and its component characters.

Linseed (Linum usiatissimumL ) is one of the oldest crop
cultivated by man for its seed and fibre. Linseed
genotypes express varation under different erviranments,
parcularly with yield and yieid attributing characiers. So

inthe present study 26 linseed genotypes were evaluated:

atthree diverse enyironmants to analyse the extent of GEI
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and to find out the stability of these varieties in respect of
yield and its compatients.

Materials and methods

The experimental materials comprised of 28 linseeq
genciypes in which 20 genolypes were advance lines
derived from diverse parents along with six popular
varieties. These were evaiuated at three different
anyironments viz., rainfed, urigated and late sawn
condiions during rabi, 2002-03. The experiments)
materials were sown in Randomized Complete Block
Design with 3 reglications. Each entry was sawn in 4 linas
af 4m length, spaced 30 cm row to row and 5-10 cm piant
to plant. Recommended agroncmic practices were
followed to obtain a good crop. Observations were
recorded on 10 randomly seiected plants from each
genatypelreplicate on days for flowering, maturity, plant
haight, number of primary branches/plant, cumber of
secondary branches/plant, number of capsulesipiant,
number of seeds/capsule, 1000-seed weight and seed
yield/plant. The mean data were subjected to stability
anatysis as per the mode! of Eberhert and Russell (1568).

Results and discussion

The analysis of variance for individual as well as pooled
environments stiowed that the mean sum of squares due
to genotypes were significant for all the charactars
except days to matunity, number of primary branches/plant
{Table 1). The analysis indicated that genotypes interacted
strongly with the envicenment.

Envircnment {linear) interaction compaonent was significant
for all the traits except number of secondary branches/
plant and number of seeds/capsule, while the linear
component of environment interaction was significant far
all traits except number of secondary branchesfplant and
number of seeds/capsule. The variance due 1o pooied
deviation {non linear} was highly significant for all the
characters which reflect considerable genetic diversity in
the material. A variety may be said lo be stable ovel
different environments if it shows unity or fess than unity
regression coefficient (bl with {owest deviation (nop
sigmificant) from {inear regression {$%di). The mean X,
regression coefficient (bi) and deviation from reqression
(S7di) for yield and other related traits are presented
{Table 2).
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Table 1 pooled analysis of variance {mean square) for different characters in linseed

-"‘"% DRSO e Plant  No. of primary segghdogry No.of  No.of 1000-seed Seed
gpurce of variation di. ﬂo?vgeﬁ;n maturity h(enr?]i;t brar;;::tesf branches/ capfu;;—:*s) c.;ezﬁé weight yield/plant
g Cl p plant pan p {9) gt
m 25  80.55" 2429 48 19 0.93 5.69™ 11476 Q.97 2.05™ o7
Environment 2 247.72"  4AQ.55" 444 34+ 153 1.78 1623.01*  0.25 273 Q.81+
G«E 50 877 579" 5.45 Q.05 1.23 37.24% Q.35 QA QA5
Environment fineany 1 48541 20.61™ 8B8 67 3.08™ 3.60 3246.01*" 0.51 H.47 1g.28
G x E ingar} 25 8.10™ 4,447 8.75™ 0.9 0.73 63.47" 0.42 0.4 625"'
Pooled deviahion 26 9.08™ &.92% 401 G.y2r ) 1.66;‘* 10.58™ 027 0.o72™ Q.048
Pooied eirof 150 0.73 1.13 542 022 1.29 15.46 0.35 0.038 0.059

< = gignificant at 5% and 1% levels, respectively.

Tahle 2 Estimates of different stability parameters for yield and yield components in linseed

Ne. of primary No. secondary
branches/tant branches/plant

fean  Di Sidi Mean b S'd Wean by 34 Wean bi S Mean i % Wean 5 S2di
R-2530 627 080 918 1141 3.81" 481 559 182" 131 217 107 0407 as 212 348" 315 0.25% 4.94
R2534 E7.9 -0.54 3469* 1078 121 580* 512 126 083 33% 085 007 €7 285 317 427 128 557
R-2538 471 0.8 835" 1082 182 164 475 143 G894 375 -090™ -007 119 14% 021 421 023" 405
R2541 8§53 1321 046 1070 118 403 467 125 166 412 345" 003 01 Q27 027 3@3 015 -358
R2544 525 0.93 887 1066 076 004 518 056 -1.74 332 -3681" 006 94 -278 241 318 057 286
R-2545 468 133 136 1041 050 1307 408 1.2t 53C 384 039~ -007 ¢4 -086* -D38 328 081 283
R2548 440 4127 275 1058 107 0852 45D 0BT 408 372 037 Lt 58 118 090 343 058 284
R-2548 528 174 835" 1096 242 145 487 118 -1.56 449 033" 007 121 -147" 038 492 113 484
R-2554 519 104 106 4058 -1.41*" 140 463 044 332 334 134 048 0B 4277 025 438 094" 504
B-2555 513 1.60 21.88** 1119 086 2187 441 070 166 422 002 .005 110 208 .043 477 188" 153D
R-2856 452 08B0 088 1101 108 1080 474 048 8068 3681 268° 000 107 323 078 487 197 1804
R-2557 441 0.84 172 1913 154 1413 446 012 1268 274 108" 005 BD 060 (69 297 018" 441
R-2558 487 268 5526 1067 -164* 180 433 103 328 454 217" .007 104 550 -043 404 181 D22
R-2559 437 0790 325" 1042 OCAD 90 510 040" -1.76 291 008 011 88 -4.08 135 432 077 093
R-2560 48 182 1001 1089 175 072 506 140 -181 356 -0.88 D07 103 084 -0.11 442 059 242
R2%81 501 184 623 1067 DOE 17417 418 DO D32 413 123 007 D6 010 002 a5A 081 475
R-2562 446 097 025 1089 073 004 545 143 776 357 267 Q07 88 503 095 368 184 1359
R-2885 444 055 001 1035 111 608" 4685 090 03% 5657 $121™ 019 B7 174 106 352 476 143
R-2566 440 094 214 1057 154 855" 437 .64 079 370 237 -0.01 96 397 046 407 186" 14.32
R2%88 519 1148 018 4027 042 084 471 070 414 376 222 170" BF 116 QIT 296 045" 476
Tagy 468 DOG 3737 1094 3,34 366 453 099 152 340 038 007 6.1 -049 530° 204 082 11.4F
Neelum 538 081 408° 1078 184 278 514 168 601 396 177 001 72 046 899" 450 1827 -437
IMHE2 454 0324 189 1102 151 833" 382 0BO 047 440 1587 DD? &7 218 -010 393 166 B2
1Gg 563 -0.04 25117 1038 006 1638~ 458 095 .178 338 €20 003 96 038 -027 374 137 4239
Kiran $25 103 020 41045 DB D2 456 193 407 350 387 007 BA 287 454 333 1.58  17.44
R552 865 0% 1506 1079 006 10317 478 t10 181 348 482 DOG &t 314 012 34.1 092 224
Mean 481 1.00 1076 1.0 474 40D 373 1.00 9.4 100 387 4,00
SEm: 243 geg 1.8 1.49 14 034 0.24 099 ©S 345 23 029

Days 1o flower Days 1o maiunty Plant height (cm) Nao of capsules/plant

Genotype
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Table 2 (Contd...)

No. of seeds/capsule

1000-seed weight (g)

Seed yield/plant (g)

Genotype

Mean bi S*di Mean bi S4di Mean bi 5%
R-2530 7.96 -6.86™ 0.02 6.39 1.51* -0.01 1.23 0.69* 0.001
R-2534 8.18 2.59 1.76* 618 Q.74 .04 2.23 1.54** 0.001
R-2538 7.76 421 007 .65 0.84* -0.01 2.18 08t* 0.001
R-2541 8.64 -1.737  -0.10 6.02 1.06 0.001 1.85 0.19* 0.03
R-2544 8.52 -6.88*  -0.07 6.37 0.85 0.04 2.01 0.03** -0.02
R-2545 7.39 173 -0.06 6.57 0.08 0.19 1.58 0.36" -0.02
R-2546 6.34 7.08~ -0.01 672 0.40* -0.01 1.52 ¢.a0* 0.03
R-2548 6.92 3.81* -0.11 7.01 1.43 0.02 1.99 0.61 0.03
R-2554 7.06 -1.48 0.19 7.20 1.75 -0.01 342 2.50" 0.11
R-2555 7.81 -3.49 -0.01 6.45 1.08 -0.01 2.28 1.68* 0.05
R-2556 757 307 0.2 642 103 Q.02 2.36 137 021"
R-2557 7.97 -1.65 -0.07 7.73 1.80* 0.03 1.48 0.07* 013
R-2553 7.08 263 1.69* 6.27 0.57 0.01 1.76 0.96 -0.01
R-2559 6.93 1.54 -0.10 560 -0.13* -0.01 1.93 0.2 -0.02
R-2560 829 1.72 -0.10 578 1.09 -0.01 2.29 1.23 0.01
R-2561 713 7.03" 0.04 7.05 1.35 Q.07 2.58 1.53* 0.01
R-2562 7.31 871 -0.08 6.56 0.85 0.0z 2.04 1.54* 0.02
R-2565 7.29 0.19 012 7.05 4.05* 0.28 180 1.38* -0.02
R-2566 7.48 9.40* 0.15 7.60 087 0.30 2.21 1.61* 0.02
R-2568 7.49 -1.15 0.51 510 0.82* 0.6 1,33 Q.43 -0.01
T397 6.97 3.84 0.54 7.98 1.51 0.1 1.62 0.56 0.03
Neelum 8.00 7.48* -0.07 8.40 0.50 0.07 2.50 1.84* 0.06
LMH52 7.99 3-89~ 012 6.63 1.52 0.20 1.7 1.14* -0.02
1G9 7.24 0.25* -0 558 0.30* 0.01 1.54 1.08 0.08
Kiran 8.34 -0.40 -0.07 4.66 0.20 0.23 1.34 125 0.05
R552 7.74 -4.26 0.15 4.49 0.01* -0.01 1.45 1.23™ -0.02
Mean 7.59 1.00 6.38 1.00 1.93 1.00
SEm+ Q.37 3.72 0.19 0.59 Q.15 0.28
bi**, * = Regression coefficient significantly different from unity at P=0.01 and P=0.05, respectively.
82dj** * = Deviation from regression significantly different from zero at P=0.01 and P=0.05, respectively
In the present investigation the magnitude of regression R-2560 was stable for number of secondary

coefficient {bi) and deviation from regression varied from
genotype o genotype. The first group consisting the
genotypes which have high mean value, bi is equals to
unity and S%di is nearly zero were considered as stable
genatypes over all the environments studied.

The genotypes, R-2530, R-2554, R-2568 and Kiran were
stable for days toflowering. R-2562 was stable for days
to maturity. R552 was stable for plant height. Kiran was
stabie for number of primary branches/plant, R-2560 was
stable for number of secondary branches/plant. R-2548,
R-2554, R-2559 and R-2561 were stable for number of
capsules/plant. R-2555, R-2556 and R-2562 were stable
for 1000-sead weight. R-2548 and R-2560 were stable for
seed yield/plant.

The genotype, R-2548 was stable for number of
capsules/plant and seed yield/plant. R-2554 was stable
for days to flowering and number of capsules/plant.
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branches/plant and seed yield/plant. R-2562 was stable for
days to maturity and 1000-seed weight. Kiran was stable
for two characters ie., days to flowering, number of
primary branches/plant.

The genotypes which are showing high mean value than
over all mean but exhibiting above average stability with
bi=1 comes under the second group, indicated that they
were highly sensitive to environmental conditions, The
genotypes performed well under favorable environmental
conditions.

The third groups consisting the genotypes, which are
showing high mean value than the population mean and
exhibiting below average in stability with bi<?, indicating
that these genotypes were least sensitive to environmental
conditions. It revealed that the genotypes specifically
adapted to poor environmental conditions.



Rao et af,

These findings were in accordance with the findings of Rai
of al, (1989}, Mishra and Rai (1993), Mahto (1995),
golanki and Gupta (2000), Bhateria ef al., (2001 ), Patel et
al,, (2001), Senapati and Sarkar {2002 }, Adugna and
Lauschagne (2002} and Kumari et af., {2003). | can be
concluded from the present investigation that the superior
fnes of linseed ie, R-2845 and R-2860 would be
effectively utilized in breeding programme to improve seed
yield of linseed.
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Abstract

Six well adapted lines and three diverse testers in
linseed (Linum usitatissimum L.) were crossed in line
x tester fashion to know the desirable parents and
crosses for their use in breeding programmes. The
analysis of variance for combining ability revealed
highly significant differences of the line x tester
component for all the characters. Partitioning of
combining ability variances into fixable additive
genetic variance and non-fixable dominance variance
indicated both additive and dominance gene actions
play a significant role in controlling the expression of
all the traits. The estimates of gca effects revealed
that the genotypes R-552 among the iines and Poif.22
among the testers were proved as good general
combiners for seed yield/plantand could be utilized in
future breeding programmes. Significant sca effects
exhibited by three crosses viz., R-552 x Polf.14,
Krian(Y}) x SIKO-10 and Ayogi x Polf.14 for seed
yield/plant could be used for exploitation of heterosis
for yield and its components.

Key words: Line x tester analysis, combining

ability, heterosis, linseed
Introduction

Linseed is one of the important rabi oilseed crops in India,
having very low seed yield as compared to developed
countries. So far in India for enhancing linseed yield, the
research efforts made have mostly been concentrated
fowards individual plant selection of land races and
progeny selection followed by hybridization of parents
having higher per se performance. The present
investigation was undertaken to determine the level of
heterosis and combining abitity for identification of good
combiners from high yielding varieties and promising
crosses for future breeding accomplishments.

Materials and methods

Six well adapted cultivars/elite lines were crossed as
female with three diverse genotypes as poliinators in a line
x tester design (Kempthorne, 1957). The crosses were
made in line x tester design during rabi, 2003-2004.
Eighteen F;s along with nine parents were grown in
Randomized Complete Block Design with three
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replications at the Research Farm of Indira Gandhi
Agricultural University, Raipur during rabr, 2003-04. Each
treatment in a replication had single row of 4 m length at
30 x 10 cm spacing between and with in the row,
respectively. Allthe recommended cultural practices were
followed. Data were recorded on five randomly selected
competitive plants from each genotype per replication for
varicus traits given in tables. The analysis of variance was
worked out as per standard procedure whereas combining
ability analysis as per Kempthorne (1957).

Results and discussion

The analysis of variance for combining ability revealed
highly significant differences of the line x tester component
for all the characters, indicating that the material chosen
was desirable. The lines showed significant differences for
days to flower, number of secondary branches/plant,
1000-seed weight and number of seeds/plant. While the
testers exhibited significant differences for days to flower
and 1000-seed weight (Table 1).

Partitioning of combining ability variances into fixable
additive genetic variance and non-fixable dominance
variance indicated hoth additive and dominance gene
actions play a significant role in controlling the expression
of all the traits. Therefore, it would be beneficial to buildup
a population by inter-mating these parents inter se before
initiating random mating in F,
recombination. There was preponderance of dominance
gene action for days to maturity, plant height, number of
primary branches/plant, number of secondary
branches/plant, number of capsules/plant, seed
yield/plant, number of seeds/plant and harvestindex. The
results are in agreement with Thakur and Rana (1987) and
Mahto and Rahman (1998) for predominance of additive
gene action was recorded for days to flower, number of
seeds/capsule and 1000-seed weight. When additive
effects form the principal factor for genetic variance, use
of pedigree methed could be desirable.

The estimates of gca effects revealed that the line R-552
and Pclf.22 as tester were proved as good general
combiners for seed yieid/plant (Table 2}. Parents R-552
and Polf.22 were also found good general combiners for
early flowering, number of primary branches/plant,
numbers of secondary branches/plant, number of
seeds/plant. In addition to these Polf.22 was also good

to allow higher
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combiner for earlier maturity. Kiran was found to be good
combiner for early flowering and number of seeds/plant.
The gca for other characters revealed that parents
LCK-88062 for plant height, number of primary
pranches/piant, number of secondary branches/plant,
number of capsules/plant, number of seeds/capsule and
1000-seed weight; Kiran(Y} for days to maturity, number
of capsules/plant and harvest index; Solan for plant
height; Ayagi for days to maturity, number of
seeds/capsules and 1000-seed weight; Polf. 14 for number
of seeds/capsule; SIKO-10 for days to flower and number
of capsules/plant were the best general combiners.
Crosses involving these parents might produce heterotic
hybrids with high mean performance for respective traits.

High sca effects mostly from the dominance and
interaction effects existed between the hybridizing
parents, Inthe present study, significant sca effects were
exhibited by three crosses viz. R-552 x Polf.14, Krian {Y)
x SIKO-10 and Ayogi x Polf.14 for seed yield/ plant (Table
3 and 4). -All the three crosses having significant sca
effects, recorded higher per se performance, where both
of the parents involved in the combination having fow gca
effect. In addition to seed yield! plant, crosses with
significant and positive sca effect for different traits were
R-652 x Polf.14 for late maturity, laliness, number of
primary branches/plant, number of secondary
branches/plant, number of capsules/plant and number of

seeds/plant; Kiran(Y) x SIKO-10 for late maturity, tallness,
number of secondary branches/plant, number of
capsules/plant and number of seeds/plant and Ayogi x
Polf.14 for early maturity, dwarfness, number of secondary
branches/piant, number of capsules/plant, number of
seeds/plant and harvest index. Thus all these crosses
were found to be outstanding with respect to seed yield
and its component traits. These findings favour the
establishment of a hybridization programme and the
development of suitable male sterile lines (Dubey and
Singh, 1966). These crosses also showed significant
heterobeltiosis for seed yield and its contributing
characters (Table 5). It was observed that crosses
involving one low and the other high or low general
combining parent would produce heterotic hybrids. Easlier
workers like Dakhore et al., (1987}, Singh ef af,, (1987),
Pillai ef al., (1995), Kumar ef al., {2000), Bhateria et af.,
(2001), Kumar et al., (2002) and Kusalkar ef al., (2002)
also reported similar results for grain yield and yield
attributing traits in linseed using different genotypes.

From this study it was noted that both additive and non
additive gene effects were important in controlling various
characters. The best combiners R-552 and Polf.22 could
be utilized in future breeding programmes. The crosses
R-552 x Pglf. 14, Kiran (Y} x SIKO-10 and Ayogi x Polf.14
could be used for exploitation of heterosis for yield and its
components.

Table 1 Analysis of variance of combining ability for different characters in linseed

Days to Days to Plant Number of Numberof  Number of Number Seed 1000-  Number H_arvesl
Source DF. Flower maturity height primary secondary capsules! of seeds! yield seed of seeds/ index
{cm) branches/ plant branches/ plant plant capsule plant (q} weight {g} plant (%)
Replications 2 749 7.4 7.5 2.4 47 1092.5 0.1 07 0.2 175007 169 ’
Lines 5 1167 759 2451 29 105.4* 1939.8 3.0 22 4.1**  39427.8* 68.0
Testers 2 122.5* 402 4655 2.1 42.2 13241 31 24 B8.3* 143821 9.3
Line x Tester 10 20" 133.2™ 1317 1.2* 32.0 862.8* 1.2* 1.0* 06™ 13973 9" 479
Error 34 4.0 227 135 0.4 G4 469 0.5 0z 0.2 43377 132
Additive genetic variance o2 A 135 111 331 az 6.2 1139 Qa3 n2 08 18164  -1.3
Dominance variance 52 6.0 437 394 02 8.5 271.9 02 0.3 0.1 32121 116
D
Degree of dominance cZ2At 04 -3.9 1.2 12 1.4 24 09 1.4 02 1.7 -8.9
o2 D

*, ** Significant at 5% and 1% levels, respectively.

Table 2 Mean {X) and general combining ability {gca) effects for different parents for different traits in linseed

Days to flower Days tormaturity

Piant height (cm)

No. of primary No. of secondary

No. of capsules/ plant

Parent/character branches/plant branches/plant

X gca X gca X gca X ___gea X gca X gea
Lines
Kiran 856 -5.6** 1036 1.0* 56 4 -0.2 3.5 0o 122 0.8 471 0.4
R-552 57.3 -2.4% 105.0 0.8% 576 1.2 38 0.7** 1.1 21" 436 200"
LCK-88062 63.3 2.4 10v.0 3.7 71.0 B.4* 3.5 0.5= 112 4.2* 37.3 8.6
Kiran(Y) 52.0 -0.6 118.5 4.7 50.8 .29 3.0 -0.0 101 1.0 38 4.7
Solan 650 2.1* 1186 0.8* 541 2.8 29 -0.4% 10.0 3.1 LIV -15.4*"
Ayogi 773 4.2% 121.0 -1.8* 927 -6.8™ 3.0 -0.7 76 -4.3"" 258 -18.4™
SE(g) 05 03 0.9 0.1 06 17
Testers
Poif.14 69.0 2.8 118.3 0.9* 699 55 3.2 0.1 71 -1.0* 19.8 9.8
Poif 22 59.3 2.2™ 102.6 =17 51.9 -4.5% 4.7 02 13.3 1.7 48.4 61"
SIKC-10 838 -0.6" 117.6 Q.7%* 6516 -0.9 38 -0.3* 13.2 -0.7 49.2 3.6
SE {gi) 03 0.2 05 0.1 04 1.0
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Ne¢. of seeds/

Seed yield/plant {g) 1000-seed weight (g)  No. of seeds/plant

Harvest index (%)

Parent/icharacter capsule
X gea X gea X gea X gca X gea
Lines
Kiran 77 -0.1 1.6 0.2 57 -0.3* 2793 54 7 276 0.5
R-552 6.8 -0.8* 14 0.8™ 66 o2 2146 91.2™ 247 1.2
LCK-BBOB2 3.0 o4 14 -00 7.0 0.3* 199.3 -21.3 223 -5.4*
Kiran{Y) 6.8 0.2 0.9 -0.0 6.1 oM 147.4 -9.0 21.2 2.4
Solan 7.7 -0.3* 0.8 -0.5** KN:) -1 224.4 -16.8 13.5 02
Ayogi 7.9 0.6 0.4 -0.4*% 3.4 0.8 110.3 -98.7" 7.8 1.0
SE(g) 01 0.1 01 16.3 09
Testers
Polf 14 72 0.4 03 -0 31 -0.6™ 95.6 -22.1* 6.0 -0.4
Polf .22 6.4 -0.2* 1.4 0.4* 56 06™ 2193 31.8™ 27.3 -03
SIKO-10 7.5 0.2 15 -0.1 4.6 0.0 330.3 -9.7 287 .8
SE (gi) 0.1 0.1 0.07 10.3 0.5
*, ™ Significant at 5% and 1% levels, respectively.
Table 3 Estimates of specific combining ability (sca) effects of crosses for different traits in linseed
Number of Nurnber of Number of Number of Seed 1000- Number Harvest
Source ?:?g\z;? 5\2}:&:@ b ei’gﬁtm) primary secondary capsules/  seeds/ yield/ e_'.eed of seeds/ index
' branches/plant branches/ plant plant capsule  plant {g) weight {gy piant {%)
Kiran X Polf 14 3.00* 272 5.66* o.e2" 1.23 -5.74* 022 0.01 -011 13.21 -0.84
Kiran X Paol{ 22 -1.58* 781 -3.37" -0.04 -1.41 -208 0.31 0.13 -0.18 24 47 -2.14
Kiran X SIKO-10 -1.44*% -4 .89* -2.29 -0.59* 0.18 7.81% -0.53" -0.14 0.27 -37.68  2.98"
R-552 X Polf.14 378 3.63" 7.89% 0.73™ 229 24.34** -0.66"" 0.68** 0.23 63.36™ -4.09*
R-652 A Poit.22 =379 34T o1 0,39 -1.41 -8.87™ 0.37 Q.20 Q.15 24 .33 33
R-552 X SIKO-10 0.061 -0.67 -7.09* -0.34 -0.89 -14.67* 0.29 -0.88* 038 -87.33* 078
LCK-88062X Polf. 14 -0.33 3.94™ 2.93* -0.564" -2.40* -2.89 0.11 -0.19 -0.03 -10.49 409"
LCK-B8062X X Polf22  1.78~ -1.39* 2.36 0.21 5.50™" 16.10™ -1.10" -0.13 0.05 -2666 173
LCK-88062X X SIKO-10 -1.44* -2.56** -b 29+ 0.33 311 -13.21 C.6g** 0.32 -0.03 3715  s.82*
Kiran{Y} X Polf 14 267 -4 Q4% -2 -0.80™ -4 11 -19.00*" -0.01 -0.§2** 010 -113.04™ 152
Kiran(Y) X Polf.22 1.78" 3.39™ ~1.51 0.64™ 0.66 3.25 3.64" a.18 -0.18 39.32 .61
Kiran(Y) X SIKD-10 0.89 1.56** B.71™ 0.28 3 45% 15.75™ -0.53* 0.66™ 0.29 7373 213
Solan X Polf.14 -1.67* 672" -1.23 -0.38 0.23 -13.22% 0.0¢ -033 -0.83" 2492 404
Solan X Polf. 22 -0.22 -1.84* 0.001 0.05 0.13 8.83™ -0.06 0.18 0.67* -4.76 0.10
Solan X SIKG-10 1.88* -4.78* 1.23 Q.30 -0.35 4.39 -0.03 0.15 -0.05 2968 414
Ayogi X Polf 14 s2H 593 -8.14* D44 2.76% 1551 0.24 065 et Tr94™ 347
Ayogi X Polf.22 2.00 -4.50** 343 -0.48* -3.47* -16.44 -0.07 -0.54** -0.53" -56.69" -0.1%
Ayogi X SIKG-10 011 11.33" 4.7 0.04 Q.71 -0.07 -0.18 -0.11 -0.11 -1525  .3.327
SE+ 0.70 052 1.2§ 0.23 0.89 2.41 0.24 017 0.15 23.14 1.28

*** Significant at 5% and 1% levels, respectively

Table 4 Promising hybrid combinations with significant specific combining ability effects in linseed

Name of the Character

Promising hybrids

Days to flower
Days to maturity
Plant height {cm}

Number of primary branches/ plant
Number of secondary branches/plant

Numbper of capsules! plant
Number of seeds/ capsule
Seed yield/ plant (g)
1000-seed weight (g)
Number of seeds/ plant
Harvest Index (%)

R-552 X Polf.22, Kiran (Y) X Polf.14, Ayogi X Polf. 14
Ayogi X Polf. 14 Kiran () X Poif 14, Kiran X SIKQ-10
Ayogi X Polf 14 Kiran {Y) X Polf.14, R-552 X SIKO-10
R-552 X Polf.14, Kiran (Y} X Polf.22, Kiran X Polf.14

R-552 X Polf.14, Ayogi X Polf. 14, LCK-88082 X Polf.22

LCK-88062 X Polf 22, Kiran (Y) X SIKG-10,Ayogi X Polf.14

LCK-88062 X SIKO-10, Kiran (Y) X Polf.22, R-552 X Pelf.22

R-552 X Polf.14, Kiran (¥} X SIKQ-10, Ayogi X Polf.14
Solan X Polf.22, Ayogi X Polf.14, Kiran {Y) X SIKO-10
Kiran (Y} X SIKO-10, Ayogi X Polf. 14, R-552 X Polf 14
LCK-88062 X SIKO-10, Solan X Polf. 14, Ayogi X Palf.14
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Table § Heterobeltiosis in crosses for seed yield and its components in linseed

i

Daysto Dayslo P[ant Number of Number of Nurnper of  Nurnber of Seed 1000-  Number Hawest
Source Flower  maturity height primary secondary capsufes/ seads’ yiela/ geed of seeds/ mfex
(cm)  branches/plant branches/plant plant capsule plant (g} weight {g) plant (%)
Kiran X Polf. 14 -g.21*  .7.32*  31.05* 38.78* 100,93 143.29™ 648 634.07** B£3.94* 32568 33223
Kiran X Polf 22 -18.27*  13.18™ 578 13.21 17.93 44.30% 937 110.78**  15.04" 11541 -9.11
Kiran X SIKO-10 -15.74**  -B.78™ 5.55 -20.75 1033 59 83 -17.26* 50.87%  36.61*% 32,01 12O
R-552 X Polf. 14 -2.42 -1.97* 3090 6327 136.45* 39295 -11.27  1067.03™ 91.13* 416.13"* 280.20"
R-552 X Polf.22 -7.87* 1.27 8.73 2037 43.11* 82.90™ -1.56 162.88™ 31.37™ 137.00 2502
R-552 X SIKO-10 -5.76*  -5.38"™  -5.48 370 25.18 65.73* -7.35 54.29* 38.03** 6547 1969
LCK-88062X Poif 14 -1.45 0.56 14.30% 18.37 100.93* 188.66™ 12,96 4B2.42% 880%™ 22132 173217
LCK-8B062X Polf 22 2.63 3.74 33.50"" 33.96% 121.89** 1652.50* -3.65 82.38** 30.79™ 7321" 1404
LCK-88082 X SIKO-10  G.001 -4.53™ 584 18.8 23.08 67.32** 10.62 80.24*  4501* 84.35™ 2515*
Kiran(Y) X Polf.14 -9.18*  -14.08™ 1494 -4.35 30.84 97.99™ 14.71 292.31%  75.68* 127.00* 40242
Kiran(Y) X Polf.22 0.001 0.63 §.42 50.00% 6. 45" 114.58* 1875 21679 20.80™ 187.18™ 3842
Kiran{Y) X SIKC-10 -1.57 -§.22*  33.55™ 16.30 69.08** 142.25™ -2.94 217.88* 4501*" 18230™ 31.26*
Solan X Polf 14 -3.88 0.28 3.56 4.55 33.64 25.50 093 284.62*  23.90* 210.91** 407.98"
Solan X Polf.22 -3.59 -9.27*  18.36™ 2273 22.00 74.01* -0.52 65.37** 80.66™ 6941 97.04™
Solan X SIKO-10 2.05 -9.55" 7.48 9.08 -8.00 5217 -14.18 131.02 4288™ 62.36" 7475
Ayogi X Polf.14 -12.07*  -1515* -23.36™ 17.78 4383 159.73* 18.08%  B32.97* 125.88™ 22655 411.73*
Ayogi X Polf.22 -13.36% -15.43" 6.16 -8.89 -48.00" 33.76 16.15 32419 113.51™ 11547 243.32*
Ayogi X SIKO-10 1379 028 270 -13.33 ~35.86" 87.37** -1.77 309.87* 106.56™ 11532 21877
SEx 178 118 2.95 Q.50 1.88 578 0.55 0.34 0.32 0.50 269

*** Significant at 5% and 1% levels, respectively
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Abstract

Alternaria severity on mustard crop increased with
advancing age of the plant. Total sugars, reducing
sugars and starch were higher in healthy plant parts
(seeds and siliqua wall) as compared toinfected ones.
There was an accumulation of sugar at the onset of
Alternaria infection followed by decline till maturity. A
consistent increase in phenol content was observed
with the increase in severity of disease. in the healthy
plant parts, oil content increased with the age of the
ptantwhereas significant decrease was noficed due to
infection by Alternaria. Free fatty acids of infected
seeds were found to be high as compared to healthy
ones. The level of phospholipids, glycolipids and
sterols decreased with age as well as disease
severity. Erucic acid (22:1) increased, whereas other
unsaturated fatty acids (20:1, 18:3, 18.2) decreased
with the progression of infection. Alterations in
various biochemical components of infected plant
parts signify their role in disease resistance.

Key words: Brassica juncea, Alternaria brassicae,
pod wall, sugars, phenols, lipids, fatty

acids
Introduction

Oilseed brassicas occupy a prominent third place ranking
next only to soybean and groundnut as ocilseed crops in
India. During the year 2004-05, the area, production and
productivity of rapeseed-mustard were 6.85 m ha, 8.36 m
tonnes and 1220 kg/ha respectively (Anonymous, 2006).
Alternaria blight, caused by Alternaria brassicae (Berk)
Sacc. is a major disease of Brassica crops, a severe
menace in sustaining higher yields. In the epidemic years,
alternariainfestation may cause 38-46% reduction inyield
in most mustard growing states of India (Kolte and Singh,
1997). The information on various metabolic changes
occurring in host under diseased conditions is scanty
particularly in B. juncea. The increase in phenol and
sugars, changes in lipid and fatty acid profile in leaves of
B. juncea infested with Afternaria brassicae have been
reported (Atwal et al., 2004, 2005). The studies suggested
the defensive role of these components against alternaria.
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The present studies were taken up on various
compositional changes in seed and pod wall of B. juncea
at different developmental stages infected with alfernaria
disease.

Materials and methods

Indian mustard (B. juncea) var. RLM 1359 was raised
following standard package of agronomic practices
{Anonymous, 2005). Healthy and infected pods were
collected at 60, 70 and 80 days after flowering (DAF) and
immediately preserved in ice. The percentage infection
and percentage severity on pod wall at different stages of
infection was calculated as per the standard method of
Conn et al. {1990). The seeds and siliqua walls were
subseguently separated and stored at -20°C. Analysis of
samples for various biochemical parameters was carried
out on the day of sampling itself. Weighed quantity of
seed, pod wall was taken in pre-weighed glass crucibles
and dried in oven at 60°C for 48 h till a constant weight
was obtained and was subjected to biochemical analysis.

Total lipids from seeds and siliqua wall were extracted as
per Folch et al. (1857). The percentage of total lipids was
determined by evaporating a suitable aliquot of this extract
to a constant weight. Phospholipids {PLs) as per Ames
(1966); glycolipids (GLs) as per Roughan and Bhatt
(1968); sterols as per Zak (1957) and free fatty acids as
per Lowry and Tinsley (1976) were estimated by standard
procedures. Triglycerides were calculated as relative
percentage by substracting the sum of PL's, GL's, sterois
and free fatty acids out of 100.

Results and discussion

The percentage infection and severity increased with the
age of the plant. Total reducing sugars were significantly
higher in healthy as compared to infested seeds of B,
juncea, and peaked at 70 days after flowering (DAF).
Thereafter the amount declined (Table 1). Yesuraja and
Mariappan (1993) also reported accumutation of sugars,
initially at the onset of infection which decreased, as the
age and infecticn in plant increased in rice crop. A similar
trend was abserved in the level of reducing and
nonreducing sugars under above mentioned conditions
(Table 1).
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Table1 Sugars and phenol content (mg/g dry weight) in the seeds and siliqua wall of Indian mustard as influenced by Alternaria
blight
DAF Seeds Sifiqua wall
Heafthy infected Healthy infected
Total sugars
80 121.2-67 113 4+5 8 139.2+52 11/2+2.0
70 239.4+5.9 202.5+4.4 225.4+3.0 211332
80 194.3£3.2 182.3t2.2 203.5+1.9 188.6+2.8
cD (P=0.05) Samphng =21 =32
Infected x healthy =14 =18
Reducing sugars
50 28.021.1 21.8611.3 59.211.2 365.0+0.9
70 59.241 .1 44.4-1.0 68.1+1.0 494406
80 51.411.2 36.542.2 64.0+2.1 42 141.2
CD (P=0.05) Samptling =33 ’ =21
Infected x healthy =1.4 _ =1.4
Non-reducing sugars
60 93.2+5.4 91.843.2 80.0+0.9 80.2+6.0
7o 1802522 158112 4 158 3x1.1 161.948.1
80 142.9+2.9 145.8£3.1 139.5+3.1 146.6+3.2
CD (P=0.05) Sampling =2.31 =39 :
Infected x healthy =1.12 =19
Starch
60 98 1+2.2 86.0+2.1 56.4+2.1 42.0:0.9
0 112323 .1 104.3£1.0 81.124.9 42,0209
80 104.5+4 .1 94 6+1.8 68.3+£3.8 63.241.1
CD (P=0.05) Sampling =21 =28
Infected x heaithy = 1.1 =13
Total phenois
60 2.2:0.4 36011 1.0£0.3 2.1£09
70 47408 7.1205 . 20+04 ) 3.640.3
8C 7.441.0 7.9+0.3 . 28402 4.3:0.1
- CD (P=0.05) Sampling =12 =0z ‘
Infecied x healthy =1.0 =00
Orthedihydroxy phencls .
8D 0.741.3 24105 0.310.2 1101
70 2.5+0.1 3.240.9 1.1£0.0 1.640.3
80 29:02 4.1+15 1.420.1 2.0+0.3
CD (P=0.05) Sampling =14 : =01
Infected x healthy =0.8 =0.0
Flavonols
50 | o 1812 1.1:0.4 08411 0.8+0.2
0 : 43411 1.840.2 22109 1.610.4
i 35:0.7 1402 1611 11200
CD (P=0.05) Sampling =19 : =02
Infected x healthy =09 =00

DAF = Days after flowering
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Starch content in heaithy and infested seeds was highest
at 70 DAF (Table 1). On the contrary, the level of starch in
infested siliqua wall, was maximum at 80 DAF, which
might be due to its transportation from leaves to siliqua
wall. Starch synthesized at initial stage of plant growth
later serves as a transient reserve for the biosynthesis of
lipids during seed develapment (Munshi and Kochar,
1954}

The quantitative differences in the total phenols,
orthodihydroxy phenols and flavonols were determined
between healfhy and infested seeds and siliqua wall of B.
juncea (Table 1). In general, the leve! of total and
orthodihydroxy phenols was more in alternaria infested
seeds as compared to healthy ones suggesting their role
in disease resistance. Their accumulation was significantiy
high at the initial stages of disease onset (70 DAF).
However irrespective of healthy ar infested seeds, the
content of these increased with the age of the plant. These
results are in agreement with the observations of Gupta et
al. (1990), who revealed an increase in total and
crthodihydroxy phenol level after onset of infection. In
contrast to above observations, the level of flavonols was
significantly low in infected seeds as compared to healthy
seeds. However, significant increase in the content of
flavanols was naticed in bath healthy and diseased seeds
till 70 DAF.

increased accumulation of total, orthodihydroxy phenols
and flavonols with the progression of infection was also
noticed in siliqua wall (Table 1). But the levels of these
phenols was significantly lower in pod wall as compared to
seeds. However, Chakrabarty ef al. (2002) reported that
cotton cultivars resistantto grey mildew (Ramularia areala)
displayed higher fevels of total phenols, gossypo! and
flavanols when infected by the pathogen.

Total oil content was significantly lower in alternaria
infested as compared fo healthy seeds though there was
a significant increase in oi| content with the age of the
plant in healthy and a decrease in aMernaria infested
seeds and siliqua were respectively (Table 2).

Shah and Ali (2002) also showed a decrease in the oil
content of mustard seeds following infection by Atternaria.
At the initial stage of infection the content of all the lipid
classes (PL, GL, Sterals) was less in infected seed except
triglycerides as compared to heaithy seeds. The high
amount of phosphelipids angd glycolipids at 60 DAF might
be due to their enhanced biosynthesis for membrane
formation. Adecrease atlater stages was relative because
the accumulation of triglycerides and other neutral lipids
took place during this period (Munshi, 1997). There was a
significant increase in the free fatty acid content in the
disease infested seeds a8s compared to healthy seeds.
The increase in free fally acid content has also been
shown by Rai and Saxena (1580). The increase in the
level of 18:1 and 18:2 fally acids of alternaria infested
seeds of Brassica till 70 DAS could be expected to
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overcome the disturbances in membrane fluidity due tg
Alternaria infestation whereas the decrease in level of
(22:1) fatty acid (Table 3) of seeds has also been noticed
earlier in leaves of Brassica (Atwal et a/., 2005).

it may be concluded that the change in level of sugars ang
phenols might be a defensive step to restrict the growth of
fungus, whereas modulation of lipid profile ang
unsaturated fatty acids under diseased conditions might
guard against penetration of the pathogen in plant tissues,
since lipids and fatty acids play a crucial role towards
membranes integrity.
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Table 2 Qil content (%) and lipid composition (g/100g oil) in the seeds and siliqua wall of Indian mustard as influenced by

Alternaria blight
- CAs Seeds Siliqua wall
Healthy Infected Healthy Infected

Totat oit content
80 26.0+1.2 22,0511 2.0+1.1 1.820.0
70 34.0:2.1 20.01.0 4.020.9 1.040.0
80 37.0£2.0 15.0£0.9 5.5+2.4 0.7£0.1
cD (P=0.05) Sampling =22 =145

Infected x healthy = 1.3 =01
Phospholipids
60 9,8+0.4 ' 6.210.5 6.3+0.8 51403
70 5.240.2 41507 ' 51202 42407
B0 3.7:01 3.34D0.3 4.4+0.3 3.640.1
CD (P=0.05) Sampling =1.9 =13

Infected x healthy = 1.1 =02
Glycolipids
60 6.4+0.4 6.240.3 4.240.0 3.940.0
70 51101 48+02 3.3+0.1 31402
80 4.2+0.3 3.6x04 2.7+0.1 2.4+01
CD (P=0.05) Sampling =15 =14

Infected x heaithy =1.0 =09
Sterols
80 1.5+0.1 1.6+C.0 2.0£0.1 1.9+0.2
70 21201 1.9:0.1 2.810.1 24202
80 - 1.7:0.1 1.70.1 2.640.0 S 21102
CD (P=0.05) Sampling =18 =15

Infected x healthy =0.2 =038
Free fatty acids 4
60 0.940.1 1.140.1 0.8+0.1 11409
70 2.0301 26401 1.240.1 1.5+0.1
80 2.220.1 2.8+0.1 1.920.1 2100
CD (P=0.05) Sampling =03 =15 '

Infected x healthy =011 = 1.0.
Triglycerides
60 81.0:0.1 849+12 - 86.7+0.9 ) 88.040.2
70 85.6:0.8 86.6+1.3 87.6+0.4 ' §8.8+0.0
80 : 88.2+1.3 88 6~1.2 884105 . 89.8+0.1
Ch (P=0.05) Sampling =08 =186

Infected x healthy =0.4 =073

DAF = Days afier flowering.
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Table 3 Fatty acid composition (%) in the seeds of Indian mustard influenced by Alternaria blight

Days after flowering (DAF}

Fatty acids 50 70 0
Healthy Infected Healthy Infected Healthy Infected
16:0 38 4.2 50 3.8 3.1 2.7
18:0 - - 09 - -
18:1 10.0 12.6 17 13.% 11.0 10.7
18:2 17.2 18.0 17.5 18.4 157 15.2
18:3 11.4 10.0 9.3 10.3 7.9 97
20:1 56 7.2 6.5 51 75 5.0
22:1 51.5 48.5 48.6 47.5 538 53.7
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Abstract

variation in water use efficiency {(WUE), total dry
matter production, specific leaf area (SLA), carbon
isotope discrimination (A“C) and total scluble
proteins were examined in leaves of fifteen groundnut
{Arachis hypogaea L.) genotypes grown infield under
mid-season moisture stress conditions. WUE among
groundnut genotypes varied from 2.10 to 2.93 g/kg
under stress condition representing a significant
variability. Genotypes Tir 16, Tir 14 and Tir 13,
produced high total dry matter production and ped
yields/plant under moisture stress, also had higher
WUE values. The genotypic variation in A”C was
recorded from 18.2 to 20.2 %/, under stress condition.
Negative correfation was observed between WUE and
A"C ® = -0.87, P<0.05} and between WUE and SLA ®
=-0.89, P<0.05). A strong positive relationship was
observed between WUE and total soluble proteins ®
=0.62, P<0.05). The study suggest that, in groundnut,
genotypic variation in A"™C was mostly (>60%)
attributable to total scluble protein in leaves as
Rubisco constituted about 37% of the soluble protein
in groundnut genotypes.

‘ey words: Groundnut, WUE, SLA, carbon
isctope discrimination, total soluble
proteins

‘uction

acent past physiological traits of groundnut

1 to superior performance under drought

*ve been identified and substantial genetic

ved for them. Nageswara Rao ef al. (1589)

LN 'roughttolerance for mid-season moisture
stre - attempted with moderate yield potential,
as hig, ading groundnut genotypes appeared to be
more susceptible under mid season drought. Recent
studies have identified indirect selection tools, carbon
Isctope discrimination {A3C) in leaf and specific leaf area
(SLA), which are associated with water use efficiency in
groundnut (Wright et al.,, 1994). In groundnut genotypic
differences in WUE appear to be associated with
photosynthetic capacity per unit leaf area rather than
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stomatal factors (Hubick ef al., 1986; Wright ef al., 1988).
In plant species with the C, photosynthetic pathway,
variation in *C/"”C can be a useful indicator of WUE, A
strong correlation between A™C and WUE has been
shown in field grown crops (Nageswara Rao ef al., 1993).
Low -A"C and high WUE were shown to be associated
with the leaf thickness in groundnut, suggesting that an
easily measurable parameter like SLA could be effectively
used as a surrogate for A™C to assess WUE (Nageswara
Rao and Wright, 1994).  The CQ, assimilation rate has
been shown to be directly proportional to the amount of
photosynthetic enzyme, i.e., ribulose 1,5-bisphosphate
carboxylase-oxygenase (Rubisco), presentin leaves (Von
Caemmerer and Farquhar, 1981). Rubisco constituted
about 37% of the soluble protein in groundnut genotypes
(Nageswara Rao ef af., 1995).

Keeping this in view, the present study was conducted to
examine the genotypic variation in WUE and its
relationship with total dry matter, SLA, A™C and total
soluble proteins in 15 groundnut genotypes under
mid-season moisture stress conditions.

Materials and methods

Fifteen groundnut (Arachis hypogaea L.) genotypes were
grown in the field under mid-season moisture stress
conditions during the kharif season of 2001 at S.V.
Agricultural College, Tirupati, Andhra Pradesh in a
randomized block design replicated thrice. Drought
conditions were created using rain out shefters (ROS)
during 40-80 days after sowing (mid-season moisture
stress). Irrigation was withheld between 40-80 DAS and
the crop was protected from rain utilizing rain out shelters.
During the normal drought stress free period (0 to 40 DAS
and 80 DAS to harvest) the crop received regular
irrigations based on cumulative pan evaporation
(Replenishing 80% pan evaporaticn after taking the rainfall
if any, inio account).

Plants were uprooted and plant paris i.e., shoot (leaves
and stem) and reproductive structures {pegs and pods)
after separation were dried in an oven at 80°C to record
dry weight. Fully expanded ‘eaf from the top on the primary
branch were collected, cleaned and their leaf area was
measured using leaf area meter (LI-COR model-3100}).
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They were dried in an oven at 80°C and calculated SLA.
Total sofubie protein in feaves was estimated using Bovine
Serum Albumin as the standard (Sadasivam and
Manickam, 1996).

Water use efficiency (Transpiration efficiency) has been
estimated as per Wright ef al. {(19958), as follows:

WUE = Kf{ei-ea) where K is the constant of proportionality
and (ei-ea) the average vapour pressure deficit (VPD).

K = 14.4-0.53 (), being the relationship of K with actually
measured, where is the carbon isotope discrimination.

A=0.03 (SLA} + 14.0, being the interrelationship of with
actual SLA values.

Carbon isctope discrimination (A™C) was determined at
60 DAS. Third teaf from the top on primary axis of the
sampled plants were collected, bulked, oven dried and
then ground to fine powder. CID in the ground leaf
samples was measured by Isotopic Ratio Mass
Spectrometer (IRMS} at the National Facility for
quantification of stable isotopes in the Department of Crop
Physiclogy, UAS, GKVK Campus, Bangaiore as described
by Hubick et al. {1986).

Results and discussion

SLA ranged between 132.1 (Tir 16} to 180.0 cm¥g (Tir 8)
at B0 DAS (Table 1). Nageswara Rao and Wright (1994)
reported that, in groundnut, genotypes with lower SLA
(thicker leaves) had more photosynthetic machinery and
the potential for greater assimilation per unit leaf area. In
the present study SLA (which is negatively related to leaf
thickness) is negatively correlated with WUE (r = -0.89,
P<Q.08) (Fig 1a) Wright et al. (1993) reporied similar
relationship between WUE and SLA. These observations
are consistent with our earlier hypothesis that, cullivars
with high WUE have higher photosynthetic capacity.

Carbon isotope discrimination (A™C) values had a range
of 18.2 to 20.2 0/0G under stress condition representing a
significant variability among tested genotypes with Tir 18
having the lowest and Tir 8 having the highest A"C
(Table 1}). Eatlier observations in the Arachis species
(Hubick et al., 1986; Wright et al., 1988; 1993) suggested
that variation in photosynthetic capacity/unit leaf area
could be largely responsible for genotypic variation in
13C. Plants discriminate against the heavy isctope of
carbon {A“C) during the process of photosynthesis.
However the extent of discrimination depends on the pi
(interceifular CO, partial pressure) and hence A*C content
in the plant samples has emerged as a potential tool to
guantify pi and WUE. Since pi/pa ratios predominantly
determine the variations in WUE and A™C, a strong
relationship between A™C and WUE can be expected. A
significant negative refationship between A™C and WUE
{r=-0.89, P<0.05) has been observed in the present study
(Fig 1b). Significance and biochemical basis of A"C and
the relatienship of A™C with WUE were exensively
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studied (Farquhar et al., 1989; Read et al., 1991).

Total soluble protein in leaves at 60 DAS, varied
significantly among genotypes ranging between 1.60inTir
8 to 3.05 mg/g fresh weight in Tir 16 (Table 1). Strong
positive refationship was observed between WUE and total
soluble proteins (r = 0.62, P<0D.05) (Fig 1c). Since SLAis
negatively correlated with WUE, it is possible that a
genotype with high soluble protein and Rubisco content
may have high WUE by virtue of higher assimilation rate
(Conner et af., 1993).

Significant variation exhibited in total dry matter production
{10.3 to 24 8 g/plant) and pod yield (8.20 to 15.0 g/planf)
(Table 1) in groundnut genotypes The genotypic variation
in WUE ranged from 2.10 to 2,93 gfkg under stress
condition at 60 DAS in the present investigation [Table 1),
Genotype Tir 16 recorded highest WUE as compared to gl
other fested genotypes. It is well documented that, in
groundnut, differences in WUE is mainly associated with
assimilation efficiency rather than stomatal conductance
{Hubick ef al., 1985; Wright et al., 1988;). WUE showec
significant positive relationship with total dry matle
production (r = 0.98, P<0.05) (Fig 1d) and ped yield (=
0.86, P<0.05) (Fig 1e). More than 92% of the variation ir
dry matter production was accounied due toits variationis
WUE suggesting the importance of WUE in determining
crop productivity (Hebber ef af., 1994). The superiority it
kernel yield was accompanied with superiority in harves
index, WWE and transpiration either alone or i
combination (Nagda et a/,, 2003). For achieving maximun
yield, an optimum combination of these traits (WUE, T arx
HI) is required. However, Jayalakshmi ef af., (1998) haw
observed no significant relationship between WUE an
pod vield in F; material indicating the possibility fo
concurrent improvement of both the traits.

The present study reveals that in groundnut significan
genolypic variations were observed in WUE am
physiological parameters (SLA, A™C and tolal sclubl
proteins). Among the genotypes, Tir 16 recorded highes
total dry matter, total soluble protein content, WUE an
lowest SLA value (thus low A"C value) compared to othe
genotypes. Results suggests that SLA, A™C and tot
soluble proteins can be used as surrogate measures b
identify high water use efficient genotype and can be usel
as a selection trait in breeding for drought tolerar
genotypes.
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Water use efficiency and its retation to SLA, CID and TSP under moeisture conditions in groundnut genotypes

Table 1

yield in groundnut genotypes at 60 DAS

Specific leaf area, carbon isotope discrimination (A"C), total soluble proteins, drymatter, water use efficiency and pod

SLA AYC  Total soluple proteins (ma/g  Dry matter )
Genatypes (e ) fresh weight) (g/plant) WUE {g/kg)  Pod yield {g/plant)

Tir 7 165.7 19.36 2.21 14.7 235 1.1
Tir 8 180.6 20.11 1.61 10.3 2.10 8.05
Tir 12 170.5 19.54 2.00 133 2.27 10.2
Tir 10 1701 19.56 2.01 133 228 10.0
Tir 11 175.6 19.74 1.82 11.8 2.18 .01
Tir13 150.3 18.65 2.81 207 262 12.5
Tir 14 146.2 18.91 2.90 227 2.69 131
Tir 15 1658 16.25 2.20 147 2.35 1.2
Tir 16 1321 18.20 3.01 24 .8 2.93 15.2
Tir 17 154.8 18.85 2.60 18.8 2.54 12.2
ICR 1 170.7 19.61 2.41 13.3 2.27 10.0
ICR 3 1606 19.02 1.81 16.8 2.44 1186
ICR7Y 175.6 19.73 2.21 1.7 2.18 8.90
ICR 8 165.8 19.27 261 14.8 2.35 11.3
ICR 21 155.6 19.50 2.00 18.7 2.53 12.1
Mean 163.2 19.29 2.28 15.9 2.40 11.0
SEm 1.02 0.018 0.024 0.16 0.054 0.36
CD (P=0.05) 2.86 0.053 0.067 G.45 0.15 1.00
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Abstract

An experiment was carried out at College Farm of
Anand Agricultural University, Anand to compare the
effect of method of micronutrient application on yield
and uptake by kharif groundnut during, 1999-2002.
The micronutrients in the form of formulations for
seed treatment were tested with two sources of
elements viz., Zn. Mn and Mo and compared with
standard recommended soilffoliar application of
individual micronutrient. The seed treatment with
solutions each of Zn, Mn and Mo was made to
groundnut seed @ 16, 12 and 6 ml/kg containing 30,
25 and 12.5% of Zn, Mn and Mo, respectively. The
groundnut pod, haulm and total yields were increased
significantly over control under different treatments.
The seed treatment with ZnO @ 16 mi/kg seeds
containing 30% Zn was also comparable inincreasing
yield of groundnut with soil application of ZnS0O, @ 5
kg Zn/ha. In case of Mn, the seed treatment @ 12
mlilkg seed containing 25% Mn through MnO,
increased groundnut pod yield by about 2 ¢g/ha over
control. Similarly, the seed treatment with ammonium
molybdate @ 6 ml/kg seed of 12.5% Mo concentration
was also found superior over other Mo treatments to
increase pod, haulm and total yields. The uptake of
micronutrients by groundnut was significantly higher
over control due to application of micronutrients.

Key words: Seed treatment, micronutrients, Zn,

Mn, Mo, groundnut
Introduction

Micronutrients deficiency is wide spread in India because
ofintensive cropping system and use of micronutrient free
fertilizers in the present day agriculture. Intensively
Cultivated soils at various fertility levels in long run may
alter micronutrient status of soil to cause imbalance in
nutrition: in crops which necessitates supplementation of
micronutrients for higher crop yields (Patel et al., 1999),
Application of micrenutrients through seed treatment
Nourishes crops at critical early stages and helps in crop
growth. Further, the correction of micronutrient deficiency
through seed treatment is comparatively cheaper than
foliar/soil application and also helps in reducing the load
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of inorganic chemicals. Keeping this in view, the present
study was conducted to evaluate efficacy of method of
micronutrient application.

Materials and methods

The investigaticn was carried out at the Anand Agricuftural
University, Anand to compare the different methods of
micronutrient applications on groundnut in kharif during
1999-2002 in loamy sand (Typic Ustocherepts) of Anand.
The seed treatment with the formuiations were tested for
two sources of Zn, Mn and Mo. The soil of the
experimental field was nearly alkaline in nature (pH 7.9)
and soluble salt (EC 0.39 dS/m) content was within the
safe limit. The total N content was low and overall fertility
status of the soil was found medium. The DTPA-
extractable Fe (5.3 mg/kg), Mn (6.3 mg/kg) and Zn {0.71
mg/kg) were marginal whife Cu (1.40 mg/kg) was sufficient
(Dangarwala et al., 1994). Acid ammonium oxalate (Purvis
and Peterson, 1956), Mo (0.086 ppm) was marginal
according to Dangarwala et al. (1994). In all 10 treatments
were tested under Randomised Block Design with three
replications which included concentrated micronutrient
formulations of Zn, Mn and Mo afong with standard
recommended soil/ffoliar  application  of individual
micronutrient.

Far the seed treatment groundnut seeds were coated with
formulations each of Zn, Mn and Mo soluticns @ 16, 12
and 6 ml/kg containing 30, 25 and 12.5% of Zn, Mn and
Mo, respectively through different sources as indicated in
fhe respeclive freatments. Furiher, the individual soil
application of Zn and Mo was given @ 5 kg Zn/ha through
ZnS0, (Zn-21%) and 1 kg Ammonium molybdate (Mo-
54%)/ha, respectively. The Mn was given through faliar
application @ 1% Mn8Q, solution after 30 days of sowing
and additional two sprays were given at seven days
interval thereafter. The recommended dese 25-50-0 of
NPK were applied unifermly to all the plots. The standard
analytical procedures were followed for the soil and plant
samples analysis (Lindsay and Norvell, 1978; Jackson,
1979).

Results and discussion

The soil application of 5 kg Zn/ha increased groundnut
pod yield over control and it was significantly superior to
rest of the treatments (Table 1). The superiority of soil
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application of Zn has been indicated by severa! workers.
Gupta (1995} also naticed that soil application of Zn was
more beneficial than seed coating of groundnut with Zn
solution. In case of seed treatment of Zn, ZnQO coating
enhanced groundnut yields significantly over control. The
results are in the line of those reported by Geetha ef al.
(1996). All Mn treatments viz., spray of 1% MnS0O, as well
as seed treatments with MnCf, and MnC, @ 12 mirkg of
seed gave significantly higher pod yield over control.
Highest pod yield was recorded when Mn was applied
through seed treatment with MnO,. In case of Mo,
maximum and significantly higher pod yield over control
was observed under the seed treatment with ammonium
molybdate @ 6 ml/kg seed being at par with other
treatments (Table 1). The improvementin groundnut yield
with Mo seed treatment has also been reporied by several
workers (Wankhede et al., 1992; Gowda et al, 1994,
Geetha et al., 1996; Sahu et al., 1998).

Further, the highest haulm and total yield were also
noticed due to soil application of 25 kg ZnSO,/ha. The
spray of 1% MnS0O,, seed treatments of MnClL,, MnQ,,
ammenium molybdate and sodium molybdate could
imprave the haulm yield significantly over control. The
response by groundnut to soil application of Zn was
maximum (3 g/ha) followed by nearly 2 g/ha due to seed
treatments of Mn and Mo through MnO, and ammonium
molybdate, respectively. The response to Zn, Mn and Mo
application is mainly attributed to the marginal availability
of these elements in the soils.

Uptake of micronutrients: The utilization of
micronutrients by the different components was higher
due to all the treatments and maximum was noticed under

treatment of soit application of Zn. The results were in the
line of those reported by Geetha et al. {1996). The uptake
of Mn improved significantly under 1% MnSQ, in all the
three cases viz,, kernel, haulm and total drymatter. Higher
uptake of Mn due to seed treatment was also in
accordance with those reported by Garbanov (1995}, The
maximum utilization of Fe, Zn and Cu was due to soil
application of Zn, while that in Mn it was due to spray
application of 1% MnSQ, (Table 2). In general, the
micronutrients application improved yield and altered their
contents to result into higher utilization by the groundnut.

Soil status: The soil status of micronutrients at the end of
the experiment (after three years) showed slight changes
in available micronutrient content, however, the changes
were not significant (Table 3). Therefore, the
supplementation of these nutrients was found necessary
and there was practically no build up or depletion, The
supplementation of Zn through soil application while Mn
and Mo through seed treatment could be a better
alternative to the traditionai mode of applications to
receive the similar beneficial effects in groundnut due to
favourable economics by reduction in cost for spray and
chemicals which in turm could improve soil quality in tong
run.

The results of the study indicated that among Zn
treatments, soil application was superior whiie Mn and Mo
application with MnQ, and ammanium molyhdate as seed
treatment, respectively was more beneficial and
economical in groundnut for higher yields.

Acknowledge: Authors are grateful to the Indian Council
of Agricultural Research, New Delhi for financial support to
carry out the study.

Table 1 Effect of Zn, Mn and Mo application on groundnut yields (Poocled: 1999-2002)

Treatment Yield (kg/ha) Response in pod yield
Pod Haulm Total kg/ha %
Control 1111 2552 3663 - -
5 kg Zn/ha 1421 3205 4626 310 27.9
Seed treatment ZnQ 1268 2768 4067 187 16.8
Seed treatment ZnSO, 1205 2759 3965 94 8.5
1% MnSO, 1299 3085 4384 188 16.9
Seed treatment MnCl, 1214 2962 4177 103 g3
Seed treatment MnQ, 1319 3074 4393 208 18.7
1 kg Ammonium melybdatefha 1269 2714 3983 158 14.2
Seed treatment Ammonium molybdate 1278 2943 4221 167 150
Seed treatment sodium maolybdate 1248 2838 4085 137 12.3
SEmz 35.41 95 101 - -
CD (P=0.05) 100 269 287 - -
CV (%) §.43 9.57 7.08 . -
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Table 2 Effect of Zn, Mn and Mo application on uptake of micranutrients {(g/ha) by groundnut (Poaled : 1999-2002)

- Fe Mn Zn Cu
Treatments Kernel Haulm Total |Kernel Haulm TotallKemel Haulm Total | Kernel Haulm Taotal
Control 398 1212 1252 106 7186 823 220 B34 854 B.4 17.8 262
5kg Znfha 435 1653 1702 132 944 1076 300 864 1164 9.9 237 3386
Seed treatment ZnQ 424 1585 1628 120 870 991 249 755 1005 92 215 308
Seed treatment ZnS0, 416 1503 1545 121 897 1019 278 750 1028 93 19.0 283
1% MnSO, 437 1488 1532 127 161.0 1738 272 717 §8.0 9.8 217 31.2
Seed treatment MnCl, 406 1488 1537 117 912 1029 265 739 1004 9.3 220 3.3
Seed treatment MnO, 431 1467 1510 120 867 987 260 787 1047 97 213 311
1 kg Ammonium molybdate/ha 441 1495 1538 112 832 945 265 704 970 9.5 195 29.0
Seed treatment Ammonium molybdate 47.3 1510 1558 118 812 1030 255 79.0 1112 93 200 293
Seed treatment sodium melybdate 452 1487 1532 127 891 1019 255 791 1046 9.0 208 298
SEmM: 229 622 818 05% 135 138 12 38 43 032 12 13
cD (P=0.05) NS 1756 1751 NS 401 403 3.4 102 122 NS NS 38
CV (%) 162 119 116 145 174 154 136 141 117 118 113 89
Table 3. Effect of micronutrient formulations on soll status {mg/kg)

Treatment Fe Mn | Zn Cu
Initial 53 6.3 0.71 1.40
Control 52 71 085 1.36

5 kg Zn/ha 6.0 8.7 1.07 1.45
Seed {reatment ZnQ 58 7.8 1.06 1.60
Seed treatment ZnSO, 56 3.4 0.95 1.60

1% MnSQ, 55 7.1 0.83 1.28
Seed treatment MnCl, 59 8.5 0.97 1.38
Seed treatment MnQ, 6.0 8.2 0.90 1.39

1 kg Ammanium melybdate/ha 5.0 7.2 0.80 1.27
Seed treatment Ammaonium molybdate 55 7.7 0.83 1.35
Seed treatment sodium molybdate 5.1 7.2 0.90 1.48
SEmt 0.50 0.61 0.10 0.1

CV (P=0.05) NS NS NS NS

CV (%) 15.7 13.3 19.3 13.2
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Abstract

A field experiment was conducted on red sandy loam
soil during kharif-2002 and 2003 at Regional
Agricultural  Research  Station, Tirupati, Andhra
Pradesh. The NPK concentrations of index leaf were
highest at flowering stage and gradually decreased till
harvest. The uptake of nutrients was highest at harvest
with the application of organic and inorganic fertilizers.
Higher concentrations of Ca, Mg and Sulphur were
observed in NPK alone applied plots or NPK in
combination with gypsum or lime or ZnS0,.
Application of SSP alone or gypsum was unable to
meet Ca requirement of the crop, as it was evident from
the low Ca concentration of leaf at pod development
and harvest stages. Concentration of Mg in index leaf
was maore at flowering and harvest stages than at pad
development stage. No antagonistic effect of Ca and K
was observed on concentfration and uptake of Mg.
Highest § concentration was observed at pod
development stage and it was more pronounced with
the application of NPK along with gypsum or ZnSQ,.
Similar trend was noticed with respect to S uptake.

Manure, fertilizers, nutrient
concentrations, growth stages,
groundnut

Key words:

Introduction

Groundnut is the major oitseed crop grown under rainfed
conditions in AP. The crop suffers from inadequatefl
mbalanced nutrient supply because many farmers of the
Rayalaseema region of AP belief that application of
chemical fertilizer may not be utilized by crop under
moisture stress conditions. Hence an experiment was laid
out 1o study the effect of nutrients on yield and nutrient
concentration and uptake in rainfed groundnut.

Material and methods

A field experiment was conducted during kharif 2002 and
2003 in dry land farm of Regionat Agricultural Research

station Tirupati, A.P in a randomized complete block
design with eleven treatments and four replications. The
test crop was groundnut, variety Tirupati-1. NPK were
applied basally in the form of urea, SSP and MOP
respectively as per the treatments. Gypsum and lime
were applied at first bloom stage i.e., 30 DAS. The plant
analyses for N {AQAC, 1970), P and K (Jackson, 1973)
and Ca, Mg and 5 (Vogel, 1978) was done with standard
methods and nutrient uptake was calculated. '

Results and discussion

Application of FYM and incrganic fertilizers significantly
influenced the N, P, K concentrations in index leaf at
different stages of the crop and uptake at harvest (Table
1 and 3). Higher N concentration was observed in
treatment, which received, N along with P or Kirrespective
of the stages of crop growth. Concentration of N was
maximum at flowering stage and there after decreased at
harvest. This might be due to more N requirement during
the period of flowering to pod development. The N
concentration declined in the index leaf at pod
development stage probably due to translocation of N frem
leaves to pod. Similar results were reported by Bhaskara
Reddy et al. {1992). The N uptake at harvest of the plant
was significantly influenced by the treatments and it was
highest in N received treatments along with P (T,) and was
on par with NPK, NPK+ gypsum, NPK + lime and NPK +
gypsum + zinc sulphate in both the seasons.

Phosphorus concentration in index leaf and uptake at '
harvest was significantly varied with treatments at different
growth stages. In both the years phosphorus concentration
was higher at flowering stage in the treatments viz., N, P,
NPK + lime, NPK + gypsum and NPK + gypsum + Zn30..
The concentration of phosphorus decreased from
flowering to pod development stage and again marginally
increased at harvest of the crop. Higher concentration at
flowering stage may be due to absorption from the soil
which reached maximum at flowering stage and slowly
declined in the concentration as the crop growth
advanced. This may be due to dilution effect in plants and
accumulation in kernels at pod development and maturity

’Part of Ph.D Thesis submitted by the first author to ANG Ranga Agricuftural University, Rajendranagar, Hyderabad-500 030, AP.
! Director of Research (Retd.), ANG Ranga Agricultural University, Rajendranagar, Hyderabad-500 030, A.P.
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stages. Earlier Loganathan and Krishnamoorthy (1977)
who reported that groundnut crop grown in red soils
absorbed 10% of phosphorus at vegetative stage and
40-50% at reproductive stage, and remaining at
reproductive to harvest of the crop. The higher
phosphorus uptake was observed in NPK, NPK + gypsum,
NPK + lime and NPK + gypsum + ZnSO,, can be
attributed to higher phosphorus concentration and dry
matter production in these treatments.

The higher values of potassium concentrations and
uptake were noticed in treatments, which received
potassium along with N or P or combination at all the
growth stages. This may be due to synergistic effect of
nutrients. The concentration of potassium was gradually
decreased from flowering to harvest and it was more
prenounced between the pod development to harvest
stage. This might be due to transfer of potassium from
leaves to padsikernels. Addition of sulphur through SSP,
gypsum or ZnS0, increased the potassium concentration
in all the crop growth stages and these treatments
recorded higher potassium concentration at alt crop
growth stages. This may be due to synergistic effect of
sulptwir on potassium (Mariswamy Gaowda et af., 2001}
The decreasing trend of potassium concentration from

repraductive stage to harvest of the crop (maturity) due to
transfer of potassium from leaves to pods was also earlier
reported by Patra et al. (1998).

Application of manure and fertilizers brought significant
variations in leaf concentration as well as uptake of Ca,
Mg and S at different stages of crop growth (Table 2).
Higher values of Ca, Mg and S was observed in NPK +
Gypusm + ZnSQO,, NPK + lime, NPK + gypsum and NPK
treatments. Application of calcium either through SSP or
gypsum or lime along with nitrogen and phosphorus
significantly increased calcium concentration in plants.
This was supported by the findings of Patra et al. (1985)
in groundnut. The leaf calcium concentration was
recorded highest at flowering stage and gradually
decreased at pod development stage and maintained a
similar level at harvest of the crop. The results clearly
indicated that calcium component of SSP (10 kg P/ha) or
gypsum (250 kg/ha) was not sufficient to meet the calcium
requirement of crop. The calcium uptake at harvest of the
crop was higher in the treatments, which received gypsum
or lime or ZnSQ,, along with NPK. These results
corroborated with the findings of Bhaskara Reddy et ai.
(1982} iy groundnut.

Table 1 Effect of applied nutrients on major nutrients concentration (%) in index leaf of rainfed groundnut at different growth
stages
Khanf 2002 Kharif 2003
N P K N P K
= kS kS = = T
@ = o
E o S - o E - o £ " =] £ - o £ - o £ -
] = £ @ £ o3 7] £ 2 o £ a 7] = a 7] £ a B
@ 5 13 o 5 =] @ 5 % g o % @ o k=] [ 5 o o
% 3 & & § F & 5 8 2 § 3 : § & : % &
s g% T 2 3 T 2 s T 2 s ¥ £ & T g 8 =z
a3 B B 2 2 3
o o [+ o o
T, 3.70 1.87 1.63 014 0.03 0.08 1.36 115 073 377 180 177 0084 0405 ¢G5 t21 1G98 471
T, 4.02 211 1.93 0.19 Q.05 0.09 1563 118 084 429 208 224 009 005 005 1.23 114 078
T, 3.76 229 2.02 0.17 0.04 0.08 1.38 1.13 081 420 226 229 011 005 005 127 113 072
T, 377 223 1.86 0.19 0.06 0.09 1.45 116 081 412 225 239 0.13 008 006 124 110 074
Ts 372 208 1.66 0.18 0.04 0.09 1.53 11¢ 078 398 218 227 011 005 005 132 111 075
T 3.80 221 1.90 017 0.05 ¢.10 1.56 118 079 423 25 2.21 011 007 0.06 128 109 077
T, 385 225 1.84 0,18 0.06 c10 1.42 112 0.83 413 206 247 011 007 006 125 106 077
T, 404 213 1.85 0.18 007 010 1.56 118 086 431 198 244 Q.12 007 007 128 1.13 080
Ty 40687 225 1.95 0.18 0.07 010 1.39 117  0.82 437 208 237 013 ©0.07 008 127 109 079
T 417 227 1.89 0.18 0.07 0.10 1.47 119 083 433 214 221 612 GC.07 0.08 127 107 0.82
Ty 422 234 1.98 0.20 0.08 0.1 1.50¢ 118 088 4368 229 230 013 008 008 128 110 0892
Mean 383 218 1.94 0.18 0.06 0.09 1.47 117 082 419 2143 227 0112 005 006 128 1.10 078
SEmt 003 047 0.03 0.002 001 0.01 0.03 0002 003 007 007 008 001 001 001 C02 002 004
(F‘E:)DOS) c10 0.13 Q.09 0.0z 001 0.02 0.09 0007 NS 018 019 024 002 002 002 005 0.04 NS
T, : Control {Ne fertilizer); T,: FYM @ 5 tha (once in 3 years), T, 20 kg N/ha;
T.. 10 kg P/ha; Ts: 25 kg K/ha, Ts : 250 kg gypsum/ha as top dressing;
ToT+ Ty Te T+ T+ Tg To:Ty+ T, + Ty + 250 kg gypsurmina,

Ty Ty + T, + Ty + 100 kg lime/ha;
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T Ty + T+ T+ 25 kg zine sulphate (as basal, once in 3 years} + 250 kg gypsum/ha as top dressing



Effect of applied nutrients on major and secondary nutrients at different growth stages of rainfed groundnut in alfisols

Table 2 Effect of applied nutrients on secondary nutrients concentration (%) in index leaf of rainfed groundnut different
growth stages

Kharif 2602 Kharif 2003
Ca Mg S Ca Mg 5
= T € € = T k=
:E; g £ g £ v £ g i g £ z £ £ z 2 £ -
o o s 2 ] 3 g 5 o @ 5 ° o 5 s B = e ]
F E A g £ % ] g 2 g £ % o £ F g 2
g ¥ 0T 2 3 T g 3 T ¢ & T 2 s T £ 3 1z
g £ R g g g
T, 178 121 143 051 024 082 018 0.28 D27 144 121 115 059 023 061 018 029 024
T, 194 153 184 072 037 086 024 0.35 032 167 124 184 087 Q34 071 021 032 o2
T, 210 141 182 066 035 065 020 0.28 D25 189 122 150 070 032 064 022 030 02
T, 19 161 183 062 039 072 022 0.39 036 186 165 162 064 041 074 025 032 030
Ts 212 145 155 0Y0 035 0DBE 022 0.3% 0.34 174 140 154 7gs4 036 083 022 034 03z
T, 241 147 170 061 047 062 026 0.37 0.36 215 148 167 063 047 061 026 035 0.35
T. 214 154 156 076 048 072 029 0.38 035 205 154 161 066 051 072 028 038 038
Ta 247 164 185 DH2 D41 DEH O 03 0.37 219 185 170 074 044 072 027 038 0.37
T, 241 183 202 D55 047 0571 030 0.29 032 223 165 204 081 045 080 031 041 04g
T 238 1541 208 086 058 076 031 G.41 0.41 225 163 205 084 060 0832 031 040 0.42
T, 256 186 248 078 058 Q478 031 0,43 042 247 167 211 090 080 085 032 046 042
Mean 221 151 173 D64 042 069 0325 037 035 208 148 173 071 043 072 026 036 034
SEm: 008 004 011 005 003 004 0004 0.004 0.003 030 003 005 o0 002 001 0004 0003 0003
;p:%t,)os) 024 012 030 ©15 009 NS 001 DOl 001 088 007 044 048 ©06 002 001 001 001
Table 3 Effect of applied nutrients on nutrient uptake (kg/ha) in rainfed groundnut at harvest
Kharif 2002 Kharif 2003
Treatment
p K Ca Mg S N P K Ca Mg 3
T, 29.0 1.3 12.4 19.2 1086 48 38.3 1A 1588 258 135 58
T, 561 2.8 23.1 45.2 18.1 9.0 70.4 g 28.0 57.9 256 8.9
T, 46.4 1.7 18.2 364 14.7 6.4 776 1.8 245 53.8 217 98
T, 531 26 226 454 20.3 10.1 96.7 26 297 65.6 29.8 124
Ts 40.7 2.0 18.3 36.2 15.5 8.1 787 19 26.0 533 218 11.1
T, 448 2.3 187 399 14.8 85 76.1 2.2 26.4 87.3 21.0 11.9
T: 54.4 2.9 234 44.0 20.3 10.0 105.2 27 33.0 69.0 30.8 15.4
T, 55.0 3.0 249 561 191 107 105.1 3.0 34.5 732 309 15.8
T, 556 29 229 56.9 19.9 106 03.4 3.5 34.6 88.8 35.0 17.2
Tio 53.3 30 244 811 224 126 498.1 3.3 36.7 91.8 37.5 18.5
T 61.1 3.3 26.0 64.0 23.2 12.4 103.3 3.8 a41.3 94.8 38.2 19.0
Mean 50.8 2.5 21.3 458 18.1 9.3 88.7 2.5 30.3 66.3 27.7 133
SEmz 1.6 0.2 1.1 32 1.3 0.2 56 0.4 28 37 1.0 0.4
CD {P=0.0%) 47 08 32 92 39 0.7 16.1 1.1 7.8 10.8 29 1.3

The magnesium concentration of the index leaf increased
at flowering and maturity stages of the crop, while it was
jower in pod development stage. Further, the antagonistic
effect of application of Ca and K at the doses applied was
not observed on the concentration and uptake of
magnesium but increased concentration and uptake of
magnesium by the application of calcium, phosphorus and
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sulphur containing fertilizers was observed. Similar results
were reported by Bhaskara Reddy et al. (1892),

The data on sulphur concentration and uptake bY
groundnut revealed that the highest concentration of the
sulphurwas observed at pod development stage, and thet
decreased at harvest in both the seasons. This trend may¥
be due to absorption from the scil was more at pod
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development stage (Mishra and Singh, 1989). Application
of P through SSP maintained the sufficientievel of sL_lehur
in index leaf at all the stages of the crop. Application of
NPK along with ZnSO, and gypsum significantly increased
the sulphur content of the leaf at pod development and at
harvest of the crop. Application of SSP or gypsum glone
without nitrogen did not increase sulphur concentration in
plant. The highest uptake of sulphur was noticed in the
treatment which received sulphur through SSP, gypsum
and ZnS0, along with N and P. This was supported by the
findings of Nayak et al. (2004). It is concluded that the
NPK cancentration of index leaf were highest at flowering
stage and gradually decreasing at harvest. The uptake
was highest at harvest with the application of crganic and
inorganic fertiizers. Higher concentrations of Ca, Mg and
5 were observed in NPK alone applied plots or NPK in
combinalion with gypsum or {ime or Zn50,, Appiication
of SSP alone and gypsum was unable 10 meet calcium
requirement of the crop as it was evident from the low
calcium concentration of index leaf at pod develapment
and harvest stages. Cancentration of Mg inindex leafwas
more at flowering and harvest stage than at pod
development stage. Sulphur concentration was sufficient
at pod development stage with the application of NPK
along with gypsum or ZnS0O,.
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pbstract
A feid nvestigation was conducted in vertiso! at
Co,;egeof:\gdculture, Bheemarayanagudi during rabi
geas0s 1399-2000 and 2000-2001 to find the effect of
jrrigetion schedules and sand application on rabi
gndnt pod yield and . its effect on chemical
operies ofthe soil and uptake of nutrients. Results
ingicated that scheduling of irrigations at pre
ﬂgwering,ﬁowering, pegyging, pod formation and pod
fiiing seges long with sand mulching @ 45 t/ha or
serd reoporation @ 45 thha recorded significantly
highe" nod yield of groundnut ¢over no sand
apg‘icaﬂnn with similar irrigation schedules. Highest
qetreum was realised in five irrigations at critical
stages with sand mulching @ 45 tha with B:C ratio of
27 or sand incorporation @ 45 t/ha with B:C ratio
;g1 The nutrient uptake was aiso higher in five
meansatcritical stages with sand mulching @ 45
pha orsand incorporation @ 45 t/ha compared to no
grdzppiication. Sand application with five irrigations
a viical stages also improved the physical
condacns of the soil.

Koy words Groundnut, Arachis hypogaea L.,
irrigation schedules, deep black soils
and sand application

Jaroduction

Tee Joger Krishna project (UKP) command area has an
igae" sgtential of 0.8 m ha accounting to 17 % of the
pia icaied area in Karnataka state. The ill-drained
ok s5ls Naving clay content (82 %) provided ideal
s 0 waler logging and salinity. These problems
faie €0 research on development of specific land and
e Eragement technologies on sound scientific base.
g ndimgation are inseparable and former needs
qeaarionwhen irmigation is initiated. Apart from costly
a qad tle drains, emphasis to improve in situ water
qrarcshrough addition of high density coarse material
o 2 s3nd that improves soil physical condition is
secessay. Hence, scheduling of irrigation to optimize the
wﬁ,y_:u‘gply according to crop need and improvement of
ij condiions such as per cent aggregate stability,
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basicinfiltration rate and bulk density with addition of sang
to the soil have been tried in groundnut during rabi
S5easons.

Materials and methods

Field experiment was conducted to study the response of
rabigroundnuttoirrigation schedules and sand application
in the deep venrtisols during rabi seasons 1999-2000 and
2000-01 at the College of Agriculture, Bheemarayanagudi.
The experimental soil has bulk density 1.32 g/cm?, porosity
50%, and infiltration rate 0.75 cm/hr. The main plot
(irrigation schedules) and sub plot treatments (sand
application} were imposed as mentioned in the Table 1.

The experiment was laid out in Split Plot Design with 21
treatment combinations and replicated thrice. Sowing was
taken up in the month of November, with cv. R-9251. The
pod yield and yield components were recorded in five
randomly selected plants of each treatment. The soil
physical characters like bulk density (g/cm®), infiltration
rate (cm/hr} and aggregate stability (%) were computed.

Results and Discussion

The data indicated that giving five irrigations (1) at crilical
stages recorded significantly higher groundnut pod yieid
than scheduling irrigation at fortnightly interval (Tabie 1).
This is mainly due to higher number of pods/plant in five
irrigations at criticat stages over fortnightly irrigations and
threeirngations at critical stages (1,). Similarly, significantly
higher pod yield/plant was observed in five irrigations
scheduled at critical stages over fortnightly irrigations and
three irrigations at critical stages. The phosphorus uptake
was significantly higher in five irrigations treatment
compared to other treatments (Table 2). The yield
increase in five irngations treatment was 10.38% over
fortnightly irrigations. Three irrigations at critical stages
treatment recorded significantly lowest yield with reduction
of 10.26 % over fortnightly irrigations. The present findings
are analogous to those reported by Ved Singh ef al.
(1994). There was a net saving of one irrigation amounting
to B cm depth of irrigation water over farmers method
tfortnightly irrigation). Khade ef al. {1997) reported 42 %
saving in irrigation water with five irrigations at different
critical stages over 1.00 W/CPE ratic. Moisture stress was
occurred during peg formation stage with three irrigation



weatment resulting in lower pod yield. Lower pod vield
here was atiributed to the reduction in total drymatter
accumulation, poor growth of pegs into the soil and also
due to the dehydration of pratoplasm causing reduction in
photosynthetic rate. These findings are in agreement with
Koti et al. (1994) for soybean during water stress. Hence,
five irmgations at critical stages helped to maintain
sufficient moisture in the soil during peg initiation and
pegging stages and also must have helped in the
translocation of photosynthates efficiently to the
developing pods. The higher pod yield, net returns and
B:C ratio {(2.42) was recorded in five irrigations (I,) over
other irrigation treatments.

The pooled data of sand application @ 45 t/ha either
muiching or incorporation recorded on par and
significantly higher groundnut pod yield over no sand
application (Table 1). The yield increase was 29.74 % in
sand mulching and 22.5% in sand incorporation over no
sand application. Chittapur (1982) and Munaswamy et al.
{1995) observed increase in yield over sand application in
kharif groundnut. The pod yield increase in sand
incorporation @ 45 t/ha as well as sand mulching @ 45
t/ha was mainly attributed to improvement in per cent
aggregate stability of the surface soil. In the present
study, the aggregate stability of surface soil was 52% in
sand incorporation and 70% in sand muiching over no
sand application. Soil bulk density value at 0-15 cm
surface increased in sand incorporation (1.39 gicm®) and
in sand mulching (1.38 g/fcm® as compared to no sand
application (1.35 g/cm®. The basic infiltration rate of
surface soil was improved immensely in sand
incorporation and in sand mulching over no sand
appiication {Table 3). Similar observations have been
made by Taylor and Blake (1979} and Sudha {1999) in
khanf groundnut. Sand application recorded significantly
higher nitrogen phosphorus and potassium uptake in sand

Hosamani and Janawade

mulching @ 45 t’/ha and sand incorporation over control
(Tabte 2). This was mainly attributed to increased
availability of N, P and K in these treatments. Gale ef al.
{1893) and Bhone et al (1994) reported higher availability
of nitrogen in soil when compost was used along with
mulch. Like wise sand application @ 45 tha either
mulching or incorporation recorded significantly highest
net returns {Rs 15725 and Rs 17329/ha) and B:C ratio
(2.30 and 2.30) over other treatments.

Interaction effect of irrigation schedule and sand
application was significant. The significantly higher pod
yield was observed in five irrigations at critical stages with
sand mulching @ rate of 45 t/ha over no sand apgplication
which was on par with five irrigations at critical stages with
sand incorporation @ 45 t’/ha. Therewas 33.9and 28.6 %
increase in yield in five irrigations at critical stages with
sand mulching and sand incorporation @ 45 tha
respectively. The yield increase was due to higher yield
components like pod yield/plant with sand mulching
followed by sand incorporation. Significantly higher uptake
was recorded in five irrigations at critical stages with sand
nitrogen @ 45 t/ha followed by in five irrigations at critical
stages with sand incorporation @ 45 t/ha with respect to
N and K over no sand application N and K (Table 2)}. The
higher yield with five irrigations either with sand mulching
@ 45 t/ha or sand incorporation @ 45 t‘ha over five
irrigations with no sand application was attributed to higher
soil moisture conservationsMay 16, 2007 in these two
treatments as against no sand application. The present
results are in conformity with the results of Sudha (1999)
in groundnut whoe reported increased pod yield due to
conserved soil moisture due te sand mulching.
Significantly higher net returns was obtained in five
irrigations at critical stages with sand mulching {(Rs 21010
with B:C ratio 2.73) aver similar irrigations with no sand
application (Rs 15036 with B:C ratio 2.52) .

Table1 Number of pods, pod yield of groundnut as influenced by different irrigation schedules and sand applications (Pooled
data of two years)
Mumber of Pods Plant Pods Yield {giplant) Pod yield (kgtha)
% S 5 S S S 8 Mean|s s 8 S, 8 S5 8 Meaf S 5, S, S, 8 S S Mean
I, g 10 12 9 10 13 8 10 54 61 73 51 65 77 61 63 1462 1864 2140 1530 1835 2230 1665 1818
Iy 8 9 10 9 8 10 8 9 43 47 58 51 53 58 52 52 135 1517 1626 1334 1491 1890 1334 1478
Iy 8 9 12 8 9 12 7 9§ 52 57 66 52 47 54 51 54 1354 1643 1793 1473 1756 1968 1514 1647
Mean g 9§ 11 8 8 12 8 - 50 55 66 51 55 63 55 1391 1675 1853 1446 1694 1963 1513 -
;m Comparing the means SEm + CD {P=0.05) SEm 3+ CO (P=0.05) SEm + CD (P=0.05)
Irrigation Schedules (1) 0.14 05 0.13 04 45 147
Sand applicaticn (S) 0.11 0.3 0.13 0.4 40 11
Interaction (1% S) 0.19 06 022 0.7 70 216

l, - Five irmigations at pre-flowering, flowering pegging, pod formation and pod filling stage;

I, - Thres irrigations at flowering, pod formation and pod filling stage,

I, - Contro! {fortrightly irrigations), S, - Sand incorporation @ 15 tha,

8, - Sand incorporation @ 30 tha,
S, - Sand rmulching @ 15 t/ha,

S - Sand mulehing @ 45 tha, S; - No sand application.
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S; - Sand incorporation @ 45 tha,
S, - Sand mulching @ 30 tha,
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Table 2 Number of pods, pod yield of groundnut as influenced by different irrigation schedules and sand applications

{Pooled data of two years)

Nilrogen Phosphorus Potassium
8, 5 5, 5, S5 8 S; Mean § 8§, 3, S. 5 S S, Mean S5, S, S8 S8, S S S Mean
1y 47 67 13% 85 12 113 1M1 89 115 123 161 M0 125 163 57 122 B6 76 89 67 73 97 68 77
1, 80 B85 119 83 g5 131 75 96 78 5% 93 51 48 84 43 &1 77 102 103 67 &7 114 &7 21
I; 85 416 123 47 109 156 &3 23 59 97 34 54 83 113 68 B3I 71 01 135 &7 103 1398 ©% 38
Mean 71 90 29 75 106 140 76 78 93 116 72 85 120 56 72 93 110 87 B3 117 68
For Comparing the means of SEmM+ CD {P=0.05) SEm + ch (P=0.05) SEm + CB (P=0.05)
lrrigation Schedules {1) 168 NS 03 1.0 3.15 10
Sand apglication (S) 275 8 0.36 1.0 2.04 6
Interaction  {i x 5} 4.80 15 0.63 1.9 354 ik

Table 3. Per cent aggregate stability, basic infiltration rate and bulk density of soil at 0-15 cm soil layer as influenced by
different irrigation schedules and sand applications {mean of two years)

Per cenl aggregate slability

Basic infiltration rate {cm/hr)

Bulk density (gicm®)

5, 5, S, 8. S, S, 8, Mean  §, 8, 8, S, S, Se 8, Mean s, S, S, S, S, S, Mean

1 43.24 4657 5225 4498 4876 70R2 4146 4871 186 341 386 190 300 401 120 273 122 130 135 122 136 136 125 130

ly 4354 4554 E034 4454 4854 6956 4254 4922 150 316 354 180 311 440 130 273 134 1233 141 124 137 141 139 1.3‘7

Iy 44 34 47.54 5330 4454 4954 6856 4554 5047 170 300 351 1985 300 411 120 264 132 1.41 143 130 135 137 1.38 137
Mean 4370 4655 5196 4465 4895 6964 4317 - 1.72 310 378 188 304 417 123 130 1.37 138 125 136 138 135

These investigations clearly demonstrated that the
irrigation scheduling with five irrigations at critical crop

-

stages such as pre-flowering, flawering, pegging, pod |

formation and pod filing stages, along with sand
incorporation/mulching @ 45 t/ha under deep black soils
was found the meost effective in enhancing the rabi
groundnut yield to an extent 33.9%. This is a most
suitable, viable, practical and economically feasible
technology to be adopted by the farmers of UKP command
area 1o improve il drainage effect and to increase
productivity of rabi groundnut in Karnataka under depleting
soil moisture situations.
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Abstract

Groundnut varieties (TGS 1, TKG 19A, TG 22 and ICGS
49) did not differ significantly in number of pods/plant,
kernel/pod and shelling percentage due to various
levels of gypsum application. However, 100 kernel
weight was highestin ICGS 49. Pod yield, kernel yield
and harvest index were higher in variety ICGS 49 over
TG 22, TKG 19A and TGS 1. Haulm yield was highest
in TG 22 followed by iCGS 49. Application of gypsum
@ 400 kg/ha significantly increased the number of
podsiplant, kernel weight, shelling percentage, oil
content, protein content, pod yield, kernel yield, oif
yield and harvest index.

Surmumer groundnut, gypsum,
groundnut varieties

Key waords:

Introduction

Groundnut occupies first place among oilseed crops
grown in india with a total production of 8.33 m. fonnes in
2003-04. The requirement of oilseeds for all nutrients in
general is high. These nutrients need to be supplied in
adequate quantities for high yield. Cilseed crops are
highly responsive to sulphur. Approximately 12 kg sulphur
is TeQUired 1o produce one fonne of cilseed (Ghosh et al,,
2000). Among the various sulphur (S) sources, gypsum
has been found an effective and cheap source for
groundnut. The beneficial effect of S through gypsum on
yield and yield components has been reported by Mandal
efal, (2005). Number of pods/plant, 100-kernel weight and
shelling percentage increased with increase in application
of gypsum (Dutta ef a/., 2001). Gypsum application also
has shown a positive response on pod yield, kernel yield
and haulm vield (Choi and Ryu, 1881}

Materials and methods

Field experiment was conducted at the Central Research
Farm, Gayeshpur, Bidhan Chandra Krishi Viswavidyataya,
Nadia, West Bengal, India during the summer season of
2001 and 2002. Treatments comprised of 4 varieties i.e.,
TGS 1, TKG 19A, TG 22 and ICGS 49 and 3 levels of
9¥psum i.e., 0, 200 and 400 kg/ha. The experimental site
Is situated at 23.5°N latitude, 89°F longitude and at an
elevation of 9.75 m above the mean sea level. The soi! of
e experimental field was sandy loam in texture having
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pH of 6.8, organic carbon 0.69%, total N 0.07%, 19,4
kg/ha available P, 190.4 kg/ha available K and 11.92 ppm
available sulphur, The crop was sown in the first week of
March and harvested in the first week of July in both the
years. The number of rows/plot was ten. The experimental
design was Factorial Randomised Block with three
replications. Seed rate used as 100 kg kernel’tha and
seeds were sown in rows spaced at 40 cm. Nutrients
applied included 20 kg N, 60 kg P,C; and 40 kg K,C/ha
applied through urea, diammonium phosphate and muriate
of potash, respectively. The required quantities of N, P,O,
and K,0 and half of gypsum were applied at the time of
sowing and the remaining half of gypsum at the time of
earining up at 40 days afler sowing. The raimiall received
during the experimental period were 580 mumt and 485 mm
diring 2001 and 2002, respectively. Four irrigations were
given in 2001 and five irrigations during 2002 at different
growth stages. Varicus yield components such as number
of developed pods/plant, kerneis/pod and 100-kernel
weight, pod yield and haulm yield were taken at harvest
and shelling per cent, kernel yield and harvest index were
computted.

Results and discussion

The yield-attributing characters like number of developed
pods/plant, 100-kernel weight and shelling per cent did not
vary significantly with the different varieties. Variety, ICGS
49 recorded maximum values of all parameters followed
by TG 22. Application of gypsum gave significant response
over controf treatment. Number of developed pods/plant,
100-kernel weight and shelling per cent increased with
increase in the dose of gypsum upte 400 kg/ha (Table 1),
Bandopadhyay and Samui (2000} also chserved higher
response of gypsum for yield attributing characters of
groundnut. Adhikari et al. (2003) reported that, application
of 400 kg gypsum {400 kg/ha) recorded highest 100-kernel
weight, shelling per cent and number of podsfplant. Smyth
and Cravo (1992) observed that application of gypsum
increased shelling per cent. The findings are also
supported by Dutta ef al. (2001) and Mandal ef a/. (2005).
Variety ICGS 49 gave maximum pod yield, kernel yield
and harvest index followed by TG 22 whereas, haulm yield
was maximum in variety TG 22. Higher pod yield in ICGS
43 was due (o higher number of peds/plant and more 100-
kernel weight. Application of gypsum @ 400 kg/ha gave
highest pod yield, kernel yield, haulm yield and harvest
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index for all varieties and was significantly higher over
control with respect to harvest index (Table 2). Application
of gypsum improved yield components like number of
pods, 100-kemel weight and thereby produced higher
yield. Bandopadhyay and Samui (2000) reported that
gypsum application gave significantly higher pod yield.
Similar trend was also observed by Kumaran (2000). Oil
content was higher in TG 22 whereas protein content was
more in ICGS 49 with high oil yield. Application of gypsum

in increasing dosages increased oil content, proteipn
content and oil yield. Choi and Ryu (1991) reporteg
beneficial effect of gypsum application on grotndnut.

Acknowledgement: The authors are grateful to the
Department of Atomic Energy, Bhabha Atomic Research
Centre, Trombay for providing financial support in course
of investigation.

Table 1 Effect of fevels of gypsum on yield attributes, yield and harvest index of confectionery groundnut varieties during

Summer season {pooled data of 2001 and 2002)

Treatment Pods/ Kerneis/ 100-kernel Shelling Pod yield Kernel yield Haulm yield Harvest
plant pod weight (9) (%) (kg/ha) (kg/ha) (kg/ha) index (%)
Varieties
TGS 1 17 3 64.9 67.4 1843 1244 4607 40.0
TKG 194 - 18 2 64.4 67.3 1917 1292 4629 413
622 -7 2 65.6 67.3 1945 1313 4686 415
iCGS 49 19 3 §7.9 67.9 2037 1402 4662 437
SEms 043 0.12 0.13 0.27 15.1 122 20.4 0.31
CD (P=0.05) NS NS 0.37 NS 43.1 34.8 582 0.91
Level of gypsum (kg/a)
0 16 2 63.8 65.2 1725 1137 4491 384
260 18 659 67.6 1964 1331 4700 417
400 20 57.3 £9.7 2116 1475 4749 446
SEmz 0.37 0.1 0.11 0.23 131 10.6 17.7 0.43
€D (P=0.05) 1.06 NS 0.31 0.66 37.4 30.2 50.5 1.23

NS = Not significant

Table 2 Effect of leveis of gypsum on oil content, protein content and oil yield of confectionery groundnut varieties during

summer season

Treatment Qil content (%) Protein content {%) Oil yield {kg/ha)

2001 2002 Pooled 2001 2002 Pooled | 2004 2002 Pooled
Varieties )
TGs 1 46.0 452 458 221 21.0 21.6 568 569 568.5
TKG 19A 46.5 46.4 46.4 219 21.8 219 614 587 600.5
TG 22 459 459 459 225 21.3 21.9 620 587 603.5
ICGS 49 471 46.4 467 22.4 21.7 22.1 669 642 655.5
SEms 012 0.12 0.09 0.16 0.17 0.12 8.54 6.69 5.42
CD (P=0.05) 0.35 0.35 0.25 0.47 0.50 N§ 25.04 196 15.5
Level of gypsum (kg/ha)
0 453 449 45.1 19.8 20.2 19.9 510 511 510.5
200 S 466 451 46.3 229 218 223 620 811 6155
400 47.3 469 471 24.1 226 23.3 720 570 655.0
SEmz 0.11 0.1 0.07 0.14 0.10 0.10 7.39 579 470
CD (P=0.05) 0.32 0.32 0.20 0.41 0.28 0.28 21.7 16.9 13.4
V x G Interaction
SEm# 0.21 0.21 0.15 0.28 0.29 0.21 148 1159 939

92



Samui ef al.

References

adhikari, J., Samanta, D. and Samui, R.C. 2003. Effect of
gypsum on growth and yield of confectionery groundnut
(Arachis hypogaea) varieties in summer season. Indian
Joumnal of Agricultural Scierices, 73(2) : 108-109.

pandopadhyay, P. and Samui, R.C. 2000. Response of
groundnut (Arachis hypogaea) cultivars to levels and
sources of sulphur in West Bengal. /ndian Journal of
Agionomy, 45(4) 1 761-764.

Choi, YJ. and Ryu, LS. 1991, Effect of gypsum on nutrient
uptake, plant growth and yield of groundnut (Arachis
hypogaea L.). Research Reports of the Rural
Development Administration, Sail and Fertilizer, 33(2)
1 67-74.

putta, R., Gogol, P.K,, Lalramhluni, R., Thakur, A.C. and
Deka, N.C. 2001. Effect of levels of lime and potash on

93

production of groundnut (Arachis hypogaea 1..). Crop
Research, Hisar, 22{1) : 10-13.

P.K., Hati, K.M., Mandal, K.G., Misra, AK,
Chaudhary, R.S. and Bandopadhyay, K.K. 2000,
Sulphur nulrition in ollseeds and cilseed-based
cropping systems. Fertilizer News, 45(8) : 27-40.

Ghosh,

Kumaran, S. 2000. Role of organic manure, fertilizer levels, split
application of phosphorus and gypsum application on
shelling percentage, harvest index, pod and il yieid of
irrigated groundnut. Research on Crops, 1(3): 344-347.

Mandal, Subhendu, Samui, R.C. and Anirban Moendal. 2005.
Growth, yield and yield attributes of groundnut (Arachis
hypogaea L.) cultivars as influenced by gypsum
application. Legume Research, 28(2) 1 119-121.

Smyth, T.J. and Cravo, M.S. 1992, Alluminium and calcium
constraints to continuous crep production in a Brazilian
Amazon Oxisof. Agronomy Joumnal, 84(5) : 843-850.



J. Oflseeds Res., 24(1) . 94-95 (2007}

Response of groundnut, Arachis hypogaea L. under different levels of

irrigation and zinc

B.K. Saren and K. Sarkar

Institute of Agriculture, Visva-Bharati, Sriniketan-731 236, WB

(Received: August, 2006; Revised: September, 2008; Accepted: October, 2006)

Abstract

A field experiment was conducted at Agricuitural
Farm, Institute of Agriculture, Sriniketan,
Visva-Bharati, during summer 2003 and 2004 to study
the growth and yield of groundnut (cv. AK-12-24)
under differentlevels of irrigation and zinc. Groundnut
crop received three irrigations, (branching, peg
development and pod development) recorded
significantly higher pod yield (18 g/ha), kernel yield (13
g/ha) and oil yield (620.1 kg/ha) and harvest index
(67.46%) than under one and two irrigations. Zinc @
20 kg/ha significantly increased the pod, kernel and oil
yields as well as harvest index as compared to 15 and
25 kg/ha. Irrigation applied only at branching and no
zinc application recorded the lowest yield and yield
attributes. Zinc @ 25 kg/ha significantly lowered the
crop productivity might be due to toxicity of zinc.

Key words: Groundnut, irrigation, zinc, yield

Introduction

Groundnut is the second important oilseed crop in India.
In West Bengal, it is cultivated mainly as rabi and summer
crop in an area of 2800 ha with a production of 37900
tonnes. As present India market demands more
production of groundnut at a much lower cost of
production to face competition with other edible oilseeds
and also with other groundnut producing countries. This
growth in production may be obtained by increasing
productivity with judicious application of fertilizer and
irrigation.  For increasing productivity, apart form
macronutrients, Zinc plays vital role in groundnut
production as it is an essential component of over 300
enzymes. Groundnut yield might be hampered under zinc
(Zn} deficiency in its soils. Timely irrigation with right
quantity improves the productivity of the crop. Information
regarding the effect of irrigation and zinc in this red and
\atertic belt of West Bengal is also very meager a field
experiment was carried out on groundnut.

Materials and methods

The field experiment was conducted at Agricultural Farm,
Institute of Agriculture, Sriniketan, Visva-Bharati situated
at about 23° 29" N latitude and 87° 42' E longitude at 58.9
m above mean sea level during the summer season of
2003 and 2004. It was conducted on a |land with good
irrigation and drainage facilities. The seil of the
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experimental field was sandy loam with pH 5.9, having
available N, P, K as 1782, 298, 129.02 kgha
respectively. The experiment was laid out in Split Plot
Cesign with three replications. Three levels of irrigation
applied at branching, peg development, pod development
(l;), two irrigations at branching and peg development (1,)
and one irrigation at branching (1,) were allotted in main
plot whereas levels of zing viz. Zn @ 15 kg/ha, 20 kg/ha
and 25 kg/ha as ZnS0, and control (na zinc application)
were allotted in the sub-plots. The treatments combination
comprises of 12 plots with 3m x 4m size. General doses of
N, P, K @ 30, 60, 40 kg/ha as urea, single super
phosphate and muriate of potash respectively were
applied as basal. Zinc was applied at the time of sowing.
Row to row distance was kept 30 cm and plant to plant
distance within the row was 7-10 cm. The crop was
irrigated as per treatment and the crop received 182.3 mm
and 167.8 mm of rainfall during the growing season of
2003 and 2004 respectively. The crop was sown on 7"
March 2003 and 9" March 2004 and harvested on 18"
Juty 2003 and 17" July 2004, respectively.

Results and discussion

Irrigation water influenced the crop growth significantly
except 100-kernel weight. Irrigation applied three times at
branching, peg development and pod development stages
(I} recorded the significantly higher yield attributes viz.,
pods/plant, branch/plant, kernel/pod than that of one
irrigation (1,). Application of one irrigation at branching
stage only recorded the lowest yield components might be
due to moisture stress during peg/ped development
stages that hampered the proper growth and development
of the crop (Table 1). Similar results have also been
reported by Gulati and tenka (1999).

All the yield components of groundnut were significantly
influenced by Zinc application except 100-kernel weight.
Maximum branches, pods/plant and kernel/pod were found
under 20 kg Zn/ha. But 25 kg/ha recorded lower yield
parameters probably due to toxic effect of higher dose of
zinc. This caused reduction in growth and development of
the crop. The result is in accordance with the findings of
Majumder ef af. (2001).

Irrigation application also " influenced the vyields of
groundnut significantly. Pod, kernel and haulm yields were
increased with increase in number of irrigation. Three
irrigations applied at branching, peg development and pod
development stages recorded maximum pod yield, Haulm
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yield, harvest index and shelling percentage. Due to low
yield parameters at one irrigation (1} yields of the crop
were alse minimum. The results were also in conformity
with findings of Gulat and Lenka. (1999).

similarly Zn @ 20 kg/ha recorded the highest pod yield
and haulm yield of groundnut whereas no zing application
(control) recorded the lowest yield (Table 2). The results
were in accordance with the findings of Chitdeshwari and
poongathan (2003) and Majumdar et a/. (2001).

Harvest index and shelling percentage reached their
maximum with the treatment of Zn @ 20 kg/ha (66.42 and
70.06% respectively) also reported by Yadav ef al. (1991).

Irrigation tevels did not effect the oil content of groundnut,
However, three irrigations applied at branching, peg
development and pod development stages (I,) recorded
significantly higher oil yield {620 kg/ha) than that of one
and two irrigations. Zn application also influenced the oit
content and oil yield of groundnut significantly.

Table 1 Effect of different levels of irrigation and zinc on yield attributes of groundnut (mean data)

Treatment Branch/plant Pods/plant Kernel/pod 100-kerne! weight (g)
Level of irrigation

I, 7 12 1.4 24 1

I, 8 13 1.6 '24.4

ly 10 15 1.7 24.5

SEmt 0.4 0.4 0.04 0.3

CD (P=0.05) 1.1 1.1 0.11 NS

Levels of zinc

Control (no Zn application) 8 12 15 243

Zn @ 15 kg/ha 8 13 1.5 243

Zn @ 20 kgtha 9 14 1.6 241

Zn @ 25 kg/ha ‘ 8 13 1.5 241

SEmzt 0.07 0.1 0.01 0.08

CD (P=0.05) 0.4 0.3 0.02 NS

Where, |, = irrigation during branching; |, = Irrigation during branching and peg development; 1, = trrigation during branching, peg

development and pod development stages

Table 2 Effect of different levels of irrigation and zinc application on yields and oil content of groundnut {mean data)

Treatment Pod yieldd Kerne!l yield  Shetling  Haulm yield Harvest Oilcontent  Qil yieid
{q/ha) {g/ha) (%) (kg/ha) index {%} (%) {kg/ha)
Level of irrigation
Iy : 13 9 67 2158 62.3 47.9 433
I, ) 15 10 69 2334 65.2 48.2 504
I 18 13 71 2686 67.5 48.4 520
SEmzt 0.4 0.32 03 485 0.5 0.2 135
CD (P=0.05) 1.3 0.98 0.91 147 1.4 NS 40
Leveis of zinc
Control {no Zn application) 15 10 68 2279 64.3 48.0 481
Zn @ 15 kg/ha 16 11 69 2388 65.2 48.2 519
Zn @ 20 kg/ha 17 12 70 2570 66.4 48.2 577
Zn @ 25 kg/ha 15 10 68 2322 64.3 481 493
SEmzt 0.2 0.1 0.13 14 0.1 0.04 53
CD (P=0.05) 0.47 0.34 0.39 42 03 0.13 15.9
Where, |, = Irrigation during branching; 1, = Irrigation during branching and peg development; |; = frrigatien during branching, peg

development and pod development stages
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Abstract

A field experiment was conducted during kharif and
rabi, 1999-2000 and 2000-01 on sandy clay loam soil at
College Farm, College of Agriculture, Rajendranagar,
Hyderabad to study the effect of conjunctive use of
organic and inorganic sources of nitrogen to rice on
growth and yield of soybean. Integrated nitrogen
management practices to kharif rice have greatly
influenced the growth, vield attributes, yield and
nutrient uptake of soybean during both the years.
Significantly higher drymatter production, NPK uptake,
protein and seed yield of soybean were observed with
application of 25% N through green leaf manure +
100% N through urea to rice as compared to other N
management practices to rice. There was no
significant difference between 25% N through FYM +
75% N through urea and 25% N through GLM + 75% N
through urea in respect of drymatter and yield of
soybean. Significantly lower protein vyield was
observed with 25% N through FYM and 75% N through
urea.

Key words: Drymatter production (DMP), soybean,
green leaf manure (GLM), Farm yard
manure {(FYM) and nutrient uptake

Introduction

Earlier recommendations for nutrient application to crops
were made based on responses of individual crops rather
than the cropping system as a whole. As a result, these
recommendations often had turned {o be uneconomical.
Moreover, the nutrient requirements of a crop in a cropping
system are influenced by the nature of preceding crop as
welt as the quantity of fertilizers applied (Biswas et al,
1987). The influence of cropping system on the dynamics
of sail fertility cannol be appraised precisely because of
the contribution of native soil fertility, residual effect of

previous crop and variations in nutrient management. The
concept of "Integrated Nutrient Supply System” involving
combination of organic and inorganic sources in cropping
system has been known to improve soil health and
provide maximum stability in production. Information on
the residual effect of integrated nitrogen management
practices to rice on succeeding crops and infiuence of
previous crop on the succeeding crop in the cropping
system with reference to productivity is lacking. Therefore,
an investigation was carried out to find out the residual
effect of different 'N' management practices to kharif rice
on growth and yield of rabi soybean.

Material and metheds

An experiment was conducted at College Farm,
Rajendranagar, Hyderabad, on sandy clay loam soil during
kharif and rabi seasons of 1999-2000 and 2000-01. The
kharifrice crop was studied in a Randomized Block Design
with four replications having five nitrogen management
practices i.e., 25% N through farm yard manure (FYM) +
75% N through Urea, 25% N through FYM+100% N
through urea, 25% N through green feaf manure -
sunhemp (GLM)+75% N through urea, 25% N through
GLM + 100%N through urea and 100% N through urea
alone. In rabi, each of the kharif treatments were
sub-divided into four plots to accommodate wheat, maize,
soybean and groundnut crops. The experimental scil was
low in available nitrogen (235 kg/ha) and phosphorous
{20.2 kg/ha) and medium in available potassium {271
kg/ha) and low in organic carbon {0.6%) and pH 8.0 and
EC 0.48 dS/m. The recommended dose of fertilizers 1o
rice was 120 N + 60 P,Q, + 80 K,0O kg/ha and to soybean
was 20 N + 80 P,Q; + 50 K,Q kg/ha. Uniform dose of 66
kg P,O./ha and 60 kg K,O/ha in the form of single super
phosphate and muriate of potash was applied to all the
kharif treatments, duly taking into consideration of the N,
P and K content of the GLM and FYM. Green leaf manure
(sunhemp} and farm yard manure were incorporated in
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soil, six days before transplanting of rice. The GLM was
rgised in a separate field, harvested at 45 DAS,
ransported and incorporated in the experimental field as
per treatments. The experiment commenced from the
kharif  season of 1898-2000 and continued for four
seasons on the same field without disturbing the layout.
The soybean was sown with a spacing of 30 x 10 cm and
variety was PK-472. The gross plot size was 54 x 3.6 m
and net plotsizewas 4.6 x 1.8 m. N, P and K contents (%)
in sunhemp and FYM were 2.52,0.16,0.51 and 0.64, 0.28,
0.58, respectively. The nutrient uptake was worked out in
each crop by multiplying the nutrient concentration in the
plant material at harvest with respective dry matter yield.
The data recorded on growth, yield attributes, yield and
nutrient uptake of soybean during study was analysed
following the analysis of variance for Randomized Block
Design. The seed yield of soybean was converted into
protein yield on the basis of protein content of seed.
Protein content in soybean seed was 43.2 g in 100 g of
seed.

Results and discussion

Significantly higher DMP of soybean was observed with
application of 26% N through GLM +100% N through urea
to rice over all the other N management practices to rice,
however, it was comparable with that of 25% N through
FYM + 100% N through urea (Table 1). This may be
attributed to substantial amount of residual nitrogen left by
the treatment of 25% N through GLM along with 100% N
through urea applied to preceding rice crop to succeeding
soybean crop, which led to higher assimilatory surface
area which helped in the development of efficient photo
synthetic system with better availability of nutrients and
moisture produced higher drymatter (Table 5). There was
strong positive correlation between dry matter and NPK
uptake (Table 4). Among organic sources, differential
residual response with different sources can be attributed
to their pattern of mineralisation and proportion of their
substitution. These findings are in agreement with those of
Patel and Puraji (2003).

The number of pods/plant of soybean observed with
application of 25% N through GLM + 100% N through urea
to rice was significantly superior to all the other treatments,
however, it was comparable with that of 25% N through
FYM + 100% N through urea applied to rice during
2000-2001. The increases in yield attributing characters
are basically governed by vegetative growth. Higher dry
matter production with former treatment resulted in better
translocation of photosynthates to sink, thereby higher
number of pods/ptant. Application of 25% N through FYM
+ 75% N through urea to rice recorded comparable
number of pods/plant as that of 25% N through GLM +
75% N through urea and significantly lower as compared
toall other treatments (Table 1). There was strong positive
correlation between dry weight at harvest and pods/plant
(Table 4). The number of seeds/pod was not significantly

o7

influenced by nitrogen management practices to rice.
Application of 25% N through GLM + 100 per cent N
through urea to rice recorded comparable seed weight with
that of application of 25% N through FYM + 100% N
through urea to rice and significantly superior to all the
other treatments. The 1000-seed weight recorded with the
application of 256 % N through FYM + 75% N through urea
to rice was comparable with that of 25% N through GLM +
75% N through urea during 2000-2001 and significantly
lower as compared to all other treatments during both the
years.

Seed and protein yield were significantly higher with
application 25% N through GLM + 100% N through urea to
rice which was significantly superior to rest of the
treatments to rice {Table 2). The significant increase in
yield was mainly attributed to efficient translocation of
photosynthates from source to sink (Aruna and Reddy,
1999). Significantly lower seed and protein yield were
recorded with application of 25% N through FYM + 75% N
through urea to rice as compared to other treatments.
Haulm yield and harvest index also followed the similar
trend. Drymatter production, yield attributes and NPK
uptake were favourable which improved the seed and
protein yield. This type of trend also supported by strong
positive correlation between seed yield and yield altributes
(Table 4).

Nutrient uptake: Significantly higher nitrogen and
potassium uptake were recorded with application of 25%
N through GLM + 100% N through urea to rice as
compared to all other N management practices to rice, but
was comparable with that of 25% N through FYM + 100%
N through urea and 100% N through urea applied to rice
during 2000-2001 (Table 3). This might also be attributed
to enhanced dry matter production in addition to higher
availability of nitrogen and potassium in the soit (Table 5).
Application of 25% N through GLM + 100% N through urea
to rice recorded significantly higher phosphorus uptake as
compared to rest of the trealments given to rice.
Significantly lower phosphorus uptake was noticed with
application of 25% N through FYM + 75% N through urea
to rice over all other treatments. Green leaf manure on
decomposition release organic acids, which enhance the
availability of phosphorous and potassium by reducing
their fixation, resulted in higher availability of P and K in
soil, there by higher. P and K uptake (Bouldin, 1987).
Significantly lower uptake of nitrogen and potassium were
cbserved with application of 25% N through FYM + 75% N
through urea to rice as compared to all other treatments.

The above results clearly indicated that organic manures
along with recommended doses of nitrogen can sustain
the nutrient status of soil to produce reasonable residual
effect. Application of 25% nitrogen GLM along with 100%
nitrogen through urea to kharif rice exhibited significant
residual effect on succeeding soybean by increasing yield
(Table 5}. Significant carry over effect due to substitution
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of nitrogen with higher proportion of GLM or FYMtorice on dose of fertilizers and application of 25% N through green
the succeeding crops was also reported by Paulraj and leaf manure (sunhemp) + 100% N through urea to rice
Velayudham (1996). during khanf. This nitrogen management practices

susfains the soil fertility under rice-soybean cropping

Itis inf from th . investigation that significant! . !
s inferred @ above investigali g ¥ system for better soil health and higher yield.

higher yield of soybean was recorded with recommended

Table 1 Effect of various N management practices to kharifrice on DMP and yield attributes of rabi soybean

R DMP at harvest Pods/plant Seed weight (g)
Treatments to rice
1999-2000 2000-2001 | 1999-2000 2000-2001 | 1999-2000  2000-2001

25% of N through FYM + 75% of N through urea 288 288 36.0 353 107 100
25% of N trough FYM + 100% of N through urea 350 o332 44.0 44.0 123 120
25% of N through GLM + 75% of N through urea 308 308 36.7 36.0 113 104
25% of N through GLM + 100% of N through urea 384 383 457 45.0 125 121
100% of N through urea . 348 342 42.7 42.6 119 112
SEmt : o 4.1 43 0.4 0.8 13 2.1
CD (P=0.05) ’ . 12.5 13.0 1.4 27 4.1 6.2

Table 2 Effect of various N management practices to kharifrice on seed, haulm and protein yield (kg/ha) and harvest index {%)
of rabi soybean

Seed yield (kg/ha) | Haulm yield (kg/ha) | Proteir yield (kg/ha)| Harvest index {%)
1999-00 2000-01|1999-00 2000-01 1999-00 2000-01 | 1995-00 2000-01

Treatments to rice

25% of N through FYM + 75% of N through urea 525 507 851 822 227 219 38.6 38.2
25% of N through FYM + 100% of N through urea 713 712 1066 1066 308 304 40.1 40.0
25% of N through GLM + 75% of N through urea 556 580 876 915 240 251 38.9 38.8
25% of N through GLM + 100% of N through urea 782 750 1143 1100 " 338 324 407 406
100% of N through urea 712 705 1064 1056 308 309 401 40.1
SEmz 13 18 17 3z 3.0 3.4 0.3 0.3
CD (P=0.05) B 39 54 51 a7 . 9.2 10.3 0.9 1.0

Table3 Effect of various N management practices to kharifrice on nitrogen, phosphorus and potassium uptake (kg/ha) by rabi

soybean
Treatments to fice Nitrogen Phosphorus Potassium
1999-2000 2000-2001 | 1999-2000 2000-2001 | 1999-2000 2000-2001

25% of N through FYM + 75% of N through urea 297 289 2.6 27 15.7 15.3
25% of N trough FYM + 100% of N through urea -~ 41.7 41.5 4.1 3.9 221 219
25% of N through GLM + 75% of N through urea 317 3341 2.9 31 17.0 179
25% of N through GLM + 100% of N through urea 7 453 437 486 4.5 24.1 23.3
1G0% of N through urea 41.0 41.14 3.8 4.1 21.4 216
SEmz . 08 1.1 01 0.1 0.3 06
CD (P=0.05) 2.4 3.4 0.3 0.4 09 17
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Tabte 4 Correlation coefficient between seed yield and growth, yield attributes and NPK uptake of soybean

T value
Factor
1999-2000 2000-2001
—;;ed yield Vs. Dry weight at harvest ¢.a951™ 0.898*
Pods/plant 0.885" 0.878*
Seed weight 0.624* . 0.813*
N uptake at harvest 0.994™ 0.994*
P uptake at harvest o987 D.934*
K uptake at harvest 0.988* 0.633™

~* Significant at 1% level.

Table 5 Available nitrogen, phosphorus and potassium {kg/ha) in soil after harvest of kharifrice (1999 and 2000) as Influenced
by various N management practices to rice

Treatments to rice Available nitrogen Available phosphorus Available potassium
1999-2000 2000-2001 | 1999-2000  2000-2001 | 1999-2000  2000-2001
25% of N through FYM + 75% of N through urea 241 249 21.2 M4 273 274
25% of N trough FYM + 100% of N through urea 251 258 219 20 276 276
25% of N through GLM + 75% of N through urea 245 250 . 21.5 217 274 274
25% of N through GLM + 100% of N through urea 257 264 227 22.8 277 277
100% of N through urea 238 243 207 20.4 272 274
SEmz 0.7 0.5 0.2 0.2 0.4 0.3
CO (P=0.05) 20 15 0.7 0.5 1.2 1.0
Initial value (kg/ha) 235 20.2 271
References Patel, 5. M. and Puraji, B.T. 2003. Effect of organic manures

and fertilizer leveis on growth, yield parameters and
yield of irigated saybean. Presented at the National
Seminar on Stress Management in Qilseeds for
attaining self-reliance in vegetable oils”  28-30
January, 2003, Rajendranagar, Hyderabad.

Paulraj, N.J. and Velayudham, K. 1995. Direst and residual
effect of mussoorie rock phosphate, organic manures
Bouldin, D.R. 1987, The effect of green manure on seil organic and phosphobacteria in rice-black gram system.
matter content and nitrogen availability to crops. Paper Madras Agricillural Joumnal, 82(3): 220-221.
presented in the symposium on ‘Sustainable
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Abstract

Afield experiment was conducted in kfrarif seasons of
2000, 2001 and 2002 to study the feasibility and
productivity of intercropping soybean with sunflower
at Main Agricultural Research Station, Dharwad
(Karnataka). Intercropping soyhean and sunflowerin

3:1 row ratio with 100 % sunflower and 75 % soybean
* population resulted in significantly higher soybean
equivalent yield, LER, net returns and B:C ratio over
sole crops and other intercropping systems except
soybean (75%) + sunflower({100%) intercropping at 4:2
row ratio. Though the intercropping system resulted
in significant reduction in the yield of component
crops as compared with sole crops, however,
resulted in higher productivity and incomelfunit area.

. Soybean, sunflower, intercropping,
row ratio, equivalent yield

Key words:

Introduction

The main concept of intercropping is to obtain increased
total productivity/unit area and time, besides equitable and
judicious utilization of available natural resources
including fabour. Higher productivity and returns in
intercropping systems depend on the selection of
compatible crops and their planting density and geometry
(Shivaramu and Shivashankar, 1992). Soybean [Glycine
- max (1..) Merill] and sunflower [Helianthus annuus L] are
the important oilseed crops in Karnataka grown
extensively during kharif season. Sunflower a widely
spaced (60x20 cm) crop offers opportunity for growing
short duration legumes like groundnut, mungbean,
soybean etc. as intercrops (Shahbaz Ahmed and Rashid
lorar, 1896). Therefore, the present investigation was
aimed at exploring the possibility ofintercropping soybean
with sunflower under rainfed conditions in various row
proportions and planting density.

Materials and metheds

The field experiments were conducted during kharif, 2000,
2001 and 2002 at Main Agricultural Research Station,
Dharwad (Karnataka) under rainfed conditions. The soil

of the experimental site was medium deep black with 7.1
" pH, having low available nitrogen (251 kg/ha), medium
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phosphorus (17.2 kg/haj and medium potassium (349
kg/ha) contents. The experiment consisted of 10
treatment combinations of intercropping of soybean
{cv.J5-335) with sunflower (cv.KBSH-1} in 1:1, 2:1, 3:1,
2:2 and 4:2 row proportions with 100 % sunflower
population and 75 and 100% soybean population and
compared with sole crops of soybean and sunflower. In ail
there were 12 treatments laid out in Randemized Block
Design with three replications. In sunflower 100% and in
soybean 75 and 100 % of recommended plant population
were maintained as per treatment in intercropping systems
by adjusting the plant spacing. The sole crops of sunflower
and soybean were sown with a spacing of 60x20 cm and
30x10 cm, respectively. The recommended dose of
fertilizer for soybean (40:80:25 kg NPK/ha) and sunflower
(35:50:35 kg NPK/ha) in the form of Diammonium
Phosphate, Urea and Muriate of Potash were applied as
hasal dose. In case of intercropping treatments, the
fertilizers were applied independently as per their plant
density.  The rainfall received during the crop growing
season of 2000, 2001 and 2002 was 270.8, 148.7 and
165.3 mm, respectively as against the normal rainfall of
303.8 mm.

Results and discussion

Soybean : The pooled resuits revealed that, sole crop of
soybean recorded significantly  higher seed vyield
compared to intercropping freatments (Table 1).
Intercropping soybean with sunflower resulted in
significant reduction of soybean yield during all the years
of study, the extent of reduction was highest in 1:1 and
least in 3:1 row ratios. The decrease in the yield of
soybean in intercropping system was mainly due to
greater competition from sunflower for moisture, nutrients,
light and space. Srivastava et al. (1980) also reported
reduction in yield of intercropped soybean due to shading
effect of sunflower. Further, keeping 100 % soybean
population in the system recorded slightly higher soybean
yield compared to 75% population.

Sunflower : Significantly higher seed yield of sunflower
was obtained in the sole crop as compared to all the
intercrops, which hampered its production. The magnitude
of reduction due to intercropping was less in 1:1 row ratio
followed by 2:2 and 4:2 row ratios. The reduction in the
yield of sunflower in intercropped treatments was mainly
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dueto loss in area (rows) for the crop which was occupied
py soybean and competition between closely spaced
plants when 100 % sunflower population was adjusted
within the row. The effect of population of soybean on
sunflower yield was not much as the yield levels of 75 and
100 % populations were comparable. These results are in
agreement with the findings of Shivaramu and
ghivashankar (1982).

Soybean equivalent yield: Fooled data of three years
showed that, intercropping soybean with sunflower at 3:1
row ratio with 75 % soybean population produced higher
soybean equivalentyield, land equivaient ratio, netincome
and B:C ratio (Table 2). Significantly higher soybean
equivalent yield was obtained from intercropping of
soybean and sunflower in 3:1 row ratio with 75 % soybean
population except sunflower + soybean intercropping at
same row ratio with 100 % soybean population and 4:2
row ratio with 75% plant density of soybean. The higher
equivalent yield with these treatments was mainly due to
higher yield of component crops in the system. Both the
inercrops  performed better in paired rows of when
sunflower was spaced wider.

Land equivalent ratio; The complementarity of
soybean-sunflower intercropping was also seen from land
equivalent ratio. It was highest in 3:1 row ratic with 75 %
soybean plant population {1.36) followed by same row

ratio with 100 % soybean population (1.32). Sarkar and
Chakraborthy (1999) also reparted higher equivalent yield
and LER when sunflower was intercropped with
greengram. Similarly, Koppalkar and Sheelavantar (1990)
reported higher equivalent yield and LER when groundnut
was intercropped with sunflower compared o their
respective sole crops.

Economics: Net returns and benefit cost ratios were also
higher with intercropping systems compared o sole crops.
Intercropping soybean + sunflowerin 3:1 and 4.2 row ratio
with 75% soybean population gave higher net return and
benefit:cost ratio (2.04 and 1.98, respectively) over other
intercropping and sole cropping treatments. The higher
net income and benefit, cost ratio with these treatments
was due to higher complimentarity between these
component crops, which produced higher combined yield,
and nef refurns. These results are in conformity with the
findings of Shivaramu and Shivashankar (1992) and
Shahbaz Ahmad and Rashid |brar {1996).

It was concluded that intercropping soybean and
sunflower in 3.1 row proportion with 75 % soybean
population was more productive and remunerative than
sole crop of soybean or sunflower under rainfed conditions
of northern transitional zone of Karnataka.

Table 1 Yield of Soybean and Sunflower and Soybean equlvalent yield as Influenced by Intercropping of soybean and sunflower

Sunflower seed yield (kg/ha}

Soybean seed yield (kg/ha) Soybean equivalent yield (kg/ha)

Treatment 2000-01 2001-02 2002-03 Pocled 2000-01 2001-02 2002-03 Pooled 2000-01 2001-02 2002-03 Pogled
Soybean 100%+Sunfiowsr 100% {1:1) 1235 1058 1113 1136 309 260 278 282 1980 1562 1614 1718
Soybean 75%+Sunfiower 100% (1:1) 1298 161 1152 118C 272 244 256 257 2028 1586 1638 1751 |
Soyhean 100%+Sunflawer 100% (2:1) 1094 ¢12 o8& 991 676 448 474 633 2112 1570 1835 1772
Soybean 75%+Sunflower 100% (2:1) 1124 962 1016 1034 534 426 447 502 2156 1609 1667 1810
Soybean 100%+Sunflower 100% (3:1) 1031 853 905 930 971 727 763 820 2385 1777 1849 1997
Soybean 75%+Sunflower 100% (3:1) 1084 892 951 976 948 701 736 795 2415 1799 1890 2035
Soybean 100%+Sunflower 100% (2:2) 1202 1024 1074 1100 425 318 345 383 2052 1578 1634 1755
Soybean T5%-+Sunfiower 100% {2:2) 1244 4073 1925 1147 403 306 321 343 2086 1625 1671 1794
Seybean 100%+Sunflower 100% (4:1) 1066 e47 1011 1008 794 580 613 663 2236 1744 1826 1936
Soybean 75%+Sunflower 100% (4:1} 1109 927 1046 1027 760 882 590 636 2280 1785 1SS 1971
Sole sunflower (60cm x 26 cm) 1355 1175 1218 1249 . - - - 1833 1445 1462 1580
Sole soybean (30 cm x 10 cm) - - - - 1751 1232 1284 1422 1751 1235 1284 1422
SEms 1036 318 167 224 335 184 139 137 864 257 234 311
€D (P=0.05) 3055 934 491 817 989 571 408 377 "2548 758 683 857
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Tade 2Land equivalent ratio, net returns and benefit . cost ratio as influenced by intercropping of soybean and sunflower

Land equivalent ratio Net returns  Benefit Cost

Tregrment (Rs/ha} ratio
2000-01 2001-02 2002-03 Pocled {Pcoled) (Pocled)

Seybean 100%+Sunflower 100% (1:1) 1.09 111 1.13 1.1 8820 161
Saybean 75%+Sunflower 100% (1:1) 1.1 1.13 1.15 113 7927 1.76
Soynean 100%+Sunflower 100% (2:1) 117 1.29 1.16 1.21 7318 1.65
Soybean 75%+Sunflower 100% (2:1) 1.40 1.22 1.18 1.27 8491 1.81
Sepean 100%+Sunflower 100% (3:1) 1.31 1.32 134 1.32 9683 188
Syean 75%+Sunflower 100% (3:1) 1.38 133 1.37 1.36 10853 2.04
Sawean 100%+Sunflower 100% (2:2) 1.13 1.13 1.15 1.14 7168 1.64
Sogkean 75%+Sunflower 100% (2:2) 115 1.16 117 1.16 8371 1.80
Saybean 100%+Sunflower 100% (4:1) ' 1.24 1.28 1.31 1.28 © 9101 1.81
Soyeean 75%+Sunflower 100% (4:1) 126 1.30 1.34 1.30 10273 1.98
$dle sunflower (60cm x 20 cm) 1.00 1.00 1.00 1.00 8583 2.02
Scle soybean (30 em x 10 cm) 1.00 1.00 1.00 1.00 65828 1.82
geferences Shahbaz Ahmed and Rashid tbrar. 1996. Sunflower-summer
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Abstract

A field study was conducted during 2000-01 and
2001-02 at Indira Gandhi Agricultural University,
Raipur to study the residual effect of integrated
phosphorus nutrition to kharif rice on mustard cv.
pusa bold. The plant height, number of primary
branches, dry matter production, LAl light
interception by crop canopy and seed yield of mustard
under residual effect of 100% RDP blended with cow
dung +PSB was found to be significantly higher
followed by 75% RDP blended with cow dung + PSB.
The residual effect of 75 or 100% RDP blended with
cow dung + PSB produced 3.3 and 14.7% higher seed
than 100% RDP, respectively. Direct application of
100% RDP blended with cow dung also excelled in
these characters and recorded 10.3% higher seed
yield over 100% RDP. The interaction effect of 100%
RDP blended with cow dung + PSB applied in kharif
and 100% RDP blended with cow dung in rabi
preduced significantly higher seed yield in
comparison to other treatment combinations.

Key words: Blending, cow dung, PSB, light

interception, yield, mustard
Introduction

Crop plants use only a small fraction of phosphatic
fettilizers containing water soluble P, while remaining
portion of applied phosphorus becomes fixed in the soil or
rendered unavailable to crops (Prakash et al, 1997).
Hence phosphate management strategies adopted in one
¢rop influence the phosphorus needs of the succeeding
craps. Moreover, in high rainfall regions of eastern India
among various rice-based cropping systems, rice-mustard
is an economically viable cropping system, where single
Super phosphate is a widely used source of phosphorus.
Therefore, there is need to study the residual as well as
direct effect of integrated phosphorus nutrition on mustard
Crop grown after rice.

Materials and methods

The experiment was conducted during kharif seasons of
2000 and 2001 at the Instructional farm of Indira Gandhi
Agricultural University, Raipur. The soil of experimental
field was sandy loam in texture, neutral in reaction (pH
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7.3), low in organic carbon (0.44 %) and available N
{203.0kg/ha), medium in available P (12.8 kg/ha) and high
in available K (346.5 kg/ha). Ten treatments viz,, no P,
50% recommendead P (50% RDP), 50% RDP blended with
cow dung + phosphorus solubilizing bacteria (PSB), 50%
RDP hlended with poultry manure + PSB, 75 % RDP, 75%
RDP blended with cow dung + P3SB, 75% RDP blended
with poultrty manure + PSB, 100% ROP, 100% ROP
blended with cow dung +P3B, 100% RDP blended with
paultry manure + PSB were applied to rice cv. Mahamaya
(125-130 days) during kharif seascns in a Randomized
Bleck Design with three replications. In the succeeding
rabiseasans, the residual effect of kharif treatments (main
plot treatments) and direct effect of six P management
treatments viz,, no phosphorus, PSB, 50 and 100 % RDP
with or without blending with cow dung (sub-plot
treatments) were studied on mustard cv. Pusa bold in Split
Plot Design with three replications.

in rice, N and K were applied uniformly at 100 kg and 40
kg/ha as urea and MOP, respectively but P application
was done as per the treatment. The recommended dose
of P was B0 kg/ha as single super phosphate. Phosphorus
solubilizing bacteria @ 2.5 kg/ha was first mixed with cow
dung @ 3 t/ha (fresh cow dung decomposed for 14 days)
or 1.5 t/ha of poultry manure and then blended with the
required guantity of SSP. This was incubated for 48 hours
prior to application at transplanting. In mustard, 50 and
100 % RDP as 55P was blended with cow dung and
applied basally (recommended dose was 40 kg P,0./ha).
The blending technique followed was similar to kharif
treatments. A common dose of N and K were applied
basally at 80 kg N and 40 kg K,O/ha through urea and
murfate of patash, respectively. The cow dung confained
24.2% C,0.4% N, 0.25% P, 0.37% K, 83.1% moisture and
poultry manure contained 26.5% C, 1.6% N, 0.66% P,
1.0% K, 14.6% moisture. Growth parameters such as plant
height, number of branches, light interception by crop
canapy, dry matter accumulation, days 1o 50 % Nowering
as well as seed and stalk yields well as seed and stalk
yields were recorded. Physiclogical parameters like LAY,
leaf area duration (LAD), thermal requirement for flowering
(growing degree days) and harvest index (Hl) were
compufed.

LAl of the five uprooted plants was measured by Licor-300
leaf area meter and their average was taken to find out the
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blended with cow dung + PSB. This trealment was
comparable to similar level of P either applied alone or
blended with poultry manure +PSB for LAl and LAD. In
direct effect also 100% RDP blended with cow dung
recorded significantly higher LAl LAD and maximum light
interception as compared to the rest of the treatments,
which followed a declining trend with reduced level of P.
Increased N uptake resulting out of increased supply of P
due to synergistic effect (Prakash ef al., 2000) might have
favoured cell multiplication and resulted in higher LAl LAD
and consequently more of light interception. Similar
observations were also reported by Bhagat and Soni
(2000).

Days to flowering and thermal! requirement: Days to 50
% flowering under residual effect of 100% RDP blended
with cow dung + PSB was significantly deiayed, which got
hastened with lower doses of P. However, 75 or 100%
RDP blended with cow dung or poultry manure + PSB and
100% RDP took similar duration (Table 2). In direct effect,
the earliest flowering was noted with no phosphorus which
profenged with increasing P levels and significantly highest
number of days was noted under 100% RDP blended with
cow dung. This corroborates earlier findings of Prakash et
al. {2000} who obesemved delayed flowerng with highes
levels of fertilizer. Accumulation of growing degree days
(GDD) for flowering of mustard due to the residual and
direct effects of various integrated P nutrition also
exhibited a similar trend as that of days to 50% flowering.
This is obviously true because higher the number of days,
more will be the accumulated heat.

Yield and Hi: Seed yield of mustard was significantiy
highest under residual effect of 100% RDP blended with
cow dung + PSB. In case of straw yield, residual effect of
100% RDP blended with cow dung + PSB was significantly
superior to rest of the treatments except 100 % RDP
blended with poultry manure + PSB. The residual effect of
75 or 100% RDP blended with cow dung +PSB produced
3.3 and 14.7% higher seed than 100% RDP, respectively.
There was no significant residual effect of treaiments on
HI. The directly applied integrated P to mustard produced
the highest seed and straw yields under 100 % RDP
blended with cow dung which was significantly superior to
any other treatments. This treatment produced 10.3%
higher seed vyield over 100% RDP. However, direct
application of 50% RDP blended with cow dung was at par
with 100% RDP. Higher values of growth parameters
under these treatments possibly resulled in more of yield
attributes and yield. Enhanced growth and branching
might have provided greater potential sites for siliqua
formation and as a result enhanced yield (Kumar ef al.,
2000).

The interaction of residual and directly applied integrated
P significantly influenced the seed yield during the second
year only (Table 3). The interaction of residual effect of
100% RDP blended with cow dung + PSB and direct effec’
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of 100% RDP blended with cow dung produced
significantly higher seed yie!d of mustard compared to
other inter actions. This combination was closely followed
py the interaction effect of 75% RDP blended with cow

dung + PSB with direct application of 100% RDP blended
with cow dung. The interaction effect was not significant
on Hl indicating least role of P in influencing source - sink
refationship.

fable1 Effect of integrated P nutrition on plant height, number of primary branches, dry matter production, leaf areaindex and

teaf area duration of mustard (pooled for 2 years)

Primary

Plant height branches/ Drymatter Leaf area index Leaf area
Treatment at harvest plant at accumulation at —————————- duration {45-
(crm) hanvest 20 DAS {oiplant) 45 DAS 90 DAS 90 DAS) days
Residual effect
No phosphorus 146 4 16.15 3.22 1.18 99.1
50% RDP 1561 5 17.60 3.48 1.31 1077
50% RDP biended with cow dung +PSB 154 5 21.41 3.68 1.33 . 1128
50% RDP blended with pouitry manure + PSB 155 5 20.89 3.76 1.37 115.4
75% RDP 156 5 19.42 3.66 1.47 122.0
75% RDP blended with cow dung + PSB 159 5 22 .53 410 153 126.6
75% ROP blended with poultry manure + PSB 180 6 21.85 417 1.54 128.5
100 % ROP 160 6 21.23 436 1.56 133.2
100% ROP blended with cow dung + PS8 163 8 2365 £43 163 1363
100% RDOP blendea with poultry manure + PS5 163 4] 2242 438 160 134.5
SEm + 1.7 GA 0.50 0.02 043 1.0
CD (P =0.09) 5.0 0.2 1.48 0.06 0.9 29
Direct effect
Ne phosphorus 149 4 14.84 3.47 1.28 106.9
PSB 151 4 15.80 3.58 1.31 110.0
50% RDP 185 5 19.58 392 1.44 120.6
50% RDP blended with cow dung 160 6 23.36 414 1.53 127.4
100 % ROP 162 6 23.84 4.22 1.55 129.6
100% RDP blended with cow dung 164 6 26.18 439 1.62 135.1
SEm + 16 0.1 0.23 0.02 0.02 0.5
CD (P =0.05) 4.4 02 0.92 0.04 0.05 1.5

Table 2 Effect of integrated P nutrition on light interception, days to flowering, thermal requirement, yields and harvest

index of mustard (pooled for 2 years)

Light Days to 50% Thermal requirement  Seed  Stalk  Harvés
Treatment interception  flowering for flowering (growing  yield  yield  tindex
(75 DASK%) (days) degree days) {g/ha) _(a/ha) (%)
Residual effect
No phosphorus 56.1 425 619 9.52 29.77 2424
50% ROP 650.8 44 .6 645 ' 1088 3188 2535
30% RDP blended with cow dung +PSB 64.0 453 654 12.77 36.83 2575
50% RDP blended with poultry manure + PSB 65.5 453 654 12.84 3803 2534
75% ROP 69 4 453 654 12.0% 35.39 2548
75% RDP blended with cow dung + PSB 719 49.0 700 14.05 40.83 25.64
75% RDP blended with poultry manure + PSB 711 47.3 680 13.47 3974 25.41
100 % RDP 75.4 470 676 13.04 3864 2530
100% RDP blended with cow dung + PSB 78.4 500 714 1496 42863 26.07
" 100% RDP biended with poultry manure + PSB 77.2 495 706 13.91 4065 2554
SEm + 04 1.0 4 D16 092 G452
Cb (P = 0.05) 11 3.1 _ 13 046 273 NS
Direct effect
No phosphorus 61.0 438 636 923 2687 2555
Ps3 625 443 842 998 2874 2577
50% RDP ' 68.0 45.7 659 12.07 3551 2538
30% RDP blended with cow dung 731 46.9 674 1451 4248 2550
100 % ROP 736 48.0 688 1461 4347 25.08
100% RpP biended with cow dung 75.6 50.8 724 16.11 4763 2522
SEm 4 -0 04 2 0.19 047 033
S0 (P = 0.05) 0.3 1.1 5 0.53 1.3t NS
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Table 3 Interaction effect of residual and directly applied integrated P nutrition on seed yield of mustard during 2001-02
Direct effect
Trestment No 50 % 50 % RDP biended 100 % J‘UO 7 ROP
phosphorus S8 RDP  with cow dung RDP enced Wil Meay
cow dung
Residuai effect
No phosphorys 5.59 7.53 8.87 10.74 10.89 11.77 9.4p
50% RDP 777 8.58 10.38 12 63 12.74 13.89 11.00
50% RDP blended with cow dung +PSB 9.08 10.02 1213 14.75 1489 16.22 12.85
50% ROP blended with poultry manure + PSB 9.09 998 12.08 14.65 14.83 16.16 1289
75% RDP BAG 9.34 1134 13.7% 13.88 1593 11.58
75% RDP blended with cow dung + PSB 961 10.78 13.18 16.08 16.17 17.63 13 86
75% RDP blended with poultry manure + PSB 9.32 1029 12.46 15.16 16.29 16.67 13.20
100 % RDP 9.07 1001 1212 14.64 14.87 16.31 12.84
100% RDP blended with cow dung + PS8 10.32 11.40 13.92 17.04 17.09 1872 1475
100% RDP blended with poultry manure + PSB 9.80 10.87 13.16 16.06 16.15 17.50 13.94
Mean 8.95 2.88 11.96 14.55 14.68 16,00

For comparing means of residual effects at the same level of direct effect

SEmM + 0.74

CD (P = 0.05) 207 *
For comparing means of direct effects at the same or different level of residual effect
SEm 012 §
CD (P =00%) 2.05
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