ISSN 0970-2776
Volume 28 Number 2 December 2011

/»3""

Journal of
Oilseeds
Research

o

Indian Society of Oilseeds Research

Directorate of Qilseeds Research
Rajendrangar, Hyderabad-500 030, India



THE INDIAN SOCIETY OF OILSEEDS RESEARCH

(Founded in 1983, Registration Number ISSN 0970-2776)

(" EXECUTIVE COUNCIL FOR 2010-12

President ' : Dr. D.M. Hegde
Vice-President : Dr. Harvir Singh
General Secretary : Dr. H. Basappa
Joint Secretary : Dr. C. Lavanya
Treasurer : Dr. G. Suresh
Counciliors : Dr. R.K. Bajaj

Dr. M.R. Deshmukh

Dr, K.G. Parameshwarappa
Dr, S.N. Deshmukh

Mr. Ruopfuselhou Kehie

(_Editorial Board |

Editor : Dr. 1.Y.L.N. Murthy
Associate Editors : Dr. K. Anjani
Dr. A.J. Prabakaran
Dr. P, Ramesh

Dr. R.D. Prasad
Dr. R. Venkattakumar

Members : Dr. 1.B. Misra
; Dr. 1.5, Chauhan
Dr. V. Muralidharan

(Northern Zone)
(Central Zone)
(Southern Zone)
(Western Zone)
(Eastern Zone)

Dr. G.V. Thomas
Dr. R.L. Srivastava
Dr. R.S. Kulkarni

Dr. A.K. Vyas Dr. 5. Desai

Dr. R.K. Patil Dr. P. Kalidas

Dr. H. Basappa (Ex-officio)

( MEMBERSHIP TARIFF )
{w.e.f. 01.01.2007)
Life Membership Annual Subscription India Abroad
ndividual ©  Rs.2500/- + Individual : Rs. 300{- + Admn. Fee Rs.50/- UsS$ 100 Qrdinary
Admn. Fee Rs.50/-  Institutions : Rs. 1500/- US$ 150 Institutions
Students : Rs. 200/- + Admn. Fee Rs.50/-

For subscription, please contact =  The General Secretary, Indian Society of Oilseeds Research, Directorate of Qilseeds
Research, Rajendranagar, Hyderabad-500 030, A.P., India

ANNOUNCEMENT
F R
The rating of the Journal of Qilseeds Research is 3.3
The National Academy of Agricultural Sciences has enhanced the rating of the
Journal of Qllseeds Research to 3.3
from 2011 instead of 1.0 assigned in 2007.
N )




Vol. 28, No. 2

JOURNAL OF OILSEEDS RESEAR¢H
L ey

Previous Issue : Vol. 28. No. 1, pp. 1-93

CONTENTS

Review Article

2=
-

Recent advances in secondary and micronutrient
management in safflower {Carthamus tinctorius L.)

T L
- 70.
N
Research Papers

1'Y L N Murthy «DO

Gene effects of some quantitative traits in crosses of
safflower, Carthamus tinctorius L.

D Shivani, Ch Sreelakshmi and C V Sameer
Kumar

Variability in growth parameters and yicld of mustard

genotypes [Brassica juncea (L) Czern & Coss]

Lallu and Mithlesh Kumar
grown under rainfed and irrigated conditions

Effect of integration of bio-fertilizers and farm yard

manure with inorganic fertilizers on productivity of

R K S Tomar
soybean (Glycine max L) in farmers” fields

Bio-economic feasibility of soybean (Ghcine max)
intercropped with urdbean (Figna mungo) and maize

{Zea mavs) under various row proportions in rainfed

J P Tetarwal. Baldev Ram and 12 S Meena
situations of south-eastern Rajasthan

Effect of integrated plant nutrient supply through organic

A K Barik and J Fulmali
and mineral sources on productivity of summer
sesame

Efficacy of indigenous plant preducts against mustard
aphid, Lipaphis ervsimi (Kalt.) and cabbage aphid,
Brevicorvne brassicae Linhaeus on mustard crop in
Himachal Pradesh

Ajai Srivastava, Arvinder Paul Singh. Arun Sud
and Vinayika Singh

Adoption of improved soybean production technology in
Madhya Pradesh : A critique

B U Dupare. S D Billore, (3 P Joshi and S K
Verma
Impact of adoption of winter-summer groundnut (Arachis

i

C%/OU\»N )"

. .‘._‘.L_“
C 4 3 Dec

ember, 201}

94

105

108

112

123

125
G DS Kumar and V K Jain 131
hypogaea L.y production technology on the
livelihood of farmers
Productinny potentials and protitabihity of sunmmer R Venkattakumar, M Padmarah, S N Sudhakara 137
(Helianthus annuus L) hybrid DRSH-1 under real Babu. § Chander Rao, H Basappa and A J
farm situations in Andhra Pradesh Prabakaran
Castor hybrid seed production and marketing strategy in M Padmaiah and C Lavanya 140

Andhra Pradesh

Scientific formula for fixing the price of oil palm ( Flueis

guineensis Jacq.) fresh fruit bunches

P Kalidas, C V Sairam and K J Prabhakar Rao 143



Short Communications

Studies on combining ability and heterosis in Indian
mustard, Brassica juncea L. Czern & Coss.

Inheritance of yield and its component traits in [ndian
mustard, Brassica juncea L. Czern & Coss.

Genetic variability, heritability and genetic advance for
yicld and yield components in sunflower
(Helianihus annuus L) genotypes

Character association and path analysis for yield and yield
components in sunflower (Helianthus annuus 1)

Genetic divergence in sesame (Sesamun indicum L.)

Genetic divergence for seed yield and other characters in
sesame, Sesamum indicum L,

Variability, heritability and genetic advance in sesame
{Sesamum indicum L.}

Genetic divergence in selected germplasm of safflower
(Carthamus tinctorius L)

Improved yield and quality in groundnut, Arachis
hyvpogaea L. with spent wash application

Effect of moisture stress on yield and yield related
parameters in sunflower {(Helianthus annuus L.)
genotypes

Effect of zinc levels on nickel and other micronutrient
cations i the leaves of castor, Rivinus communis L.
genotypes

Studies on growth analysis of linseed, Linum
usitatissimunt L. varieties under different sowing
dates

R K Yadav, Ramakant and L Singh

R K Yadav Ramakant and L Singh

(i Vinay Kumar, ) Suresh, S Sudheer Kumar, P
Saidaiah and B Raghu

G Vinay Kumar, J Suresh, S Sudheer Kumar, P
Saidaiah and B. Raghu

E Murugan. S Juliet Hepziba and N Sudhakar

P Venkatesh, M Bharathi, N Sreedhar and M
Ganesh

S V S Gangadhara Rao

R K Murkute and S N Deshmukh

P Kalaiselvi and S Mahimairaja

A Geetha, A Siva Sankar, Lakshmi Prayaga, J
Suresh and G Anuradha

1Y L N Murthy and Ch V Haripriva

F G Shaikh, D N Gokhale, N K Kalegore, B 8§
Rokade and B D Thakur

149

153

156

159

162

165

167

169

172

175

180

183



Review article

Recent advances in secondary and micronutrient management in safflower
(Carthamus tinctorius L.)

1Y L NMURTHY

Directorate of Oilseeds Rescarch, Rajendranagar, Hyderabad-500 030, Andhra Pradesh

ABSTRACT

Safflower (Carthamus tinctorius L) is an important edible oilseed crop with diversified uses. Mostly cultivated
in black clayey soils known as Vertisols in India during the winter season. Productivity of the crop is low (642
kg/ha) because of the several abiotic and biotic stresses. Among the essential nutrients, significant research was done
with the major nutrient management in improving seed vield and quality. However, secondary and micronutrients
have received limited attention of the researchers. In Vertisols, deficiency of these nutrients is widespread and one
reason for low seed vield of safflower. Sulphurapplication rate of 20-45 kg/ha to safflower alone or safflower based
cropping proved to be beneficial in improving seed yield. Sources of S vary depends on the soil type. Critical zine
{Zn) and boron (B} levels in Vertisol with safflower as test crop were 0,63 and 0.60 mg/kg, respectively. Among
the micronutrients, Zn, Fe and B, defciencics are reported in Vertisols and associated soils. Safflower responded
significantly to the application of Zn (as ZnSO,) @ 20 kg/ha. Fe (as FeSO,) @ 20 kg/ha and B (as borax) @ 1.5 -
2.5 kg/ha found responsive in increasing the satflower seed yield. Intra and inter nutrient comnbination of 8, Zn, Fe
and B have shown significant secd vield responses in Vertisol and associated soils.

Keywords: Boron, [ron, Nutrient management, Safflower, Sulphur, Zinc

Safflower { Carthamus tinctorius L) is an ancient crop of
India, cultivated during the winter season. It is grown for
orange-red dye (carthamin) extracted from its brilliantly
coloured florets and for much valued oil. Oil being rich in
polyunsaturated fatty acid (linoleic 78%), plays an important
role in reducing the blood cholesterol level. Crop cultivation
under moisture and nutrient stress environment besides, poor
crop managements are the major reasons for low productivity
{623 kg/ha) of the crop. India occupies the sceond place in
safflower production in the world. Currently, it grows in an
atea of 2.29 lakh ha. with a production of 1.42 lakh t.
{2010-11). The general per hectare yicld of safflower in India
(642 kg/hay is low when compared to other leading countrics
and world average (890 kg/ha) (Damodaram and Hegde,
2010). Conventional dry land crops can replace by solc crop
of sz.afﬂower in all potential arcas of cultivation. Safflower is
cultivated mostly in Vertisol and associated soils of
\/l’ﬂlm.rzwhtmn Karnataka und Andhra Pradesh. Black soils
tVeriisols) are ideally suited for cultivation, although it is
Erown on other soil types. State-wise crop area, production
and productivity are presented in table 1.

In this paper, a brief description of status of secondary _

’;lncctl‘mlcronutrients inthe [ndian Vertisol and associated soils
1scussed. Besides, the available information on secondary

a i i - ;
nd micronutrient management of safflower crop is collated
and presented.
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Vertisols and associated soils: Vertisols are mostly
concentrated in the state of Maharashtra, Madhya Pradesh,
Gujarat, Andhra Pradesh and Karnataka. which accounts for
roughly 36,23,12.10 and 9%, respectively of India's total
area under black soils. Characteristically these are clayey in
nature, depth-wise shallow to deep and heavy swelling on
wetting and contraction on drying therefore known as
swell-shrink soils. Soil reaction (pH) varies from 7.3 10 9.5,
QOrganic carbon content varies from 0.2 to 0.7 %. Cationic
exchange capacity varics between 47 to 65 cmol (pt)'kg of
soil and depends on the clay type and content. Black soils in
general, arc deficient in nitrogen (N), low to medium in
phosphorus (Pyand potassium (K). Safflower is traditionally
cultivated in the black soils of these states (>90% area). n
saffiower growing states, the percent soils deficient in most
important and limiting secondary and micronutrients for the
crop productivity are presented in table 1.

Sulphur (51 avarlability e black soils s gencrally
sufficient. However, introduction of high yiclding varicties
(HYV) and hybrids. intensive cropping coupled with
application of straight fertilisers to the crop lead to
larger-scale depletion of this nutrient in the soils. Sulphur
retention in Vertisols is ditficult while in Alfisols and
Oxisols it occurs dug to the presence of anhydrous
sesquioxides and organic matter. Mineralization of organic
matter releases the § in the available form to the plants.
Total S content in Maharashtra scils varied from 95 to 513
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mg/kg, while organic S content and water soluble § consent
varied between 54-265 mg/kg and from 6 to 54 mgikg.
respectively. (Patil and Ghonsikar, 1985). Sangammer and
Rahuri tehsils of Ahmednagar district of Maharashtra black
soils were found deficient in available S to the extent of
34.7% and 16%. respectively (Shinde, 2000). In intensive
oilseed growing arcas of Dharwad and adjacent farmers
fields in Karnataka state, the range in coments of available S,
Na.H.PO, extractable organic S and total organic S were 2.5
to 53.0 mg/kg, 20.0 to 277.5 mg/kgand 1108 104591 mgrkg,
respectively (Venkatesh and Satyanarayana, 1 999). Sulphur
deficiency widely varied from 9.5% in deep Vertisols to 90%
in shallow Vertisols of Madhya Pradesh. Its deficiency was
highest in shallow Vertisols followed by alluvial > mixed red
and black > red and yellow soils of Madhya Pradesh.
(Pasricha and Fox, 1993). Vertisols of Dharwad area m
Karnataka have tested less than 20% S deficiency.
Widespread deficiency of S ranging from 46% in Junagadh
of Gujarat to 100% in Vidisha and Devas of Madhya Pradesh
was reported (Rego er al., 2007). Black soils are generally
alkaline in nature, have ecnough bases on their exchange
complex and as such calcium deficiency is rare in these soils.
However, strongly alkaline soils are poor in Ca. Calcium
deficiency is expected where Ca saturation is less than 25%
or less than 1.5 meq exchangeable Ca and pH are high
Medium black soils occupying around 65% of the area in the
state of Maharashtra are bases saturated with Ca™ as the
dominant exchangeable cation (Patil and Ghonsikar, 1985).
The conditions that favour Ca deficiency will cause Mg
deficiency too. Usually soils containing less than | meq
exchangeable Mg/ 100 g soil or less than 4 to 15% of CEC
occupied by Mg are considered deficient (Biswas er ai..
1985). Zinc availability decreases with an increase in soil
pH and lime content. Vertisols are normally low in available
Zn, therefore needs Zn application 0 sustain  crop
productivity, Total and available Zn content in Vertisols is
63 and 0.41 mg/kg. respectively (Katyal and Sharma, 1991).
Indian soils have [arge amounts of B, only 0.5% of total B is
available. Boron deficiency reports trom black soil area are
limited although 33% of the soil samples in the country arc
deficicnt. Boron deficiency usually observed in deep black
soils. Available B content in Vertisol of Gujarat varied from
0.03 to 3.08 mg/kg (Dangarawala et aif.. 1983). Application
of B should be done with caution since any small variation
can cause toxicity, Deficiency of B to the extent of 2 to 4%
was noted in Vertisols of Madhya Pradesh. In Karnataka,
32% soil samples are deficient in avatlable B, Recently its
deficiones m semi-acid soils was also reported (Sahrawat ¢
al., 2010 and Srinivasa Rao ¢r al., 20093, Availability of Fe
in black soils is low because of high pH and calcareous
nature of most of these soils. Soii pH influences other plant
nutrients like Mn and Cu. However, they are not deficient in
black soils may be duc to low need of crop.
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Critical nutrient levels: Critical nutrient levels found out in

black soils for § may vary from  8-12 mg/kg {Tandon,

1991). Singh ez al. (2003) suggested DTPA-Zn values of <

0.5 mg/kg for Vertisols of Gujarat, 0.7 mg/kg for red and

Vertisols of Andhra Pradesh. <0.6 mg/kg for Vertisols of
Madhva Pradesh and <1.2 mg/kg tor red and black soils of
Tamil Nadu as low or critical level. Rego ¢f al. (20035)

considercd criticat B level in SAT soits as 0.5 mgikg.

Critical 8, Zn and B concentration in plant tissue {(fully

developed youngest leaf) for nutrient deficiencics in field

crops are 0.1-0.2%. 10-20 mg/g and 530 mg/g, respectively

(Katyal and Rattan, 2003; Rego er al., 2005). The critical

zinc and phosphorus: zine ratio for safflower "A-1"was 259

mg/kg and 80.2 and for 'NARI-NH-1" was 27.0 mg/kg and

81.0 at flowering stage. Similarly, critical DTPA-zinc in the

black soil (Vertisol} in which the safflower genotypes were
grown was also determined and was found 0.63 mg/kg for

"A-1" and .72 mgike for NARENH-1' (Murthy and

Padmavathi, 2008). Critical B content in safflower shoot at

flowering stage was 25 mg/kg while the critical hot water

soluble B level in black soil was 0.6 mg'kg {Murthy and

Padmavathi, 2010).

Crop sequestration: Safflower crop consumes on an
average 43.2 kg N.21.8 kg P.OL 366 kp KO, and 12.6 kg
S to produce a tonne of sced (Hegde. 1998). While
micronutrient sequestration by a kg seed was 34.9 mg Zn,
48.6 mg Fe, 938 mg Mn, 254 mg Cu and 23.7 mg B
(Murthy and Padmavathi 2008}, besides significant quantity
of Ca, Mg and Mo, Inherent fertility of black soil can
sustain high crop yields. Balanced fertiliser use for crop
nutrition must include application and management of all
those essential nutrients which are deficient or not available
to the crop in adequate amounts.

Significant research eftorts were made related o the
macronutrient management of safflower.  However,
information 1s sketchy on secondary and micronutrient
management, which was discussed below:

Sulphur: Emergence ot S deficiency insoils of various states
was noticed (Table 1). Probably, this could be a reason for
low yield of safflower crop. Further, remarkable S response
observed with safflower, confirms its deficiency in these
soils.

Sulphur application had the significant effect on seed
vield and among the levels, 45 kg S/ha recorded highest seed
vield {1332 kg'/hay but was ot par with 30 ke Siha (124
kg hay (Patel er of.0 2002) Among the various sources.
ammoenium sulphate {AS) has recorded significantly higher
seed yield (1397 kg/ha) and an additional net profit. Gypsum
realized higher return per rupee invested being the low-cost
input. In Dharwad, Vertisols having a low available S (7.2
mg/kg) significant increasc in seed yield up to 30 kg S/ha
applied through AS was obscerved. Oil yield also increased
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by 33% due to S application. The N: S ratio (8.28 in
safflower seed) significantly decreased bccau.se of S
application. Maximum S depletion was noted both in cqntrol
and AS applicd soils (Venkatesh ef al.. 2002). While in the
§ deficient (4.3 mg/kg) Vertisol under rainfed conditions
different sources and levels of' S showed that single super

phosphate (SSP) was  superior to AS and gypsum but
comparable to elemental sulphur (ES). The interaction effect
showed the highest yield of safflower (2065 kg/ha) at 30
kg/ha applied through SSP. Net returns of 17, 507/ha and
a B:C ratio of 3.58 was noticed (Kubsad and Mallapur,
2003).

Table | Saftlower area, production and productivity as on 2010-11
(Arca: 000 ha, Production: "000 L Productivity: kgshay (Minisiry of Agriculture 4" Estimates. Singh. 2000}

Per cent soil deficient

Area Production Productivity

Zn Fe Mn Cu
Andhra Pradesh i3e 0 538 40 3 ! oy
Karnataka S7.0 41.0 719 728 15 17 5
Maharashtra 136.0 930 596 {6 24 0 0
Bihar 0.17 0.14 824 54 6 2 3
Chhattisgarh 0.90 0.30 333 NA - - -
Jharkhand 0.24 0.07 300 NA R _ _
Madhya Pradesh .40 .10 250 439 7 1 <]
Qdisha 0.75 0.44 587 54 - B -
All India 229,06 142.60 623 48.5 12 5 3

Safflower response to different S sources (AS, SSP, EES
and gypsum} and levels (0,15,30 and 45 kg/ha) in various
black soils showed that fertiliser and soil efficiency factors
estimated for safflower at different locations varied from
-0.027 10 0.605 and 0.010 to 0.060, respectively. A better
yield response and S use efficiency by the safflower crop
irrespective of sources, locations and scasons were noted
under irrigated conditions. Further, lower soil efficiency
values over fertilizer efficiency values is an indication the
crop has drawn the S, mainly from feniliser sources
irrespective locations, S levels and conditions (Murthy.,
2005).

Ficld studics were conducted at eight different
agro-ccological regions of India for 12 years (1995-2007)
”Qdcr AICRP programme in Vertisols and its associated
soils to find out the response of safflower 10 S levels (15, 30
and 45 kg/ha) and sources (AS, SSP. ES and gypsum). The
pooled analysis of seed yield data showed that in Typic
Haplusterts (Akola), there was a significant response up to
45 kg S'ha and SSP was the best source (Table 2). In Typic
Chromusterts (Annigeri), the crop responded significantly up
to 39 kg S/ha and SSP was the best source. However. in
'Ve"_'c Ustochrepts (Solapur), safflower responded up to 45
fhlg >N w ik sk e ideal saurce. ln Chromusterts
(Indore). the response was significant up to 30 kg Siha and
(SPSaI;b 1‘1\11?' Esfwere equally effective. In Chromusterts
wore theél—;ﬁ} flower responded up to 30 kg Sha and ES
Significand -0 Vertic Ustochrepts, (Amcj) crop responded
(Table 2) _);I:lp 10 45 kg S/ha and AS was the best source

- 1€ response up to 45 kg S/ha was noticed in

/. Oilsecds Res., 28(2) : 94-104, December., 201 1
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Chromusterts (Tandur) while in Chromusterts {Phaltan), it
was linited up to 15 kg/ha and SSP was the best source at
both locations (Hegde, 2008). Dashora and Sharma (2006)
mentioned that safflower gave significantly higher response
to earlier sowing (20th September in Rajasthan), two
irrigations (one at flowering and another at grain formation)
and 60 kg S/ha when compared to.other treatments.

Significant response to S fertilization at most of the
locations is due to the available S in soil was low or low to
medium. Since oilseeds have high S needs, response to S
application in S deficient soils is obvious (Hegde and
Murthy, 2005). In soils having low available S content, the
response was up to 43 kg S/ha. Performance of safflower
with different sources of S was influenced by the soil type.
Insaline Vertic Ustochrepts at Arnej, AS was the best source
as S from the same is easily available immediately after
fertilizer application unlike with other sources. In calcareous
solls. of Parbhani and Akola, ES was useful since S was
available to the crop because of its application about two
weeks before planting. The presence of Cal(), improves
oxidation of 5 markedly leading to better availability
(Kanwar and Randhawa, 1978). In normal soils. SSP was the
best source of S, which was reported carlicr by many
rescarchers (Smgh. 1999, 2000: Sudhakara Babu and Hegde.
2003). The oil content was unaffecied by S sources and
levels. However, there was marked increase in the harvest
index (31.4) with S application (Hegde. 2008).

Ficld studies conducted under partial irrigated conditions
to evaluate the effect of P and S on productivity of safflower
in Vertisol revealed that growth. yield and yield attributing
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characters increased with P up to 17.6 kg/ha over the
control. However, no significant difference between 17.6
and 264 kg/ha and 26.4 and 17.6 P kg/ha giving 19 and
14% higher seed yield over the control, respectively. Seed
yield and number of branches/plant increased significantly
up to 20 kg S/ha. Plant height, capitulum/plant and biomass
yield were significantly better at 40 kg S/ha. No significant
difference existed between 40 and 60 kg S/ha, recording 20
and 16% more seed yield over control. Phosphorus and S
interaction was significant only for seed yield, 17.6 kg P
with 20 kg S/ha recorded significantly higher seed yield
(Table 3). Maximum additional net return of T 3,650 and ¥

3.963/ha was recorded with 26.4 kg P/ha and 40 kg Sy
respectively. Better B: C ratio was obtained at 17.6 kg P ang
20 kg S/ha. Maximum additional net return ot ¥ 3,963/hy
was observed at 40 kg S/ha). Howevecr, the better B: C ratig
was obtained at 20 kg S/ha (Mohd. Abbas er /., 1995,
Different levels of P, S and B on drymatter and seed
yield of saftflower were quantified in Parbhani black sojlg
(Table 4). Intcraction effect was nonsignificant. Significant
increase in drymatter was noted only up to 30 kg S/ha and 5
kg B/ha. However, seed yield was significantly increased up
to 60 kg S/ha and 10 kg B/ha (Bhilegaonkar ef af., 1995).

Table 2. Effect of sources and levels of sulphur on seed vield in saftlower (Hegde 2008}

Indore

Treatment Solapur  Tandur Annigeri  Amg) Akola Phalian Parbhani
Seed vield (kg/ha)
Control (No Sulphur) 1115 1355 1244 897 1135 1264 1320 1432
Control Vs Rest CD (P=0.05) 144 2% 210 293 174 NS 349 304
S levels (kg/ha)
15 1179 1550 1502 1163 1339 1426 1636 1383
30 1229 1528 1563 1248 1494 © 1430 1823 1700
45 1389 1618 1576 1332 1546 ~ 1300 1862 1859
CD (P—0.05) 68 15 NS 83 68 NS 132 91
S sources
AS 1233 1571 1476 1397 1464 1387 1672 1642
55P 1386 1662 1607 1191 1611 1571 1717 1778
ES 1287 1522 1545 1194 1424 1450 1837 1796
Gypsum 1158 1507 1499 1193 1340 1432 1775 1640
CD (P=0.05) 78 16 60 105 73 90 108 105
Interaction 7
CD (P=0.05) 135 28 113 NS NS NS NS NS
Table 3. Interaction effect of P and S on seed yield of safflower (Mohd. Abbas er af.. 1995)
Treatment P (kg/ha)
S (kgsha) 0 8. 17.6 26.4 Mean
0 B 21.29 13.05 ’ 25.21 25.62 2379
_________ o 4w wse L me L s
______ 40 N 27.72 27.69 30.12 29.14 : 2866
60 i 2413 752 28.51 00 2768
Mean E_m 24.31 25‘95. 27.67 2898
C D (P=0.05) a2

The effect of S, Zn and Fe nutrition on growth. vicld.
nutrient acquisition and quality of safflower on Vertisol at
Dharwad, showed that application of 30 kg 5/ha improved
the growth traits like plant height, number of lcaves, number
of branches and dry matter, yield components viz.. number
of capsules (37.1). sced weight/head (0.96 g), 1000 secd
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weight (68.2 g} and nutrient acquisition of N, P, K, S, Z1
and Fc compared to other sreatiments. Combined application
of S with micronutrients (Zn and Fc) had a significait
influence on the growth, vield. oil content, protein and
nutrient uptake by safflower. Application of 30 kg S/ha+ Fe

+ Zn foliar recorded the highest growth. vield (1765 kg/ha) -

{

4‘



MURTHY

utrient uptake compared to 30 kg S/ha, 20 kg S/ha +
Fe+ Zn foliar, 10 kg S/ha + Fe + Zn foliar spray and.contm[,
The highest net returns of T21, 521 was t.'ecorded in 30 kg
g/ha + Fe + Zn foliar spray. §Rav1_ ot ‘”"j 2008).
Combinations of 30 kg/ha 5 along with micronutrients (Fe.
7n) spray had significant influence on the growth, ylelq and
prake by safflower in soils of Dharwad (Ravi and

and n

nutrient u
Channal, 2010).

Tabte 4. Effect of different levels of P, § and B on drymatter and seed
yield of safflower (Bhilegaonkar ef a/f.. 1995)

Treatment Drymatter at harvest Seed yield {q/ha}

(g/hal
N 51.38 13.34
B 78.35 15.85
65.87 14.17
3.7 029
10.3 [ 0.69
58.81 1373
67.87 14.31
68.71 as2s
v 029
C D (P=0.05} 10.3 0.69
Boron (kg/ha)
LU 51.2 13.22
5 64.6 14.61
- 9% L 15.4%
SEf 3.7 0.29
CD(P=0.05) 103 . 0.69 .
Interactions NS NS

Safflower based cropping systems: Nitrogen and $
fertilization to soybean (cv JS 71-05)-safflower (cv.JSF-1)
sequence on Vertisols at Indore (MP), under rainfed
cgnditions showed that higher and sustainable seed yield
with better nutrient recovery and water-use cfficiency
(WUE} was realized from a combination of N, Pand S @
40, 22 and 60 kg/ha, respectively applicd to soybean.
Application of 40 kg N/ha to soybean gave cxtra 30.5%
advantage in seed yield and 36.5, 47.9, 37.6 and 74.6%
more recovery of N, P, K and S respectively and 29% more
WU_E compared to control. The safflower grown on residual
hutrients Lave 37% more seed yield and WUE and 46-67%
g}cf()asi In recovery gf N. P, K and S respectively because
Applicatg N/ha applied to preceding soybean (Table 5).
S) o Ltin;f 60 kg S/ha as'agrlcultural grade pyrite (22%
% ?::‘ h?}.l rx maore secd vield and 27.6. 296, 214, and
o UIEen recovery of N, P, K oand S respectively,
Eizgeks 2;';% greater WUE in soybean. The residual effect
vield ai ) \; &va}s also pbwous in safflower with high seed
(Sharma andGh and increased acquisition of nutrients.
30 em soil 1 upta, 1992). After two cropping seasos, in
K from 1 ayer, f_hf:re was depletion of available N, P and
¢ unfertilized plots. The plots treated with N and
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S showed a slight build-up of N and S (Table 6). In black
clay soils of Malwa region, application of 60 kg S/ha to
soybean gave maximum yield for two crop rotation in
soybean-safflower system {Rathore ef af., 1995).

Direct and restdual effect of applied S in safflower based
cropping on Alfisels of Telangana showed that direct
application of § at 29, 40 and 60 kg/ha as ammonium
sulphate to sunflower was superior io gypsum and SSP.
While, succeeding crops, greengram, saftlower and sorghum
showed highest vields to residual S from gypsum. All the
crops succeeding sunflower gave responses only at 40 kg
and 60 kg S/ha levels irrespective of the sources of &.
Among the succeeding crops, while preengram showed, the
higher response through drymatter production, sequestration
of S was higher both by stalks and seed of safflower (Table
7) followed by sorghum. Among the three cropping,
sunflower-safflower removed maxnmum S followed by
sunflower-greengram and sunflower-sorghum
(Sreemannarayana and Srcenivasa Raju, 1993). Response of
S on rice, musiard, groundnut and safflower in red and
lateritic soils of Odisha was studied. The dose of S varied
from 20-30 kg/ha and grain yicld responsc varied from 14.2
{rice} to 77.6% in {safflower).

Experiments in farmers’ fields: The results of field
experiments conducted at farmers’ fields
soybean-safflower cropping at Sarcla (Latur) revealed that
residual effect of § on sumimer groundnut and safflower was
significant at 45 kg S/ha in increasing pod/haulm yield of
groundnut and seed/straw yield of safflower. The available
S status decreased slightly in control (no 8), The added S
during first and second year showed a relative build up after
its use by the cropping. The S uptake patterns in both the
cropping increased significantly with increasing levels of S
showing highest acquisition by crops receiving 45 kg $/ha
direetly and residually. Increasing evidence of § deficiency
in oilseed growing soils stressed the need of application of
S for quality farm produce and maximum production in
balanced fertilization.

Thus, several studies conducted in the Vertisol and its
associated soils showed the significant response of safflower
0 S application individually as well as with the other
essential nutrients. However, the magnitade of vesponse and
source of S depended on the available-soil § status and soil
type, respectively.

Micronutrient  studies:  Although  visual  deficiency
symptoms of micronutrients, Zn, Fe and B are not reported
in safflower crop, significant responses noticed with the
micronutrient application confirms the hidden hunger
vis-a-vis the deficiency. Zine, Fe and B deficiencies in soils
are increasing alarmingly. Sporadic and liunited information
is available in the literature concern to the response of other
secondary {Ca and Mg) and micronutrients (Mn, Cu and
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Mo} for safflower. Qbviously, the crop necds for these
nutrients is either adequately met by the soil nutrient
reserves or the crop needs these nutrients in low proportion.

In the Zn deficient Vertisols, an cconomical dose of 3 kg
Zn/ha 1s enough to achicve higher safflower seed yield
{23667 kg/ha). Further, Zn application showed a synergistic
wfluence on uptake of other micronutrient cations at
flowering stage of the crop. An antagonistic effect of Cu
and Fe acquisition by seed with the increasing levels of Zn
application suggests that lower Zn is satisfactory to meet
crop Zn needs to realize best seed yield. Zine use efficiency
by the seed decreased with the increasing levels of Zn
application (Murthy and Padmavathi. 2008). Micronutrignt
fertiliser studies conducted under AICRP on safflower in the
black soils of Indore and Parbhani showed that 30 kg
ZnSO,/ha application gave a significant response in

improving the safflower yield under trrigated condition
{AICRP Safflower. 2010-11). Significant difference in seg,
yield of safflower with application of different levels of 7,
and Fe micronutrients was observed. Application of Zn§0
@ 30 kg/ha recorded significantly higher seed yield (210
kg/ha) when compared to all other treatments but was on pa
with treating ZnSQ, @ 20 kg/ha (1997 kgéha). Applicatio
of FeSO, @ 20 kg'ha recorded significantly higher see
vield (2143 kg'ha) but was on par with FeSO, @@ 20 kg/ha
Application of ZnSO, and FeSO, @ 20 kg/ha was foun
enough to achieve higher safftower seed yield unde
irrigated conditions. Inthe Vertisols of Parbhani, build-upo
Zn. Fe and S in the sotls was noticed (Table 8) because g
continuous application of the S, Zn and Fe to the safflowe
crop. The significant responses further show the inheren.
deficiencies of these nutrients in the soils,

Table 5. Influence of residual N and § on yield, vicld attributing characters and total uptake of nutrients by rainfed safflower grown in
sequence atter soybean (Sharma and Gupta, 1992)

Seed yicld

Secd

Total uptake (kahay

Treatrment (ice/ha) Straw yield (kg/ha)  Capsuies/piant weight/plant ~ P « S
N (kgrha) ;
0 i asss 1324 n 137 st2 . ag 24 173
20 o : 1709 4119 13 16.1i : 09.1 5.9 320 219 __<i
i 40 e e 2131 R 4566 .13 184+ 834 2.0 369 25.9__%
CD(P=0.03) 333 0 4. 878 10 12.5 3L 73 7Ty
Stketha) R e R
0 o 1645 394 15.2 65.5 5.5 237 18,0 ﬂ
o0 L 1723 4037 13 154 67.9 6.0 204 20.6 1
ﬁ 0 N 1776 3850 13 159 68.4 6.4 3.0 209 )
L 60 1T S 3986 14 63 70.1 6.3 34.8 224
L0 1909 4199 14 16.6 744 . 66 349 24.3
[ e 1918 3976 14 16.8 73.0 7.1 312 233 .
CD (P=0.05) 180 NS 2 0.75 45 11 3.4 33
Table 6. Water use cfficicney and benefit cost ratio ot safflower preceded with soybean fertilized with different levels of N and S
{Sharma and Ciupta. 1992)
Treatment WUE lot's;oybcaln 8- O ratio Avatlable nutrient h[‘lllLl#i (kg-!}‘d] n 30 em sl layer o
(kg/ha/mm) at termination of the study -
N (kg'hay N P K ; s |
0o a3 457 Css0 104 o L 609 }g
n . o wor T T s T ws T T e o0 - e |
0 . - - oan T s T 1 s . w00 w0 E
4 (kg'ha) .
0 o am 4.%2 ‘ 327 9.6 787 ) 1
w0 5.02 S osee 352 19 732 9.7
40 5.46 524 365 121 793 533
b - S 3.2 b 335 376 14.5 wl 366
80 5.55 5.63 383 7.6 X71 64 4
To0 558 5.66 382 176 880 67.3
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Table 7. Residual effect of § on stalk. seed yield, content and uptake S by safflower at maturity preceded with sunflower
(Srcemannarayana and Sreenivasa Raju, 1993)

Source of S Level of § rymatter (g/ha} S uptake {(kg/ha) Seed vield (g/ha) S uptake (kgiha)
Gypsum 0 3.2 4.53 1011 1,935
20 3271 3.06 10.83 229
- ——w—. - . 40 ........... . 3482 SR() .......... 12“5 295
— R R . £ 1 6.57 i 261 236
o W66 5.51 114 251 ‘
312 452 ot 195
324 492 1086 2.4
............ S s e
.......... 35 3 1 - - 6 l 8 3 07
____________ 0w 5.37 S 2
) 312 4.51 1.95
317 F 4T 2.09 ,f
338 - 515 2.39 :
T 349 T 562 2,93
32.95 5.00 2.39

Table & Seil nutrient status al the end of seven years of experimentation 1n black clayey soils ol Parbhani
(AICRP Safflower Annual Report, 2010-11)

Treatment S (mg'kg) £n (mgikg) Fe (mgkg)

ZnS0, @ 10 kiha_ . EE ose . 156 )
ZnS0, @ 20 kg/ha A b 0.62 1.61
ZnS0. @ 30 kg/ha S 8.24 0.68 163
FeSO.@10keha i e TS e 0.45 L 2 -
FeS0, @ 20 kg'ha S . .14 ‘. 044 23 i
FeSO,@30kgha 832 046 290
Elemental Sulphur @ 1.7 ky/ha o } .38 (.46 149

Elemental Sulphur @ 3.4kgrha 563 0.47 1.54 :
Flemental Sulphur @ 5.1 kg/ha 894 pa7 1.65 . é
RDF + FYM (5 tha) S 741 045 L 1.68 2
RDF only e+ e e 7.60 . 046 3
SEm+ : 0.047 0.015 0.053

CD (P=0.05) N§ 0.04 .16

RDF: Recommended NPK (kg/ha) : 60:40:0: Initial nutricn: status of soil : Zn: 0.049 my/kg; Fe: 1.83 mg/kg. S 8.05 mg/kg

Individual and interactive effects of Zn (0, 15, 30 and 45
kgZn/ha) and S (0, 30, 45, and 60 kg S/ha) with 50 kg each
of N and P,O./ha on safflower for yield. quality and nutrient
uptake in a swell-shrink soil showed that application of 45
kg S/ha recorded significantly high drymatter. seed vield
{2.61 t/ha) and secd nutrient content (Table 9). Application
of Zn recorded significant response up to |5 kg Zn/ha for
S?Cd__vield (237 t'ha). However, significantly high straw
Seld T2 Uk dind nument content - the seed and
drymatter were recorded with 30 kg Zn/ha application.
Increased levels of S, and Zn increased significantly the oil
and protein content in seed (Table 9). Sulphur and Zn
nteraction was significant. and the highest sced (29.34 g/ha)
and §traw yield (94.23 ¢/ha) were obtained with the
combined application of 43 kg S and 15 kg Zn/ha
(Babhulkar er g/, 2000). Application of 45 kg elemental S
and 30 kg Zn/ha had increased safflower seed vield (29.34
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kgiha), giving 92.14% increase over contro! (15.27 kg/ha).
Further S x Zn interaction was synergistic and better in
improving oil, protein contents and nutrient uptake by
saffiower (Dinesh Kar and Babhulkar, 1998). Interaction
cffects were nonsignificant with seed yield of safflower.
Application of FYM @ 5 t/ha + RDF + Zn50, @ 15 kg/ha
gave the highest net returns and B:C ratio of ¥ 11.480 and
285, respectively, while compared to applhication of only
FYM e 31 ha - no micronutrients resulted nthe Tower net
returns and B: C ratio of T 4,630 and 1.93, respectively .
(Arjun Sharma ef «l., 2009). An application of FYM(g, 2.5
t'/ha with RDF (NPK 50:25:0 kg/ha), soil application of
clemental S (@ 5.1 kg/ha and ZnSO, @ 30 kg/ha resulted in
producing significantly higher sced yield and better
economic returns of saffiower under dryland conditions of
Maharashtra.{Khadtarc er af.. 2009).
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Table 9. Effect of 8§ and Zn levels on seed. drymatter yield, eil and protein content and uptake of N, P, K, § (kg/ha) and Zn (g/ha) of salflower
(Babhulkar er al.. 2000)

Sulphur (ke/ha) - — Zn level (kg'ha) = = Mcean
Seed yield (tha)
0 1.53 2.33 218 218 2.05
H 223 245 2.66 203 2.34
45 - 2.82 ' 277 2.93 1.91 2.6
60 2.40 1.94 1.67 2.22 2.06
Mean 2.24 2.37 236 2.09
CD{P=0.05) 5=0.26 - Zn=NS§ SxZn=(),54
Qil content (%)
0 29.0 29.9 . 30.1 30.2 20.8
“30 304 30.7 30.1 30.6 304
45 ' 6 30.7 30.9 311 Il
64 309 o 310 3110 311 31
Mean 30.2 30.6 30.6 : 30.7
CD(P=0.05) §=0.70 Zn=NS SxZn=N3
Protein content (%)
% _ 129 13.2 134 13.5 133
3 13.8 14.1 143 14.4 14.1
45 14.5 14,7 15.0 15.0 14.8
0 15.0 14.9 149 14.8 14.9
Mean 14.0 14.2 14.4 14.4
CD(P=0.05) §=0.08 Zn=0.08 SxZn=0).14 N
Nitrogen (kg/ha)
0 56.2 77.1 736 723 69.8
ki 0.1 89.7 95.6 77.0 85.6
45 96.8 99.7 116.5 77.9 97.7
o0 91.0 81.1 72.8 87.2 83.3
Mean 81.0 86.9 89.6 78.6
CD(P=0.05) §=6.97 Zn=6.97 8xZn=13.9
Phosphorus (kg/ha)
0 15.6 20.8 20.7 194 19.1
£ 20.9 229 26.2 21.0 22.8
45 25.8 26.1 32.9 20.4 263
60 22.8 20.5 19.0 234 21.4
Mean 213 22.5 247 21.1
D (P=0.05) $=18 Zr=1.8 8x£n=3,59
Potassium (kg/ha)
0 56.2 70.0 64.2 61.6 63.0
x| 745 83.1 84.9 79.7 80.5
43 81.2 892 1185 818 92.7
60 88.7 89.4 : 85.6 93.1 89.2
Mean 75.1 82.9 ©OBR3 79.1
D (P=0.05) S=6.64 Zn=6.64 SxZn=N$
Sulphur (kg/ha)
4 13.6 16.4 14.7 13.6 14.6
3 : 19.2 21.2 22.3 19.8 20.6
45 20.7 : 224 273 18.5 222
4 20,0 18.6 17.% 1.6 19.0
Mean 18.4 19.7 205 178
Chp=005)y §=1.55 Zn=1.55 SxZn=3.10
Zinc (g'ha)
" 2¥8.3 460.3 436.7 3870 393.1
3 . 427.8 506.9 541.7 466.3 485.7
43 4728 5272 660.9 4354 524.1
60 446.1 147.2 435.0 4810 4523
Mean 108.8 485.4 578.5 442.5
LD (p=0.05) §-40.6 Zn=40.6 SxZn=81.4
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In the black clay soils of Solapur, significant differences
were noticed with seed vield because of different levels of
micromutrients application. However, diffcrences were not
noticed among graded levels of ZnSO, application.
Application of FeSO, @ 30 kg/ha recorded significantly
highest seed yield, which was on par with application of ES
@ 5.3 kg/ha and ZnSO, @ 30 kg/ha. Application of
recommmended dose of fertilizer was on par with RDF +
FYM @ 5 t/ha. In black soils of Phaltan, and Tandur,
significant differences were not observed on seed yield.
While the application of ZnS0, {@ 30 kg/ha (541 kg/ha) and
ES @ 3.4 kg/ha (573 kg/ha) recorded the highest seed yield
(Table 10) in the black clay soils of Solapur.

Studies conducted in Vertisols to evaluate the response
of safflower to graded levels of N, P, § and B on sced yield
and oil content showed that S and B were effective in
improving the seed and oil yield (Table 11). They cach at
Niw Pisor Syo and Ba s kgfha registered the maximum seed
yicld. The interaction effect of these treatments was
significant. The impact of N and P, but without S and B was
prominent. Further application of B @ 2.5 mg/kg without §
coupled, but with N and P depressed the seed yield
compared to those of S and B applied at 10 and 2.5 mg/kg
respectively. Addition of B without S depressed the seed
yicld. However, S additions at 10 mg/kg improved the sced

yield showing the essentiality of S in lipid synthesis. Oil
yield of safflower was improved by treatment effects and
showed a similar trend as noted in secd yield (Purvimath er
al., 1993). At Jalgaon, foliar sprays of 0.2% borax, 0.4%
ferrous sulphate, 0.5% zinc sulphate and B + Zn at 60 and
90 DAS demonstrated the seed yields of 880, 753, 695 and
812 kg/ha, respectively compared with 635 kg/ha in control
(Baviskar ef al., 2005),

The boron requirement was high for safflower compared to
other oilseeds (Singh, 2000). In B, deficient Vertisol (0.35
mg/kg) safflower responded to 1.5 kg Biha and gave a
significantly higher sced yield (Murthy and Padmavathi,
2011).

Widespread deficiencies of $, Zn, Fe and B are reported
in Vertisol and associated soils, which affect safflower
productivity. Safflower alone and safflower based cropping
system response to S was spectacular in Vertisols, deficient
inavailable S. Among the sources SSP was best and the rate
of application varied from 20-45 kg S/ha depending on the
saoil type. Among the micronutrients, Zn, Fe and B showed
a significant responsc in improving the sced vield in
Vertisols. Zinc as ZnSO, (@ 20 kg/ha, Fe as FeSO, @ 20
kg/ha and B as borax (@ 1.5 - 2.5 kg/ha found responsive in
increasing the safflower seed yield.

Table 10. Effect of different levels of Zn. Fe and S on sced yield of safflower (AICRP Safflower Annual Report, 2007-08)

Treatment Salapur Phaltan Tandur
ZnS0,@ 10 kyha 411 (381 ) 1251
EnSm_@gprkgth WW.. e . I N e | e
Z0S0, @ 30 ke/ha - Csal 1287 ¢ 138s
FeS0, @ 10 kg'ha L S B P
FeSO, @ 20 kg/ha 436 ‘ REI 1270
39 1243 1w
465 | 1107 } 1153
Elemeatal Sulphur @ 34 kg/ha o 573 B T 7 S R P8 i
Elemental Sulphur @ 5.1 keha 44 s 136
RDF< VM G5 thy T w ; D ; ...... o
RDF only 7 o S e g
e . i “ _ "
£D (P=0.05) 105 NS NS
Tableli. Levels of fertilizer N. P. § and B on seed and oil vield (kg/ha) of safflower (Purvimath er al.. 1993)
N tkatha) P (kg ha S (mgkg) B tmeked
Seed vield (kg-had
L= 1422 75 1416 0 1453 0 1519
L= LU NS L3 T I (50 L1665 10 [ote2s 25 fgsez
CD@®=005) [ 36 Lo 36 ' % 36

Oil yield (kg/hay

17550 """""" 1 a1 0 " s T T 49 T e T ase

R 495 150 508 10 495 25 471
e . B T . PR L [T

—CDP005) T w3 " 10.4 L 106 e
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Future thrust areas

+ Intensive and systematic studies in delineating secondary
and micronutrient deficient soils have to be done.

«  Soil test based secondary and micronutrient fertiliser
application is essential to gain higher nutrient use
efficiency.

+  Refinement of critical nutrient levels of secondary and
micronutrients is essential as the crop responses below
and above these levels ts observed.

» denttfication of secondary and micronutrient efficiem
safflower cultivars is imperative

» LEssential nutrients like Ca, Mg and Mo have received
himited attention of rescarchers. Before they cimerge as
lmiting nutrients for the safflower productivity.
systematic studies have to be initiated on priority.
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Gene effects of some quantitative traits in crosses of
safflower, Carthamus tinctorius L.
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ABSTRACT

The six generations (P, P,, F,, F., BC, and BC.} of four cross combinations of safflower { Carthamus tinctorins
L.} viz., Nira x GMU 1702, HUS 3035 x GMU 1946, Manjira x GMU 2914-15and A-1 x GMU 3272 were studied
for eight traits namely, days to 50% flowering, days 1o maturity, plant height, number of capitula/plant, number of
seedsicapituta, 100 seed weight, seed yield and oil content. The mean of six generations was subjected 1o scaling
test to determing epistasis and genetic parameters viz., m, d. h, I, j and . An epistatic digenic model including ail
types of interactions played a major role for all the cross combinations. The study revealed the importance of additive
and non- additive type of gene action for all the characters studied. Duplicate ¢pistasis played a greater rote than

complementary epistasis.

Keywords: Generation mean, Gene action, [nheritance, Safftower

Safflower (Carthamus tinctorius 1.} yield is one of the
nost important economic characters and is the product of
multiplicative interaction of contributing characters for
Eenetic improvement of the crop. The breeding method 1o be
adopted depends mainly on the nature of gene action
molved in the expression of the quantitative fraits. Line x
Tester (L x T) analysis is used to select the parents based on
their combining ability bur fails to detect the epistasis which
Temains the most complex problem and on which it is
tdremely difficult to obtain reliable results. The epistasis
can be detected by the analysis of generation means using the
scaling test, which determines the type of epistasis or
whether it is additive x additive, additive x dominance and
deminance x dominance type of interaction at the digenic
level, After confirmation of epistasis, joint scaling test of six
parameter model m,d,h,1,j and 1 was applied. The objective
of this investigation was to obtain information on the gene
etfects in safflower to provide a basis of selection in a
breeding programme for the improvement of safflower.

MATERIALS AND METHODS

Six generations viz., PP ob b B0 and BOS of four
Cross combinations of safflower namely, Nira x GMU 1702,
HUS 305 x GMU 1946, Manjira x GMU 2914-15 and Al
xGMU 3272 were raised in a randomized block design with
three replications at Agricultural Research Station, Tandur
during the winter season of 2007, 2008 and 2009. Ten plants
were selected randomly from each of P, P, and F . 30 each
of BC, and BC, and 30 of F. generations and utilized for
recording the data on eight quantitative characters namely,
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days to 50% flowering, days 1o maturity, plant hei....,
number of capitula/plant, number of seeds/capitula, 100 seed
weight, secd yield and oil content. The data recorded was
subjected to weighted analysis of Cavalli {1952) to know the
adequacy of additive - dominance model. The presence of
epistasts, the data where any of the 4, 5 or 6 parameters
found adequate in the model of Jink and Jones {1968) was
subjected accerdingly to sequential model to obtain more
precise estimate for these parameters. Significance estimates
of ' at (n-p) degrees of freedom would show presence of
epistasis. Afier confirmation of presence of epistasts, joint
scaling test of six parameter model m.d.h.ij and | was
applied. The adequacy of the sequential models was tested by
¥° test, respectively _

RESULTS AND DISCUSSION 3
The results of scaling test, indicating components of
variance and interaction effects for eight quantitative traits in
four crosses of safflower are presented in table 1. Simple
additive dominance was inadequate for days to 30%
flowering in all the crosses studicd. Dominance, additive X
additive gene ellects were imporiant in the erosses HU'S 303
x GMU 1946 and Manjira x GMU 2914-15, Dominance ¥
dominance gene effects played an important role in all
crosses except HUS - 305 x GMU 1946. Duplicate epistasts
was indicatcd by opposite signs of dominance and
dominance x dominance type of genc effects influencing the
inheritance of days 10 50% flowering in the cross HUS 305
x GMU 1946 and A-{ x GMU 3272. Gupta and Singh (! 990} |

also reported similarly,
1
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presence of non-allellic interactions was cbserved for
inheritance of days to maturity in all cross combinations
ctudied. Additive x additive, dominance x dominance and
additive x dominance gene effects were important in the
crosses Nira x GMU 1702, Manjira x GMU 2914-15. In the
cross Al x GMU 3272, dominance and additive x additive
gene effects while in the cross HUS-305 x GMU (946,
additive x additive and dominance x dominance gene effects
were important for inheritance of this trait. Gadekar and
Jambhale (2002) reported simifar resufts for this trait in

safflower.

Presence of epistasis was detected for plant height in all
the four cross combinations studied. Morcover, in addition
to additive and dominance gene cffects non-allelic
imeractions such as additive x additive, additive x dominance
and dominance x dominance type of gene interactions were
important for inheritance of this wrait. In all the crosses
duplicate epistasis was observed due to opposite signs of
dominance and dominance x dominance influencing the
inheritance of this trait. Present findings are in consonance
with Chameshappa (1980) who reported duplicate type of
gene action for plant height.

Table 1 Sealing test. components of variance and intgraction effects for eight quantitative traits in four crosses of safflower

Scaling test

Interaction ctfects

Crass character

A B8 C 0 m _{d} {(h} _{h [ £y

Days to 50% flowering
Nira x GMU V702 -4.00 -7.67 -12.32 -0.48 75.83 0.50 -1.83 0.67 1.83 11.00
HUS 305 x GMU 1946 -9.67 -6.68 -33.00 -8.45 63.50 1.83 20.50 16.67 -1.50 0.42
Manjira x GMU 29(4-15 -5.02 -10.35 -26.54 -5.62 70 68 -132 2.35 10.26 2.54 4.58
Al x GMU 3272 -10.23 -10.25 -16.32 2.36 74.36 1.56 -33.86 -4.15 0.16 24.36
Days to maturity
Nira x GMU 1702 -4.67 -8.68 -14.12 -0.42 106.67 0.32 -10.33 0.67 2400 12.62
HUS 305 x GMLU 1946 -10.16 -1.67 -25.78 312 103.50 1.83 -1.16 732 -1.54 11.67
Manjira x GMU 2914-15 6.12 -11.55 -27.65 532 101,56 -L16 Q.16 10.36 2.54 6.43
Al x GMU 3272 -4.69 -2.69 -20.22 -6.35 104.36 1.35 12.03 [2.67 -1.14 -5.69
Plant height (cm)
Nira x GMU 1702 433 -3.43 5.00 2.36 73.50 2.16 -0.50 -4.14 3.43 3.00
HUS 305 x GMU 1946 -19.17 -18.42 1833 -0.67 79.16 -1.50 -33.52 )38 .51 35.67
Manjira x GMU 2914-15 -7.25 -17.21 -38.23 -6.65 67.25 -3.21 -5.23 13.25 5.56 11.32
AT X GMU 3272 -13.68 2562 23347 2.68 80.00 -5.12 -43.25 -5.36 5.66 44.02
Number of capitula/plant
Niva x GMU 1702 2.0 -16.38 512 4,67 3116 1,50 -32.83 934 717 27.67
HUS 305 x GMU 1946 2041 -18.76 -52.34 -6.79 16.17 467 -5.33 13.48 (.61 33.36
Manjira x GMU 2914-15 22,14 -26.47 -52.54 2215 25.00 -1.15 -43.21 4.02 2.33 44.67
Al x GMU 3272 -14.12 -26.48 -50.68 -4.68 18.02 -6,00 22,56 5.33 6.00 32.00
Number of seeds/capitulum
Nira x GMU 1702 -5.00 -19.42 -16.67 3.64 37.33 2.67 43,00 712 7.00 3038
HUS__305 x GMU 1946 -18.67 -5.38 -49.12 -12.67 25.33 5.38 6.17 26,12 -6.67 -1.38
Manjira x GMU 2914-15 11,33 -25.63 -55.32 -9.15 14.26 -6.65 £.35 18.56 7.23 18402
Al x GMU 3272 2547 -19.21 -71.4% -13.24 5.50 -1.5% 14.16 26.67 -3.16 17.69
100 seed weight (g)
Nira x GMU 1702 1.65 -1.66 2,27 113 4.67 0.79 4,28 2.26 1.65 -2.25
HUS__?MS x GMU 1946 0.18 .65 -1.66 059 393 014 2.30 1.19 .42 072
[T:H;Jg::&:vzm 2914-15 -0.26 -0.66 -1.45 -0.26 4.46 0.24 -0.11 0.52 0.20 0.39

3172 .41 .39 183 -L%6 4.34 0.06 6.70 372 .35 -3.61
Seed yielg (kg/ha) .
E:ri‘(f“\l( e S000 -2M6014 R3ITI3 27068 MS6T 3400 K32 SA134 6RO 24517
Manjj-r.;g_\g Gh'm ;95946 6U.O0 -AR9.07 -379.02 2530 1005 STR30 SSENSO S30.6% SEERIS ERIIRE]
Als GMU 377; 14-15 39533 53525 S15Me7 0 240002 303.26 -66.45 216.6% 45004 120,69 550,09
Ol content (;/ 34269 -86.69 -700.45  -135.87  845.69 42.59 140.32 27069 -125.00 158.68

o}
E]ljas);((};hib(,;?fl e -1.30 1.50 235 143 2038 1.90 7.60 2.86 140 306
Maniia x GMU 291415 -0.50 -7.60 -5.30 1.62 30.18 -113 -17.08 -3.20 3.35 11.70
ALXOMU 3990 314 12.43 0.96 -7.25 24,20 (.75 4405 14 46 -4.71 2991
= -0.36 -3.13 0.30 1.90 25.73 0.51 -7.68 -3.80 138 7.30

glrM_ea.n of the 1raiy; ¢ . Additi
Ominance interaction
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Hseeds Res., 28(2) : 105-107, December, 2011

136

ve effects; h :dominance effects; 1: additive x additive interaction; } . additive x dominance interaction: | :dominatice X



GENE EFFECTS OF EIGHT QUANTITATIVE TRAITS IN FOUR CROSSES OF SAFFLOWER

In case of number of capitula/plant, presence of
non-allelic interactions are important for its inheritance.
Additive x additive, additive x dominance and dominance X
dominance gene effects are important for inheritance of
nurnber of capitula/plant i the crosses Manpra x GMU
2914-15 and Al x GMU 3272, Additive x dominance and
dominance x dominance gene effects were important in the
cross Nira x GMU 1702 while in the cross HUS 305 x GMU
1946 additive x additive and dominance x dominance gene
effccts played an important role. Duplicate epistasis was
observed in all the four crosses influencing the inheritance
of this trait. Ramachandram and Goud (1982) also reported
similarly. Simple additive-dominance model was inadequate
in all the four crosses for the trait number of seeds/capitula.
[n the cross Nira x GMU 1702, additive x dominance and
dominance x dominance gene effects, whereas for the cross
Manjira x GMU 2914-15 additive x additive, additive x
dominance and dominance x dominance gene effects and for
the cross Al x GMU 3272, dominance, additive x additive,
dominance x dominance gene effects played a major role for
inheritance of this trait. Complementary epistasis was
observed in the cross A1 x GMU 3272 while duplicate
cpistasis was observed for rest of the three crosses for
inheritance of this trait. Srinivasachar and Ninganur {1990)
also observed preponderance ofnon additive gene effects for
this trait.

In casc of 100 seed weight, presence of non-allelic
mteractions are important. In the cross Nira x GMU 1702
and HUS 305 x GMU 1946, dominance, additive x additive
and additive x dominance gene effects were important for
the inheritance of this trait. Additive x additive, additive x
dominance and dominance x dominance gene effects were
important for the cross Manjira x (MU 2914-15 whereas for
the ¢ross A-1 x GMU 3272, dominance and additive x
additive gene effects are important for inheritance of this
trait. Simple additive- dominance model was inadequate tor
all the four crosses for seed yield. Complementary type of
gene action was observed in the cross Manjira x GMU
2914-15 and A-1 x GMU 3272 while duplicate epistasis was
observed for the rest of the two cross combinations. These
results are in agreement with the findings of Ragab (1991},
Simpic additive dominance model was adequate tor the
crosses HUS 305 x GMU 1946 and Al x GMU 3272 for
days to 50% flowering and days to maturity. Presence of
epistasis was detected for o1l content in the cross Nira x
UMU 702 and Manjira x GMU 2913-15 where dominancee.
addittve x additive gene effects were unportant. Duplicate
" epistasis was observed in all the four crosses as indicated by

J. Oilseeds Res., 28(2) : 105-107, December, 2011

the opposite signs of dominance and dominance x

dominance, Similar results were observed by Vijayakumar.

and Giriraj (1985).

The present study revealed that additive and non-additive
pEne actions ate mmporiant in the expression of the eight
traits studied. The additive effects and gene interaction
additive x additive (1) or other digenic complementary gene

interaction can be exploited effectively by selection for the -

improvement of the characters. Use of reciprocal recurrent
selection or biparental mating was suggested for improving
the characters, when both additive and non-additive gene
cffects are involved in the expression of these traits.
Presence of non-additive genc effects for some characters
indicating that conventional selection precedure may not be
cffective enough for improvement of yield. Therefore,
postponement of selection in later generations or intermating
among the selected segregants followed by one or two
generations of setfing could be suggested to break th
undesirable linkage and allow the accumulation o
favourable alleles for the improvement of this trait.
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Variability in growth parameters and yield of mustard genotypes [Brassica juncea
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ABSTRACT

Eight varieties of mustard (Brassica jurcen L.} were studied under irrigated and rainted field conditions to
identify suitable genotype for water limited rainfed conditions. Rainfed condition caused significant reduction in
different growth parameters, net photosynthetic rate, leaf water potential and seed yield in all genotypes under study.
On an average seed vield reduced by 33.3% due 1o rainfed over irrigated condition. Reduction occurred more in
different growth parameters at 60-90 days after sowing (DAS) and were noted in leaf area duration (}5.6%),
drymatter production rate (27.9%), relative growth rate {8.8%), net assimilation rate 28.4 and in net photosynthesis
rate (21.9%) under rainfed over irrigated control. Mustard varietics ‘Vaibhav™ and ‘Jawahar mustard” performed
better and were identitied suitable for rainfed as both showed minimum </15% yield reduction and value of drought
susceptibility index <0.5. Study also indicated that in mustard. leaf area duration {LAD) at 60-90 DAS stage showed
positive association (r=0.893) with seed yield and this growth parameter may be used as determinant to identify
genotypes of mustard suited under rainfed conditions. Variety * Varuna® produced maximum seed yield under normal

situation.

Keywords: Growth parameters. Mustard, Rainfed, Sced yield

Indian mustard ( Brassica juncea L.)is occupying 90% of
the total area under rapeseed-mustard in India. It is mostly
cultivated in semi-arid regions, where soil moisture stress
affects crop at one or more phenological stages. Water stress
isan important factor which effects growih, development and
reproduction.  Reduction in leaf area. cell size and
mtercellular volume are common under water stress.
Reduction in photosynthetic activity and leaf senescence are
well documented and adversely affect crop vield Gerik et ai.
(1996, Reduction in leaf area and photosynthetic activity
greatly affects growth parameter of the genotype.
Physiological cfficiency of a genotype is determined by
gTOWTh analysis. Knowledge of physiological basis of seed
Y{E!d would greatly enable breeders to select donors with
hflgh Pbysio?ogical cfficiency for seed vield improvement.
\'aljlablllty in the responses of Brassica cultivars to the
Moisture stress has been reported by Singh and Kumar
(2005). Present study was an atlemnpt to assess the variability
' growth parameters. photosvithetic efficiency and vield
h(‘ha\lmir of mustand genotypes and to idennify genotype
suttable for rainfed situation,

MATERIALS AND METHODS

famr l;? éxg egmem was C(Emducted at student instructional
Kanpur with zad University of Agriculture & Technology.
Pusa Jai:{‘ 'elght verities of mustard viz., Varuna, Vaibhav,

15an.  Jawahar mustard, Urvashi, Ashirwad,
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Durgamani and Arawali, during the winter season of 2005
and 2007 in split plot design (irrigation in main plot and
genotypes in sub plot) with three replications under field
condition. The distance between rows and plant to plant were
ar45 cemand 15 cm, respectively, in a gross plotof 3.15mx
5.50m. The two irrigations vic., first at 35 days after sowing
(DAS) and second at 65 DAS during both years were given
only to the irrigated plots while no irrigation was given to the
rainfed plots. Basal dose of 75 kg. cach of N, P,O. and
K.,O/ha under irrigated condition and 80 kg. N and 40 kg
each of P,O, and K.,O/ha were applied under rainfed
condition 1n the form of urea, DAP and muriate of potash,
respectively, Nitrogen @ 75 kg/ha was applied after first
irrigation only in irrigated plots. Soil moisture content
(SMC) was determined under both irrigated and rainfed
condition at pre- sowing and at harvest as SMC (%) = (soil
fresh weight- soil dry weight)/soil fresh weight x 100). The
average value of soil moisture content were 20. 1% and 8.9%
in normal irrigated and 8.0% and 6.0% in rainfed plots at
pre-soming and at harvest. respectively. The leaf area
duration (LAD), leat area index (LA}, relative growth rate
{RGR), net assimilation rate {NAR), harvest index (HI) and
drought susceptibility index were calculated. Leaf water
potential and net photosynthetic ‘rate were measured by
pressure bomb technigue (Model 3008 plant water stress
console and soil moisture equipment corporation, USA and
1-301 CO, gas analyzer CID, respectively).



VARIABILITY IN GROWTH PARAMETERS AND YIELD OF MUSTARD GENOTYPES

RESULTS AND DISCUSSION

Leaf arca duration and drymatter production rate
increased with increasing plant age and noticed higher at
60-90 DAS stage under both conditions (Table 1). 11.4 and
15.6% reduction in LAD occurred, respectively, at 30-60 and
60-90 DAS under rainfed condition over irrigated controi. In
I, variety Vaibhav (298) showed maximum, and minimum
recorded in Varuna (251) at advance stage of plant. Under 1,
condition at same stage Varuna (331) possessed higher and
Arawali (303) showed lowest value of it. Reduction in
DMPR occurred more (27.9%) at 60-90 DAS stage while at
30-60 DAS stage it noted less (17.9%) under rainfed over
irrigated control. Under rainfed condition at early stage
Durgamani proved its superiority while at advance stage
Vaibhav retained its first position. Under irrigated situation
Urvashi at early stage and Varuna at advance stage possessed
higher value of'it. Similar findings were reported by Sharma
and Pannu (2007) in Brassicy species.

Relative growth rate decrcased with increased in plant
age while the trend appeared reverse in case of net
assimilation rate (Table 2}, 7.1 and 8.8% reduction in RGR
and 8.8% and 28.4% reduction in NAR occurred at 30-60
and 60-90 DAS stage, respectively, Under rainfed condition
Jawahar mustard and Durgamani (67.5mg/g/d) at early stage
and Vaibhav (38.6mg/g/d) ar advance stage showed their
superiority. Varuna at early stage and Pusa Jaikisan at later
stage showed higher value of RGR under irrigated condition.
Under rainfed situation Durgamani (0.89 mg/em’/d) at early
stage and Arawali (6.34 mg/crn’/d} at later stage possessed
higher value of NAR. Under normal condition Urvashi (0.96
mg/cm/d) at 30-60 DAS and Pusa Jaikisan (8.65 mg/cm’/d)
at 60-90 DAS recorded higher value of NAR. Similar nature
of finding was reported in Indian mustard by Piri and Sharma
{2006). In general the irrigation treatment in all genotypes

showed higher value of leaf area index and leaf water
potential than rainfed (Table 3). Reduction in LAI occurred
15.8 and 10.8% undgr stress over non-stress at flowering ang
post-flowering stage, respectively, Under rainfed condition
variety Vaibhav possessed higher LAI closely followed by
Jawahar mustard at both stages. Under irrigated situation,
Varuna retained thefr first position at both stages. Jawahar
mustard (-1.14 MPa) at flowering stage and Vaibhav
(-1.35MPa)at post-tflowering stage possessed higher value of
LWP under rainfed. Urvashi {-0.83MPa) at flowering and
Varuna (-1.04MPa) at post flowering showed higher value of
LWP in irrigated situation. Similar trend was also observed
by Chaturvedi ¢t @f. (1999) in Indian mustard.

Significant reduction in net photosynthetic rate (Pn),
harvest index (HI) and seed yield occurred under stress, and
it was noted 21.9, 15.4 and 33.3% over normal, respectively
(Table 4). Under rainfed Jawahar mustard at flowering and
Arawali at post-flowering possessed higher value of Pn.
Under non-stress variety Urvashi at flowering and Pusa
jaikisan at post flowering showed higher rate of Pn. Variety
Varuna {20.9%) in normal and Vaibhav (18.3%) in rainfed
showed higher value of harvest index. Under rainfed
situation, variety Vaibhav (1936 kg/ha) and Varuna (2718
kg/ha) in jrrigated control produced highest seed vield.
Lowest seed yield was recorded in Pusa jaikisan (1327
kg/ha) in stress and Jawahar mustard (2116 kg/ha) in normal
condition, Similar reduction and variability has also been
reported by Rekika ef al. (1999) and Sharma and Pannu
(2007 in Brassica species under soil moisture stress. Variety
Vaibhav and Jawahar mustard were identificd suitable for
rainfed as both showed minimum <15% yield reduction
under rainfed over control and value of DSI was <0.5. The
seed yield has significant positive correlation with LAD at
60-20 DAS (r=0.893%), RGR at 30-60 DAS (r=0.619%)and
harvest index (r=0.852%).

Table I Leaf arca duration {LAD) and drymatter production rate (DMPR) among mustard genotypes grown under rainfed (1) and irrigated ([,) conditions
(Pooled data of two years)

LAD DMPR (mg/plant/dav)

Genotype 30-60 DAS 60-90 DAS 30-60 DAS 60-90 DAS

Ly 1, Mean L l, Mean L i Mean Ly 1 Mean
Varuaa 209 262 235 231 3 261 537 770 654 1204 2101 1698
Vaibhay 242 251 247 298 307 303 623 701 662 1575 1556 1715
Pusa Jaikisan 217 258 238 262 327 295 581 728 655 1276 2076 1681
Jawahar mustard 241 250 245 203 326 310 637 719 678 1523 1719 1621
Urvashi 221 260 241 265 324 295 552 789 671 1174 1846 1510
Ashirvad 223 262 242 264 303 284 615 753 684 1217 1997 1607
Purgimmani 22K 219 239 274 303 288 653 7 600 1436 1752 1504
Arawali 228 249 238 270 303 289 627 vy 60y 1320 1835 1687
Mean 226 255 241 273 316 294 603 736 669 1378 1913 1646

(11.4) (15.6)° (17.9} (27.9}

CD (P=0.05)
Moisture levels 125 14.9 8l.6 69.6
Genotype NS NS NS NS
MxG NS 30.8 1109 210.5
Data in parenthesis indicate per cent reduction in I, over 1,
J. Otlseeds Res., 28(2) : 24-28, December, 2011 109
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Table 2 Relative growth rate (RGR) and net assimilation rate (NAR) among mustard genotypes grown under rainted (1,) and irrigated (1} conditions
{Pooled data of two years)

RGR (mg/giday)

NAR (mg/em~day)

Genotype 30-60 DAS 60-90 DAS 30-60 DAS 60-90 DAS

N 1, Mean I B Mean L, 1, Mcan 1, 1, Mean
Vanuna 62.7 72.2 67.5 37.1 41.0 39.1 0.79 0.92 0.86 5.59 8.12 6.86
Vaibhav 66.6 69.1 67.9 38.6 40.6 39.6 0.80 0.87 0.84 6.24 7.63 6.94
Pusa Jaikisan 63.7 693 66.5 35.6 447 40.2 0.82 0.89 0.86 5.50 8.65 7.08
Jawaham‘luslard 67.5 7015 09.0 37.5 39.0 38.3 0.82 0.90 0.86 5.61. 6.61 6 1 1
Urvashi 61.9 72.1 67.0 343 37.2 35.8 0.80 0,96 .88 4.86 7.94 6.40
Ashirvad 65,1 FAR [ 332 40.2 36.7 0.85 0.90 0.88 4.49 8.04 6.27
Durgamani 67.5 69.2 68.4 356 37.8 36.7 0.89 .91 0.90 5.55 7.31 6.43
Arawali 66.3 68.1 67.2 376 399 38.8 0.84 0.88 0.86 6.34 7.41 6.86
Mean 65.2 702 67.7 36.2 197 38.0 0.82 0.90 0.86 5.52 7.71 6.62

(7.1 (8.8) - (8.8) (28.4)

CD (P=0.05)
Moisture 3.0 18 0.04 .28
Genotype NS NS NS .39
MxG N8 NS NS 0.56

Data in parenthesis indicate per cenl reduction m [, over ],

Tablc 3 Leaf water potential (1L WP) and lcaf area index (LAI) among mustard genotypes grown under rainfed (1) and irrigated (1)} conditions
(Pooled data of two years)

TWP (-MPa) LAl

Genotype Flowering Post Nowering Flowering Post flowering

1, 1 Mean 1, 1, Mean Iy 1, Moeun 1, i, Mean
Varuna 1.32 0.86 1.09 1.64 1.04 1.34 1.24 1.71 1.48 1.09 1.37 1.23
Vaibhav 1.16 1.08 1.12 1.35 1.13 1.24 1.54 1.61 1.58 1.24 1.24 1.24
Pusa Jaikisan 1.30 0.90 110 1.67 1.08 1.38 1.32 1.68 1.50 1.12 1.29 1.21
Jawahar mustard 1.14 1.05 1.10 1.40 1.26 1.33 1.52 1.60 1.56 1.20 1.23 1.22
Urvashi 1.28 0.83 1.06 1.50 115 1.33 1.37 1.69 1.53 1.10 1.34 1.22
Ashirvad 1.24 1.00 1,12 1.60 1.18 1.39 1.36 1.70 1.53 1.40 1.32 1.21
Durgamani 1.21 0.96 1.09 1.48 1.14 1.31 142 1.60 1.51 1.13 1.2 118
Arawali 1.20 1.09 1.15 1.46 1.21 1.34 1.40 1.59 1.50 116 122 1.19
Mean 1.38 0.97 1.18 1.51 1.44 1.48 1.39 1.65 1.52 1.14 1.28 1.21

(15.8) (10.8)

CD (P=0.05)
Moisture 0.04 0.12 0.08 0.51
Genotype 0.08 NS NS NS
MxG 0.12 0.28 0.17 0.10

Data in parenthesis indicate per cent reduction

Tabie 4 Net photosynthesis rate (P, harvest index (HI), seed yield and drought susceptibility index (DS[} among mustard genotypes grown under
rainfed (L)) and irrigated (1)) conditions (Pooled data of two years)

P m COYm /s

(je"m}T"? Flowerine Past-NMowering Harvest index (%) Seed yield tkpha) DSI
Vors L I, Mean [, |, Mean 1, 1. Mean I, I Mean
Vaiblr::\- 224 240 232 303 329 16 14.% 20.9 17.9 1353 (30.2) 27K 2036 1.53
Pusa Il 221 24.8 35 283 292 8.8 IR3 152 188 1936 (12.9) 2225 2080 0.33*
Jawmm:sﬂ“ | 222 22,7 225 3.7 333 325 139 199 13.5 1327 (49.7) 2636 1981 1.49
wal]i ustar P 24.4 250 09 296 3 175 187 18.0 1870 (11.2) 2116 1696 0.37*
Ashinad %37 26.2 245 27.9 29.4 187 16.2 163 R 1502 (41.6) 2572 2037 2%
Do i T 28 e 205 T 6 169 145 1%.2 1262 (250 pERES 200 1.01
Am-m' 2 248 RN 313 R RIS 17.1 184 17 1673 (31.0) RERIN 20149 0.94
Mean :7.’3‘3 24.3 239 314 324 322 164 18.4 174 1725 (25.4) 2314 2019 0.84

27 24.4 236 30.2 313 308 16.4 19.3 179 1619 (33. 2430 2024
E,D (P=0.03) (7.0 (21.9)
(;:.:thy;:c 0.8 7.0 0.6 109.8
MxG 1.4 1.7 09 NS

2.0 NS 13 2392

*
Tolerant genotypes showing low DSI (<0.5).

Drata in parenthesis indicare per cent reduction in 1, over 1,
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Effect of integration of bio-fertilizers and farm yard manure with inorganic
fertilizers on productivity of soybean (Gfycine max L.} in farmers’ fields
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ABSTRACT

On farm trial were conducted during rainy season of 2004, 2005 and 2006 to assess the cffect of integration of
bip fertilizers and farm yard manure (FYM} with chemical fertilizers on productivity of soybean (Glveine max L.)
in Bundelkhand agroclimatic zone of Madhya Pradesh. The maximum soybean vield of 1798 kg/ha was obtained
with application of 75% NPK + 5 t FYM + inocufation with rhizobium + phosphate solubilizing bacteria (PSB) @
20 g/kg seed which was 112,52 and 39.48% higher than farmers practices and 100% NPK alone, respectively.
However, this treatment closely followed by 100% NPK with rhizobium + PSB inaculation {1740 kg/ha). Combined
application of 100% NPK and rhizobium + PSB enhanced the yield signiticantly than farmer’s practices and 100%
NPK alone. Application 100% NPK alone also increased seed yield by 52.36% compared with farmers practices.
The application of 75% NPK + 5 t FYM with thizobium + PSB inoculation resulted in the highest net retuwrn of

F17103/ha and benefit cost ratio of 1:2.73,

Key words: Economics, FYM, Integration, PSB. Rhizobium, Soybean, Yield

Soybean (Glyeine max L.) a grain legume is considered
as a wonder crop due to its dual qualities viz., high protcin
(40-43%) and oil content (20%). India stands next only to
china in the Asia pacific region, with respect to area (7.2 m
ha} and production (8.7 m.t.). Madhya Pradesh is largest
soybean producing state in the country. It is cultivated in the
state n an arca of 4.46 m ha; producing 3.94 m.t. with a
productivity of 885 kg/ha which is covering about 60% ofthe
total area and 55% of total soybean production in the
country, Soybean has proved to be an important crop among
oilseed in Tikamgarh district under Bundelkhand agro-
climatic zone of Madhya Pradesh. But productivity of
soybean continuous 1o be low. One of the critical factor for
low productivity of soybean is application of injudicious use
of plant nutrients,

In view of escalating prices and less availability of
Cherpicai fertilisers, there is a strong need to adopt integrated
nytnem supply system by judicious combination of organic,
bio and chemical fertilizers to improve soil health, crop
broductivity, save money and environment (Verma and
Bhat"‘}ChaWa, 1990). Bio fertilizers mainly Bradvihizobium
}t:pqmcum, phosphate sclubilizing bacteria (PSB) and
'\‘esacular Arbuscular (v A) mycorthizac (VAM)  are
;:E;‘(;Umy used for soybean production and they have an
Capaci?ui }DOiem?a.i 10 fix atn‘{qspherlc N ar_ld also bavc
Pfesem);no SO]Ubl]‘IZe anfi mqblllzes P and micro I]l.lII'IICntS-
soybean C;ﬁg—aya:lable form. in the 3911. Tbe productwny of
thizobium an de ;lgclgeas_ed by mocplatmn of bnp cu]turc? from‘
these 2 b micro organism and co-.moculatlon (.)i

cultures has shown encouraging results in
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sustaining the crop productivity of soybean and improving
soil fertility (Dubey, 1997). Use of bio fertilizers with
orpanmc manufes may prove a viable option for sustaining
production ot soybean (Govindan and Thirumurugan, 2005),
Therctfore, present on farm trials was under laken 10 assess
the effect of integration of bio-fertilizers and organic
manures with inorganic fertilizers under rainfed condition on
the cultivator's figld.

MATERIALS AND METHODS

On farm trails were conducted at 15 farmers fields during
rainy scason of 2004, 2005 and 2006 on medium to heavy
soils which were low in organic carbon and nitrogen, low to
medium in phosphomys and medium to high in potash under
soybean-wheat production system. Five highly skilled
cultivators were selected for each years through PRA
approach. There were four treatments comprising farmers
practices (9:23:0 NPK kgiha), 100% recommended dose of
20:60-20 NPK kg/ha, 100% NPK - rhizobium + PSB (@ 20
gikg seed and 75% NPK + rhizobium + PSB + 5 t/ha FYM.
bach treatment was carried out in an arca of {000 sq.m. The
five locations were considered as five replication under
randomized block design for statistical analysis, The wial
precipitation was received during crop season { June-October)
in Tikamgarh block 679, 680 and 513 mm in 2004, 2005 and
2006, respectively. The soybean cv [S-335 was sown
between July 6-7 in 2004, July 21-24, 2005 and July 8-11,
2006 with a spacing of 30 cm x 10 cm at 2.5 ¢m depth and
seed rate was 75 kg/ha, Entire dose of fertilizer was applied
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as basal in the form of urea, single super phosphate and
muriate of potash and FYM was incorporated into the soil at
the time of final ficld preparation. The seeds were treated
with thirum (@ 3 g'kg seed followed by Bradyrhizobium
Japonicium and PSB (Bacilus megathrium) culture @ 20
g/kg sced. Hand weeding was carried out at 30 days after
sowing. First spray of Triazophos was done (@ 1.2 l/ha at the
time of incidence of insect pests and second spray at in 20
days interval of first spray. The crop was harvested in the
first week of November.

RESULTS AND DISCUSSION

Growth attributes
Application of 75% NPK + 5 t FYM + rhizobium + PSB
(20 g/kg seed) significantly increased plant height,

leaves/plant, branches/plant and dry matter (g/plant)
compared with farmers practices and 100% NPK applied
alone. 100% NPK + rhizobium + PSB and 75% NPK +FYM
+ rhizobium + PSB proved equal for all these growth
characters. Biological N fixation by rhizobium, greater
release of P by PSB {Dubey, 1997) and synthesis of growth
promoting hormones and vitamins by these microbes (Baskar
et al, 2000) might have favoured the plant growth
characters. Application of 100% NPK alone increased plant
height, leaves/plant, branches/plant and dry matter {g/plant)
production by §.92, 11.51, 28.00 and 22.83%, respectively
compared with the farmers praclices. The crop responded
well to recommended dose of fertilizer due to low status of
available plant nutrients of the initial soils (Table 1).

Table | Growth and yield parameters of soybean under different treatments (Average of three years)

Treatrent Plant height L.ea\fes Brgnches Drymatter ‘Puds F?rain lUQO seed Slmw’ yield
{cm) ‘plant  iplant {g/planty  plant _ ‘plant  weight (g) (kg/ha)
Farmers practices (9:23:0 NPK kg/ha) 56.0 19.1 2.5 16.2 252 64.2 116.4 1319
1006% NPK (20:60:20) 61.0 21.3 3.2 19.9 3640 71.2 131.0 2011
100% NPK + Rhizobium + PSB (@ 20 g'kg secd) 64.2 242 38 24.6 434 79.0 140.0 2644
75% NPK + FYM (@ 5 t/ha + Rhizobium + PSB 66.4 261 39 26.1 46.2 82.0 142.5 2876
SEmt 0.9 0.7 0.1 0.5 2.8 2.1 31 186
CD (P=0.05) 2.7 1.9 0.5 1.6 5.2 6.2 9.3 558

Table 2 Seed yicld of soybean (kg/ha). cost of production (T/ha), net return (Z¢ha), B:C ratio as affected by different treatments

Yield (kg/ha)

Average of three years

Treatment

2004 2005 2006 Mecan ___ Cost of production (Z'ha}  Net return (¥ha) B:C Ratio

Farmers practices 916 766 856 BdH 8741 3949 1.45
(9:23:0 NPK kg/ha)
100% NPK (20:60:20) 1410 1180 1277 1289 9799 9536 1.97
100% NPK + Rhizobium + PSB @ 20 g ky seed 2896 1330 1693 1740 10216 15886 253
75% NPK + FYM (@ 5 t/ha + Rhizobium + PSB 2062 1488 1843 1798 9867 17103 273
SEm+ 133 32 46 70 - -
CD (P=0.05) 397 99 _ 136 212 -
Yield attributes Seed yield

Yield attributes like pods/plant. grains/plant, 1000 seed The seed yield of soybean was significantly increased by
weight and straw yield of soybean was also significantly 100% NPK alone, 100% NPK + rhizobium + PSB (@ 20
increased by the 100% NPK alone, 100% NPK + rhizobium g/kg seed) inoculation and 75% NPK + FYM + rhizobium
+ PSB and 75% NPK + FYM =+ rhizobium + PSB over the + PSB treatments over the farmers practices (local check)
farmers practices. Biofertilizers inoculation combined with during all the 3 years as well as average yield data {Table 2).
100% NPK and 75% NPK + FYM also improved all these The mean maximum and significantly higher seed yield
yield attributing character significantly compared to 100% (1798 Kg/ha) of soybean was observed due to application of
NPK alone. Hlowever. these treatments did not difter TR NPK with S t'ha FYM ~rhizohium - PSB (4 20 obe
signiftcantly (Table 1). The benetit of biofertilizers might be seed), which was 112,52% higher than farmers practices
ascribed to N addition through biological N fixation by (9:23:0 NPK kg/ha) and 39.48% higher application of 100%
rhizobium, activation of amino acids for synthesis of NPK alone. However, thistreatment was closely followed by
carbohydrates and P solubilization by PSB. Co-inoculation application of 100% NPK + rhizobium + PSB inoculation.
of biofertilizers produced heavier seeds, which might be Thus there is saving 25% chemical fertilizer through FYM,
accorded to the better translocation of photosynthetic rhizobium and PSB. The application of 100% NPK with
{Kumarawat et al., 1997). rhizobium + PSB (@ 20 g/kg secd was significantly increased
J Oilseeds Res., 28(2) : 112-114, December, 2011 113
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seed yield by 34.98% compared with application of 100%
NPK alone. Application of 100% NPK alone increased the
seed yield by 52.36% compared with the farmers practices.
The increase in yield was due to increase in growth and yield
attributes (Govindan and Thirumurugan, 2005).

Economics
The inputs and outputs prices of commiodities prevailed

during each year of trials were taken from calculating cost ot
cultivation, net return aind benefit: cost ratio {Table 2}. 75%
NPK + 5 tha FYM + inoculation with rhizobium + PSB (20
g/kg seed) gave highest net return (X17103/ha) and benefit;
cost ratio (1:2.73) over other treatments followed by 100%
NPK in combination with rhizobium and PSB (Z.15886/ha;
1:2.55). The application of 100% NPK alonc also gave
higher net return (T 9536/ha) and benefit ratio (1:1.97} than
farmers practices (3 3949/ha). 1t can be inferred that
application of 100% NPK dose of inorganic fertilizer along
with biofertilizers proved to be more remunerative than
100% NPK alone. Thus, 75% NPK with 5 t/ha FYM +
rhizobium + PSB may successfully be used as low cost input
technology to raise the yield of rainfed soybean. The results
are in agreement with finding of Pannase ef af. (2001).

1t was concluded that reduction in dose of NPK to 75%
from recommended dose and supplemented with 5 tthaFYM

‘]. .
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+rhizobium + PSB (@ 20 g/kg seed can give more seed yield
and monetary returns than the recommended dose of
fertilizer.
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Bio-economic feasibility of soybean (Glycine max) intercropped with urdbean
(Vigna mungo) and maize (Zea mays) under various row proportions in rainfed
situations of south-eastern Rajasthan
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ABSTRACT

A field cxperiment was conducted at Agricultural Rescarch Sub-Station, Aklera. Rajasthan during the rainy
seasons of 2008 and 2009 to evaluate best component crop with suitable row proportion for obtaining maximum
productivity of soybean (Glveine max L.) based intercropping system under rainfed situstions of south-eastern
Rajasthan. Both component craps {urdbean and maize) intercropped with soybean enhanced the soybean equivalent
yield compared to sole soybean. Soybean intercropped with maize in 4:1 row ratio gave significant higher soybean
equivalent yield (19.31 g/ha), net retumn {3 1846/ha) and B: C ratio (2.99) followed by soybean + maize (3:1 row
ratio) over soybean + maize in 1:1 or 2:1 row ratio and soybean + urdbean (1:1, 2:1, 3:1, 4:1). Among the component
crops. urdbean suffered maximum loss to the tune of 58.2-79.4 % irrespective of row ratio and maize was suffered
minimum 39.0-58.9% over their sole crops. Maximum monetary advantage index (7081) based on LER was
recorded under soybean + maize in 4:1 row ratio followed by and next was soybean + maize in 3:1 (5604) over rest

of the ratios.

Keywords: Competition function, Economics, Intercropping, Maize, Row ratio, Soybean, Urdbean

South-gastern part of Rajasthan is a bowl of soybecan
(Glveine max L.) production under rainfed conditions and
mostly rainfall received during the month of July and August.
Of late, terminal heat at the time of crop maturity in the
month of September drastically reduced the sole crop
productivity. To achieve stable crop production and to
provide insurance mechanism against aberrant weather
situations and to mitigate abiotic stress during peak period
under rainfed agriculture, intercropping is one of the best
agronomical options to minimize risk lead to farmer's profit
and subsistence oriented, encrgy-efficient and sustainable
ventwe (Faroda ¢t al., 2007). Intercropping involves
component crops having different growth pattern for
extended use of resources like nutrients, water and solar
radiation allowing the base crop (soybean) to feed at top
layers of the soil. Moreover, spatal arranpement and plant
population in an intercropping have important effect on the
balance of between component crops and their productivity
{Sarkar and Pal. 2004). Urdbcan may be probable ideal crop
for intercropping with soybean owing 1o its early maturity,
tolerance to shade and drought and less competitiveness for
soil moisture and sunlight whereas. maize is an efficient light
utilizer of plant nutrients. moisture, selar radiation and
trapping of insects ultimatcly enhanced productivity of land,
nutrient and water under moisture starved condition.

Keeping this in view, the present investigation was
planned to evaluate best component crop and row proportion
for obtaining potential productivity of soybean based

| . . .
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intercropping system under south-eastern Rajasthan.
MATERIALS AND METHODS

A field cxperiment was conducted at Agricultural
Research Sub Station, Aklera, Jhalawar during the rainy
seasons of 2008 and 2009. The soil of the experimental field
was clay loam in texture, slightly alkaline in reaction (pH
7.5), medium in organic carbon (6.6 g/kg). low in available
phosphorus (21.4 kg/a} and high in available potassium
(305 kg/ha). The experiment consisting of eleven treatments
had 3 sole craps, viz., soybean (Glveine max), urdbean
(Viena mungo) and maize (Zeq mays) and eight
intercropping systems of soybean with urdbean and maiz¢ in
different row ratios of 1:1, 2:1. 3:1 and 4:1. The experiment
laid out in randomized block design with three replications.
The rows of component crops {urdbcan and maize) were
adjusted to different row ratio of intercropping whereas, sole
crops of sovbean and urdbean were sown 30 cm and maize
at 60 cm apart. Crops were sown July 18 and 20 in both the
vears of experimentation. The cultivars used in the study
were IS 93-03" (sovbhean). Y (urdheany and 'PEHM-2'
(maize). The total rainfall received during crop period wat
459 and 380 mm in 2008 and 2009, respectively
Recommended package of practices for rainfed situation!
was followed to grow the crop and fertilized 20 kg nitroget
and 40 kg phosphorus/ha to soybean and urdbean and 40 kg
N and 15 kg P to maize, respectively. In intercropping, the
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crops received the fertilizers on the basis of proportionate
area sown under each crop. Full recommended doses of P
and N to soybean and urdbean and half N to maize were
applied as basal in sole as well as intercroppmg system,
Remaining half dosc of nitrogen to maize was top dressed in
the form of urea prior to tasscling stage on a rainy day.
Urdbean and maize were harvested in the sccond week of
October, while soybean was harvested in the fourth weck of
October during both the years. The various competition
functions like land-equivalent ratio {L.ER}, competitive ratio
(CR), relative crowding co-efficient (RCC), aggressivity and
monetary advantage index (MAI) were computed as
suggested by Patra ef al. (1999) and Arca-time equivalent
ratio (ATER) was calculated by formulae as proposed by
Heibsch (1978). Soybean-cquivalent yield was worked out
by converting the yields of intercrops to the sole yield of
soybean un the basis of prevailing market price of cach crop.
Production efficlency values were obtained by
soybean-equivalent yield of system divided by yield of sole
soybean crop multiplied by 100. The economics of diffcrent
crops and crop combinations were computed on the basis of
prevailing market rates of agro-inputs and produce, The
results of both the years were showed similar trends hencee,
pooling of 2 years data were done and results were inferred.

RESULTS AND DISCUSSION

Productivity of main crop: Sole crop of soybean always
showed higher yield attributes over inercropped soybean
{Table 1), Pods/plant, secds/pod and 1000 seed weight of
soybean decreased significantly in intercropping system,
depending on naturc of intercrops and their spatial
arrangement, but being on par with soybean + maize
association in 4:1 row proportion with sole soybean owing
better utilization of scil moisture from deeper layers and
solar radiation compared to other row arrangements.
Maximum reduction in yield attributcs were recorded in
soybean intercropped with either urdbean or maize in 1:1
row proportion due to more shading and intra-competition
for resources in component crops with soybean, Seed yield
of soybean significantly reduced in intercropping systems
compared with sole soybean duc to competition effect except
with soybean + urdbean in 4:1 row ratio (Table 1). The
average reduction in seed yicld of soybean varied from 10.5
10 53.4%, depending on nature of intercrops and planting
pattern. In general. the vield reduction in the intercropping
pattern tor soybean crop with urdbean was relatively lower
compared to maize. Yield reduction of main crop with both
the intercraps was maximum (44.6 and $3.4%) in 111 row
rato and minimum (10.5 and 21.2%) in 4:1 row ratio,
respectively with urdbean and maize intercrops. Similarly.
?3325:/311(.1 Bandyopgdh){ay (2006) atso rgported iha.[ 12.5.t0
me;iz/e 0 CCIFI reduction in gmundr}ut by ‘1'mercr(‘>ppm'g with

as due to the depressing effect of maize on
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groundnut. I[ntercropping system of soybean with either
urdbean or maize in 4:1 row proportion reccorded higher seed
yield of sovbean compared to preceding row proportions
(1:1, 2:1, 3:1) on account of improvement in yield atiributes
of sovbean due to lesser number of intercrop rows and more
space occupicd by soybean.

Productivity of intercrops: Sole urdbean recorded higher
vield attributes and seed yield over the intercropped urdbean
while, reverse trend was found in yield attributes of maize
where intercropped maize recorded higher yield attributing
characters as compared o the sole maize. Maize yield in
intercropping system was found lesser due to their lower
plant populations compared to the sole maize (Table ().
Magnitude of decrease or increase in yield and yield
attributes of urdbean and maize due to intercropping with
soybean varied with plant population and spatial arrangement
of component species. Maximum reduction in yield atributes
and yicld of urdbean was recorded under 4:1 row proportion
due to intense competition effect because of greater
population pressure of soybean on lesscr population of
urdbean  however, M intercropped maize maximuim
reduction in yield attributes and yield of were under 1:1 and
4:1 row proportion, respectively. On the other hand. urdbean
suffered maximum loss (58.2-79.4%) and maize suffered
minimum  {39.0-58.9%) 1n association with soybean
compared 1o their respective sole crops irrespective of row
ratios. Maximum yicld loss with urdbean might be due to
reduction in plant population in intercropping, spatial and
temporal competition for growth factors for a prelonged
period and their susceptibility to shading effect. Minimum
loss with maize might be due to its elastic response to change
in plant populatien, less light competition effect, staggering
of peak demands for growth factors and earty maturing of
maize (Padhi and Panigrahi, 2006). The intercrop yield
reduction under 4:1 row ratio was owing to the lesser plant
population of the intercrop component compared to the main
Crop per unit area.

Total productivity and production efficiency: All the
mtercropping system showed superiority to sole soybean in
terms of soyhean cquivalent yield. except 111 or 2:1 row
ratios with urdbean and [:1 row ratio with maize in
intercropping irrespective of intercrops (Table 2). Soybean
intercropped with maize in 4: [ tow ratio gave significantly
higher sovhean cquivalent vield (19,3 g'ha) ever sovbhean
miaize row rutio of L1 or 2: 1 and soybean + urdbean 111, 2:1,
3:1. 4.1 intercropping system to the tune of 10.6% over sole
soybean but remained statistically on par with soybean +
maize in 3:1 row ratio (18.47 g/ha). The additional yield
advantage due to intercropping might be due to cfficient
utilization of resources, less competition between component
crop speeics and also the higher economic value of imtercrop
may be accredited to higher total productivity under
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intercropping systems (Sheoran ¢t al.. 2010). Soybean
intercropped with urdbean in 1:1 or 2:1 and maize in 1:1
produced lower soybean equivalent yields compared to sole
soybcan and other row ratios might be owing to more
mter-specific competition of component crops, resulted
reduced soybean yield.

Intercropping systems were more efficient than their
respective sole crops of the components except soybean +
urdbean (1:1 or 2:1 row ratio) and soybean + maize (1:1 row
ratio) intercropping systems and in rest of the intercropping

systems, production efficiency ranged from 1.18 to 10.67 %
over the sole maize (Table 2). Among the intercropping
systems, soybean + maize in 4:1 row ratio seemed to be more
productive, followed by soybean + maize in 3:1 row ratio
recording 10.67 and 5.83 % higher production over the sole
maize, respectively. However, soybean + urdbean (1:1),
soybean + maize (1:1) and soybean + urdbean (2:1) row
combinations were less productive by recording 15.88, 5.99
and 3.42% lower production compared to the sole maize,
respectively,

Table | Yield components and yield of sole and intercrops as influcnced by intercropping system (pooled data of 2 years)

Soybean Intercrop {Urdbean/maize)
Treatment 5 ¢ i 5 Secds 1000 seed or grat in yi
Podsiplant  Seedsipod (IR S ot gmainpedarcoh  weght ey (e

Sole cropping ’
Soybean 86.6 3.2 116.3 17.45 - - - -
Urdbean - - - - 58.7 7.6 399 8.74
Maive - - - - L.1é 173.1 218.2 3321
Intercropping
Saybean : urdbean
103 60.7 2.0 86.0 8.66 536 K 71 3P0 308
2:1 63.6 22 90.3 13.24 50.1 69 38.2 2.65
3:1 73.2 2.0 100.3 14.52 44.4 6.2 : 37.1 2.30
4:1 76.2 2.7 105.3 15.61 40,2 58 36.8 1.80
Soybean : maize
1:1 . 62.7 2.1 ) 88.0 8.12 1.20 177.3 221.4 20.25
2:1 66.6 2.3 927 10,81 ° 1.24 182.8 2231 17.21
3.0 T 27 103.0 12.27 .36 195.5 229.5 15.15
4:1 84.7 31 114.1 13.74 1.40 202.7 2322 13.62
CD (P=0.05) 8.14 0.37 8.68 1.94 - - - -

Table 2 Soybean-equivalent yield, production ¢fficiency and economics of soybean intercropped with urdbean and maize (pooled data of 2 yearé)
Treatment Soybean- (C;;.;]i:)ﬂlem yield Producti?;jfﬁciency N?;rfllt;l;n E{f_o
Sole cropping
Soybean 17.45 100.00 27890 2.66
Urdbean 11,92 68.30 17820 212
Maize 13.59 77.86 20689 2.25
Intercropping
Sovbean : urdbean
1:1 14.68 84.12 22742 2.38
2:) 1685 9658 27228 276
3 17.66 101.18 28660 2.82
4:1 18.06 103.52 29552 2.90
Sovhean | maize
121 16,4} 9401 26439 274
2:1 ] 17.85 102.29 28905 2.79
301 ' 18.47 105.83 29954 281
4:1 19.31 110.67 . 31846 2,99
CD (P=0.05) 1.12 - 1945 (H16

Prevatling market price of soybean, urdbean and maize @ T 22.0, 30.0 and 9.0/kg. respectively
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Biological feasibility: Land equivalent ratio (LER ) of all the
intercropping systems except soybean + urdbean in I;1 row
ratio were  greater than unity indicating higher land
utilization efficiency and advantage over the respective
monocultures (Table 3). Intercropping system of soybean
with maize in 4:1 row proportion showed the maximam
hiological efficiency (1.20) of the system, foilowed by LER
of 1.16 in case of soybean + maize in 3:1 row proportion.
reflecting their superiority among all the intercropping
systems. This yield advantage owing Lo intereropping might
e attributed to combined effect of better utilization of
natural resources than scle cropping of companion crops,
resulting in higher productivity per unitarea. The association
of soybean with urdbean in 1:1 row ratio gave lower LER
(0.97). indicating inefficient system. Soybean proved to be
the dominant ratio (CR) co-efficient than the associated
urdbean in all the intercropping systems, irrespective of row
ratios while, the companion crop maize appeared more
competitive than soybean giving higher values for
competitive ratio in all the row proportions (Table 3).

The relative crowding co-efficient indicated that it was
advantageous and biologically sustainable to grow maize as

intercrop with soybean in 4:1 row ratio under rainfed
conditions, which was further established by the product of
crowding co-efficient K (Table 3), may be due to mutual
co-operation. When the values of ATER was considered to
assess the yield advantages due to intercropping, it was
found that all the tntercropping system except that of
soybean + urdbean in {:1 or 2:] row ratio and soybean +
maize in 1:1 row proportion showed ATER values greater
than unmity indicating better land utilization efficiency under
these systems. Highest arca time equivalent (1.14) was
recorded for soybean intercropping with maize in 4:1 row
ratio, indicating a more efficient use of area-time by
intercrop over other systems. Similarly, efficientuses of area
and time by intercrop have also been reported by Datta and
Bandyopadhyay (2006) in groundnut + maize in 4:2 row
ratios. The aggressivity of soybean was positive in all the
intercropping systems, but was negative in urdbean and
maize components except soybean + maize in 4:1 row ratio
where, it was negative trends in soybean and found positive
in maize (Tablc 3). Aggressivity values of intercropping
were greater than zero, indicating yield advantage over sole

cropping.

Table 3 Compctition function and monctary advantages of soybean intercropped with urdbean and maize {pooled data of 2 years)

Relative crowding co-  Products of

Aggressivity

Land- Compelitive ratio - . Areca-time Monetary
. . . efficient relative .
Treatment 2quivalent ratio rowding co cguivalent advantage
LI - - .
(LER) CR s (R i Ks Ki Ct'ﬂcigni ratio (ATER)  As Aj ndex
Intercropping
Soybean : urdbean
11 0.97 1.3 0.76 1.24 0.73 0.90 0.89 .07 .07 -999
2:1 1.06 1.25 0.81 1.57 0.88 1.3¢ 1.00 0.41 -0.41 2099
ERD 1.0 1.04 0.95 1.64 1.07 1.75 1.04 0.56 .36 3531
4:1 1.10 1.09 0.92 2.12 1.04 : 2.20 1.06 (.67 -0.67 3613
Sovbean : maize
1ot 1.08 0.76 1.31 0.87 1.56 1.36 0.98 -0.07 0.07 2673
2:1 ) 1.14 0.60 1.70 0.81 2,18 1.78 1.06 0.24 -0.24 4823
3 I.ls 0.51 1.95 0.78 2.52 1.97 1.09 0.41 -0.41 5604
4:1 1.20 0.48 2.08 (.93 2.78 2.57 1.14 0.55 -(0.35 7081

- R;ﬂ”d CRi |, Competitive ratio of soybean on intercrops and of intercrops an soybean respectively; Ks and Ki . crowding coefficient of soybean on intercrops and of tntercrops on
soybe, ively: | aporessivire of ; ] i
ybean respectively; As and Al . aggressivity of soybean on intercrops and of intercrops on soybean respectively

Economic viability: Intercropping of soybean + urdbean
(3:1 or 4:1) and soybean + maize (2:1, 3:1 or 4:1) row
proportions gave hj gher net return over sole soybean (Table
2). SfJYbean intercropped with maize in 4:1 row ratio fetched
Mmaximum and significantly higher net return (¥ 31846/ha)
;m(.i B:Crauo (2.99) over soybean - maize in preceding row
ratios of 1:1 or 2:1 and soybean + urdbean (14, 2.1, 3.1,
4:1) as well as sole crops. The next best intercropping
System were soybean + maize in 3:1 row ratio (T 29954/ha
33‘; 281} and soybean + urdbean in 4:1 row ratio <

S2/ha and 2.90), respectively mainly owing to higher

J. Oilseeds Res., 28(2) : 115-119. December. 201 1

economic production in these system. The monetary
advantage index based on LER indicated superior cconomic
viability of soybean + maize intercropping in 4:1 row ratio
by rccording highest monetary advantage followed by
sovbean + maize intercropping in 3:1 row ratio due to higher
land equivalent ratio and values ol combined produce n
intercrops (Table 3).  Hence, it was concluded that
intereropping of soybean with maize in 4:1 row ratio is
biologically and economically sustainable intercropping
system for rainfed situations of south eastern Rajasthan.
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ABSTRACT

A field experiment was conducted during summer season of_2004 and 2005 at agricyltural farm, Palli Siksha
Bhavana, Visva-Bharati an sandy loam soil to study the effect of !n_{egrarcd nutrient management practices through
orgahic and mineral sources of plant nutl_”iems on gl‘O\Vth‘\pr()dUCTl\«'l.ty and.eco.n_omlcs {?fsesame (Sesymum ,.‘,,d,,'(:m”
L.}. The use of different organic and mineral sources of plant nutrients mgmi.lcamly influenced the growth, yield
attributes and yield as well as economics in sesame cultivation. Application of FY M showed higher growth and yield
attributes, seed yield as well as gross and net returns, and return per rupee investment in sesame, This was at par with
mustard cake application. Among the various levels of NPK fertilizers. apptication of 100%;, NPK fertilizers had the
highest growth, yield attributes and yield of sesame, though this was at par with 75% NPK fertilizers. Gross returns
and net returns in sesame were significantly higher in 100% NPK fertilizers than 75% NPK yse but return per rupee
investment in sesame was similar in both of the treatments. The combined use 0f FYM (g; [0 t/ha or mustard cake
f 1.0 thaalong with 75% recommended dose of NPK fertilizers was an efficient and cconomic in achieving higher

yield of summer sesame.

Kev words: Economics, Farm yard manure, Integrated nutrient management, Mustard and Seed yicld

Edible oil demand is expected to grow by 3-4% over the
next five to ten years which 1s estimated to be an additional
requirement of 0.3 to 0.4 m.t. per annum reaching a total of
14.4and 18.3 m.t. by the end of 2010 and 2015, respectively
(Hegde, 2003). Sesame (Sesamum indicum L.), the second
most important oilseed crop in West Bengal, is cultivated
mamly during sunmer owing to occasional rains and higher
yield potential than rainy season ctop. To improve upon the
productivity on a sustainable basis. integrated nutrient
managemem approach needs to be cimphasized where
combined use of organic, chemical and biological sources of
plant nutrients are used in a judicious and efficient mannet.
E;;ﬁﬁ;:l; ﬁin vic‘\y, the present .srudy was undertaken to

ectof integrated nutrient management through

organi : iy .
. game and chemical fertilizers on growth, productivity and
conomics of summer sesame.

MATERIALS AND METHODS

The exper
Xperiment was conducted at Agricultural Farm,

Institute ; .
Hengg! d:rf' Agricultare, Visva-Bharati, Sriniketan. West
< Mg summer season of 2004 and 2003 o sandy

BEGHIEEN . X K
carbgﬁl(‘;)ll;;g/h) "l‘%h}iy acullic in reaction, low in organic
125 Kg/ha) an((jJ ) ava'l?ble itrogen (110 kgrha), phosphorus
laid ou | Potasswm (140 kgiha), The experiment was
block design consisting of 12
ng three levels of organic
ure, farm yard manure (FYM)
@ 1.0 thaj and four levels of

Sources |-
P mz = N0 Organic man
: 4 and mustarq cqke

. Oilsepg,
edy Ré"\'.. 28(2) . 120-122\ Deccmber, 20] ]
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mincral fertilizers [(viz., no NPK, 50% recommended dose
of NPK (25:12.5:12.5), 75% recommended dose of’ NPK
{37.5:18.75: 18.75) and 100% recommended dosc of NPK
{50:25:25)]) with each treatment replicated thrice. Farm yard
manure and mustard cake were applied and incorporated into
the soil four weeks before sowing of the crop. Half of the
lotal nitrogen (urea) and full quantity of P.(; (SSP) and K,O
{MOP) were applied and mixed into the soil before sowing
as per treatment and rest half of nitrogen was top dressed
after first irrigation at 30 days after sowing. Sesame variety,
‘Tilottama’ was sown on March 20 and March 16 and was
harvested on June 12 and June 14 during summer season of
2004 and 2005, respectively. The crop was grown following
the recommended package of practices. The experimental
data were analysed by using the standard statistical methods.
The total rainfall received during the crop growing season
{March to Junc) was 238.0 and 197.7 mm in 2004 and 2005,
respectively.

RESULTS AND DISCUSSION

Growth attributes: Application of  different organic
manures as well as various levels ot NPK fertilizers
significantly influenced the growth atiributes (viz.. plant
height. number of branches/plant, leaf area index and
drymatter accumulation) of summer sesame as evidenced
from pooled data analyzed over two years of field
experiments (Tabie 1). Farm yard manure performed better
than mustard cake application in sesame. Organic and
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mineral sources of plant nutrients interacted significantly
towards growth attributes of sesame. The highest plant
hetght, number of branches/plant, leaf area index and
drymarter accumulation of scsame was found in FYM
application. This was significantly higher than mustard cake
use in respect of plant height, leaf arca index and drymatter
accumulation. All the growth attributes of sesame increased
with the increasing levels of NPK fertilizers. Similar findings
were also reported by Mondal ef af. (1997). Application of
100% NPK fertilizers showed significantly higher values of
growthattributes in sesamc except number of branches/plant.

Yield attributes and yield: A significant response was
found from application of different organic and chemical
sources of plant nutrients on yield attributes and vield of
sesame (Table 1). Between the two organic sources, use of
FYM was superior to mustard cake application in achieving
higher yield attribuies and yield of sesame. Singh ef ol
(19901 confirmed the superiority of combined eftect of urea
+ FYM over urea + mustard cake application in achieving
higher yield of sesame. The use of FYM (@ 10 t'ha produced

sceds/capsule. test weight, seed vield and stick yield of
sesarre though this was at par with mustard cake application,
Increasing levels of NPK fertilizers increased the yield
components and vield of sesame. Mitra and Pal (1999} and
Ahamed et ¢/, {2001) have reported similar findings. Though
the application of 100% NPK fertilizers was superior to 75%
NPK fertilizers in respect of yield of sesame, these were at
par with cach other.

Economics: Gross return, net return and return per rupee
investment in sesame were higher in FYM application,
However, this was at par with mustard cake use (Table 2).
Among the different levels of NPK fertilizers, the use of
100% NPK exhibited significantly higher gross return (3
16,993/ha) and net retum (T 6,638/ha) in sesame in
comparison to 75% NPK. These two trcatments were at par
with each other in respect of return per rupee investment.

It could be concluded that application of FYM @ [0 t'ha
or mustard cake @ 1.0 vha along with 75% recommended
dose of NPK fertilizers will be an efficient and econominr
proposition in summer scsame cultivation.

the highest number of capsules/plant, number of
Table 1 Effect of organic sources, NPK fertilizers and their interaction on growth, yield attribures
and yield of summer sesame (paoled duta over two years)
Growth attributes Yield attributes and yield

Treatment Plant height No. of | caf area Drymatter No. of No. of Test  Seed  Stick

at harvest branches/plant index accumulation at | capsules/ seeds;  weight yield  yield

©{cm) at harvest (60 DAS)  harvest (g/m7) plant capsule (g) (t'ha)  (t‘ha)
Organic manure {OM)
No organic manure 108.1 4.6 1.4 1531 46,2 56.9 28 0.6 23
FYM @ 10 tha 1250 6.2 23 2162 533 60.0 EXV 0.9 2.4
Mustard cake {@ | t/ha 1219 6.1 2.0 188.6 50.8 592 3.0 0.8 2.6
SbEm+ 1.2 0.2 0.0 3.5 0.7 0.5 0.0 0.1 0.1
CD (P=0.05} 2.9 0.8 0.1 9.9 2.0 1.7 0.0 0.1 0.1
NPK fertilizers
No NPK 104.8 4.3 1.3 131.5 41.5 563 28 0.3 2.1
50% NPK 112.8 5.3 l.6 171.4 452 56.5 29 0.8 2.4
75% NPK 123.4 6.1 1.9 203.1 52.7 60.5 3.0 0.9 27
100% NPK 1322 6.8 29 REWR 6.9 613 3 0.9 2.3
SEm+ 1.1 0.3 0.0 4.1 0.7 0.7 0.0 0.1 0.1
T 605 AR (1] ul b2l 24 L IR () S
lnteraction (OM x NPK)}
SEmzx 2.0 0.5 0.0 7.1 1.3 1.2 0.0 0.1 0.2
CD (P=0.05) 58 1.6 0.2 NS NS NS 0.0 NS NS
J. Oilseeds Res., 28(2) : 120-122, December, 2011 121
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Table 2 Effect of organic sources. NPK fertilizers and their interaction on economics of summer sesame (pooled data over two years)

Lconemics

ment
Treat Gross return (Trha)y

Cost of cultivation (T'ha)

Net retun (Trha) Return/Rupee investment (3)

Organic manure {OM)

No organic manure 11431 8465

FYM (@ 10 tha 1496] 10181
Mastard cake @ 1 t/ha 14526 10316
SEmE 2745

CD (P=0.05) 805.3

NPK fertilizers

No NPK 8425 RBTRI

50% NPK 13908 9548

75% NPK (5231 G930

100% NPK 16993 10355
SEm#* 317.0

CD (P=0.05) 929.8

Interaction (OM x NPK)

SEm= 549.]

CD (P=0.05) NS

2967 1.3
4742 1.5
4197 1.4
274.5 0.1
805.3 .O.I
-425 0.9
4360 1.5
5361 1.5
6638 L7
317.0 0.1
929.8 0.2
349 1 03
NS NS

Note: Urea = T 5.5/kg; SSP =T 4.5/kg, MOP = T 5.0/kg; Wage of labour = T 50/8 working hours; FYM =T 3/kg; Mustard cake = T 8/ky; Seed = T 45/kg;

Selling price of seed = ¥ 16/kg and Stick =T (.20/kg
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Efficacy of indigenous plant products agatnst mustard aphid, Lipaphis erysimi
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ABSTRACT

The studies on efficaty of indigenous plant products against Lipaphis ervsimi and Brevicorne brassicae were
conducted at Malan, CSK.HPKYV, Palampur, Himachal Pradesh. It was obscrved thatapplication of Prerospermuant
acrifolium (water fraction) was as effective as neem for the management of L. ervsimi and B. brassicae on mustard

crop.

Keywords: Cabbage aphid. Indigenous plant products, Mustard aphid

The naturally occurring, biologically active plants appear
to have a prominent role for the develepment of future
commercial pesticides  not only for the increased
productivity but for the safety of the environment and public
health,  Earlier, pyrathrins, rotenone, nicotine, lantana,
ageratum, senhund. aloe and Jatropha species were found
cffective against pests and also safer to mammals and higher
animals (Pandey ¢r af,, 1977). In view of these, use of
insecticides of plant origin is desirable, Plant extracts having
the insecticidal properties are being explored as an
alternative to chemical insecticides for protecting the crops
due to growing awareness of harmful effects of pesticides.
Hence, the present study was conducted to screen some
indigenous plant products to cxplore the alternative
management of plant sucking pests, the mustard aphid,

MATERIALS AND METHODS

Fifty gram of dried leaves of plant sample was taken in
the boiling round bottom flask and extracted with methanol
{400 ml). Extraction was done in rolary vacuum at the temp.
40°C (Temperature is changed according to the solvent
used). Plant sample was then filtered. Filterate was distilled
at the same temperature in rotary vacuum. Excess of solvent
was removed with rotary vacuum and the remaining solvent
is removed with the lypholizer (Freeze dryer). Finally the
extract of plant sample was collected in culture wibes. Field
irials were conducted at ilseeds Research Staton, Kangra
and Rice and Wheat Rescarch Centre, Malan of CSK
Himachal Pradesh Krishi Visvavidyalaya, Palampur during
the winter season of 2007 to 2008 and 2009 to test efficacy
of different indigenous plant extracts against mustard aphid,
Lipaphis erysimi and Brevicoryne brassicae on mustard,
respectively, The experiments were laid out in randomized
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block design. The plot size was 2.4 m x 3 m. Eight
treatments viz., Cricus wallichi (EtoAc fraction), Agave
americana (EloAc fraction), Prerospermuam acrifolivm
(EtoAc) fraction) and (water fraction), Melia azedarach
{mother extract in methanol). Jutropha seeds {mother extract
in methanol), Neem based product, Achook (Godrej
@2.5mi/l) and untreated check were evaluated against
mustard aphid, Lipaphis ervsimi { Kalt) at Qilseeds
Rescarch Station, Kangra and cabbage aphid, Brevicorne
brassicae Linnaeus at Rice and Wheat Research Centre,
Malan. For recording the population of aphids, 10
plants/treatment were selected randomly and tagged. The
number of nymphs and adults/plant was recorded on 7 days
and 15 days after application.

RESULTS AND DISCUSSION

On the basis of pooled data (2007-08 and 2008) at
Kangra, the treatment with neem showed  minimum
incidence of mustard aphid and found at par with the other
treatment such as . walfichi. £, acrifolium (water traction)
and M. azedarach (Table 1). The treatment  with P.
acrifolium (water fraction) also provided maximum yield
(18.2 g/ha) and at par with C. wallichi, A, americana, M.
azedarach and neem against mustard aphud (Table 1), while
P. acrifoliin {(water fraction) showed superiority in yield
over other treatments and and found at par with neem in he
rial condueted. at Malan {Table 2). Hence, P. acrifolivm
{water fraction) followed by neem were recommended for
the control of mustard aphid and cabbage aphid. Agarwal et
al. (2005) and Bhathal and Singh {1994} also reported that
efficacy of plant products against cabbage aphid. Singh
(2007) reported that oxydemeton methyl and neem lcaf
extract were effective against mustard aphid. Singh and Arva
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(2004) reported 100% mortality of both nymphs and adults
of mustard aphid with 4% concentration of neem extract afer
79 hr of treatment. Gaurav Kumar et al. {2010) reported per
cent reduction of Brevicornyne brassicae population by

neem leaf’ extract (@) 5% (75.96). Lantana leaf extract () 5%
(75.96), Calotrophis leaf extract i@ 5% (69.08), Parthenium
leaf cxtract (@ 5% (52.78) and tulsi leaf extract @ 5%
(44.80) after one day of application.

Tabie | Efficacy of different plant products against Lipaphis ervsimi (Kalt.)

Aphid (L. ervsimi) 10 om shoot after 15 days of treatment

Yield (g'ha)

Treatment 2007-08 2008-09 Paoled 2007-08  2008-09 Pooled
Cniens wallichi (EtoAc fraction) gl 137.3(4.83) 172.00(4.81) 154.66(4.82) 16.90 17.08 15.4%
Agave americana (EtoAc ftaction) g/l 246.3(547) 129.66(4.82) 188.00(5.15) 11.81 17.87 14.14
Prerospermuam acrijolium (EtoAc) fraction) lagit 347.6(5.84) 115.66(4.72) 231.66(5.28) $.02 2102 15.23
Prerospermuam acrifolinm (Water) fraction) lg/'l 398.66(5.95) 25.66(3.18) 212.16(4.57) 11.57 26.08 18.22
Melia azedaruch (mother extract in methanol)  1g/1 207.66(5.27) 126.33(5.05) 167.00¢(5.04) 11.81 17.84 14.24
Jatropha seeds (Mather extracts) lg/l  192.66(5.200  159.33(5.03) 176.005.13) 8.36 16.89 13.42
Neem (Achook) 25mlil 252.66 (5.49) 42.66 (3.53) 147.66 (4.51) 9.72 23.50 16.38
Untreated control 113.66 (573)  299.66 (5.69) 8.33 7.62 8.90

CD (P=0.05) 0.67 0.88 1,79 7.83 4.06

Figures in parentheses are transformed values

Table 2 Efficacy of different plant products against Brevicorvne brussicae Linnaeus

Treatment Dose Aphid/10cm shoot (7 DAS) Aphid/10cm shoot (15 DAS) Yield (g/ha)
Cricus wallichi (EtoAc fraction) lg/'l 177.00(5.11) 237.00(5.00 11.19
Agave mericana {water fraction) lg/l 216.66(5.35) 500.33(5.96) 10.34
Prerospermuam acrifolivm {EtoAc) fraction) g/ 1 116.33(4.67) 292.000(5.63) 12.14
Prerospermuanm acrifoliim {Water) fraction) lg/ | £9.00(4.37) 154.00¢5.02) 20.27
Melia azedarach (mother extract in methanol) g/l 197.66(5.25) 405.33(5.63) 11.41
Dodonea viscose (EtoAc fraction) 1gil 231.00(5.42) 209.33(5.24} 10,47
Neem Achook 25mll 67.66(4.20) 188.66(5.14) 17.41
Contrel 35233574 802.00(6.61) 7.25
CO{P0.05} 0.73 (94 6.72

Figures in parentheses are transformed values
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Madhya Pradesh : A critique

B U DUPARE’, S D BILLORE, O P JOSHI AND S K VERMA

Directorate of Soybean Rescarch, Khandwa Road, Indore-452 001, Madhya Pradesh

(Received: Nevember, 20140; Revised: November, 201 I, Accepted: November, 2011}

ABSTRACT

A study was conducted to ascertain farmers' adoption behaviour of improved soybean (Glyeine max L)
production technology in the soya state of Madhya Pradesh. The data were collected using well designed interview
schedule containing psychological scales to measure different attribute. It was observed that farmers, in general, have
medium levels of adoption of different production technologies. It was noticed that none of the tanner fully adopted
the plant protection measure especially application of herbicide and pesticides for control of pest-discase complex.
In some of the practices, an over adoption was observed as the farmers were using more than the guantity
recommended or non-recommended plant protection chemicals coupled with inappropriate concentration of spray
volume, while non-availability of quality seed of improved soybean varieties found a major constraint as experienced
by the majority of the farmers followed by unawareness of technical krow-how of soybean preduction technologies
and non-availability of soil testing facility at local level.

Keywords: Adoption, Constraints, Farmers, Madhya Pradesh, Sovbean, Technology

Soybean {Glveine max 1.) is one of the major rainy
season oilsecd crops grown in Madhya Pradesh. It has
occupied second position with respect to area and production
among the oilseeds and is contributing significantly to the
edible oil requirement of the country. The crop is being
commercially cultivated in the state since last four decades
of its introduction. The research and development (R&D)
system has recommended package of practices (production
technologies) suiting to the local agro-ecological situation
way back during the sixties and since then being updated and
ttansferred to the state department of agriculture for further
dissemination to the ultimate uscrs 1.e., farmers. Tobring out
facts and figures on acceptance, adoption and constraints
therein, a synthesis of research emanated preduction
technology has been brought out in the following text. The
out come may be of immense help for the planners and
extension workers to reorient extension efforts so as to break
the threshold of stagnating national soybean productivity of
one tonne per hectare.

MATERIALS AND METHODS

The present study is confined to the major soybean
producing regions ol Madhya Pradesh, which owes
maximum area (about 4.8 m. ha) under soybean (8.87 m. ha)
in the country. Out of 48 soybean growing districts, 6 of
them located in agro-ccological zones of Malwa platcau
(Indore, Dewas and Ujjain), Satpura hills (Betul), Vindhya

E-mail: budupareigrediffmail.com
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plateau (Hoshangabad and Vidisha) and Narmada valley
{Badwani} were purposively selected on the basis of area
coverage by the crop. The sample size is comprised of 117
farmers selected randomly from these districts. The data were
collected through varied schedule. The adeption behaviour
of a farmer was measured considering 30 practices under 7
major categories like seed-bed preparation, seed ot improved
varieties, sowing techniques, use of manure and fertilizers,
intercultural operations, plant protection, harvesting and
post-harvesting as described by the soybean R&TD system
{Anonymous, 2007). The respondents were evaluated on the
basis of full adoption of a recommended practice which was
assigned a score of 2. A score of | was given to partial
adoption of a recommended practice whereas non-adoption
of a practice was scored as 0. The adoption index score of
each farmer was then worked out using the formula; total
score obtained by the respondent divided by maximum score
that could be obtained multiplicd by 100. The data were
collected throughinterview schedule analyzed using standard
statistical tools like, mean, standard deviation, percentage
and correlation coefficients.

RESULTS AND DISCUSSION

Characteristics of soybean growers vs. adoption of
technology: The survey rcvealed that 12 characters (Table
1} have favoured in motivating farmers belonging to medium
categories for adoption of technologies such as (1) age group,
(it} annual income, (i1i) ecducation level, (iv) socio-cconomic
status, {v) size of land holding, (vi) scientific orientation,
(vil) economlic motivation, {viii) risk orientation, (ix)
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management orientation, and (x) extension participation.
Simitar trend was observed with the ad‘()ption of technology
by medium level category except social part@patmn. The
reason is being low number of farmers in medium category
involved in social participation. Higher number of farmers
{78%0) participating in social cvent reveal higher percentage

of partial adoption of technology. During participation in the
social cvents such as religious or traditional, the farmers do
exchange idcas, feelings about the technologies and impact
on enhanced yields. which make them to adopt convincing
technology only.

Table | Characteristics of soybean growers vs adoption levels of production technology

Adoption levels (Mean, 26,11, 510: 7.3%)

No, of fammers (N=~117)

Charagtetistic HightAbove 3dy g 21 Megium (Between 20-33)n 73 Low (Below 193 n=23
ﬁﬁ;h (above 59) 18 415.3%) 4(2222) SRCNLE 3016.67)
Mediura (12-58} %1 {69 24) B {04 KT 56169.13) - 17 {20.98)
Low (up o 31} I8 (15.38) 6(33.33) | %(44.45) 4(2222)
Mean: 430], SD: 1342 1 001
Annual income
High ( above 1,50.000) 30(25.4%) 17 (56.67) 11 (36.66} 266
Meditum (50.000-1.56,000) 48 §41.02) 1 102.068) 32 (66.67) 15{31.25)
Low (up 10 50,000} 39(33.35) 3(07.6%9) 30 (76.93) 6 (15.38)
Mean, 103794, SD: £0446 r=0.0710
Education
High (5 score) 23¢19.67) 16 (69.57) 9(39,13) 0 {00.00)
Medum { }Score 3-4) 63{53.84) 410634} 41 (65.08) 18 {28 58)
Low (below 2) 31 (26.49) 1(03.22) 24(77.42) 6(19.36)
Mean: 3.40, SD: 1.28 r=-0034
Social paricipation
High (above 4 score) 92(78.64) 20(21.74) 55 (59.78) 17 (18.48)
Medium (2 and 3 score) 8 {6.84) 1{12.50 T(87.50) 0 (0¢.00)
Low (below 1) 17 (14.52) 0 (00.00} 1L {84,700 6(35.30)
Mean; 4.19. SD: 1.76 r 0023 NS
Socio-zcononmic stetus
High (above 29) 20(17.09) 14 (7000 6 (30.00 {0000y
Medivm (22-28 scarey HiGEETY &I07.69) $5020.52; o
Low {below 21} 19 (16.24) 1(05.27 12 (63.1%) 6 (31.5%)
Mean: 25,07, SD: 4.03 r=10.2193*
Land holdings
High 4 (gbove 4 ha) 11{9.40% TO36H 43637y 00000y .
Medium (2.1 ha w 4 ha) 81 {69.23) 13{)6.04) 51 (62.9¢) 17(20.98)
Low 2 {0.1 to 2 ha) 25 (2137 1 (04.00) I8 (72,000 6 (24.00}
Mean: 3.18, SD: 1.07 r 022
Scientific crientation
High {above 27} 34(29.05) 17 ¢50.00) 14441.17 3{08.83)
Medium (22-26) 52 (44.46) 3(05.77y ) 36(69.23 13(25.00)
Low (up to 21} 31 (26.49) 1(03.22) ’ 2471743 6(19.35)
Mean: 24,18, SD: 3.23 r=027*
Ecenemic motivation
High {27 and above) 10 (8.5%) 6 (60.00) 4 (40.00) 0400.00)
Medium {27-26) 80 (68.38) 14 (17.50) 49 {(61.2%) VT (2125
Low {up to 22) 27(23.07) {(03.761 20(24.07) 6{22.2%
Mean: 24 74 SD: 2.40 = -0.14*
Risk orientation
High (above 24) 9 (7.69) 5(55.53) 4 (44.45) 0(00.00)
Medium §20-22 score) 95 {81.19) 16{16.85) 611(65.26) 17(17.8%)
Low (below 19) 1301112} 0 {00.00) T{3384) 6 (46.16)
Mean: 24 20, $D: 2.47 r_-0.138*
Management orieration :
High(above 17 19 (16.25) 13¢68.42} 6(31.5%) 0 {0¢.00)
Medium(14-15) 88 (75.21) 8 (09.09) 63(71.59) 17(19.32)
Low(up 10 1) 10 (8.5 0{00.00} 3 (49.00) & (60.00)
Mean: 14,98 $D: | 53 i P 0235%
Extension contaey
High tabun ¢ 4, A iin T T 1hios sy Sl sy
Medium (2-3 seare) EOTRERES [IRTRIRVIOH 23 T000) 1243t
Low (1 score) _ 41 ¢35.05) 4(09.75) 3117561 6114.64)
Meag: 2 75, SD: 7.03 £ O 3RHO”
E)_(temion participation
High (above 4) 20(17.09) 14 {70.00) T 6300 ) 0 (30,00
E?Slubr: (2-3 score) S5(47.00) 3(015.45) 34 (61.82) 18(32.7%)
Mearf- 21("” | seore) 42 (3591 409,53y 32076.19) G114.28)
;i—gmﬂ._su 200 - - 504+
It parentheses indicate percentage
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Among the farmers with higher annual income {above 1.5
lakh), education (abovec intermediate and above),
socioeconomic status, land holding (above 4 ha). scientific
orientation, economic motivation, risk orientation. hrgher
management orientation, extension contact and extension
participation ensure it possible for them to go for high to
medium adoption technology. Further, it reflects that it is
only cconomically sound fammers do get atention of
extension' machinery operating in the fields and which needs
reorientation. It appears to be logical that apart from reach
of small and marginal farmers to technological
devclopments, their low annual income forbids them to go
for adoption of improved technology 1s one of the major
impediments in enhancing the productivity of soybean. On
account of their lower annual income. their entire attention
is concentrated to meet the needs of the family. Morcover,
these farmers are afraid of adopting monctary technology
with a fear of loosing the possible benetit of inputs used on
accouitt of rainfed cultivation of crop under the uncertainty
of weather conditions.

Their present levels of adoption of improved sovbean
production technology revealed that most of them have low
to medium range of adoption index score indicaling partial
adoption of the technology. The mean adoption index score
observed to be around 26 as against maximum of 60, which
1s exiremely disheartening in spite of exhaustive extension
efforts made by the responstbie agencies in the time span of
four decades of intreduction of commercial cultivation of
soybean.

From the table | it is clear that the adoption of
production technology was with farmers in the medium age
group ranging from 32-58 years, medium mcome group (3
(1.5 to 1.5 lakh), medium education level (primary to high
school), higher social participation group, medium
sociocconomic group, medium land holding (2-4 ha),
medium level of scientific orientation and economic
motivation, medium risk orientation, medium economic
orientation, medium management orientation, high extension
contacl and extension participation. This showed thar for
adoption of technology, capacity building should have a
component of other traits like adequate size of land holding
® = 0.22%), scientific orientation (r=0.27*), management
orientation (r=0.23*}, high extension contacts (r=0.39*) and
high cxtension partictpation (r=0.539**) are important
factors. The combined ctfect of these factors in the present
set of farmers could lead to medium adoption of the
production technology to a large extent. FEconomic
motivation and sk orentaton negatvely impacted the
adoption of technelogy. The possible reason could be the
age old tendency of farmers to get satisfied with what they
get and dominance of fear of failure of crop due to
unceriainty of weather.

Extent of technology adopted by the farmers: Of the 30
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improved practices grouped in seven categories brought out
interesting information on the level of adoption (Table 2), At
seed bed preparation level, it is obvious that farmers are over
cnthusiastic and 83% farmers go for deep ploughing every
year rather than once in three years. This leaves a scape 1o
adopt the recommendation of deep ploughing once in three
years and reduce the cost of cultivation. It is good to learn
that about 90 % farmers adopt the recommendation of 2-3
cross harrowing, 74% go for application of FYM (@ 10 t/ha
and 55% apply phorate at the time of sowing as a measure to
control Insect-pests at the carly stage of crop growth.
Management of weeds using pre plant incorporation
herbicides has been adopted only by 26 % of the farmers. It
is to mention here that the weed infestation is capable of
reducing the soybean seed yield levels to the extent of 77%
depending on the level of infestation (Tiwari and Kurchania,-
1990). A few farmers (3.4%) usc the herbicides not
recommended by the R&D system. However, 26% of
farmers often use recommended herbicide, without stick to
the required spray volutne of 750-800 1/ha, 1t needs attention
of the cxtension workers 1o show method demonstration on
recommended weedicides and mode of application to
achicve the desired effect of weedicides on weed
management.

As far as the attention of farmers on the soybean seed
being used by them is concerned, there appears to be a high
level of awareness on the use of seed of improved varieties
leading to 71% adoption. Remaining 29% farmers are using
sced of unknown origin. Sometimes this practice may cause
threat to soybean cultivation on account of possible diseas
and pest infestation problems and some other risks. Sizabl
number of farmers (68%) was also aware of utility ©
germination test to ensure optimum emergence of scedling
in the field. This is one of vital non-monetary technologic
necds creation of awareness aniong the farmers who do nc
resort to germination test of seed lot before sowing
Adoption of germination test will make it possible for 42°
farmers who are using excessive seed rate to revert b
recommended onc thereby reducing the cost of cultivatio
and disadvantage of over crowding of crop plants in thei
fields,

About 64% farmers go for seed t(reatment wit
bio-fertilizer (Bradyrhizobium/PSBY and  35%  wit
recommended fungicides. Attention of exiension workers i
drawn here to motivate farmers not adopting these practice
as to reduce the field mortality of plants due to collar rot an
take advantage of symbiotic nitrogen fixation/mobilizatio
ol naby e and applicd phosphorus. These are low monetar
inputs and have role in improving yields.

Majority of farmers (89%) are aware of the importanc
of timely sowing (June last week)y which yields maximur
and hence they sow in time. Morcover. the delays in sowin,
may be there with the delay 1n onset of monsoon. There s
need to convince the farmers to resort to adopt row to roy
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distance of 45 ¢cm as recommended. Appropriate distance
betweer rows is known to improve yields off.:mps and helps
in minimizing the incidence of pests and diseases, Hardly
16% of farmers adopt intercropping soybean in the surveyed
areas. There is a need to diversify crops for long term
sustainability and enhanced productivity of crops from the
same piece of land. Soybean intercropped with maize,
sorghum. finger millet and pigeon pea results in land
equivalent ratio of 1.2 to 1.7 (Bhatnagar et al., 1995). The
efforts to bring more area under soybcan based intercropping
are in the benefit of farmers to cover the risk of crop failure,
petter resource utilization and more profit. Soybean-pigeon
pea intercropping is best adoptable practice in ficlds used 1o
grow only one crop of soybcan in monsoon and leaving
fields fallow for the want of irrigation water.

Nearly half of the farmers arc either not aware of
significance of balanced nutrition or hesitant to invest on
account of uncertainty of monsoon. Only one forth of these
bothers for application of zinc or sulphur to soybean crop
which is known to respond well to micronutrients
appiication. This aspect needs special attention to sustain the
soybean productivity at higher level.

Majority of farmers are traditionally used to manage
weeds and to create better soil environment by manual
weeding or inter-cultivation using traditional "dora”. [t is the
best method to manage weeds, but during years receiving
incessant rains at right time for weeding. it is not feasiblc. So
they go for recommended post-cmergence application of
herbicide, bul in sub-optimal spray concentration. Some
farmers adopt non-recommended post-cmergence herbicides
for weed management and the practice need to be
discouraged.

As far as the management of inscct-pests is concerned,
only partial adoption to the extent of 24 to 50% existed. A
good number of farmers (8 to 47%) are vsing the pesticides
which are not recommended for the crop. Possibly advisory
from the local traders and availability of chemicals on loan
might be the factor. The awareness on the use of genuine
chemicals with in the expiry date should be brought among
farmers. It seems that the farmers are not ablc to distinguish
between the losses caused by insect-pests and diseases and
hence not much attention on disease management is paid by
them. Farmers (19%) are inclined 1o use bio-pesticides based
on indigenous technical knowledge. The formulations
wailable in the market are expensive than the chemical
lesticides and hence do not get favour from the farmers. It
$ o mention here that fautty use and spurious pesticides are
B ovvrue. deading o misconception that these are not
fective, The faulty use invelving under/over dose with

UbTOptimal quantities of water is likely to provide resistance
igdinst targeted pest.

The message to harvest on proper ime (when 90% pods
hanging color) and use of threshers at low rpm (350) has
‘one well among farmers and is followed by majority of
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them. The scientific advice to store soybean seed under
recommended conditions is also adopted by sizable number
of farmers (68%}. The message to remaining farmers should
20 50 as o slore seed lots using appropriate technology 10
ensure good germination at the time of sowing in the next
season,

Constraints of sovbean growers: The problems as
percetved by the farmers entails that non-availability of seed
of improved/newly released soybean varieties in required
quantity continue to be a major constraint {Table 3). This
further gets reflected in present sced replacement rate of
soybean which 15 just around 10% (Sharma and Dadlani,
2004). In the absence of availability of certified seed from
authenticated agency, the farmer resort o purchase seed
from different sources or through exchange or use their farm
saved seed. The certified seed supplied by the authorized
outlets also do not synchronies with their liking on account
of non-seriousness of responsible agencies 10 judge the need
for farmer favoured varicties and indent them for breeder
secd production in the seed chain. In addition there is
varietal mismatch between indent and production of breeder
seed in needed quantitics. There appears to be a need to
revarp the seed production system followed at present. The
missing support to take the technical know-how regarding
package of improved soybean practices ts the second major
problem expressed by {26.49%) farmers. The responsibility
of dissemination of information lies with the concerned state
department of agriculture which has deployed hierarchical
manpower extending to the field level for the purpose. These
ground level workers are inaccessible to most of the farmers
becausc of their large working area and other
non-agricultural work imposed on them, Use of latest
communication technologies to out reach technologies by
the agencies is needed. Unavailability of soil testing facility
at local level is the third major problem expressed by 9.40%
farmers. Of late, the farmers have started suspecting
lowering of fertility status of their field on account of
continuous cropping of the soybean since last 35-40 years.
The observation has substance as the energy rich soybean
crop is cultivated under most poor nutrient management
conditions. During the introduction and subsequent phase of
crop establishment at commercial levels, the farmers
obtained more and assured yield levels with less cost of
cultivalion as therc were less incidence of pest-disease
complex, they did not even concerned to supplement soil
with adequate quantity of nutrition by adopting integrated
nutrient management. Further, tarmers have wrong notion
that there is no need 1o apply fertilizer for soybean crop as
ihey apply more nutrition to subsequent crop wiz., potato,
wheat cte., which can take care of soybean. This has further
aggravated the problem of nutrient imbalance in the soils
with telling cffect on productivity.
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Table 2 Adoption of improved suybean production technology (N=117)

Recommended practice

Full adoption

Partial adoption

Non-adoption

Over-adoplion

Seed bed preparation

Summer deep ploughing 16 ¢13.69) - 4341 97(82.90)
2-3 crisis-cross harrowing 105(89.75) - 12010.25) -
Application of FYM (@ 10 tha 8H(73.52) 4341 27(23.07) -
Application of Phorate 10G @ 10 kg/ha 65(53.535} - 52(44.45) _
Use of herbicide as pre-plant incorporation - 30(25.05) 83(70.94) 4(3.41)
Seed

Improved soybean varieties 83(70.95} - - 34(29.05)
Gigrmination test BO(68.3¥) - 37(31.62) -
Use of Rhizobim/PSB culture for seed treatment 75(64.10) - 42(35.90) -
Use of fungicide for seed treatment { Thirnm~carbendazim @ 64(54.70) - 53(45.30) -

3 gmikg seed)

Appropriate seed rate (60-80 kg/ha depending on test weight) 68(58.11) - - 49(41.48)
Adequate plant population (4-4.5 lakh plants/ha) 15¢12.82) - 102(87.18) -
Sowing

Sowing time 104(88.88) 13(11.12) - -
Spacing {Ling to line) 33(28.20) 76 (64.95) 4(3.41} 403.41)
Spacing (Plant to plant) 99 (84.62) - - 18(15.38)
Use of itercrop (4:2} 19¢16.23} - GR(R3.77) -

Use of pre-emergence herbicide - - - .
Nutrient management

Application of NPKS @@ 20:60:20:20 kg/ha 60(51.28) 3257 54{46.15) -
Application of zinc sulphate 29(24.78) - 8R(75.22) -
Application of sulphur 35(29.91) 2(1.70 80(68.37) -
[nter-cultural operations

Two hosing 115¢98.29) - 20170y -
Manual weeding 115(98.29) - 2(1.71% -
Plant protection

Use of post-emergence herbicide - 59(50.42) 45(38.47) 13¢11.11)
Maunagement of blue beetle - 33(28.20 29(24.80) 55(47.00)
Management of stem fly _ - 37(31.62} 30(25.64) 30(42.74)
Management of girdle beetle/semilooper - 58(49.57) 41¢35.04) 9(7.69)
Management of diseases in soybean - - 58(49,57) 37(31.63)
Use of bio-pesticides 22(18.81) - 95(81.19) -
Thrvest aned post-harvest

Harvesting of soybean (when 90-935 % pods changed therr 105(89.74) 4341y - %(6.83)
color)

Threshing (at 350 rpm} 89(76.06) - 28(23.94) -
Storage 80(68.37) - 37(31.63) -
Figures in parentheses indicate percentage
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Table 3 Constraints in adoption of improved production technology of soybean

Constraint

No. of farmers (N=117)

Non-availability of seed of improved/new soybean varictics in required quantity 68 ¢{58.11)
Pnawareness of technical know-how on package of practices 31 (2649}
Non-availability of soil testing facility to design nutritional doses to the soil 11 (09.40)
Non-availability of remunerative local market and high transperiatien cost 8 (06.83)
poor knowledge of identificatinn of pest/disease complex 7 (05,98)
Shortage and expensive [abour 6(05.12)
Unavailability and in-efficient ot extension worker 5¢04.27)
Shortage of manure/fertilizers at the time of necd 4¢03.41)
Seed deterioration during in slorage (poor viability} 2(01.70)

Figures in parentheses indicate percentage

Remaining problems such as un-availability of
remunerative local market and high transportation cost, poor
knowledge of identification of pest‘disease complex,
shortage and expensiveness of labour, limited number and
inaccessibility of extension worker, shortage of
manure/fertilizer at the time of need, problems in storage of
soybean seed (poor viability) expressed though by only few
farmers, but are likely to have significant contribution
towards increasing the production and productivity of the
crop in the state,

Soybean is known as golden bean and is significantly
contributing to oil and national economy of India from the
time of its commercial introduction four decades ago.
Majority of the farmers of the present study were found to
have medium level of adoption of soybean production
technologies which needs further scale up for higher level of
adoption. Thus, a well planned strategy concentrating the
attributes  which favoured the adoption of improved
production technology should be spread cxtensively at the
grass root levels to bridge the technological gap. Further,
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using the latest technology such as information and
communication technology is one of the strategies to out
reach the right technology cven to the unreached growers
with supply of quality seed of suitable cultivars would not
only enhance the adoption behaviour of farmers but also
enable them to get the higher productivity.
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ABSTRACT

This study was carried out during 2009-10 in Gujarat and Andhra Pradesh states of India to assess the extent
of adoption of groundnut (4rachis kypogaea L.y production technologies by groundnut growers and its impact in
creation of various lvelihood assets and improving their livelihood outcomes. The results showed that 96% of
sampled farmers in Kutch and 40% of farmers in Chittoor adopted the improved varieties of groundnui, The
improved technologies such as seed treatment with bio-ferulizers (81% farmers), use of optimum seed rate (71%

farmers), soil test based fertilizer application (83% farmers), application of gypsum and micronutrients (74

Qs

% each)

and chemical weed management (71%) were not adopted by the farmers. The adoption of improved technologies
resulted in creating human, natural/physical and financial assets thereby improving the livelihood outcomes of
farmers. It is very important to create awareness among farmers on improved technologies by use of appropriate
extension strategics and need based training programmes.

Keywords: Adoption, Groundnut, Financial assets, Human assets, impact. Livelihood outcomes. winter-summer

cro;:;‘:ﬂdput (Arr.r.c/ris' hypogaea L.)‘ 15 an implortantoﬂsecd
and py,, “d\g con}rl.butmg about 24.1% and 29% to total area
roung duction of oilseeds. r_csrpectiwely. About 86% of total
con dilinm area is sown during rainy season under rainfed
produk\“.“s accounting to 78.3‘.’/0 of total groundnun
- milmn and remaining 14% is grown under assured
acm“n“_ll conditions du‘rmg winter-summer  season
’Dam()“hg to 21.6% of total groundnu[' production
oro duqd-mtam and' Hegde, 2010?. The winter-summer
scasoy, Uvity was hjgher‘at 1764 kg/ha as compared to rainy
most ( 1063 kg/ha). Gujaratand Artdhra Pradesh are‘the wo
conty; “h‘portam groundnut-producing  states  of l]jldia
The W_Utmg 60% to total groun_dnul area and prodgctlon.
9 ulnter—summer grogndnut m these states contantcd
SPeQn-d 46% to total winter-summer area and production,
“,l-mel\“\fe]y (Damodaram  and  Hegde.  2010). The
“Ulner,-summcr g.roundnut prodL‘lct.mn is stgbf§ and less
play "‘blg to various stresses (blotlg and ai?umc) and can
Pmduan. important role in tncreasing India's groundnut
SClion,

Gr“u? o sustained J'UH&.‘;!‘J'L‘!) cﬂ‘m;x of l)iz‘u'rrnr:uc . of
[Cngdnut Resear(.:h, _ Statc Agr[cgi[ural {,'nn-cmucs.‘
imm(; rf\T andoot.hcr mstltute.s resulted in {hc. de\_f‘eiopmcm.of
fm’w.‘ Ved varicties, production apd protection technolog}es
have l‘\ler-summcr grogndnu‘t .cultlvatlum. These ICChh_Ol.OglCS‘
a ‘uhkhormoug potential 0.1‘ increasing the pmducnvny.ot

duut, whick was evident from results of froatline
e -0strations  (FLDs). The winter-summer FLDs
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Ahad-500 050, AP (satish_dor@rediffmail.com)
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conducted in Gujarat and Andhra Pradesh during 2002-2008
indicated that the adoption of improved technologies
mcreased the pod yield up to 30% compared to fanmers'
practices.

The present study was undertaken during 2009-10,
winter-summer scason with the objectives to assess the extent
of adoption of improved technologies, its impact in creation
of various livelihood assets and livelihood outcomes of
farmers and farmers attributes influencing the variation in
yield of groundnut.

MATERIALS AND METHODS

Two states vir.. Gujarat and Andhra Pradesh and one
district from each state viz,, Kutch and Chitioor were.
respectively sclected based on significamt arca and
production of winter-summer groundnut, Six taluks and four
taluks were selected from Kuich and Chittoor, respectively
based on reporting highest area of groundnut. From each‘
taluk. 2-3 villages were selected randomly, making a toal of
20 villages. From each selected village. six respondents wer
selected randondy. makiog a wtad sample size of 0

For measuring extent of adoption of nnprovet
technologies, a list of improved practices (20 items) f(_“"
winter-summer groundnut production was prepared I
consultation with the sciemists of crop improvemer®
production and protection. The respondents' responses were
recorded as ‘yes’and no’ for each item based on adoption "
non-adoption and scores were given as | and 0. respectivel}‘
The adoption score of each respondent was estimated ™

1
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summation of scores of all items. To assess the impact of
improved technologies, farmers were categorized into 1wo
groups based on mean and standard deviation of their
adoption scores. Accordingly respondents were grouped into
adopters with adoption score >10 and non-adopters with
adoption score = or < 10. Sustainable hvelihood framework
{Scoones, 1998) was used. For all the variables, suitable
indicators were identified and measured.

An interview schedule was developed incorporating all
the indicators for measuring ndependent and dependent
variables. It was pre-tested and standardized for data
collection. The data were collected by face-to-face interviews
of respondents. Apart from this, group discussions and direct
observations were made to collect qualitative data. The data
were analyzed using SPSS® 17.0. Descriptive statistics such
as frequency. percentage and mean were calculated. Z test
forunequal samples was estimated. Pearson's correlation and
inter-correlations  werc estimated to check  for
muiticeliinearity among the indicators selected for the study
by the method of Frisch's confluence analysis
{Koutsoyiannis, 1977) and step-down regressions wete
estimated to know the cffects of various livelihood assets on
the livelihood outcomes.

RESULTS AND DISCUSSION

Adoption of variety and agronomic practices: The FLDs
on inproved varietics of groundnut under irrigated
conditions showed 26% higher pod yield compared to old
varicties (Venkattakumar er al., 2009). But. in summer
season, in Kutch, §5% of sampled farmers were growing
groundnmut cv. GG-2 (15 years old variety), 11% were
growing western-44 and the remaining farmers were growing
TATA Sumo and even J-11 (Table 1), whereas in Chittoor,
60% farmers were growing old varietics TMV-2 and/or
JL-24 (30 years old varicties) and 40% were growing
Improved varieties viz., Narayani, TPG-41 and ICGV-91114.
In Kutch, few farmers (20%) were aware of the recently
released varieties viz., GG-5, GG-7, and GG-9. In Chittoor,
Many of the farmers did not adopt the improved varicties.
Ingle er al. (1995) reported that improved varicties of
Igl‘Our:)dnut (UF-70-103, TAG-24, 1CGS- 1 1) were not known
© 85% farmers. The important reason for non-adoption of
ecenly released varieties in two  districts  was
“OH-EV§ilability of seed in the existing seed system.
(-'hil[)u:lrﬁlg summer. 53% fa.rmers‘in Kutch and 60% in
nsigh ';0] purchascd hc%‘d from mformal sourees Vit
agencieu-rmg farm_ers, farmer seed traders, private seed
own sezddnrd oil millers. In Kutchj 26% farmers used their
(bublie ¢ and 21% ‘purchascd from the' formal sources
armers ue:t((;f agencies). whereals in Chittoor only 10%
ormad sm-le their own sef:d, .whlle 30% purchased from
seed fron frces. Farmers of Chittoor preferred to purchase
ormal sources mainly to avail subsidy on the seed.
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Seed treatment with fungicides and bio-fertilizers are 'low
cost- no cost technologies, which can increase sced yield by
40% and [9%, respectively as compared to farmers practice
of 'no seed treatment' (Venkattakumar ef al., 2009). All the
farmers in Kutch and 90% farmers in Chittoer followed the
practice of seed treatment with fungicides
{Carbendazim/Dithane M-45/Thiram) for protection against
diseases. Nagaraj ef al. (2001) reported lower adoption of
chemical seed treatment. Only few farmers {18% in Kutch
and 12% in Chittoor) adopted seed treatment with Rhizobium
cultures. Many of the farmers (86% in Kutch and 80% in
Chittoor) performed timely sowing, but did not care to
maintain optimum spacing. The recommended seed rate was
followed by only 30% farmers and conversely 7G% used
higher than the recommended seed rate. The seed rate used
by the farmers was in the range of 150-300 kg/ha with
spacing in the range of 20 em x 5 ¢emto 75 cm x 5 cm.
Farmers perceived that higher seed rate was required to
compensate for poor germination and secdling mortality. In
Kutch, sowing was done with tractor drawn seed drill by
36% of farmers and farmers with small and marginal land
holding (64%) did manual sowing behind the plough,
whereas in Chittoor, as high as 94% farmers adopted manual
sowing behind the plough. In Kutch and Chittoor, 23% and
28% of the farmers, respectively applied organic manures. In
Kutch, 17% farmers and in Chittoor, 12% farmers applied
fertilizers on the basis of seil test values. A vast majority of
farmers of both the districts applied higher than
recommended doses of fertilizers, while only 17% farmers in
Kutch and 20% in Chittoor applied recommended doses of
fertilizers. Farmers perceived thar higher the rate of
application of fertilizer, higher the yields of groundnut.

In both the districts, farmers practised manual weeding
and only 28% in Kutch and 14% m Chittoor applied
herbicides. Nagaraj et al. (2001) reported lower adoption of
herbicides. In Kutch, 26% farmers and 16% in Chittpor
applied gypsum and almost an equal number of farmers
adopted suvitable micronutrient management practices by
spraying conunerciatly avaitable micronutrient mixtures
(Groth, Mahaphal and Mazik), These results were not in
conformity with the findings of Ingle ef al. {1995), where
they had reported that gypsum and micronutrients were not
adopted by farmers due 1o their non-availability.

Adoption of plant protection practices: Though many of
the farmers believed that the insect pests and diseascs were
not a major problem for sununer groundnat, yet they resorted
to spray of insecticides and fungicides. Farmers (36% in
Kutch and 32% in Chittoor) adopted appropriate spraying of
insecticides. These results were not in agreement with that of
Nagara] ¢t al., (2001) where they had reported higher
adoption of mtercultivation practices compared to plant
protection practices.
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Table | Practise-wise of adoption of improved practices by gsroundnut farmers
P | p Y g

Improved practice

Adoption

Kutch {n = 7

Chittoor (n = 5()

Optimum tillage 65 (92.9)* 48 (96.0)
Suitable variety 67 (93.7) 20 (40.0}
Source of seed - -

1. Own 18 {25.7) 5¢10.0}

ii. Formal sources 15(21.4) 15 (30.0)
iii. Informal sources 37(52.9}) 30 (60.0)
Optimum seed rate 20 (28.6) 15 (30.0)
Seed treatment: Fungicides 70 100y 435 (90.0)
Seed treatment: Bio-fertilizers 13(18.6) 06 (12.0)
Timely sowing a0 {85.7) 40 (80.0)
Depth of sowing

i Behind the plough in furrow 45 (64.3) 50 (100.0)
i. Tractor drawn seed drill {Optimum) 2535 3 (060

Optimum spacing 30 (42.7) 10 (20.0)
Application of organic manures 14 (22.7) 14 {28.09
Soil test based tertilizer application 12(17.1) 6(12.0)

fertilizer management - -

[ Optimum 12¢17.1) 10 (20.0}
ii. Lower 4¢05.7) 15 (30.0)
ii. Higher 54 (77.1) . 25 (50.0)
Weed management {chemical) 200{28.6) 07 (14.0)
Application of gypsum 18 (25.7) 8(16.0)

Micro nutrient management 18 (25.7) 7140

Management of insect pests - -

L. Optimum 25 (35.7) 16 (32.0)
n. Lower 12(17.1) 14 (28.0)
ini. Higher 33 (47.1) 20:{40.0)
Management of diseases , - -

L. Optimum 22 (31.4) 5010.0)

i. Lower 8(l1.4) 16 (32.0)
iii. Higher 40 (57.1) 29 (38.0)
Timely harvesting 60 (85.7) 38 (76.0)
Optimum drying 68 (97.1) 48 (96.0)
Siorage at optimum conditions 25(35.7) 5 (10.0)

Table 2 Quantitative values of human and physical/natural assets between adopters and non-adoprers

\seet Mean
’ Pooled Adopters (n—38) Non-adopters {n=82) /£ value
Human assct
Age 42.7 40.6 47.2 3.447
Farmer education 7.3 7.5 0.8 0.87
Children education 16.8 24.8 131 6.64"
Household size 50 5.7 47 3.43"
Number of cffective workers 32 2.5 2.0 2317
Nependency ratio 25 25 2.4 (.30
Natural asset
Material pussession 19.7 243 17.6 8.307
Farm size 25 3.8 1.9 5717
[rigated arca 1.4 23 0.9 6.18"
Live stock 0.7 0.9 0.6 5167
#=significant at P=0.05: **—signiticant at P=0.01
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Adoption of harvest and post-harvest practices: Many of
the sampled farmers (86% in Kutch and 76% in Chittoor)
harvested their crop at 'right maturity state’. The harvesting
was done mostly by tracter in Kutch, whereas the same was
done manually m Chittoor,  Farmers (36%) generally
followed sun-drying their produce in open fields. The
threshing was done with the help of mechanical threshers i
Kutch, wheteas it was done manually in Chittoor. All the
farmers practised collection of left over pods from the ficld
after harvesting the crop and most farmers (68%) mixed
these left over pods with main lot. Many of the farmers
(85%) were not aware of aflatoxin contamination in
groundrnut and hence did not adopt any management
practices. In Kutch. farmers (75%) stored the produce for
2.4 months in the form of pods until they could realize better
market prices, whereas in Chitioor most of the farmers
(73%) sold their producc immediatcly after harvest to
traders/middlemen approaching their fields in order to repay
the loans and for immediate family needs.

These results show that in both the districts. the extent of
adoption was lower for practices such as use of
bio-fertilizers, optimumsced rate, soll test based fertilization
application, gypsum, micronutrient application and chemical
weed management.

Impact of adoption of improved practices in creation of
livelihood assets and ouwtcomes: The results (Table 2)
showed that there were significant differences between
adopters and non-adopters in tespect of livelihood assets
such as human assets, aatural/physical assets, financial and
social assets. Adopters rccorded higher mean scores than
non-adopters for all the selected indicators. In case of human
and physical assets, significant ditferences were observed in
age{Z=3.44, P =<0.01), children education {(Z =6.64.P =
<0.01), household (hh) size (Z = 3.43, P = <0.01}, effective
workers in the family (Z = 231, P = <0.01), material
possession (Z = 8.50, P = <0.01), farm size (Z= 571, P =
<0.01). irrigated area (Z = 6.18. P =<0.01), and ownership
oflive stock (Z = 5.16, P = <0.01). However, there were no
d1_fferences in the farmers’ education and dependency ratio.
Significant differences were obscrved in income from live
stock (Z = 6.34, P = <0.01), which indicated that the live
stock was an important component of income of the
hOuS_Ehold and particularly to the adopters households and
credit availed (Z = 5.12. P = <0.01, Table 3). Significant
differences were also observed between adopters and
non-adopters in tespect of formal institurional contacts for
2'{1}“”“ iz = :?.IU, P =000 and advisory (Z = 994, P =
(‘0-8;) land livelihood outcomes pod yield (Z = 21.09. P =
differ) and haulm yield (Z = 18.24. P = <0.01. Table 4). The
numbzme; mn hllu*nan assets 1".5'2“ age, lho'use hald size,
Owner:;]? Eff‘ect.we workgrs, .tarm size, irrigated area and
- P of il\’estock indicate that the adoption of

Proved tectnologies was influenced by these factors. The
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mean adoption scores were 14.4 and 6.1 for adopters and
non-adopters, respectively (Z = 14.83, P = <0.01, Table 3).
Gowda er al. (2002) reported significant relationship
between adoption and education, social participation, mass
media use, cconomic motivation of big farmers and between
adoption and mass media use, extension participation of
small farmers.

Adoption of improved practices resulted m higher pod

yicld (31835 kg/Ma) and income (T 1, 88, 078/hh) as recorded
for adopters compared to pod yicld (2112 kg/ha) and
income (¥ 60,041/hh) recorded for non-adopters (Table 4).
Adisarwanto and Muchlish (1998) reported that adoption of
groundnul  production technology was  significantly
influenced by profits and farmers’ ability to purchase inputs.
The increased income resulted in higher allocation for
children education, which was evident from high mean score
of 24.8 as compared to non-adopters (mean score=13.1).
The material possession also increased in adopter
households (24.3) as compared to non-adopters housecholds
(17.6)
Farmers' attributes influencing the variation in pod
vield: The inter-corvelation analysis among the variables
(Table 5) indicated the existence of Multicollincarity
berween farm size and irrigated area, total income and
agricultural income, livestock income, pod yield and haulm
yield. Hence, only farm size and total incomes were included
in fitting the multipic linear regression equation.
Furthermore, based on correlation between pod yield and
other variables, age and dependency ratio were also not
considered, as corrclation  was  non-significant.  The
step-down regression analysis indicated that various
attributes such as house hold size. material possession, total
income, institutional contact for advice and adoption of
woproved technologies significantly influenced the pod
vield. The adjusted R* was 0.929 (Table 6) indicating that
these variables accounted for almost 93% variation in pod
vield. Adoption of improved technologies cmerged an
imporiant variable influencing the yield of groundnut.

in Kutch, farmers adopted most of the critical practices
for summer groundnut cultivation. Low adoption was
observed for seed treatment with bio-tertilizers, use of
optimum seed rate, soil test based fertilizer application,
application of gypsum, micronutrients and chemical weed
management in both the districts. It is very important to
create awareness among farmers on these technologies by
use of appropriale extension strateries and necd based
traming  programmes.  The  significant  differences  in
livelihood assets and outcomes of the adopters indicated that
improved  technologics could definitely improve the
livelihcod of groundnut farmers, The contact of farmers with
formal institutions viz.. KVKs, agriculture departments,
non-government organizations have to be increased for
improving the adopuon of improved technologies and
thercby increasing the yield of groundnut.
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Table 3 Quantitative values of financial and secial assets between adopters and non-adopters

Mean

Asset

Pooled Adopters (n=38} Non-adopters (=82} Z value
Financial assets (Thouse hold)
Income from agriculture 1,00.586 1,88,078 60,041 9.02%*
Income from livestock 8.818 13,650 6.579 6.34 %%
Bther income 4017 12,830 976 2.89%*
Totat income 1,13.421 1,19.246 43,708 8.80**
Credit availed 5,758 13,737 2,061 ‘ 5.12%%
Social assets
Membership in organization 0.5 0.9 0.2 13.80%*
Extension participation 0.5 09 0.3 T7.99** E

Adoption score 8.2 14.4 6.1 14.83%*
*=8ignificant at P=0.¢1 :

Tablc 4 Quantitative values of formal instilutional contacts and livelihood outcemes between adopiers and non-adopiers

Variable Mean 7 value
Pooled Adopters (n=38) Non-adopters {(n=82)
Institutional contact
a. Inputs 0.6 0.8 04 5.10%*
b. Advisory 0.5 0.9 ‘ 0.3 9.94%%
Livelihood outcome
Pod yicld (kgtha) 2452 : 3185 : 2112 21.00%*
Haulm vield (kg/ha) 3490 3973 3265 18.24 %%

**=gignificant at P=0.01
Table 5 Inter-correlation analysis among the variables

Govi, O

Material Agricul- Income 1xrension

. Farmers' Childrens House-  Lffective  Depen- Farm Ietigated  Live- y Other Total  Credit Organization . sources sources Pod  Lawlim
Yanable Age : posse- tural from . B} . Prtici- .
cdueation cducation hold size workers deney ratiy . size  aren stock . income income aviiled membership for for  yeld yicd
S510T income  livestock padion -
inputs_advisory
Farmers' 5 00 100 - - - - . - - - - . - - B N : - - -
education
Childrens 5 oo o028 tao . - 7 - .. i i i i . . . - - ; -
education
Heuschold o5 033 a7 Loo . - - - - - - - - - - - - -
size
Effective 451 L0300 050 067 100 - - - - , B . - - : 8 . . - -
workers
Dependency 411 ga7 w0z o4 085 Leo - - - - - - - . . - - - - -
ralio
Material 47 003 049 050 033 0.08 o0 - - . - - - - , . - - - .-
DOS5essI0n
Farmsize 038 019 47 0.4] 0,30 0.00 0S8 b - - - - - - - - - - - - -
Imigated area €31 4019 0.44 434 016 013 Q55 073 V0 - - - - - - - - - - - -
Livestock  0.44 015 035 040 039 .14 036 046 034 100 - - - . - - - - - -
Agriewhural o3y ges 04 035 026 008 057 035 021 636 100 - - - - - - -
ncome
Icome flOm 4o 922 048 049 043 008 051 065 055 071 048 100 - - - ; ; ; -
livestock
Other mcome 0.22 -0.10 0.37 015 010 -0.01 036 041 04) 0.16 0.3] 0.3% 1.00 - - - - - - - -
Totalincome 0,38 G20  0.60 040 024 0.06 069 074 090 042 0,54 067 060 100 . - - - . - .
Credit 038 023 45 032 013 016 052 066 072 036 020 0.57  0de 0.2 100 : ) ; -
availed
Organizalion o 55 910 046 025 041 LAl 059 039 048 025 062 039 023 06t 036 1.00 - - -
nembership
Extension g7 002 033 oy 012 062 044 030 040 022 032 034 014 046 035 0.50 1.0 - -
partepation
(ST
susrees tar - 004 000 (37 06 (U RINN |1 A (R T ) (VR IR A LT RS 027 43 142 100 -
Inpuits
Gowt,
sources for 011 005 0.40 030 01y 0.04 049 025 037 024 0.40 034 020 04% 0313 0.57 077 038 [0 -
advisory
Podyield 028 -0.04 054 033 0m 0.04 069 061 069 036 059 051 034 080 057 0166 0,52 051 054 100
Haulmyield 027 -002 053 037 030 0.01 064 055 062 036 0.61 049 032 075 044 0.50 049 D48 053094
029 008 049 033 027 003 062 061 066 038 0,52 050 927 074 0se 0,60 049 050 047 043 1
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Table 6 Step-down regressien analysis of independent variables with pod yield

Variable h-value SE of & -value
(Constant) 1602.264 62.242 25,7437
}iuuschold 5128 20282 Q126 =2.280"
Material possession 10.397 3.845 2.704"
Total inconte 0.001 0.001 38907
Institutional contact for advisery %1.293 28.309 2872

80.813 40.32 201045

Adaptioa

Adjusted R* = 0.929; F = 313.201**: SE of cstimate = 130.25; * indicates significance at P = (.05: ** indicates significance at P = 0.1

REFERENCES

Adisarwanto T and Muchlish Adi M 1998 Dryland groundnut
production technology in Indonesia. In: Assessing joint
research impacts; proceedings of an intemnational workshop on

joint impact assesstient of NARS/ACRISAT technologies for

the semi-arid tropics, 2-4 Dec 1996, ICRISAT. Bantilan,
M.C.S., and Joshi, P.K. (Eds.). ICRISAT. Patencheru.
i64-171.

Damodaram T and Hegde D M 2010 Oilseeds Sineation in India.
A Statistical Compeneliym. Direcioraic of Oilseeds Rescarch,
Rajendranagar, Hyderabad,

Gowda B G, Anand T N and Krishna K 5 2002 Relationship
hetween selected characteristics af big and small groundnut
growers and their knowledge and adoption towards dryland
farming technology. Mysore Journal of Agricultural Sciences,
36 (3 276-280.

J. .
Oilseeds Res., 28(2) : 131136, Decerber, 2011

136

Ingle P O, Kude N R and Dhanokar C R 1995 Constraint analysis
in adoption of recommended technologics of cultivation of
summer groundnut, Journa! of Maharashtra Agriculiural
Universities, 20 (1), 108-111.

Koutsoyiannis 1977 Theory of Econometrics. (2% ed), Macmillan
Education Ltd., London, United Kingdon.

Nagaraj K H, Lalitha B §, Krishnamurthy B and Anand T N 2001
Adoption of improved cultivation practices of groundnut by
big and smal) farmers. Mpsove Jowrmad of Aericalrol
Sciences, 35 (1) 88-92.

Scoones I 1998 Sustainable Rural Livelihoods : A Framework for
Analysis, [nstitute of Development Studies Working Paper 72,
Brighton, United Kingdom.

Venkattakumar R, Ramana Rae § V. Padmaiah M and Hegde DM
2009 Productivity potentials and profitability of non-monetary,
low-cost and cost-effective oilseeds production technologies.
Journal of Oilseeds Researelt, 26 (2):140-147.



Productivity potentials and profitability of sunflower (Helianthus annuus L.)

hybrid DRSH-1 under real farm situations in Andhra Pradesh

R VENKATTAKUMAR", M PADMAIAH", S N SUDHAKARA BABU™, S CHANDER RAQ",
H BASAPPA™ AND A J PRABAKARAN"

* National Academy of Agricultural Research Management, Rajendranagar, Hyderabad, Andhra Pradesh
(Reccived: April. 2011; Revised: December, 2011; Accepted: December, 201 1)
ABSTRACT

A sunflower (Helianthus annuus L) hybrid viz., DRSH-1 was relcased to grow all over the country by
Directorate of Gilsecds Rescarch (DOR), Hyderabad. The productivity potentials and profitability of this cultivar
have been demonstrated under real farm conditions by DOR in Mahabubnagar, Nalgonda and Ranga Reddy districts
of Andhra Pradesh through frontline demonstrations (FLDs). The secd yiceld increase of sunflower hybrid DRSH-1
was ranging trom 9 to 19% under rainfed and irrigated, respectively with corresponding additional returns of T2786
and T994/ha. The study concludes that the performance of this cultivar under winter-irrigated conditions is better
than that of winter-rainfed situations and hence, can be very well promoted for winter-irrigated situations in Andhra
Pradesh.

Keywords: Andhra Pradesh, DRSH-1. lmpact, Sunflower

Sunflower (Helianthus annpus L) made sigmficant
inroads into Indian vegetable oil economy since its
introduction in the late sixties. in India, it is grown in an area
of 18.1 lakh ha with a production of 11.6 lakh t and a
productivity of 639 kg/ha (Venkattakumar and Hegde, 2010).
It can be grown during any part of the ycar and comes up
well with timely and proper management of inputs.
Sunflower seed contains 38 1o 40% oil. The oil is odourless
with light colour and has been considered as premium due to
the high level of unsaturated fatty acids and lack of linolenic
acid. The cake as a feed fits well to the bovines, swine and
poultry keeping. Sunflower also finds place in the indusirial
sector and is used in paints, varnishes and plastics. Though,
sunflower is  traditionally cultivated in Karnataka.
Maharashira, Andhra Pradesh and Tamil Nady, it has gained
momentum in Punjab. Haryana, Uttar Pradesh. Uttarakhand.
Bihar, West Bengal and Odisha too. In Andhra Pradesh, it
has been an important oilseed crop next only to groundnut.
cultivated in an area of 4.2 lakh ha with 3.3 lakh t.
production and 778 kg/ha productivity. The performance of
winter sunflower in Andhra Pradesh is betier than rainy
scason one with 3.3 [akh area, 2.7 lakh 1. production and 815
kg ha productivity (Damodaram and Hegde, 2010y

The gains of impressive sirides made in the production
front in sunflower couid not be sustained and hence there 1s
stagnation in the production front. Although, there are
several reasons contributing to the above, its cultivation has
" been restricted to marginal and sub-marginal lands with poor

{E-mail: venkat(a;naﬂrm.cmet.in)
“Directorate uf Qilsceds Research, Rajendranagar, Hyderabad-30. AP
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management practices, monocropping year after year, poor
supplementary and complementary nutrient-related issues,
lack of quality, biotic stresses, etc.. are the most important
ones. The researchers mvolved in the All India Coordinated
Research Project (AICRP) (Sunflower) have addressed
several of the ahove issues for harnessing the productivity
which are easily replicable under farmers’ field conditions.
Several newer interventions and technologies have been
emerging under the umbrella of the ATCRP network suitable
to specific agro-ecological situations as an answer to the
problems faced in the sunflower production system. DRSH-]
is such a hybrid released by Directorate of Qilseeds Research
(DOR). Hyderabad for all the sunflower growing regions of
the country. The productivity potentials and performance of
this cultivar under real farm situations has heen analyzed in
this paper.

MATERIALS AND METHODS

The DOR. Hyderabad has castor. sunflower and
safflower as its mandate crops, on which the research and
development activities of the Directorate are being
formutated and implemented. The Directerate has three
AICRPs  on  the mandate  crops.  through which
agra-ecological region-specific rescarch programmes 1€
being coordinated. Need-based and location specific
technologies are being developed by DOR and AICRPs fof
adoption by the farmers. In the way., the Directorate released
a sunflower hybrid namely DRSH-1 for cultivation bY
sunflower growers ail over the country. The salient featur®s
of the cultivar arc as follows:
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Salient features ol DRSH-]

Year of release 2006

Yield tkgiha) 1300-1600 (Average-1450)
Days to maturity 92-9%

il (%) 42-44

AW India
High oil content

Areas of adaptabilivy
Highlight feature

The productivity potentials and profitability of this cultivar
have been demonstrated under real farm conditions by DOR
and AICRP centres at varied agro-ecological situations
including thatof Mahabubnagar, Nalgonda and Ranga Reddy
districts in Andhra Pradesh through frontline demonsirations
(FLDs). A total of 40 component technology demonstrations
were organized at cach onc acre ploss during winter seasons
of 2008 and 2009 under imrigated as well as rainfed
situations, out of which 5 were vitiated due to various
biological and environmental factors (Table 1). The cultivars
being practiced by the farmers at adjacent plots were
considered as farmers' practices for control.

Interested sunflower growers were selected in
consultation with the " Adarsha Rythu" of the villages as welt
as the concerned agricultural officers. The selected farmers
were imparted pre-demonstration training  through
off-campus mode to impart knowledge about improved
sunflower production technologies while using DRSH-1. The
demonstrations were regularly supervised by a tcam of
scientists  (agronomist, entomologist, pathologist, seed
specialist and social scientist). At the peak growing period,
field day was organized (during 2009-10) to popularize the
performance of the cultivar under real farm situations and to
get the feedback from the demonstrating farmers about the
cultivar. The productivity potentials and profitability of the
cultivar was assessed through yield (kg/ha) and additional net
returns (Ttha),

RESULTS AND DISCUSSION

The seed yield increase of DRSH-I over the farmers'
practice under real farm situations was ranging from 15%
during 2008-09 to 22% during 2009-10 under irrigated
conditions (Table 2). The corresponding additional net
Teturns accrued was ¥ 2091 and T 3480/ha. The mean secd

yicld increase under irrigated situation was 19% with ¥
2786/ha additional net returns. The B:C ratio was 2.3 and 2.1
with IT and FP plots, respectively. The seed yicld increase of
DRSH-I over the farmers’ practices was 9% under rainfed
situations (Table 2). The additional net returns accrued was
T994/ha. The B:C ratio was 1.3 and 1.4 with IT and FP plots
respectively.  The above results  conclude that  the
performance of this cultivar under winter-irrigated conditions
is better than that of winter-rainfed situations.

Exploitable yield reservoir in sunflower due to DRSH-1
in Andhra Pradesh under winter season-irrigated
situations: The potential yield of the cultivar DRSH-1 has
beenranging from | 300-1600 kg/ha with the average of 1450
kg/ha. It was found that the demonstration yield gap between
the potential and demonstration yield was 78% (637 kg'ha)
(Table 3), whereas the extension yield pap between
demonstration yield and farmers' practice was (15%) (106
keg/ha). 1t was found that by bridging the demonstration and
extension yield gaps, the sunflower production in Andhra
Pradesh could have been 3.8 and 3.3 lakh t. for 2008-09,
instead of actual 2.8 lakh t. for winter conditions. This
exploitable yield reservoir provides scope for improving the
productivity of sunflower in Andhra Pradesh by adopting
recommended sunflower production technology with
DRSH-1 cultivar under winter-irrigated situations.

The seed yield increase of sunflower hybrid DRSH-1 was
ranging from 9 10 19% under rainfed and irrigated,
respectively with corresponding additional returns of ¥ 2786
and ¥ 994/ha. The study concludes that the performance of
this cultivar under winter-irrigated conditions is betler than
that of winter-rainfed situations and hence, can be very well
promoted for winter-irrigated situations in Andhra Pradesh.
The demonstration as well as the extension yield gaps of the
cultivar provide the scope for improving the sunflower
productivity in Andhra Pradesh under winter situations.
Popularization of this cultivar for cultivation under
sunflower-growing regions of Andhra Pradesh for winter
situations under irrigation may bring increase in sunflower
production and productivity of the state.

Table [ Details of frontline demonstrations organized

Year

No. of FLDs organized

Season Sitation Location Tape of seil
Suecesstul Vihated fuad
00809 Winters summer Rainfed Kuruvaguda, Shabad mandal. Ranga Reddy Vertisol 7 4 I
s Winter/ summer Irrigaticd  Rayazlapuram, Ramayanpet mandal. Nalgonda Alfisol 9 - 9
-(109.](] Winter/ summer Irrigated Shankatonupally, Amangal mandal. Mahabubmagar Alfisol 19 | 20
il 35 i 10

J i _
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Table 2 Productivity potentials and profitability of DRSH-1 under real farm situations

No. of Mean seed yield o Cost of'c;ulllvalmn Gross retuns (Thay Additional net B-C ratio
Year demonst- (kg'ha) o Fha) returns -
rations IT pp vieldinerease™ P T FP (Ttha) T kP
Winter-irrigated
2(){)8—()9 9 a7 8319 15 10098 558 19217 16586 2091 1.9 1.7
2009-10 14 1139 936 22 8937 8057 24489 20129 3480 27 2.5
Mean 28 1053 888 19 9518 8EOR 21853 18358 2786 2.3 2.1
Winter-rainfed
2008-09 7 573 525 4 8608 7450 12415 10763 494 1.5 1.4

[T=Improved technology (PRSH-1); FP—Furmers’ practice

Table 3 Exploitable yield reservoir of sunflower with DRSH-1 in Andhra Pradesh under winter irrigated situation

o ' _ _ N ) _ Expected productl
Potential yield of the FLD average Average FP yield  Yield gap-[  Yield gap-II  State averuge production XPLL(?U”[:;? )uc on

cultivar {kg'ha) yieid (IT) (kg/ha) (kg/ha) (%) %) (000 tonnes) (2008-09) [, TPl
1450 1053 BEK 38 19 277 382 330

{T=Improved technology: FP=Farmers’ practices; Yield gap-FIncrease in potential yicld aver IT expressed in % Yield gap-ll=increase in IT over FP
expressed in %: EP-I=Expected production, if yield gap -1 is bridged through complete adoption of improved practices; EP-I=Expected production, if
vield gap-Tlis bridged through complete adoption of improved practices

Acknowledgements: The authors thank the Project Director
tor providing facilities to organize FLDs and ficlds days to
demonstrate the sunflower cultivar DRSH-I.
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ABSTRACT

In Andhra Pradesh (AP), castor (Ricinus communis L.y is predominantly cultivated in Mahabubnagar, Nalgonda
and Ranga Reddy districts. The productivity in AP is quite low, as its cultivation is confined to rainfed condition
with low input management besides use of poor quality of sceds are some of the reasons for low yield. In the absence
of pure sced, the investment on the other inputs becomes tutile excrcise. Keeping this in view, the castor hybrid seeds
{DCH-177 and GCH-4) production through farmers' participatory approach at village level in a limited scale was
initiated by Directorate of OQilseeds Research, Hyderabad in association with NGOs for timely supply of quality
hybrid castor seeds at the doorstep of castor growers. Based on the experience in participatory castor seed
production across the years. the methodology of castor hybrid seed production through participatory approach,
economics of seed production and the various issues that contribute for success and the strategies for sustenance of

seed production in castor were suggested.

Kevwords: Marketing strategies and economics, Participatory castor seed production

Castor (Ricinus commuis 1.} is one of the non-cdible
oilseed crops grown especially in arid and semi-arid regions
for its wide applicaticns and mdustrial uses. India is the
prime country in produciion and export of castor beans and
oil. It produces 11.7 lakh t. of seeds from 8.7 lakh ha
(Damodaram and Hegde, 2010).The crop is mainly contined
to Gujarat, Andhra Pradesh and Rajasthan. It is also grown
in Karnataka, Tamil Nadu, Odisha, Maharashtra, Madhya
Pradesh and Haryana on a limited extent. In Andhra Pradesh
(AP}, itis predominantly grown in Mahabubnagar, Nalgonda
and Ranga Reddy districts. Of late, it is extended 10 other
districts viz., Prakasam. Kurnool, Ananthapur, Warangal,
Karimnagar, Medak and Guniur. However, the productivity
in AP is only 509 kg/ha as against national average of { {52
kg/ha (Damodaram and Hegde, 2010). The reasons for less
yield levels could be. grown under rainfed conditions, poor
input management besides use of impure sceds and poor
socioeconomic conditions of the growers. Therefore, in the
absence of pure seeds, the use of other inputs becomes
unproductive. This is due to a conspicucus absence of quality
seed production technologies and timely delivery of quality
seeds to the growers. Keeping this situation in view, the
castor hybrid seeds viz.. DCH-177 and GCH-4 production
through farmers participatory approach on a limited scale in
non-traditional area was initiated with an objective of
Production of quality hybrid seeds and timely supply at the
door step of castor growers at cheaper rate in traditional area
(Padmaiah e of,, 2008)

MATERIALS AND METHODS

Unlike other crops, the hybrid seed production in castor

/. Oilseeds Res., 28(2): 140-142. December, 2011

involves risk and it needs continuous monitoring of the crop
growth at every stage for maintaming the purity and quality.
For this, a team of scientists to work in conjunction with the
voluntary agencies like watershed support services and
activities network (WASSAN). The NGO has been working
with mandal mahaila samakyas (MMSs) and self-help groups
(SHGs) and micro finance groups of Mahabubnagar district
in AP. Further, the following steps were also taken to
achieve the objective:

1) Formation of technical team

Seced production involves a team of experts, for this, a
core team consisting scientists from each discipline viz.,
agricultural extension, plant breeding, pathology and
entomology was constituted. The team along with the staff of
NGO had formulated a conceptual seed production strategy
on varipus aspects viz., social mput, skills development,
technical input and seed delivery mvolving procurement and
supply of secd to the end users. The ¢ntire programme was
bestowed on the NGOs and scientific team for guiding the
seed growers from time to time in producing quality seeds.

iy Location of seed production

Muhalubnagar s one of the mgjor cusior growing
districts of AP and has two situations such as traditional and
non-traditional castor growing areas. For the sced
production. the non-traditional villages namely Challapur of
Kosgi and Chennaram of Masaipalli of Daulathabad mandal
of Mahabubnagar were sclected especially for the reasons
that they have good isolation distance and NGO has been
operating for encouragement of the farmers.



CASTOR HYBRID SEED PRODUCTION AND MARKETING STRATEGY IN ANDHRA PRADESH

iii) Selection of seed growers

The four seed growers have been selected by the MMS
and SHG after thoreugh discussions regarding the terms and
conditions like interest on seed production, irrigation facility,
timely roughing. fertilizer application and other plant
protection measures and price for produce.

iv) Source of parent material

Dircctorate of QOilseeds Research (DOR), Hyderabad,
Regional Agricultural Rescarch Station (RARS-Acharya
N.G. Ranga Agricultural University)-Palem and private sced
agency supplied the parent materials on payment basis to
SHGs and the same seed was supplied to the seed growers
with an understanding that the seed cost could be paid back
at the time of seed purchase.

v) Social input of growers and staff of NGOs

The success of any programme may rest on the
participation of local people and the hybrid seed production
programme is also in no way different with that of any
programune related to rural development. The seed producers
joined together and came forward voluntarily, which
facilitated in sensitizing as well as motivating them to
become micro level entreprencurs. The staff of NGO played
crucial role during all the phases of seed production
activities, which included delivery of seeds, in monitoring
and guiding the growers to involve completely in the seed
production activities from time to time especially during
roughing, fertilizer application, plant protection measurers,
harvesting, threshing, procurement of seeds and delivery
seeds to traditional areas, etc. Without the NGO the hybrid
seed production in castor could not have reaped fruits of
SUCCESS.

vi) Imparting skills in hybrid seed production to the
growers and NGO staff

Unlike other crops castor needs special attention in
hybrid seed production and this necessitates necessary skill
development. The hybrid seed production activity being new
to the growers (non-traditional arcas), more emphasis was
given to imparting skills for both women and men growers
hesides staft of NGEO. Before onset of monsoon. a special
training regarding preparatory cultivation, control of red
hairy caterpillar, isolation distance, seed treatment, seeding
technique, fertilizer application was arranged at the DOR.
After sowing during the 2" week of November, one more on
farming training was given, with emphasis on identification
of off-type plants, roughing of castor plants {of self sown
seed plants, if any) around 500 m distance from seed plots,
road side, FYM pits and stray plants in other crops and
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control of inscct pests like semilooper, Spodoptera, sucking
pests was organized at each field in the selected villages,
During the spike emergence time, farmers and statf of NGOs
were consulted regularly over cell phones. By and large, the
skills were imparted almost at each stage of crop growth,
because, all the growers and staff of NGOs were ignorant
about the technique related to castor hybnid sced production,
These trainings have helped in better understanding of
quality hybrid castor secd production and this enabled the
staff in monitoring the seed production plots, even without
the presence of technical team. Modern modes of
information technology used by the staff of NGOs cnabled
them to contact the of scientists to get clarification for the
doubts and problems they came across under field
conditions,

vii) Field day at the site

In order to bring about awareness among the castor
growers, a field day at the field site of in Chellapur village of
Kosgi Mandal was conducted. Farmers from the traditional
areas and interested farmers of surrounding villages had
participated and there was an interface between farmers and
scientists by which all the castor growers got benefitted and
the researchers got ficld level feedback.

Strategy for seed production and marketing

a) Seed production

EXR +———VWASSAN

|

SGs 4=+ SH = MVMVE
b) Seed supply mode

SHGs <--> MMS (non-traditional area} <—> MMSs
{traditional area) <—> SHGs-End users

viii} Seed supply mode

The seeds were procured by the SHGs trom the producers
by paying entire amount at a time {as per the rate of public
sector agency like NSC). The seed cleaning, grading and
bagging was done at SHGs level. The processed seed was
shifted o the godown of MMS at mandal level, Basced o
demand from MMSs of traditionally castor growing mandals
like Addakal and Pangal. the seeds were sent and later the
seed sold to the farmers though SHGs.

ix) Benefit sharing

The MMSs of Kosgi and [aulathabad gave the advance
amount to the SHGs of seed villages and the SHGs procured
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the raw seeds from growers by paying full amount (T50/kg).
The raw seed was cleaned. graded and madc in to 2 kg bags.
Later the bags wera shified to godown of MMS of above
mandals, Based on the demand of seed, MMSs of traditional
castor growing mandals purchased the seeds (@ ¥ 140/2 kg
bag. The benefit gained here was T40/bag, of which 16 has
been spent towards cleaning and bagging and rest of it put in
the account of MMS, fater distributed the 75% benefit to the
members of SHGs and rest of 25% to members of MMSs,
Later the MMSs of traditional mandals seld out the seed bags
@ T 18D/ bag 1o the end users {farmers) through non-pesticide
management shops of SHGs. Here the benefit margin was
Z40/bag. Out of which, T16/bag spent on transportation,
loading and unloading and other miscellaneous charges, The
MMSs and the SHGs members shared rest of amount in
25:75 basis.

RESULTS AND DISCUSSIONS

The economics of secd production of was worked out
based on the data collected regularly at various stages and
worked out the cost of cultivation, gross rcturns includes
male seeds sold in open the market. net returns and bencfit
cost ratio (BCR). The results in table 1 indicate that the net
returns accrued due to seed production was T13779/ha in
GCH-4, while it was ¥19868/ha in case of DCH-177. The
BCRwas 2.6 in GCH-4 and 3.4 in DCH-177 The over all net
returns generated out of seed production in farmers ficld was
T17838/ba with BCR of 3.1. It shows that the approach
followed was a win-win situation in which both the producers

and end users could reap benefits.

Issues and lessons leamt from participatory seed
pruduction ace () strengthening of setf help and MMS groups.
i) continuous monitoring  of crop, i) one person,
exclusively needed for coordinating the activities, iv)
selection of farmers in clusters saves time and quality. v)
announcing procurement price well in advance, vi) timely
processing and hagging of seed for timely supply to end
users, vil) conducting pick-wise grow-out test (GOT) or
molecular test to sec the purity. viii) capacity building to the
growers and staff of NGO both at off and on-campus, ix)
timely payment to the producers, x) timely sowing of parent
materials, xii) timely fertilizer application and plant
protection measures, Xiii} timely irrigation. xiv) working out
the economics of seed production by keeping regular track of
expenditure incurred by the farmers, xv) strengthening the
market stralegy of seed for surplus seed. xvi) involvement of
financial institutes especially nationalized banks for credit
facility, xvii) demonstration of farmer produced sced
vis-gd-vis private or public sector agency produced seed, in
order to create faith among the commercial cuhtivators on
farmers produced seed, xviii) involvement of oil- millers for
procurement of commercial sced.

Acknowledgement: The authors are grateful to the Project
Director. DOR for his constant encouragement and guidance.,
Thanks are also duc to Smt Bhagyalaxmi, Smt. Jaya and
other field staff of WASSAN. for their support during seed
production at various villages.

Table | Economics of participatory seed production in castor at village level

‘ o . Area Yicld* cC GR NR )
Year : stric br g . :
eal Village District Hybrid (ha) (ketha) @ha)  (Tha) (Tha) B:C ratio
- .
2006-07 Kosgi MBNR GCH-4 2.6 3,' P (L) 8413 22192 13779 1:2.6
= 346 (M)
. 438(F1y N
b abi - 5 3 2523 3.
Daulthabad RR DCH-177 0.8 375 (M) &350 33730 5230 1139
2007-08 . ‘ . 250(F) Ymes < -
Kaosgi MBNR DCH-177 1.2 300 (M) 8345 228350 14303 1:2.7
344(F ) -
f "H- 2. 2 Y
Mean DCH-177 2.0 338 (M) 8448 8315 19868 1.34
336 (Fly
Over all Mean ( 6.6) 340 (M 8436 26274 17438 1:3.1
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ABSTRACT

Oil palm (Elaeis guineensis Jacq.) has been introduced crop to India to bridge the gap between demand and
supply of vegetable oil requirements of the country. Fixation of price for fresh fruit bunches (FFB) on scientific
formulia basis is a ticklish issue causing unrest between processors and farmers, Deriving the formula based on oil
extraction ratio (QER) is unrealistic as the climatic conditions of the crop growing areas vary drastically and hence
have impact on the OER. Similarly the FFB that is arrived to the processing unifs aré a mixture of both young and
old plantations which again show variation in the OER. A new approach has been derived using the cost economics
of the culrivation and processing to fix the price for FFBs of Oil palm. The formula was derived by taking all aspects
into consideration like cost of cultivation and precessing of oil palm FFB, price of crude palm oil, kernel oil and
palm kernel cake, benctit cost ratio and internal rate of returns and finally net present worth. The formula being
followed in Malaysia, the processors remarks on low OER during peak periods and under utilization of mitl and the
farmers demands of share in the other products like kernels, cake and other online products were reviewed n depth

while deriving the present one.

Key words: Fresh fruit bunches, Oil palm, Price fixation -

Oil palm (Elaeis guineensis Jacq.) is the highest
vegetable oil yielding crop with an average productivity of
4-6 t. of crude palm oil'ha per year. With its large scale
introduction in the irrigated tracts of the country, the crop
successiully established in the states like Andhra Pradesh,
Karnataka and Tamil Nadu during the last 20 years.

In India, Andhra Pradesh state stands first in both area,
production and productivity of the crop followed by
Karnataka. With the expansion of the cultivated area, the
processing companies have also been set up for the crushing
of the fresh fruit bunches (FFBs) to extract erude palm oil
and thereby the other online products like palm kemncls,
kerncl cake, empty fruit bunches, sludge, ctc. So far the
payment to the produce is paid based on the crude methods
as no scientific formula is evolved on the lines that is being
followed mn Malaysia,

Presently the FFB price 1s fixed based on the selling price
of erude palm oil by APOILFED which is a state government
agency. However this docs not include the other online and
by products that are extracted along with CPO. This lead to
demand for scientific formula from farmers on the lines of
Malavsia. However in India the oil palm indusiry is very
voung with the exisience ot more young plantation that tead
to fow oil extraction rate (OER) and variation in the climatic
conditions in different oil palm growing arcas leading to
fluctuation in OER in the FFBs. Under these circumstances
bringing out of scientific formula on the basis of OER is

Divisional Officer, APOILFED. Eluru-334 002, AP
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very difficult at this juncture. Hence, the present study was
taken up to bring out the scientific formula using economics
of o1l palm cultivation as well as processing.

MATERIALS AND METHODS

Information on cost of cultivation ot oil palm in different
areas rom various farmers of both small and large holdings
was collected and compared with the cost details submitted
by National Bank for Agricuiture and Rural Development
{NABARD) during 1993 and the per cent increase in the cost
of various aspects that are involved in cost of cultivation
since then. Based on this, it is observed an increase of 35%
in the labour wages (at the rate of 5% per year as obtained
from the Revenue department of Govt. of Andhra Pradesh),
an escalation of 32, 23 and 16%, respectively in NPK
fertilizers and an increase o' 35-40% price in plant protection
chemicals. By taking all these into consideration. the cost of
cultivation of oil palm was calculated (Annexure 4) (Kochu
Babu and Prabhakar Rao, 20031, A total of 100 farmers were
interviewed for this purposce to get the feed back.

Stmtlarly e average vields of oil palm was taken at the
barest minimum as reported by Udaya Kumar (1998) though
the present yielding pattern is much higher in majority of the
gardens. The price of FFB that is being paid to the farmers
{selling price-weighied average) was taken from the Govt. of
Andlira Pradesh. The costs (latest) of palin kernel oil (PKO)
and palm kemnel cake {PKC) were obtained from different
processing units located in Andhra Pradesh, The per cent
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recovery of crude palm oil was taken as 18%. The eptimum
mill capacity for sustainable processing has been taken as 3
mt/hr as reported by Sanjay Goenka (2006). The capacity
atilization of the mill was taken as & hrs/day and 180
days/year which is again the barest minimum capacity of
crushing. [nformation on cost of processing was collected
from government run processing companies and the average
of the same has been considered for calculation. The total
economig life of both crop and processing units was taken as
25 years. In order to assess the economic viability of oil
palm cultivation based on current prices, cash flow analysis
was preformed using 12% as the rate of interest (opportunity
cost).

While calculating the cash flow analysis of cost of
cultivation, weightage to fixed costs for the farmers has been
given for the first 3 years of juvenile period based on annuity
approach considering 12% as the opportunity cost  and
calculated using the formula=Px1/(1+R)N (Table 5):

Where:

« P is the sum of cost of cultivation during the pre bearing
phase (first three years).

» Anamount of¥ 3630 (cxcluding land value) as fixed cost
per ha has been added to the total variable cost.

+ Ris the opportunity cost i.e. rate of interest (12%)

* Nis the total economic life ot the crop (25 years)

In the processing of FFB. the online ¢ by products like
PKO and PKC onty have been taken for calculation. The per
cent recovery of these has been taken as 2% and 3%,
respectively per tonne of FFB based on information
collected from different processing units. The realized values
were calculated based on the existing prices of PKO and
PKC. The payback period was estimated 1o be five years.

~ Cash flow analysis was carried out for both oil palm
cultivation and processing. Three major investment
paramelters namely benefit cost ratio (BCR), net present
worth (NPW) and internal rate of returns {IRR) were
estimated.

While formulating the new formula, the methedology
used in the previous occasiohs while fixing the rate since
1993 onwards was also reviewed which is as mentioned.

Initally during 1993, the price of FFB was lixed on
adhoc basis as the crop was in its initial period of
establishment to draw the OER based formula. In the year
1995, an OER based formula was proposcd based on the
!ines of Malaysia but only for CPO. Since, the plantation was
n its initial period and not reached to sustainability (9-18
years) it was amicably adjusted to pay 10/16 of the CPO
price to the farmers ( if 16% is the OER then 10% should be
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the farmers share). However, since the OER from the FFB
started increasing beyond 16%. the formula was further
adjusted as 10/16 x actual OER obtained x cost of CPO. For
fixing the price based on the actual OER obtained by
processing companies, the government used to collect the
OFER from different processing units and the average was
taken into consideration. However to draw the formula on
scientific lines, the present excreise has been done based on
cost economics of oil palm cultivation as well as processing.

The net returns on 1 L. of FFB processing was calculated
as ¥ 3300 (after the deduction of farmers share as well as
cost of processing) while the net returns from onc t. of
production are T 3599,

While working for the scientific formula the fanmers'
demands of consideration of gross CPO price and share in
the other products like kernels, cake, EFB, sludge, etc. and
processors remarks of low OER from the FFB during peak
peried and under utilization of mill capacity were also taken
for review.

RESULTS AND DISCUSSION

The cash flow analysis of oil palm cost of cultivation and
processing were calculated based on the June, 2008 rates and
presented in table 1 and 2. The details on cost of processing
are given in table 3. The realized values for PKO and PKC
were estimated (o be T 1100 and 96, respectively for one mt
of FFB and are taken into consideration for drawing the
formula. Of this, 1/3™ of the amount was spared towards the
cost of extraction and the remaining 2/3% was shared equally
between processors and farmers. While calculating the cash
flow analysis for processing, a discount rate of [2% as
opportunity cost was taken into consideration.

Annuity value based fixed cost for first three years: The
annuity value based fixed cost during the non yielding period
of oil palm cultivation was calculated by taking the cost of
cultivation of the crop during the juvenile period of first
three years as there is ne income generation from the crop.
For this purpose the net realization values, by deducting the
subsidy componcent as well as income from intercrop, were
considered. The opportunity cost which was mentioned as
12% indicates that the farmer would get at least 12% interest
on the amount spent in some other venture 1f not 1n oil palm
cultivation. This was continued till returns were started
getting from oil palm from 4" vear onwards, Similarly. the
total ccononue il span ol the crop was taken as 25 years
and the same was used in the formula while calculating the
annuity based fixed cost.

FFB yield/ha: The FEB yield output of il palm was taken
from the Udaya Kumar (1998) where in the pattern was
mentioned as 1.5 t during 4th year. 5, 8, 11 and 5 during 3"
to 8 years, respectively (Table 6). Later on stabilization in
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the yield output was observed from 9" to 18™ year and
gradually reduced thercafter to 16.5 t. during 9" and 15 t.
during 20" to 25" years. These are the barest minimum
yiclds that were recorded and visualized during 1998,
Though the yield out puts are very high at present as
compared to the reported one, the cash flow analysis was
done using the data reported by Udaya Kumar(1998).

Costs: The details on costs involved in cultivation of oil
palm from year | to 25 are given in the table 4. These are the
average of 100 farmers’ information, Of these the cost on
first year was the highest as it included the establishment
costs like land preparation, pit digging and seedling costs
which arc found only during the first year, The cost increased
gradually from second year onwards till 8" year and then
onwards it's slabilized in accordance with the vyield
_ stabilization.

Returns: Details on the returns that are given in the table 4
indicate that the palms pass thru the juvenile phase during the
first three years and hence no returns are obtained. As the
yields are started from the fourth year onwards the returns
also are expected. As the yield out put of oil palm as given in
the table 5 indicate the gradual increase from 4" to 8" year
after planting and there on wards it stabilizes till 19" year.
Accordingly, the returns were calculated based on the exiting
market price of T 6116/t of FFB.

Discount factor: The discount factor was calculated using
the formula as given in “Discounted costs, returns and
margins and the calculations were done using the values and
formulas as mentioned in table | and 2 . These were found
essential to arrive the BCR, NPW and IRR which were
essential to draw the formula on scientific lines.

BCR for oil palm cost of cultivation: Using the existing
market rates for various items including costs and returns, the
BCR for oil palm cultivation in Andhra Pradesh was
caleulated as 1.84. This infers that for cvery one rupee
spending on cost of oif palm cultivation, the farmer is getting
a profit of ¥ 0.84.

NPW and IRR: The NPW of the oil palm cultivation was
found to be highly significant. Where as the IRR using the
discounted margins with a guess of 25% was observed as
14% which again shows oil palm cultivation as highly
economical.

Costs in processing: Details on cost of processing that are
given in table 3 indicate that the cost includes both the
processing cost as well as the payment made towards the
purchase of FFB from farmers. As reported by Sanjay
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Goenka (2006) the optimum capacity of the mill for
sustainable processing industry has been considered as 3 1,
and run the same for one shift of 8 hrs in a day and 180 hrs
in a year. Accordingly a total of 4320 t. can be processed.
The processing cost of one ton of FFB as reported by
APOILFED is T 1090 which include the fixed costs as well
as variable costs (Table 3). Similarly the price paid for FFB
in way of purchasing from farmers is mentioned as ¥6116,

Returns in processing: The details on returns include the
crude palm oil recovered irom the total processing in a year
(e 18%, PKO and PK.C as online and by products of il palm
processing @ 2 and 3% respectively. The cost of CPO, PKO
and PKC was calculated based on the existing market price,
All the other aspects like discount factor, discounted costs,
discounted returns and discounted margins were calculated
as donc in case of cash flow analysis of cultivation.

BCR for oil palm processing: The benefit cost ratio for oil
palm processing in Andhra Pradesh was calculated as 1.39.
This indicates that for every one rupee spent by the company
in way of processing the FFB, it is getting a profit of T 0.39,
In the present casc. the BCR of oil palm processing 1.39
seems to be very profitable and indicates more sustainability
of the industry. Similarly, the net project worth of the
processing also shows significant at the current price. The net
project worth when calculated based on the existing price
seems to be very high which indicates the worthiness of
mdustry for sustainability.

It is also observed that the rate of change is uniform in
both the cases i.e. cultivation and processing even if the CPO
price increases or reduces.

Formula on scientific basis: From the above calculations,
the below mentioned scientific formula using the BCR of o1l
palm cultivation and processing, is brought with an increase
of 6.66% over the existing formula considering the increase
in cost of cultivation. ete. which holds good for both the
farmers and processors for their sustainability.

Price for |
tonne of FFB —  SP CPO x 12% + (SP RV PKO + SP RV
PKCYx 33%

SPCPO= Selling Price of one tonne of crude palm eil of the mont!
or quarter obtained from any Govt. agency

SP RV PKO= Selling price of one ton of realized values of the palir
kernel oil

SP RV PKC = Sclling price ol one wnne of realized valees of palm

herne] cuhe
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Table 1 Cash flow analysis of oil palm cost of cultivation

= Year Cost () Returns (T) DI Dis. cost (3] Dis. ret. (3) Dis_mar.
1 32860 0 .89 29330 o 29339
2 24672 0 0.80 1966 0 -1 966K
3 27150 0 Q.71 19325 0 19325
4 29560 9174 0.64 18746 5830 12956
5 28080 30380 0.57 15933 17352 1419
6 28080 48928 0.5] 14226 24788 10562
7 28080 67276 0.45 12702 30432 17730
8 29080 91740 0.40 11745 17052 25307
g 29684 116088 .36 10487 39699 29212
10 29080 110088 0.32 9363 35445 26082
11 29080 110088 0.29 8360 31648 23288
12 29080 110088 0.26 7464 28257 20793
13 29080 110088 0.23 6604 25229 18565
14 25080 110088 0.20 5950 22526 16376
15 29080 110088 018 3313 20013 14800
16 29080 110088 0.16 4744 17938 13214
17 29080 110088 0.15 4235 168034 1179%
18 29080 110088 0.13 3782 14316 10534
19 29080 100914 0.12 3376 11717 8340
2 22080 91740 Q.10 3015 9310 6496
21 29080 85624 0.09 2692 7925 5234
2 29080 73392 0.08 2403 6065 3662
23 29080 67276 0.07 2146 4964 2818
24 29080 67276 0.07 1916 4432 2516
25 29080 67276 0.06 17N 3937 2247
Average 28876 88 76083.04 225344 415251 189907
13.115504
2201.7362 BCR 1.842739
NPW 189907
IRR 14%
D¥F= Discount factor = 141 ~R)*n R= Rate of interest (12%)
IS CST= Discounted cost n=Corresponding year
DIS RET= Discounted retums
DS MAR= Discounted margin
Table 2 Cash flow analysis of oil palin processing
Year Cost (T) Return (T) [ Dis. cost (T Dis. et {¥)  Dis. mar. (3)
1 31458240 44026000 0.80 28087714 39308925 11221214
z 31458240 44026000 PR 25078316 35097258 10018941
3 31458240 44026000 471 22391334 31336837 HO45483 FFH in MT 4326 (1803487
4 31458240 44026000 0.64 19992280 27979319 7987039
5 31458240 44026000 0.57 17850250 24981535 7131285 Products Realized values
6 31458240 44026000 0.51 15937723 22304942 6367218 PG IRRRO000  (4320*0.18)*50000
7 31458240 44026000 0.45 14230110 19915127 3683016
8 31458240 44026000 0.40 12705436 17781363 5075907 PKO 4730000 (BO*55000) 2% of TFB
9 31458240 44026000 0.36 11344157 15876217 4532060
10 31458240 44026000 0.32 10128711 14175194 4046482 AN 416000 (130*32007 2% of FYB
11 31458240 44026000 0.29 9043492 12656423 3612931
12 31458240 44026000 0.26 8074547 11300378 3225831 Total 44026000
13 31458240 44026000 0.23 7209417 10089623 2880206 101%1.2
14 31458240 44026000 .20 6436974 G852 2571613
15 31458240 44026000 0% 5747303 8043386 2296083
16 31458240 44026060 0.16 5131520 TIR1594 2050074
17 31458240 44026000 0.15 4581715 6412138 1830423
18 31458240 44026000 0.13 4090817 5725123 1634306
19 31438240 44026000 0.12 3652515 SL11717 1459202
20 31458240 44026000 010 3261174 4564033 1302859
21 31458240 44026000 0.09 2011762 4075029 1163267
22 31458240 44026000 . 008 2599788 3638419 1038631
23 31458240 44026000 .07 2321239 1248589 927349
24 3145R0240 26000 .07 RI{ERE 20003525 X27990
235 FASK240 420000 i PRAO4TH JARGTES TigTT
246731353 345302043 GRITOEYE
BCR  1.399306139 (DIS RIT/DIS CSTY
NPW 08570690
[RR -

DIS RET: Discounted retums
DIS MAR: Discounted margin

DF Discount factor = T/(1+-R)"n
DIS CST= Discounted cost

R= Rate of wnterest {12%)
n=Corresponding vear
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Annexure 3; Cost of processing of [ mt. of (3! palm fresh fruit bunches {Collected from M/s APOILFED, Andhra Pradesh)

licm Cost (?)
Variable costs
- Power 115
Labour 160
Spares 52.5
Maintenance 52.5
Administration L0.5
Total 390.5
Fixed costs
Interest on investment 217
Interest on working capital 73
Salaries 165
Insurance 18
Depreciation 223
Total 696
Grand total 1086.5

Table 4 Actual cost of cultivation and expected returns {as per the feedback from the farmers of Andhra Pradesh)

V Year () VI Year (9

ltem of expenditure [Year (T) M Year(d) [ Year (T IV Year(I} Total ()

Cost of seedlings @ T35x143 7865 0 0 0 7865 0 0
Gap fillings @ I7 0 385 0 0 385 0 0
Saplings transport @ T 7 ! 1001 49 0 0 1¢350 0 0
Manures (FYM, organic. composts) 750 1200 1500 1750 5200 2250 02750
Fertilizers 2200 3700 5240 B098 17238 HDBE 6098
Plant protection 250 400 550 550 1750 330 550
Inter crop 1200 1200 0 0 2400 0 4]
Land preparation 1500 0 ] 0 1500 0 0
Lining and pitting 750 0 0 0 750 0 0
lnter culture 750 730 1500 1500 4500 1500 1500
Basin makingwicc/vear 715 858 1001 1287 3861 1430 1430
Pruning 250 250 500 500 1500 750 750
Labour for irrigation 1000 1250 1500 1750 5500 2000 2000
Electricity power and maintenance (including depreciation) 2000 2000 2000 2000 BO00 2000 2060
Harvesting 0 0 375 750 1125 1250 1500
Collection and transportation 0 0t 350 750 1100 1230 1500
Misc. Waich and ward, ctc. 9O00 9000 G000 9006 36000 2000 9000
Total {(A) 29231 21042 23516 25435 99724 28078 29078
Subsidy on seedlings 6750

Fertlizer 1345 3097 3220 5220 21852

Total subsidy (B) 8295

A-B 20936 {8945 21796 24125 77892

[ncome trem intererop € 4500 4500 3000

Income from FFB (1) 20500 28700 73R00 (180)
Net realisation -16436 -14444 -18796 23625 +622 +44722
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Table 5 Annuity value based fixed cost for first four years after subsidy

. . Year
Particulars 1 > - Z - - . . 5
Total variable cost (T) 29230 21040 23510 25930 28080 28080 28080 29080 29080
After subsidy (3} 20940 15950 21800 24130 28080 2R080 28080 29080 29080
Net realization -16440 -14440 - 18800 -3620 620 15000 30000 44720
(C:F5-3630) -20070 -18070 -22430 -7250
Formuja: P X (1/(1+RY*N (CA4+=DA+EH)*(L3((1.12)*25)
Value 3628.81
Rounded off to 3630

P=Sum of variable costs during juvenile period of lirst three years after deducting the subsidy:

Table 6 Yield (fresh fruit bunches) output of oil palm

Year Yield (1 ha)
1 0
2 0
3 0
4 1.5
5 5
¢] 8
7 bl
8 15

9-1% 18
19 16.5

2(3-25 15

The above formula was derived based on the cash flow
analysis carried out for both cultivation and processing.
From the BCRs it is found that the above formula holds
good for both farmers as well as processors as both arc ina
win-win situation. However the claim of farmers on both
online / by products of FFB processing is well justified and
hence, the above formula is projected with an equal share in
the profits (after deducting the processing cost) of online as
well as by products for both farmers and processors. Hence,
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R Rate of interest: N Economic lift of the crop in vears

it is recommended to add 33% of the realized values of the
online/by products of Oil palm FFB processingi.e. PKO and
PKC to the formula so that the remaining 33% will be the
share of processors. Hence, the realized values obtained
trom these online/by products are divided into three parts of
which one part i.e. 33% of realized values can be attributed
towards the cost of processing and the remaining two parts
i.e. 66% can equally be shared between farmers and
processors. The samc formula may be added to the other
value added products. if any, in future.
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ABSTRACT

Combining ability and heterosis were studied in six parent half diallel cross for eleven quantitative characters
in order to identify suitable parents/ crosses, which could be utilized in Indian mustard (Brassica juncea L.} for
further improvement programme. The analysis of variance of the data obtained on ten randomty taken plants revealed
that both gea and sca variances were significant for all the characters indicating the importance of both additive and
non- additive genetic components in controlling the expression of these traits. Average degree of dominance
reflected the pre-dominance of over dominance in these characters expression. The parents, Varuna and Vardan for
seed yield: RK-104 and Rohini for oil content were judged as good general combiners. The cross combinations,
Vardan x RK-114, Varuna x Rohini, Vardan x Rohini and RK-114 x Maya were identitied as potential ones based
on their sca and heterotic effects, which had involved either HXL or LXL general combiners and confirms the

validity of average degree of dominance values.

Key words: Combining ability, Heterosis, Indian mustard

Rapeseed-mustard (Brassica juncea L.} group of crops
plays an important role in the oil seed economy of our
country. India is a second largest rapeseed-mustard growing
country in the world and has rank third next to Canada and
China in production, Its productivity (1056 kg/ha) is much
lower than the world average (1511 kg/ha). Thus received a
great attention of breeders for genetic improvement, as it has
shown greater production potential under varying
environments. For the success of any breeding programme
the basic need is selecting proper parents for hybridization.
The study of heterosis shows the percentage as increase or
decrease of the F'1 over the economic parents or over better
parents but it fails to identify the possible causes for the
superiority of hybrid. Combining ability analysis provides
information related to gene action controlling the guantitative
characters and helps the breeder in the choice of suitable
parents. The present investigation was undertaken to study
the nature and magnitude of heterosis and analysis of
combining ability in Indian mustard using diallel mating
design.

The experimental material comprising six diverse lines of
Indian mustard viz., Vardan, Varuna, RK 104, Rohini, Maya
and RK [14 were selected. These parents were crossed in
diallel fashion during winter season ot 2004, The resulting
15 hybrids and their six parents were cvaluated in
randomized block design with three replications during
winter season of 2005 at Oilseed Research Farm, Kalyanpur,
of C.S. Azad University of Agriculture and Technology,
Kanpur. Each entry was sown in single row of two meters
length spaced at 45 cm apart keeping 15 c¢m distance
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between plant to plant. All recommended agronomic
practices were adopted for growing good crop. The
observations were recorded on ten randomly selected plants
from each line for cleven characters viz., days to 50%
flowering, plant height (cm), number of primary
branches/plant, mimber of secondary branches/plant, length
of main raceme (cm), number of siliquae on main raceme,
days to maturity, number of seeds/siliqua, 1000 seed weight
(g), seed yield/plant (g) and oil content (%%). Combining
ability analysis was donc according to the method of Gritfing
(1956) Method 11 model I. Heterosis over economic parents
and better parent was estimated by standard procedures.

The analysis of vartance because of GCA and SCA
(Table 1) were significant for all the characters indicating the
importance of both additive and non-additive genetic
components of variation in expressing these traits. The
average degree of dominance was more than unity,
suggesting to involve over dominance in inheriting these
traits. The findings arc in agreement with the earlier repots of
Ghosh er al. (2003) and Parmar and Patel (2003).

Two top desirable parents and three crosses selected on
the basis of per se¢ performance with respective GCA and
SCA effects for all the eleven characters have been presented
n table 2 and table 3. respectively. The comparison ol GUA
ctfects with per se performance of parents revealed positive
association for most of the characters. Based on per se
performance along with estimate of GCA effects, good
general combiners were Rohini and Maya for days to
flowering, RK 104 for plant height; Vardan and Maya for
number of primary branches/plant; RK 104 and Vardan for
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secondary branches/plant: Vardan and Maya for length of
matn raceme and number of siliquae on main raceme; RK
104 and Varuna for days to maturity: Varuna and RK 114
for number of seeds/siliqua; RK 104 ad Rohini for oil
content. Thus, the parents can be considered in formulation
of breeding programme for improving seed yield. The best

specific combiners were Varuna x RK 104, Vardan x RK
114 and Vardan x Rohini for days to flowering, Vardan x
Varuna, Rohini x Maya and Maya x RK 114 for days to
maturity. Rohini x RK 114, RK 104 x Rohini and Varuna x
Maya for 1000 seed weight and Vardan x Maya, Varuna x
Maya and Maya x RK 114 for o1l content, respectively.

Table 1 Analysis of variance for combining ability in Indian mustard

Number of

Seed

Source of . Dateto Plamt Number of primary - Number of secondary  Lengthof . Dateto Number of  [000seed 770 Oil
! d.f. X . siliquae on main X i . vield:
variation flowering  heipht branches: plant branches:plant main racemy maturity  seeds/siligua weight - content
raceme plant
GUA 50023706 RT.0NF 1aR** 1.07+* 17.95%* Bl i 30.32%* 177+ 0.15%*%  407%*% 4 36%*
SCA 15 24.43%% 2482+ 0.37 345 2LRTH* TS 1§42 2 RGH 0.14%%  440%% 3 |3
Error 40 1.43 1.89 012 0.30 1.75 1.86 1.9% 0.38 0.03 0.76 1.29
&g 2.78 4.39 08 .10 2.03 0.70 3.59 0.17 042 0.52 0.3%8
&' 23.00 22.93 0.63 313 2012 370 16.94 251 011 376 0.84
5'gib’s 012 0.19 .28 0.03 0.10 012 0.21 0.047 0.18 0.14 4.45
(5°S:8'g) 0.5 2.87 2.2% 1.9 559 ERR IS 208 354 2.33 2.69 I.49

* % gignificant at 3 and 1% level, respectively

Table 2 General combintng etfects of parents in Indian mustard

Character Parents Per se performance gea effects
Days to 50% flowering Maya 42.67 -1.22%*
Rohini 45.33 S2.53x
Plant height RK 104 126.93 -2.45%*
RK 114 126.67 -2.97%*
Number of primary branches/plant Vardan 9.69 0.70%*
maya 7.53 (1.30%*
Number of secondary branches/plant RK 104 13.87 0.53%=*
Vardan 13.57 0.29*
Length of main raceme Vardan 58.03 1.00)%*
Maya 58.30 1.20%%*
Number of siliquac on muin raceme Vardan 32.27 I
Maya 29.60 00.34%
Days to maturity RK 104 120.67 -2.54%%
Varuna 127.33 -4z
Number of seeds/siliqua Varuna 14.47 0.63*
RKC 114 10.67 0.45%
1000 seed weight RK 104 4.53 0.20*
Maya .44 Q.08
Seed yicld plant Varuna 14.33 0.R87*
Rohini 13.64 0.06
Ol conient RIS M 4012 091
Rohim 3942 0,16
* e

sigmiicant at 5 and 1% level, respectively

The SCA effects and per se performance were not always
considered together. Top ranking crosses involved -high,
medium and low combiners as parents Singh ez o/, {2006)
also reported involving high, medium and low combiners in
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superior crosses for seed yield/plant and its components in
Indian mustard. The cross combinations with good results on
account of low x low GCA status of their parents specially
for oil content may be explained because of the main role of
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non-additive gene action. High x high general combiners
showed additive x additive gene action for these characters
and may be exploited through pedigree method of selection.
The crosses showing maximum heteresis for seed yield/plant
were short listed in table 4. The magnitude of heterosis over
economic parents ranged from 4.06 to 27.47% over
respective check Varuna. The cross Varuna x RK 104
showed highest heterosis over economic and betier parents
(27.47**}and (21.47%%), respectively. Similar higher values
of heterosis over economic parents were reported by Singh
and Lallu (2004). The highest and positive heterosis over

check Varuna was recorded 1n hybrid Vardan x RK 114,
Varuna x Rohini, Vardan x Rohini and RK 104 x Maya. The
heterosis observed in these crosses justifies the development
of commercial hybrid invelving parents with etther H x L
and L x L general combiners in Indian musiard. Therefore,
it is worthwhile to see superior crosses showing high level of
heterosis for seed yield/plant. This would enable the
breeders to concentrate on  few promising  cross
combinations for further crop improvement.

Table 3 Superior cross combinarion based on SCA effects in Tndian mustard

Character Parents

Per se performance sca eftects geu effects

RK 104 x Maya
Vardan x Varna

Days to 50% flowering

Vardan x Rohin
Vardan x RK 104

Vardan x RK 114
RK 104 x Maya

Plam height

Number of primary branches/plant Maya x RK 114
Varuna x Maya

RK 104 x Rohini

RK 104 x Maya
Vauna x Rohini
RK 114 x Rohini

Number of secondary branches/plant

RK 104 x RK |14
P Varuna x Maya
RK 104 1 Rohini

Length of main raceme

Number of siliquae on main raceme Maya x RK 114
Varuna x RK 104

Varuna x Rohini

Days to maturity Vardan x Varuna
Rohini x Maya

Maya x RK 114
Varuna x RK 104

Vardan x RK 104
Rohini x RK 114

Number of seeds/siliqua

Rohini x RK 114
v RK 194 1 Rophm
Varuna x Maya

1000 seed weight

Varuna x RK 104
Vardan x RK 114

Vardan x Rohim

Seed yield/plant

Oil content Vardan x Maya
Varuna x Maya

Maya x RK 114

433 7514 LxA
43.0 -4, 76%* AXA
429 -3.93%+ AxH
120.3 14y LxH
127.6 -1.19%x LxH
132.7 -1L07** HxL
73 0.83* HxL
74 0.81% LxH
6.8 0.60* LxL
14.2 1,97+ LxH
4.2 2687 LxH
3.1 .99 HxH
59.0 6.20%* HxL
53.0 4220 HxL
534 3360 HxL
32.0 4.03%* LxL
303 305+ fxL
30.4 2,50% LxH
119.6 6.22%* LxH
123.3 -6.51%* LxA
123.6 5500 HxL
15.1 2734 LxH
143 2.47% HxL
14.3 1.9g** LxL
5.0 0.85%* LxA
4.8 0.33* Hxl
4.8 0.30% AxA
17.6 4.04%* AxL
16.4 3470 AxA
162 1,747 AXL
39.0 0.95 LxL
388 0.94 LxL
38.7 0.74 LxL

*.** signiticant at 5 and 1% level. respectively
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Table 4 Crosses exhibited higher heterosis over economic and better parent for sced vield in Indian mustard

Heterosis percentage

Crosse Per ye performance Desirable signiticant heteresis for other wraits
OverEP Over BP

Varuna x RK 104 17.65 24.47%* 21.47%* PH, PB, SB, SMR. DM. 1000-8W

vardan x RK 114 9.23 12.66%* 25.03%% DF, SB, DM

Varuna x Rohini 16.23 11.70%* 11.70%# DF, PB, SB, SMR, SPS, 1000-SW

vardan x Rohini 15.12 4.06%* 10.85%%  DF. PB, 8B, SMR

vardan x Mayu 12.68 12.73%* 15.90*%  DF.PB, SB, LMR. DM, SPS. [040-SW, OC

PH : Plant height; DF : Days to flowering; PB : Number of primary branches:plant: SB : Number of secondary beanches plant; LMR : Length ofmain raceme; SMR : Number of siliquae
on main raceme: DM : Days 1o maturity, 3PS  Number of seeds/siliqua; 1000-5W : 1000 seed weight: OC - Oil content; BP ;. Better parent; EP - Economic parent
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Inheritance of yield and its component traits in
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ABSTRACT

The generation mean analysis was carried out involving six basic populations namely, P, P, F,, F.. BC, and
BC, of three crosses namely Varuna x Vardan, Varua x RK 104 and Rohini x Maya of [Indian mustard. Brassica
Juncea L, to estimate genc effects for 11 quantitative characters. Significance of scaling test for different traits was
observed in almost all crosses showing the presence of digenic or higher order interactions. The results showed that
most of the characters were mainly governed by dominance gene action and duplicate type of epistasis. These results
suggested that substantial gain in seed vield/plant may be achieved through recarrent selection and heterosis breeding

in Indian mustard.

Key words: Generation mean analysis, Indian mustard. Yicld components

Rapeseed-mustard group of crops plays an important role
in oilsced economy of our country. To increase the present
yicld level and to overcome yield stagnation of Indian
mustard, Brassica juncea L., it 1s essential to reshuftie the
gene complex through hybridization. For this, it is necessary
to identify gene actions involved in expressing various yield
contributing characters. Generation mean analysis is a simple
and a useful technique for charactenising gene effect. The
knowledge on the nalure of gene effect in inheriting yield
components would be uscful for development of better
cultivars by formulation of suitable breeding method.

The present investigation was carricd out with six
pepulations namely., P, P., F,. F., BC| and BC, of three
crosses namely Varuna x Vardan, Varuna x RK 104 and
Rohini x Maya in randemized block design with three
replications during winter season of 2005 at Oilseed
Research Farm Kalyanpur of C.S. Arad University of
Agriculture and Technology, Kanpur, The plot size was kept
of single row for parents. F|s and two rows for F.s, BC, and
BC, of 3m length with distanice of 45 ¢m between rows and
20 cm within row. Ten plants cach from parents and F s and
20 plants each from F.s, BC, and BC. were randomly
seleeted for recording the observations on ¢leven metric
wails iz, days 1o Howering, plant height. number of primary
branches/plant, number of secondary branches/plant. length
of main raceme, number of siliquac on main receme, days to
maturity, number of seeds/siliqua, 1000 seed weight. seed
yield/plant and oil content. Data were subjected to different
biometrical techniques like scaling test (Mather, 1949) and
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generation mean analysis following six parameter model of
Hayman{1958}. Significance of scaling test for almost all the

characters was observed in all three crosses indicating

presence of digenic or higher order interactions. Estimates of
gene effects and interactions for the best fit modet for all

traits studied in three crosses of Indian mustard are given in

table 1. The inheritance pattern varied with crosses and

characters under consideration. Means of Fis for days to

flowering, plant height and days to maturity were either
intermediate or closer to desirable lower parent, showing

dominance of gene for carly flowering, dwarf plant type and

carly maturity. Simitar results were reported by Sachan ez af.

(2006} for all the three traits. F,s means for 1000 seed grain

weight were intermediate occasionally approaching to higher

parent suggesting balancing effects of negative and positive

alleles for higher test-weight. F|s means for grain seed yield

were higher than those of the higher parent, Other characters

also displayed differential between Fis mean and theit

parental values. Mcans of BC, and BC, for seed yield/plant

were tnvariably higher than those of the parents anid Fis

suggesting the accumulation of favourable alleles resulting

back cross in the present material.

In general. additive effeet (d) was more pronounced in
desirable direction tor inheritimg divs 1o ilowering, plat
height and days to matuyity. Among the interactions additive
x dominance (J) and dominance x dominance {1) for days 0
flowering, plant heighi and days to maturity were important.
Similar interactions were reported by Sheikh and Singh
(2004) for days to flowering.



Table ) Estimates of gene effects and interaction for eleven characters in Indian mustard

YADAY RAMAKANT AND SINGH

Character Cross m d h 1 i 1 ;’:':lzzz
Days 1o flowering Vardan X Varuna 4567+ -5.00%* 17.67*% 8.67 267 24,67+ C
SEm+ 1.45 1.52 6.66 6.57 1.79 8.72
Varuna X RK 104 43.67+* -6.00%* 299 933 133 11.33 C
SEm+ 1.26 (L81 5.25 5.08 1.05 6.39
Rohini x Maya 5500+ 5.33%* 12.67 6.67 -6.67* 45334 D
SEnr 1.53 1.33 6.87 6.67 1.42 8.49
Plant height (cm) Vardan X Varuna  136.40%* S7.27% 28.02%* 23734 -12.60%* -§.33 D
SEm+ 146 167 6.80 1.57 1.99 9.33
Varuna x RK 104 130.57** 3.40% 28.29%* 619 2.53 -49.39%+ D
SEm+ 1.68 1.73 7.78 549 1.98 03
Rohini x Maya  129.83%* -13.73% -02.21 2.60 -1R.gox* S20.37%* D
SEn= 116 1.98 5.69 1.77 1.74 R.08
No. of primary branches/plant Vardan x Varuna 3.80** 0.23 L.80 -6 B0** 1.80* -0.53 o
SEm 0.31 0.64 1.89 1.89 0.81 3151
Varuna x RK 104 7.60%* 0.93* -8.83** 3.07 -1.03 9.93%* 0
SEmt 0.42 0.45 1.98 1.58 0.64 27
Rohini x Maya 6.8O% -0.13 -2.95 3.47 -0.15 1.90 M
SEm+ 0.26 0.59 1.65 2,82 Q.04 277
No. of secondary branches/plant Vardan x Varuna 11.43%* 5.13%* 5.29 =21.06%* 3.39%* -1.67 1
SEmt 0.64 0.60 5.96 295 0.69 3.84
Varuna x RK 104 [5.37%* 0.93 ~23.75%* -09.33%* 0.4% 27.77%* D
SEmt 0.61 0.69 2.88 2.64 0.74 394
Rohini x Maya  15.07** 380 ~12.26%* -§.53 3200 5.60 2
SEmt 0.52 .82 2.67 5.67 0.86 4.00
Length of main raceme (cm} Vardan x Varuna 4630+ S5.87 -9.42 42 27%+ 143.22+* 46.03%% 1y
SEm- 1.69 1.81 7.78 744 1.93 10.22
Varuna x RK 104 43.70** 547 36,68+ S15.53%% 012 -57.50%* b]
SEne- 1.5 1.94 7.65 5.70 2.14 10.63
Rohini x Maya ~ 55.03%* -13.37% -9.28 19,13+ DR A 14.57 ]
SEm+ 115 1.69 5.89 500 1.838 8.69
Ne. of siliguae on main raceme Vardan x Varuna ~ 22.57%% AAN 17.45% 19 13%* 5.25 -6.90 D
SLim 0.94 1.73 528 5140 202 832
Varuna x RK 104 32.37** 7.10%* -11.27 -7.27 B23** -4.93 ¢
SEme= 171 1.09 7.36 119 1.32 87!
Rohini x Maya ~ 35.27%* -4, 33 -32.30%% S32.17 -7.33%% 3457+ b]
SEne (.58 1.43 3.97 369 1.49 6.8%
Days to maturity Vardan X Varuna ~ 33.27%% -4.35% <32, 30p% S -7.33F 3487 &
SEm+ 0.58 1.43 3.97 3.69 1.49 6.85
Varuna x RK 104 128.33%* 0.67 1817 21.33%+ (183 49.67** C
SEmt 6.67 0.9% 15.26 6.59 368 9.06
Rohini x Maya  124.33%* 2.99%* 7.47 9.99 TATHRE -22.99** o)
SEm+ 0.88 1.89 5.39 516 2,72 3.90
No. of seeds/siliqua Vardan x Vanma  15.23%* 0.03 -4.80 -3.40 223 -7.87 C
SEmt {1.62 078 339 292 V.36 5.26
Varuna x RK 104 16.10%* 2 B0** 1547%% -16.4%* Rt [1.73* 3
SEm+ 0.96 0.74 4.13 412 0.87 5.04
Rohini x Maya 1027 0.37 22.03%* 21.27%= 053 -90.07+* D
SEm= 0.37 0.46 1.86 1.75 .61 2.69
1000 seed weight (g) Vardan x Varuna ~ 4.96%* -0.33 3.2 22724 0,63 2.98 b}
SEm+ 0.3 0.49 .10 1.09 0.49 2.03
WVaruna x RK 104 L 1.03%* 0.24 015 1.17% 0.63 C
SEm+ 0.40 0.20 t.6d 1.64 0.22 1.79
Rohmi x Maya 481 40,90%* -1.36 -1 -0.63 1.03 n
SEme 014 0.41 1.04 0.99 0.46 1.54
Seed yield/plani (g) Vardan X Varuna  14.34%* -1 -9.73%* S1.36% -0.08 5.29 1>
Shme 32 0.54 2t 280 114 4.71
Vo RK 104 [ -1, -1 S0 -1 8N 13.20% i
SEms: 0.90 1.26 4.62 141 1.40 6.79
Rohim x Maya  11.70%* 5.001%* 6.19 Bl 48R+ 12.84%* D
SEm= 0.82 0.90 386 376 1.2¢ 520
Oil content (%) Vardan x Varuna 38814 -0.63 -4.60%* -2 107 3.59+ D
SEm .21 0.37 1.12 1.12 037 1.71
Varuna x RK 104 34.49%* 032 4. 75%* EXT R 014 -R.29%* ]
SEmx 0.17 042 1.1] 1.09 .42 1.88
Rohini x Maya ~ 40.02** 1.98** 230 1.39* 0.40 -9.79%* D
SEm= 0.0%8 0.32 .74 0.73 0.34 1.3%

—_—
Ty -
+ 7 Significant a1 5 and 19 level, respectively
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INHERITANCE OF YIELD AND iTS COMPONENT TRAITS IN INDIAN MUSTARD

Negative sign of signiticant effects showed the genes for
carly flowening, reduced plant height and early maturity
were dominant over the genes for late flowering. tallness and
tate maturity, Inadeguacy of additive-dominance model in
almost all the three crosses suggested either gene
interactions or linkage or both are playing an important role
in the expression of these characters,

Additive effects were more unportant for the inheritance
of number of primary branches/plant and number of
sccondary branches/plant. Additive x dominance (j) was
important interaction component being significant and
desirable. Verma et af. (1992) reported similarly for these
characters. So, selection for more number of primary
branches/plant and secondary branches/plant would be more
fruitful in later generations. Opposite sign of h and |
components showed duplicate epistasis for both the
characters. Inadequacy of additive-dominance model for
both characters in all three crosses, showed presence of gene
interaction or linkage or both in expressing these traits.

Additive and dominance effects were important for the
inheritance of length of main raceme and number of siliquae
on main raceme. These findings are in conformity with
Singh and Singh (1985) results, Additive x additive (1) as
well as additive x dominance (j) components of interaction
were important being desirable positive significant in
different crosses. This suggested that selection for longer
length of raceme and more number of siliquac on main
raceme would be rewarding, if selection is delayed tll
dominance component is reduced. Opposite sign of h and 1
components showed the presence of duplicate epistasis,
which would hinder the progress in selection. Presence of
gene interactions or linkage or both was indicated by
inadequacy of additive-dominance model for these traits.

Additive cffect (d) was the important for number of
seeds/siliqua and 1000 seed weight being higher in
magnitude and in desirable direction. Similar results were
given by Malkhandale (1993). Among the mnteractions,
additive x dominance (j) was relatively more important
component being significant and in desirable direction for
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both the traits. Sign of h and | components indicated
presence of both duplicate and complementary cpistasis in
vartous crosscs for these traits.

Additive as well as dominance effects were important in
the expression of seed yield/plant and oit content with
predominant of additive effect. These results are in
agreement with the findings of Yadav er a/. (1993). Among
the interactions as additive x additive (i) and dominance x
dominance (1) were important. Duplicate epistasis was
indicated by the opposite sign of h and | for both the
characters. Inadequacy of additive -dominance model was
found in all crosses for both the characters.

[t can be inferred from discussions that grain yield/plant
could be improved through recurrent selection followed by
pedigree method or heterosis breeding method.
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ABSTRACT

The present investigation was carried out in 63 sunflower (Helianthus annuus L.) inbreds including 3 hybrids
during the winter season of 2007 at College Farm, College of Agriculture, Rajendranagar, Hyderabad. Variability
_ parameters were estimated for vield and yicld component characters. Seed yield/plant recorded highest phenotypic
coefficient of variability (PCV) value (31.61%) followed by number of unfilled sceds‘head (21.06%) and the lowest
vatue of 2.58% was recorded by days 1o maturity. Highest genotypic cocfficiem of variability {GCVY) values were
recorded for seed yicld/plant (28.07%) followed by number of unfilled seed (21.06%). number of filled seeds
(20.86%) and test weight (16.57%). The highest heritability was recorded by oil content (96.60%) followed by days
to 50% flowering (90.20%) and test weight (80.70%). The genetic advance as per cent of mean was highest for seed
vield (65.83%) followed by oil content (49.59%), test weight (39.30), number of filled seeds‘head (35.67%:), head
diameter (32.69%), number of unfilled sceds‘head (29.92%), plant height (26.17%) and number of leaves/plant
{26.03). The character number of filled seeds revealed high variability, high heritability and high genetic advance

as per cent of mean.

Key words: Genetic advance, Heritability, Sunflower, Variability, Yield

Sunflower { Helianthus amnuus L) 1s animportant oilseed
crop cultivating for its premier oil for manifold uses.
Sunflower competes in the world oilseed scenario with the
other three major oilseed crops viz., soybean, groundnut and
rapesced. Sunflower requires assessment of various heritable
traits. Genetic variability is the most important feature of any
population and variability present in the population 1s the
prerequisite in response to selection for any crop
improvement programme. Selection of superior varieties will
be possible only when adequale variability exists in the gene
pool. Hence, the insight into the magnitude of variability of
present in a gene pool of a crop species is of utmost
importance to plant breeder for initiating a judicious plant
breeding programme. The coefficient of variation expressed
in phenotypic and genotypic levels are used to compare the
vatiability observed among diffcrent characters. A wide
range of variation has been reported for seed yield and sced
number (Velkov, 1980) and other important components of
vield (Virupakshappa and Sindagi, 1988). The heritability
estbiiutes aid i determimng the relative ameunt of eriable
portion in determining the relative amount of heritable
portion in varjation and thus help the plant breeder in
selecting the elite inbreds from a diverse population.
Therefore, the present study was undertaken for assessing the
extent of genetic variability, heritability and genetic advance
in sunflower germplasm lines. A field experiment consists of
63 inbred lines including three hybrids of sunflower were
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sown in randomized block design with two replications at
College Farm. College of Agriculture. Hyderabad. during the
winter scason of 2007. Each genotype was sown in three
rows of 4.5 m in row length with a spacing of 60 cm x 30 cm.
Recommended agronomic practices werce followed to grow
a good crop, Observations were recerded on five randomly
selected plants for each genotype in each replication. The
characters studied were, days tc 50% flowering, days to
maturity, plant height, head diameter, number of unfilled
seeds/head, number of filled sceds/head, 100 seed weight, oil
content, seed set under self pollination and seed yield/plant.
Analysis of variance and estimates of genotypic and
phenotypic coefticient of variation, broad sense heritability
and expected genetic gain were worked out following
conventional methods. (Falconer. 1981). The data were
subjected to analysis of variance (Panse and Sukhatme,
1985). The genotypic and phenotypic coefficient of
variability were calculated as Burton and DeVane (1953).
Heritability in broad sense was estimaled using the formula
ol Allard (1960). while genctic advance was worked out as
per Johnson et gf. (1953}

The analysis of variance indicated high and significant
variation for all the characters under study. The phenotypic
coefficicnt of variability (PCV) was greater than genotypic
coefficient of variability (GCV) for all the characters studied
showing the environmental effect tor all the characters
(Table 1).



GENETIC VARIARILITY. HERITABILITY AND GENETIC ADVANCE IN SUNFLOWER GENOTYPES

The analysis of variance revealed significant difference
for all the traits studied (Table 1). The range of variation
was maximum for the characters viz., plant height (108.2 to
177.0 cm), number of lcaves/plant, days to 50% flowering,
days to maturity, head diameter, number of filled seeds/head
(283 to 711.2), number of unfilled seeds/head {129.3 to
280.0), o1l content (21.2 to 44.0) and seed yield/plant (6.3 to
39.6g), while it was lowest in the case of test weight (2.0 to
6.9g) (Table 1). In general, PCV values were marginally
higher than GCV, Investigation also showed moderate to low
PCV and GCV values for some of the characters. Among the
characters studied, seed yield/plant rccorded highest PCV
value (31.61%) followed by number of unfilled seeds/head
(21.06%) and the lowest value of 2.58% was recorded by
days to maturity. While, PC'V values were moderate for other
characters viz., number of filled seeds/head (20.86%), oil
content (19.449%), test weight (18,44%) and head diameter
(16.44%). These results arc in accordance with the results of
Sujatha ef ¢/, (2002). Moderate values of PCV and GCV
were obtained for the plant height, number of leaves/plant
and head diameter. Similar results were reported by Sujatha
et al. (2002). However low values were obtained for days to
30% flowering and day to maturity, similar results were
obtained by Rao et al. (2003) and Sujatha et al. (2002).

However, high variance values alone are not the
determining factors of the expected progress that could be
made in quantitative traits (Falconer. 1981). It was suggested
that the GCV together with the high h2 estimates would give
a better picture of the extent of genelic gain 1o be expected
under selection. In the present investigation, all the
characters expressed high heritability estimates ranging from
33.8 to 96.6%. The genetic advance was very high for
number of filled seeds/head (157.9) followed by an number
of unfilled seeds/head (157.9} followed by number of

unfilled seeds/head (58-91) and plant height (37.17), while
other characters recorded low genetic advance.

The genetic advance as per cent of mean was highest for
seed vield (65.83%) followed by oil content (49.59%), test
weight (39.30), number of filled seeds/head (35.67%), head
diameter (32.69%), number of unfilled sceds/head (29.92%),
plant height (26.17%) and number of leaves/plant (26.03).
While, rest of the characters recorded medium to low genetic
advance as per cent of mean. The character head diameter

.exhibited low variability, high heritability and medium

genetic advance as per cent of mean of GCV. The character
number of filled seeds revealed high variability, high
heritability and high genetic advance as per cent of mean.
Komuraiah (2002), Thirumala Rao (2002) and Rajeswari
{2004} reported similar results carlier.

The character, test weight showed high heritability and
genetic advance as per cent of mean. This trait was less
influenced by environment, similar results were observed by
Komuraiah (2002) and Rao et a/. (2003). Seed yield and oil
conlenl are two important characters in sunflower. It is
desirable to evolve hybrids with high seed yield coupled with
high o1l per cent. Among the inbred lines GP9-472-7-5,
(GPY-290-5-3, GP2-2035 and GP9-38-2-1 and the checks
KBSH-1, KBSH-44 and DRSF-108 were found to be
superior for seed yield. [tis interesting to note that seed yicld
recorded high heritability coupled with high genetic advance
as per cent of mean indicating the improvement of seed yield
can be achieved by adopting simple selection procedures
with which additive genes can be pyramided and will be
gaining in the selection process. Similar results were also -
reported by Thirumala Rao (2002) and Rajeswari (2004).
The expression of traits is unstable. Hence, breeder should
not rely on the estimates of heritability alone.

Table | Estimates of variability, heritability and genetic advance in sunflower

¢ haracter Minimum  Maximum Phcr?.uiypic G%‘n'{_nypic P&\ (-iE,V Heritabi\lity lgroad -G.enetilc (;:A as )
variance varrance (%) (%) sense (he) advance  per cent meart
[ays 10 50% flowering 56.60 69,60 710 4.34 4.12 90.20 6.34 10.35
Head diameter (cm) 8.45 17.75 4.81 16.44 14.27 75.30 4.35 32.69
Number of leaves/plant 15.70 . 310 14.13 14.54 11.97 67.80 6.73 26.03
Plant height (cm) 1082 - 177.0 327.50 25486 12.74 11.23 77.80 37.17 26.17
Dy matorty R&.2 9% 10 67 258 x4 7540 474 S5
Number ot unfilied seeds /head . 129.33 279.99 1720.14 Y1358 21.06 1545 3380 3891 2942
Number of filled seeds 'head 282.99 71116 8530.67 | 552473 20.86 16.79 64.80 157.91 35.67
Test weight (g} 2.04 6.85 0.73 1¥.44 16.57 80.70 1.83 3930
Seed yield/plant (g) 6.34 39.59 41.86 33.02 3l.al 28.07 78.90 13.47 65.83
Oif content (%) 21.2 44.15 3938 38,03 19.44 19.11 96.60 16.00 49.59

Heritability in broad sense : Below 25 (Low): 25-50 (Medium) and above 50 (High)
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Table 2 ANOVA for sced yield and vield attribptes in sunflower

Mean sum of squares

Character Replications  Treatments Crror
Days to 50% towering 1.34 13.52%% 0.69
Head diameter {cm) 1.14 8.43 %+ 1.1¥
Number of leaves/plant 2212 23.72%* 4.55
Plant height (cm) 103831 *= 382,365 72.64
Days to maturity 1.20 9.94%* 1.39
No. of unfilled seeds/head 7.31 2645.72%* 794 .56
No, of filled sceds/head 637.33 14055.41 %* 300593
Test weight {g) 0.13 1.33%* 0.14
Seed yield/plant (g} 0.99 T4.88** 8.84
Oil content {%) 29.92% 77.44%% 1.33

*k = gignificant at 1% level: * = Significant at 5% level
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ABSTRACT

Sixty three sunflower (Helianthus annuus L) inbreds including three hybrids were analyzed for character
association, It revealed strong positive association of seed yvicld with munber of filled seeds/head followed by test
weight. head diameter, plant height and number of leaves/plant. Non significant positive correlation was recorded
with number of unfilled seeds/head, days to 50% flowering and days to maturity. Path coefficient analysis indicated
number of filled seeds/nead exerted the highest positive direct effect on secd yield followed by test weight, while
oil content, number of leaves for plant and days to 50% flowering displayed low positive direct effects on seed yield.
On contrary, low negative direct cffects on seed yield were registered threugh plant height, number of unfilled

sceds/head. days to maturity and head diameter.

Key words: Correlation, Genotypes, Path analysis. Sunflower, Yield parameters

The cultivated sunflower, Helianthus annuus L. has
emerged as one of the major edible vegetable oilseeds crop
in the world. ranking second in tts importance after sovbean,
The estimation of genctic correlation coefficients between
yield and i#ts component characters has been of immense
value for the indirect selection of desired plant ideotype.
Expression of various characters is greatly changed with the
changing breeding material and environment. Therefore. it is
imporiant to know the character association between the
traits themselves and with the yield for breeding material
which is subjected to selection for high yielding genotypes.
According to Fonseca and Patterson (196R8), it is the
correlation coefficient that measures the magnitude of
relationship between various plant characters and determines
the component character based on which selection can be
done for improvement of yiefd. The phenotypic and
genotypic correlation coefficient estimates provide a basis
tor idenlifying traits for an ideal plant type of indirect
selection,

Path analysis divides correlation coefficient into direct
and indirect effects. With this, the breeder can determine the
magnitude of” direet and  indireet effects of  different
characters on seed yield. lence, 10 a hetier insight into the
cause and effect relationship between different pairs of
character, study of correlation in conjunction with path
analysis is essential.

Sixty three inbred lines including three hybrids were
grown in & randomized black design with two replications at
College  Farm, College of Agriculture, ANGRAU,
Hyderabad. during the winter season of 2007. Each genotype
wis grown in threc vows of 4.5 m length with a spacing of 60
cmt x 30 cm. Recommended agronomic practices were
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adopted to grow the healthy crop. Quantitative observations
were recorded on five randomly sclected plants for each
genotype in all the replications. The characters studied were
days 1o 30% flowering, days to matyrity, plant height, head
diameter, number of leaves/plant, number of unfilled
secds/head, number of filled seeds/head, 100 seed weight, oil
content, sced set under self-pollination and sced yield/plant.
The cerrelation coefficiems were calculated as per the
method suggested by Johnson er al. (1953). Path analysis
was worked cut followed by the method of Dewey and Lu
(1959, '

No. of filfed seads uwnder
selt-pollination
Seed set under seltpollination condition = 1 K-—eeme—meer oo e em
Total No. ef seeds under
self-pelination { illedunfilled)

The phenotypic and genotypic correlations among grains
yvield and vield component characters in sunflower are
presented in table [. The genotypic and phenotypic
correlations were on par with each other suggesting the
negligible role of environment on the genotypic expression.
Correlation studies revealed that the traits number of filled
seeds/ead, test weight., head diameter, plant height and
number of leaves/plant had significant and positive
correlation with the number of filled sceds‘head followed by
test weight, head diameter, plant height and number of
leaves/plant on sced yield. However, non-significant positive
corretation was recorded with number of unfilied seeds/head.
days to 50% tlowering and days to matuity, The significant
positive association was observed for number of filled
seeds/head, head diameter, test weight and sced yield. The
findings are in conformity with the carlier findings of Sridhar
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er al. (2005); Vidhyavathi er af. (2005} and Ravi et al.
{2006) in sunflower,

The study of inter-character association between the yield
component  characters revealed  significant  positive
association of day to 50% flowering with days to maturity
and plant height. Head diameter showed signiticant positive
correlation with seed yield/plant, oil content, number of filled
seeds/head, plant height, test weight and number of
leaves/plant. Number of lcaves/plant recorded significant
positive correlation with plant height, number of unfilled
seeds/head. secd yield/plantand test weight. Number of filled
seeds/head revealed significant positive correlation with seed
yield/plant, test weight and oil contem (Tablce 1). The test
weight recorded significant positive correlation with secd
vield/plant and oil content. Test weight showed positive
association with seed yield, plant height and number of
leaves/plant. These resuits are similar with the findings of
Sridhar er al. (2003) and Ravi et al. {2006). Number of
unfilled seeds/head showed significant positive association
with oil content. The positive non-significant phenotypic
association seed yicld/plant, number of filled sceds/plant and
test weight. Autogamy has positive association with seed
yield/plant, number of number of filled sceds/plant and test
weight, Autogamy has positive association with yield
contributing characters except unfilied seeds/hiead.

The path analysis indicated that, the character number of
filled secds/head cxerted the highest positive direct effect on
seed vield followed by test weight, whereas oil content,

number of leaves for plant. days to 50% flowering displayed
low positive direct effects on seed yield (Table 2). On the
contrary, low negative direct effects on seed yield were
registered through plant height, number of unfilled
seeds/head, days 10 maturity and head diameter (Table 2).
Except number of unfilled sceds/head, days to 50%
flowering and days to malurity, other characters had positive
and significant correlation with seed yield. Thus it indicates,
these traits had maximum influence on yield. The highest
direct positive effect was revealed by the number of filled
seeds/head followed by test weight and oil content with seed
yield. Hence, direct selection will be rewarding for these
traits for the improvement of the seed yield. The results are
in consonance with the carlier reports (Madhavilatha er a/.,
2004 and Ravi et al., 2006),

The negligible role of environment on the genotypic
expression was evident from the higher magnitude of
genotypic correlations than that of phenotypic correlations,
On the other hand, number of filled secds/head. test weight
oil content number of leaves/plant and days to 50%
flowering exhibited maximumdirect effect as well as indirect
effect through many other characters on seed vield. So,
simultaneous selection based on number of filled seeds/head,
test weight and o1l content which had highly significant
association with yield as well as maximumdirect and tndizect
effects through other traits will be promising the seed yield
in sunflower,

Table 1 Correlations (phenotypic and genotypic) between seed vield and vield components in sunflower

No. f

Head No.of  Plant height  Days (o No- of Teu Seed oil
Character diameter leav U".‘.me d( o) £ m‘;t)_"l ‘ untilled filled weight  yield/plant  content
(e vaves’p N WY eedsihead seedsiplant (g () (%)
Days to 50% 11 . P 0.077 0.062 {.195% 0.676** 0.007 0.168 0.133 DAY 0.016
S 10 0% ering
v o rowennz G 008 0068 0213 07647 0061 0.238% 0144 6219 0.008
. P 1.000 0.349** 0.573%* -0.152 0.209 0.578%#* 0.430** (hale** 0.587**
Head diameter (cm) .
G 1.000 (.5446%F 07235 0269 0158 0.526%* (O 555%* Q610F* 0.601%*
Numb fl lant P 1.000 0.641%* 0.082 Q.253%* $13R N2)7* D.234%* 0.584H%*
er of leaves/
civesipan G 1.000 0.778%* 0.029 0.371%* 0.264%** 0.319== 0.33]** 0.735%*
i ? 1,000 0.050 {3 295E* 0.2823%#= 0.373%* 0.375%* 0.624%*
Plant height fem)
(4] 1.000 2.103 0.426%* 0.348%* 0.445%* 0.437** 0.722%*
D . P 1.000 -0.030 0.138 0.045 0.107 -0.136
Ays 10 maturity .
) Gy 1.060 -0.072 0.164 0.057 0.129 -0.151
N r 1.000 (L IRA 0.148 () 1R () 352**
triber - gntilled seeds head N )
(1 1.00¢) 06K 4 2 1,244+ (AN
p 1.0040 0D,368** 0.834%* 0.318%*
Number of fitled sceds: head
oF filled sceds hea G LOOD  O.517%F  O88S**  0Al[*
2 1.0 0.778%* AOT7H*
Test weight g) ; 00 - 78 0.40
G 1.000 0.842%* 0. 440%*
Seed yield plant (g} g 1.000 0.442%%
G 1.000 0.490%*

“uignificant at 1% Yevel: *=Significant at 5% level; P = Phenotypic; G = Genotypic
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CHARACTER ASSOCIATION AND PATH ANALYSIS FOR YIELD AND YIELD COMPONENTS IN SUNFLOWER

Table 2 Phenotypic and genotypic path coefiicient of yield and other compenent characters in sunflower

Days to Head No. of Plant Davs to Mo, of No. of Test Ol content Lorrelation
( haracier 50% diameter icuve:.' lant height m.;[} ity unfilled fitled weight (%) with seed
tlowering fem) SPis {cm} WY cedsihead seedshead (g] " vield:iplant (g)

I 0.0044 -0.6010 (L0018 -0.0080  -0.0094 -1.0002 04137 00721 L0005 0.1779
G 00187 -(.0028 0.00(H -0.0066 00116 -0.0022 0.1458 0.0791 -0.0006 0.2199*
P 0.0007 -0.0133 0.0102 -0.0234 0.0021 (0122 (1.3903 0.2329  0.196 0.6068**
G 00017 -0.0317 (LGOOS -0.0224 0.0041 -0.0129 03214 0.3040 0.0456 06102+
B 0.0006 -(0.0043 0.02493 -0.0262  -0.0011] -0.0076 01068 G078 0.0195 0.2345**
G 00013 -0.0173 0.0609 -0.0241  -0.0004 -0.0134 0.1616 01750 0.0485 (.3319%*
P 00018 -0.0076  0.0188  -0.0408 -0.0012 -0.0088 (L1910 0.2020  0.0208 0.3759%*
G 00040 00229 (L0007 00310 -0.0016 -0.0154 02126 02434 0.0477 0.4375%*
? o 0.0063 0.0020 0.0024 -(L0037  -0.0138 0.0009 0.0935 0.0246  -0.0045 0.1077
G 0.0143 0.0085 0.0000 -0.0032  -0.0152 0.0026 0.1004 00315  -0.0100 81290

0.0001 -0.0055 0.0074 -0.0121 0.0004 -0.0299 0.1281 0.0885 Q.07 0.1888%
G 0.0012 -0.0114 0.0003 -0.0132 0.00611 -0.0361 0.1641 0.1086 0.0323 0.2469**

0.0016 -0,0077 0.0046 - 1e  -0.0019 -0.0146 0.6745 0.1992 0.0106 0.8547%*
G 045 -0.0167 0.0002 -0.0108  -0.0025 -0.0097 0.6106 02830 0.0271 . 8858%*
P 0.0012 (L0057 0.0064 -0.0152 0.0006 -0.0104 0.2485 0.5405 0.0135 0.778] **
G 00027 -0.0176 0.0003 -0.0138  -0.0009 -0.0204 03159 0.5469  0.029] 0.8423**
P -0.0002 -0.0078 0.0172 -0.0255 0.0019 -0.0105 0.2146 0.2200 0.0333 (1.4429%*
G 00002 -0.0219 (.0036 -(1.0224 0.0023 -0.0177 02511 0.2411 0.0660 0, 40391 **
Residual effect (P) = 0, 13862 P=Phenotypic; G=Cenotypic, Residual etfect (Gy=0.1103

Days to 50% flowering

Head diameter (cim)

Number of leaves/plant

Plant height (cm)

Days to malurity

No. of unfilled secds/head

No. of filled seeds/head

Test weight {g}

Qil coment (%)
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Genetic divergence in sesame (Sesamum indicum L.)
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ABSTRACT

Mahalanobis D* statistics was used to study the genetic diversity among 42 genotypes of sesame {Sesanmum
indicum L.) grown during summer 2008, Observations recorded on’eight characters revealed the wide genetic
diversity. By adopting Tocher's technique, the 42 genotypes were grouped into six clusters, The average intra cluster
distance revealed that the genetic diversity among the genotypes in cluster [1 was minimum (2.68) followed by
cluster 111 (3.00). The maximum intra cluster distance was observed in the cluster V {7.56). Sclection within this
cluster might be exercised with emphasis on high mean values for the desirable traits. The relative divergence of cach
cluster {rom other clusters (inter cluster distance) indicated high order of divergence between cluster I and V {7.85)
followed by cluster Land V {7.47) and cluster V and VI (7.37). Selection of parents from these clusters would help
o achicve novel recombinants in tuture hybridization programunes. Per se performance had maximum contribution
{4994 %) followed by days to maturity (43.32 %) towards the divergence, Genotypes VS 9510, 511135, Varasam
patty local, CO,, Cordeborgea, TMV 4, Multilocule and SVPR | were found to be desirabie for inclusion in the

improvement of the sesame breeding programme.

Key words: Cluster, D°, Genetic divergence, Sesame

Sesame (Sesamum indicum L). is an important oilseed
crop of tropical and sub tropical region, India ranks first in
the world in sesame cultivation {27.7% area), but its
* productivity is quite low (368 kg’ha) as compared to the
world average (489 kg/ ha) {www.tho.arg). It is one of the
nine major oil seed crops and referred as queen of oilseed
crop because of its good oil quality having many
anti-nutritional factors. According to Van Rheenen (193819,
India is a rich source of different forms of cultivated sesame,
The success of any crop improvement programme essentially
depends on the nature and magmitude of the genetic
variability present in the crop. The knowledge of nature and
magnitude of genetic variability is of immense valuc for
planning efficicnt breeding programme to improve the yield
potential of the genotypes. Improvement m yicld is normally
attained through exploitation of the genetically diverse
parents in breeding programmes. Genetic divergence among
parents ts essential as divergent parents throw heterolic
crosses and also more variability could be expected in the
Segregating generations. Foridentifying such diverse parents
for crossing. multivariate analysis using Mahalanobis D
statistic (1936} has been used in several crops. This is a
valuable ool to study genctic divergence at inter varietal and
sub-species level in classifying the crop plants. The present
study was carried out to ascertain the nature and magnitude
of genetic divergence among the 42 sesame genotypes,

Fourty two genotypes of sesamum consisting of local
types, released varietics, advanced cultures were collected
from TNAU, Coimbatore and ARS, Vriddachalam, The
entriecs were grown during the rainy season 2008 ar
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Agricultural College and Research Institute, Madurai in
randomized block design with two replications.  Each
genotype was sown in rows of 3 m length at a distance of 40
cm between the rows and 20 cm between the plants.
Recommended agrononiic practices were followed to grow
a healthy crop. Observations were recorded on the plant
height (cm.), number of branches/plant, number of
capsules/plant, number of seeds/capsule, capsule length
(em.), 1000 grain weight (g), seed yield/plant (g) and
maturity {days). Multivariate analysis was done as per
Mahalanobis D statistics described by Rao (1932) and the
genotypes were grouped into different clusters following
Tocher's method. Contribution of each character for genetic
divergence was cstimated from the number of times each
character appeared m first rank. The intra cluster distance
was calculated by taking the average of the component
genotypes, Inter cluster distance was arrived at by
considering of all thc component D values possible among
the members of the clusters. The values of the genetic
distance betwecn the clusters were arrived by taking the
sguare root of the averdge D values,

The tourty two genotypes were grouped 1nto six clusters
based on D values such that on an average, the genotypes
belonging to same cluster had smallet D” value than those
helonging to different ¢lusters (Table 1). Qut of six, clusters
formed, cluster | and VI is the largest group with 16
genotypes. followed by cluster V with four genotypes. While
clusters, [, H1 and 1V had two genotypes each.

The clustering pattern indicated that there was no
relationship between geographic distribution and genotypic
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diversity as the genotypes from different geographic origin
were grouped into the same clusters. It is an indication for
the absence of relationship between genetic diversity and
seographic diversity. Swain and Dikshit (1997 and Prid
Rodge er «l (2003) reporled similarly. Murty and
Arunachalam (1966) stated that genetic drift and selection in
different environments could cause greater diversity than
eeographic distance. Inclusion of maximum genotypes in
clusters | and VI showed that the genotypes did not have
wider diversity.

Table | Grouping of 42 genotypes of sesame into different clusters

Cluster No. ol Genolype
genotypes

1 16 PAIYUR 1, TMV 5, VRI 1. TNALU 120, KS 935010,
Sankaralingapuram, Kalugasalapuram, Chinthalikarai |
VS970L, TVS 0011, OSSEL 253, ORM (4, RT 123, RAMA,
Si 1650 and
Multilocule |

I 2 Varasampatty local and CO |

1l 2 Vs 9510 and Si 1115

v 2 TMV 1 and NIC 7957

R 4 TMYV 4. SVPR 1. Cerdeborgea and Multiiocule

Vi ¢ TMV 3, TMV 6. VRI |. TNAU 165, TNAU 118, Ettayapuram

tocal, Kallurami, Varasam party -1, ORM 7, IUMA, NIC7937.
V5 9701, Cianno 15710, TKG 22, AVTS 02-10 and URM 17

The average intra and inter cluster distances (Fig |)
revealed that the genetic diversity among the genotypes in
cluster 11 was minimum (2.68) followed by cluster 111 (3.00).
The maximum intra cluster distance was observed in the
cluster V (7.56). Selection within this cluster might be
exercised with emphasis on the high mean for the desirable
maits. The relative divergence of each cluster from other
clusters (inter cluster distance) indicated high order of
divergence between clusier )l and V {7.45) followed by
cluster | and V (7.47), V and V1 (7.37). Sclection of parents
from such clusters in the future hybridization programme
would help to recover novel recombinants. Hybridization
between genetically diverse genotypes in sesame to generate
promtising brecding material has been suggested by Alarmelu
and  Ramanathan (1998). Hybridization berween the
genotypes falling in divergent clusters viz., cluster V (TMV
1. SVPR 1. Cordeborgea. and Multilocule) and cluster 1
{Varasampatty local and CO 1) could result in high hybrid
vigour and may eventually give rise to desirable
recombinants.

The contribution of mdividual characters towards the
divergence (Table 2) indicated that seed yield/plant (49.9 %)
centributed the maximum followed by days to maturity
i13.3%). The other characters viz., LO00 grain weight (g),
mumber of capsules/plant, plant height, capsule length and
number of secds/capsule recorded negiigible contribution.
Similar observations have been recorded by Alarmelu and
Ramanathan (1998) and Sudhakar et a/. (2006). The cluster
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mean for different traits indicated considerable differencey
between the clusters for all traits (Table 3). Cluster 11 had
highest mean values for number of capsules/plant, plant
height, days to maturity, seed yicld/plant, number of
branches/plant, and 1000 seed weight. Cluster V exhibited
lowest means for days to maturity, number of capsules/plant,
seed yield/plant, number of branches/plant and 1000 grain
weight. Crosses among diverse parents are likely to yield
desirable recombinants. The greater the distance between two
clusters, the wider the genetic diversity among the parents to
be included in hybridization programme.

—" 42 88

smz.00p L 1V{3.07} viEse
. 535

% 335

B, L Cluser diagram denicting the genetic distance

Table 2 Contribution of different characters to divergence

Character No. of first rank Contribution (%)
Plant heighs 10 14
No. of branches/plant 0 0.0
No. of eapsulesiplant 17 1.9
Capsude length 9 1.0
No. of seeds/capsule 4 0.3
Days to maturity 373 433
1000 grain weight I 2.2
Seed vield/plant 430 49.9
Total RO L 100

The genotypes Varasampatty local and CO 1 of cluster i1
and the genotypes TMV 1, NIC 7937 of the cluster IV
would give promising seed vield segregants in segregating
acnerations as these genotypes were found Lo possess higher
cluster mean values for yield. 1he genotypes TMY 4, 5VPR
|. Cordeborgea and Multilocule forming cluster V would
produce early maturing segregants as these genotypes were
found to possess lower cluster mean vatues for days 10
malurity. 1n general, per se performance and days to maturity
are the important trafts and hence, Varasampatty local, col
(cluster 11) and Cordeborgea. TMV 4, Multilocule and SVPR
I{cluster V) were found to be desirable for inclusion in the
sesamum breeding programme.
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Table 3 Cluster mean values for cight characters towards genetic divergence in sesame

luster Plant height No. of No, of Capsule length Noaof Maturity 1000 grain Seed yields
{em) branches/plant capsulesplant {cm) seeds/capsule {days) welght{r) planttg)
I 128.9 7.1 63.0 25 51.5 84.5 28 8.0
il 131.5 9.7 1447 23 70.5 89.3 31 15.4
[ 114.5 9.7 99.5 26 27 R4.7 3.0 13.7
v 1315 7.0 9R.7 26 548 85.0 28 14.0
v 116.5 4.9 61.3 3.0 54.6 77.3 2.6 6.6
VI 1505 83 91.8 27 £0.1 823 3.0 6.9
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ABSTRACT

Studies on the genetic divergence of 53 genotypes of sesame, Sexamum indicum L. for 13 characters led to their
grouping into eight clusters. Grouping of genotypes into different clusters was not refated to their geographic origin,
The genotypes from different geographic locations were grouped into one cluster while genotypes of the same
geographic erigin showed genctic diversity. The diversity among the genotypes, measured by intercluster distances
was adequate for improvement by hybridization and selection.

Key words: D°, Genetic divergence, Sesame, Variability

Sesame (Sesamum indicum L.) an ancient traditional
oilseed crop of India is better known as “Queen of oilseeds”
by virtue of its o1l quality. The crop has a large diversity in
cultivars and cultural systems in India, [tis grown throughout
the country and round the year. Collection and evaluation of
germplasim is a basic requirement for any crop improvement
programme for building up a basic population of wide
genetic diversity. The choice of suitable parents is of
paramount importance for a planned and successtul
hybridization programme. Hence, etforts have to be made to
identify the best parents with wide genetic divergence trom
germplasm poot for the characters of economic importance,
soas to utilize them in hybridization programme. The present
study has been undertaken with 53 sesame germplasm lines
to study the nature and magnitude of genctic divergence and
the characters contributing to genetic diversity by using [
statistics,

The materials for the study comprised of 53 sesame
genotypes representing diverse eco-geographic origin. The
experiment was conducted at college farm, College of
Agriculture, Rajendranagar during the rainy season of 2006
in a randomized block design with three replications. Fach
genotype was sown in a single row of 4 m length at a
distance of 30 ¢m between the rows and 10 em between the
plants. Five plants in cach row were selected at random and
the data on 13 characters were recorded. Multivanate
analysis was done as per Mahalanobis (1936) D7 statistics as
described by Rao (1952) and the genotypes were formed into
clusters following Tocher’s method as described by Rao
{1952}

The pooled divergence for all the characters withing the
lines, tested by the Wilk’s criterion, was significant. Hence,
the analysis of genetic divergence among genotypes used in
the study was considered relevant. Based on the relative
magnitude of D" values, the 53 genotypes were grouped into
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cightclusters (Table 1). Cluster VIconsisted of 14 genotypes
followed by cluster V (12}, cluster IV (11), cluster | and
cluster VII (4), cluster [T and cluster [11 (3} and cluster VIIi
had two genotypes. The results indicated that genetic
divergence is not related to geographical diversily
corroborating with earlier findings of Thangavelu and
Rajasckaran (1983).

Genotypes within the same cluster diverge little fromone
another as the aggregate of characters is measured. Statistical
distances represent the index of genetic diversity among
clusters. Intra cluster distance was minimum for cfuster V
{15.54) and maximum for cluster I1 (68.52). The inter cluster
distances were greater than intra cluster distances (Table 2),
revealing that considerable amount of genetic diversity
existed among the genotypes studied. Inter cluster distancf
is the primary criterion for selection of genotypes using D°
analysis. Genotypes belonging to the clusters with maximuin
inter cluster distance arc genetically more diverse and
hybridization between genotypes of divergent clusters arc
likely to produce wide variability and desirable segregams
(Bhatt, 197¢}. The maximum inter cluster distance was
recorded between cluster 1 and V111 {7194.33) while, 1t was
least between cluster 1V and V (82.67) showing close
relationship and similarity for most of the characters of the
SUNOLVPCS.

There was a wide range of variation in the cluster o
values for most of the characters under study (Table 3)-
genotypes grouped in cluster VIIT and VI were earliest Il(;
flower and mature while, the genotypes in cluster 3f1d ! :
were late in flowering and maturity. Cluster 1l had hlghest
mean value for number of cffective primaries-’P‘am' plaz)no
height, effective capsules/plant, number of seeds/plant, 10 ;
seed weight, seed yield/plant and with less phyliody count
Similar results were reported by Sudhakar et /. (2006}

i

The
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Tablc 1 Distribution of fifty three genotypes of sesame in different clusters

Cluster No. No. of genotypes Genotype
1 4 Rajeshwari, GM-18-349-1, YLM-0606, GM-NIC-8202
1 3 YLM-11, ¥YLM-17, Swetha Thil
m 3 JCS-402. Madhavi, GM-NIC-82354
v 1t TKG-308, Rama. JCS-9426, EC-310439, GM-NIC-16146, 15-101-2- 14, GM-NI(-16332,
GM-NIC-7909. GM-NIC-913, GM-SI-1260, ES-44
v 12 TKG-22. MT-111, Chandana. EC-101936, Uma, GM-NIC-8361, NIC-8263, KMR-17.
OGM-NIC-16330, N1C-8394, 81-157, GM-N1C-16226
Vi 14 RT-103, MT-32, TKG-307, TMV-3, IS-113. GM-NIC-8252. SI-205, GM-ES-3196.
Kayamkulam-1. NIC-16214, RT-46. RT-123. Krishna, GM-NIT-8394
VI 4 KI8-282-2, 1S-14, [S-419. 1542 ]-B
VIl 2 GM-S1-3064. ES-146-1-84

Table 2 Intra (diagonal) and intercluster average of I3 and I3 {parenthesis) values of fifty three genotypes of sesamce

Cluster No. | il 1] v \4 VI Vil VIII
[ C 5588 M 26376 M 26643 M 589.79 [} 1028.26 H 170832 17 260621 H 4931.18
(7.47) (15.39) {16.32) (24.29) (32.06) (41.33) [51.05) {70.22)
1 C 68.52 il 044,28 H 150078 H 217342 H 3127.00 il 4308.02 H 719433
(8.28) (30.72) {38.74) (46.62) (55.92) {65.64) (84.82)
1l C 17.40 C 8R.51 M 284,66 M 67561 il 1275.68 H 2008.73
14.17) (941 {16.87) {35.99) (35.72) (54.85)
v C 23.45 C R2.67 M 32142 M 75572 H  2172.02
(4.84) (9.09) (17.93) (27.49) 146.60)
v C 15.54 C 104.71 M 380.19 H 148933
(3.94) (10.23) (19.49) (38.59)
VI C 21.80 C 114.03 M 864.20
14.67 {10.68) {29.4
bl C i5.68 M 384.01
(3.96) (19.39)
palll . C 29.42
: (5.40)

C=Closely refated: M = Maderately diversent: H = Highly divergent

Table 3 Cluster means for twelve characters in fifty three genotypes of sesame

No. of days  No, of e Plant No. of Capsule No. of 1000 seed  Seed vield il Chlorophyll
Cluster No.  to 50% PTG \f“ of Vei.lecuvc hewht ffective lenyrth seedss weight plant content cmtent !’hyllnﬂy
ﬂowering muturity primaries: plant icnm capsules: plant {em} capsule (g,:) (g} (%) {SPPAL units) eoust %)
| 34,75 920K 4,80 102 .64 9923 310 75.34 284 H.56 52.60) 62,56 16.39
I 3 K800 525 115.03 131.29 16K 79.75 321 12.21 54.37 65.71 9.03
i 34.22 92 %8 327 97,79 74.09 285 68.52 233 6.96 51.39 5537 20.00
v 3308 87.45 415 970 T0.96 296 71.95 2.51 BCGAE! 50.67 56.38 21.79
Ve 3308 87 .06 396 CRRL 63.85 IR6 68.94 2.56 530 50,14 5534 2653
vi 33.07 BA.0G 1oy R6HLYGS 3843 RN 44,80 236 501 4952 5339 2131
Vil 32.5% RK.00 391 9791 63.68 279 64.61 139 6.11 18.32 5139 2163
V11 30.50 K383 264 109,85 46.38 27 53.69 2.0% 324 3406 13.04 T3
HCHCC_ the cennivnes !'3(‘|l¥|1§1j11‘:1 to cluster 11 could be AMahalanobis PO To3n (i the generalized Jdistance mosatistics,
“Xploited for hybrid vigour and desirable recombinants mn Proveedings of National institute of Science, India, 2 1 49-35,

Rao C R 1952 Achanced Statistical Methods in Biometrical
Research, John Wiley and Sons Inc., New York, pp.357-363.
Sudhakar N, Sridevi O and Salimath P M 2006 Genetic divergence

future breeding programmes.
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Variability, heritability and genetic advance in sesame (Sesamum indicum 1..)
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ABSTRACT

Aninvestigation was carried out to assess the variability, heritability and genetic advance for six characters viz.,
plant height (cm), number of branches/plant, number of capsules/plant, 1000 seed weight (g), duration (days) and
seed yield/plant (g} in 76 sesamum (Sesamum indicum L.} genotypes during the year 2007, High genotypic
coefficient of variability (GCV) and phenotypic coefficient of variability (PCV) were observed for the characters
number of capsule/plant, 1000 seed weight and seed yield/plant, The characters number of capsules/plant. 1000 seed
weight and seed yield/plant exhibited high heritability accompanied by high genctic advance.

Key words: Genetic advance, Heritability, Sesame. Variability

Sesame (Sesamum indicum L.) is an important oilseed
crop grown since ancient times for its rich source ot oil. The
presence of antioxidants viz., sesamin and sesamolin in the
oil increase the shelf life and imparts resistance to the human
body. No other vegetable o1l contains these antioxidants,
hence its quality is unique and it is known as queen of oil
seed crops. It contains 50 to 35% oil and rich in vitamin 'E'
Genetic variability is a key for any crop improvement and
pre-requisite for initiating a breeding programme.  Therefore
knowledge on variability is important in the selection of
superior plant types. To know the naturc and magnitude of
the variability present in the population, an attempt was made
to estimate the genetic variability in 76 genotypes of sesame
collected from different sources.

The experiment was conducted at Agricultural Research
Station, Yellamanchili, Visakhapatnam District, Andhra
Pradesh during the rainy season of 2007, Seventy six
genotypes of sesamum from different parts of the country
wete evaluated in the study. The germplasm was evaluated
by growing in randomized block design replicated thrice.

Each genotype was sown in two rows of 6m length with a
spacing of 45cm. between the rows and 15¢m. between the
plants.  The package of practice followed were as
recommended by a Acharya N.G. Ranga Agricultural
University. Observations were recorded on ten randomly
selected plants for six characters viz., plant height (cm),
number of branches/plant. number of capsules/plant, 1000
seed weight {g), duration (days) and seced yield/plant (g).
The genotypic and phenotypic co-efficient of variation were
worked out as per the formula suggested by Burton (1952).
Broad scnse heritability was computed according to the
formula given by Robmson (1966) and genetic advance was
worked out based on the formula given by Johnson et al.
(1955).

In the present study, the variation among genotypes was
estimated as coefficient of vartation (Table 1), Itwasevident
from the study that signiticant diffcrences exhibited among
the genotypes in all the characters studied.

Table 1 Magnitude of variability, heritability and genetic advance for characters in sesame

Character (jo('jV PCV Heritability in broad Genetic Cienetic advance as %o
(%) (%) sense % advance mean

Plant height (cm) 6.98 7.60 0.84 16.34 13.19

No. of branches/plant 13.13 25.55 -0.260 0-0.55 -13.89

No. of capsules/plant Ry 2979 0.03 2391 3759

1000 seed weight (¢} 1739 £7.72 .90 0.8 3510

Duration {days) . 2.54 2.92 0.75 3.26 4.55

Seed yicld/plant (g) 37.63 39,16 0,92 436 74 49

Phenotypic coefficient of variation ranged from 2.92 to
39.16. Highest PCV was recorded by seed yield/plant,
while least was recorded in duration. GCV followed the
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same trend as PCV and it ranges from 2.54 in duration to
37.63 in sced yield/plant. Highest variability for sced
yield/plant was already reported by Kumaresan et al. {2001)
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and Senthil Kumar and Sasivannan (2006). The difference
petween GCV and PCYV for all the characters studies were
low indicating that these characters were less influenced by
environment, Therefore, all the characters except duration
were amenable to crop improvement. All the characters
except number of branches/plant studied showed high
heritability (Table 1. The maximum value was recorded by
1000 sced weight while the minimum was recorded by the
number of branches/plant. Solanki and Gupta (2000) and
Senthil Kumar and Sasivannan (2006) reported high
heritability for most of the characters in sesame. Genetic
advance was high (23.91) for the number of capsules/plant
moderate {16.54 ) for plant height and low {-0.53) for
number of branches/plant.

Heritability is the ratio of genotypic variance to the
phenotypic vartance or total variance. Heritability is the
heritable portion of phenotypic variance. It a good index of
the transmission of characters from parents to their offspring
(Falconar, 1981).  Although herttability helps the plant
breeder in selection of elite genotypes, it docs not provide
any indication of the amount of genetic progress that would
result in sclecting best individual, but depends upon the
amount of genctic advances. The highest valuc of genetic
advance {23.91) was recorded in the number of
capsules/plant. The characters number of capsules/plant,
1000 seed weight and seed yicld/plant recorded high
heritability followed by high genetic advance as per cent of
mean. Mohan (2002) also reported high genetic advance in
sesame. Therefore, clearly these characters were less

J. Gilseeds Res.. 28(2) : 167-168, December, 2011

168

influenced by the envirecnmental changes and the
improvement in these traits would be more effective through
selection despite their additive gene effects.
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ABSTRACT

A set of 150 germplasm lines and five checks of safflower (Carthamus tinctorius L)) were subjected to
Mahalanobis Dr analysis to access genetic diversity among them. All these genotypes were grouped into nine clusters
with maximum inter-cluster distancc between cluster 11 and cluster 1X (77.35) and the minimum inter-cluster
distance was observed between cluster V and cluster VI (15.79). The clustering pattern also revealed that genetic
diversity is different from that of geographical diversity. Among the eleven characters studied height of insertion
of first primary branch contributed maximum towards genetic divergence (33.49%) followed by plant height

{(19.46%} and sceds/capitelunt (16.38%).

Key words: D analysis, Genetic divergence, Safflower

Safflower (Carthamus tinctorius L) is one of the
important oilseed crops grown in winter season on residual
soil moisture. The genetic diversity which is the basis of crop
improvement is produced due to inherent genetic differences
n plant species and hence, it 1$ necessary to evaluate extent
of genetic divergence in breeding lincs. There are many
approaches for selection of parents for hybridization
programme viz., selection of parents based on per se
performance, ccogeographic diversity, regression analysis,
multivariate analysis and combining ability. But.
Mahalanobis D° analysis has ability to estimate genetic
divergence arxd to access the celative contribution of each
character towards genetic divergence. Bhatt {1973) has
demonstrated the usefulness of D statistics for choosing
parents in wheat. The study of genetic divergence among
genotypes will, thercfore, help to plan hybridization
programime to develop varieties or hybrids with high yicld
and high oil percentage.

One hundred and fifty safflower germptasm accessions
from different geographical regions with five standard checks
- viz.,, A-1, Bhima, Manjira, HUS-305 and JSF-1 were grown

in the field of Oilseeds Research Unit, Dr.PDKV, Akola
during the winter season of 2009. The experimental material
was sown in an augmented block design, in a single row plot
of four meter length. The experimental design consists of
five blocks with each block containing 30 germplasm
accesstons and five checks, Checks were common for all
block. The spacing ol 43 cm x 20 cm was mantained and
recommended cultural practices were followed to grow good
crop. Among 150 germplasm accessions 138 were from
Varanasi. six from China and remaining six were exotic. The
data werce recorded on five randomly selected plants for
cleven quantitative traits 1.¢., days to 50% flowering, days to
maturity. plant height (cm), height of insertion of first
primary branch from ground fevel (cm), number of primary
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branches/plant, number of capitula/plant, capitulum diameter
(mmy}, number of seeds/capitulum, 100 seed weight (g}, oil
content (%) and seed vield/plant (g). Oil content was
estimated by NMR technique and capitulum diameter was
mecasured by vernier caliper. The genctic divergence was
estimated by Mahalanobis [)" as described by Rao (1952)
and the genotypes were grouped into different clusters by
Tocher’s method.

Analysis of variance has shown highiy significant
differences for plant height. number of capitula/plant, height
of insertion of first primary branch, number of
seeds/capitulum, capitulum diameter, seed vield/plant, vil
content and number of primary branches/plant, showing the -
presence of wide genetic variability for these characters
among the germplasm. The contribution to total divergence
was maxinum by height of insertion of first primary branch
from ground level (33.49%4). This was followed by plant
height (19.46%), seeds/capitulum { 16.38%), days to maturity
(11.19%), number of capitula/plant (10.36%). days to 50%
flowering (5.92%) and oil content { [ 6%, while 100 sced
weight did not have any contribution towards penetic
divergence in the present study.

All 155 genotypes were grouped into nine clusters by
Tocher's method. Cluster | was the largest involving 88
genotypes originated from different geographic regions. In
this cluster, three checks viz., HUS-305. JSF-| and Manjira
were included. The next largest cluster was cluster 11 (26
genetypes ) followed by cluster 11124 genotypes). cluster Vi
{12 genotypes) while clusters 1V, V, V1. V1l and IX contain
only one genotypes each (Table 1). National check A-1 and
local check Bhima were included in cluster [11. The average
inter-cluster distance was maximum between clusters [§ and
1X (77.55) followed by cluster [ and X (68.47), ctuster V
and 1X (67.97). cluster 1] and [X (67.50), cluster VI and IX
(60.62}, cluster VI and IX (57.84), cluster V and VHI
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{51.74), showing that genotypes in these cluster are much
diverse and can be successfully used in hybridization
programme. Cluster VII recorded the highest intra cluster
distance, which included 12 genotypes. This was followed by
cluster 111 {20.99), which has 24 genotypes along with check
A-1 and Bhima,

Overall study of cluster means for all 11 characters
indicated that cluster 1X showed maximum values for
characters  vjz, plant  height, capitulum diameter,
seeds/capitulum and oil content. The cluster VIII exhibited
the highest cluster values for seed vield/plant and 100 secd
weight while cluster V showed the highest cluster values for

days to 50% fowering and days to maturity (Table 2). The
results of canonical analysis revealed that 54.03% was
covered in first two phases. It is clear from Canonical vector
that seeds/capitulum. capitulum diameter, days to maturity.
days to 50% flowering and plant height were important
sources of variation and the same results were confirmed
contribution of each character towards genetic divergence.
These results are in conformity with that of Agarwal et al.
(1982), Patil ¢t al. {1984) and Rao ef ai. (1980). The results
showed that the genotypes grouped in cluster 11, [X, l and V
shall produce potential transgrets if used jn hybridization
programme.

Table 1 Grouping of genotypes into different clusters

Cluster No.of  (icnotype
genotypes
I 88 GMU-3279, 3314, 3316, 3317, 3322, 3315, 3268, 3391, 3427, 3376, 3320, 3258, 3401, 3299, 3276, 3417,
3382, 3280, 3281, 3336, 3344, 3345, 3300, 3346, 3393, 3331, 3330, 3282, 3426, 3422, 3338, 3373, 3301,
3394, 3388, 3275, 3206, 3302, 3328, 3241, 3297, 33660, 3324, 3277, 3289, 3295, 3350, 3283, 3415, 3284,
3372, 3397, 3339, 3262, 3326, 3313, 3306, 3353, 3272, 3377, 3340, 3364, 3374, 3385, 3311, 3257, 3263,
3378,3253, 3354, 3266. 3286, 3292, 3315, 3319, 3322, 3333, 3355, 3367, 3396, 3304, 3408, 3409, 3410.
3390, HUS-305. JSF-1. Manjira
H 26 GMU-3341, 3347, 3375, 3356, 3361, 3349, 3278, 3303, 3304, 3358, 3273, 3371, 3384, 3399, 3303, 3418,
3403, 3343, 3329, 3264, 3359, 3413, 3402, 3416, 3428, 3287
111 24 A-1, Bhima, GMU-3325, 3365, 3369, 3351, 3332, 3421, 3386, 3256, 3411, 3383, 3368, 3294, 3263, 3387,
3363, 3310, 3342, 3323, 3381, 3403, 3327, 3395
v 1 GMU-3285
A 1 GMU-3400
VI ] GMU-3290
VII 12 GMU-3270, 3352, 3269, 3429, 3348, 3423, 3367, 3259, 3309, 3307, 3412, 3414
VIII 1 GMU-3260 '
IX 1 GMU-3420
Table 2 Cluster means for eleven characters
Days o Days o Plant Height of No. of primary  No.of  Capiwlum  Seeds’ 100 secd  Oil Seed
S0% maturity  height  insertion of first branches! plamt capitula! diameter  capiulum  weight content yicld/plam
flowering {cm) primary branch plant {cm) (g) (%) (g)
Cluster 1 69 108 54 23 I 13 18 23 3 27 7
Cluster 11 [313) 103 43 13 1y 15 17 19 3 27 [3}
Cluster 111 T3 112 60 16 11 19 19 25 3 27 12
Cluster 1v 69 117 6l 39 7 11 16 22 3 29 4
Uluster 3 %3 11w 3 33 5 13 17 s 3 26 4
Cluster V1 76 118 30 32 8} 8 20 3 3 3l R
Cluster Vit 74 T 56 38 3 7 19 29 3 6 3
Cluster vI! 72 113 65 12 11 23 19 60 4 28 25
Cluster 1% 81 116 70 3G ¢l 7 32 X3 3 0 il
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ABSTRACT

Distillery spent wash is used in agriculture as a source of plant nutrients and irrigation water. Being plant
originated, the spent wash contains all plant nutrients and organic matter. The effect of different levels and methods
of spent wash application on yield of groundnut (drachis hpogaea L.y was examined in 2007 through a field
experiment at Research and Development Cane Farm, The Salem Co-operative Sugar Mills Ltd., Mohanur,
Namakkal District. The different levels of spent wash was applied to the field in one time and split doses of
application. Among the spent wash applied plots, the plot which received spent wash @ 120 m*/ha along with NP
recotded the maximum vicld. Similar to yield, increase in the rate of application increased the protein and o1l content
significantly. A maximum kemel yield and oil content of 1641 kg/ha and 44.2 %, respectively was obtained with
the application of split doses of spent wash @ 120 m'/ha plus recommended dose of NP fertilizers. Application of
split doses of spent wash was found better than onc time basal application.

Key words: Groundnut, Qil content, Protein, Spent wash, Yield attributes

The distillery spent wash is a nutrient rich liquid organic
waste obtained from molasses based distillery industries atter
biomethanation process. Currently, about 40.72 million m* of
spent wash is generated annually from Indian distilleries. The
distillery spent wash s used as a source of plant nutrients,
and organic matter for various agricultural crops
(Mahimairaja and Bolan, 2004), Agricultural urilization of
distillery spent wash offers a low cost alternative. The
presowing irrigations with distillery effluent has been
reported to have no adverse effect on the germination but
improved the growth and yield (Singh and Raj Bahadur,
1995). In doing so, the manurial and irrigational potential of
distillery spent wash invariably have a considerable
economic value in the context of present energy and fertilizer
nutrient crisis. It is also important that the environmental
impact of the spent wash should be identified and efforts are
1eeded to minimize such deleterious effcets on plants, soil
ind environmental quality. The current study was, therefore,
timed at examining the impact of spent wash application on
sroundnut (Arachis hvpogaea L) yield, yield attributes and
Juality parameters. .

The biomethanated distillery spent wash sample was
olleciad from the Salem Co-operative Sugar Mills Lud.
Mohanur, Namakkal District, Tamil Nadu. Spent wash pH
vas 7.1 and N, P and K contents were 420, 40 and 9097
ng/l. A field experiment was conducted during rainy season
2007 with groundnut (Arachis hypogaea L.y as a test crop to
*Xamine the effect of spent wash on nutrient dynamics at
esearch and Development Cane Farm, The Salem
:0-0perative Sugar Mills Ltd., Mohanur, Namakkal District,
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During the experimental period (31 Augustto |1 December,
2007) a rainfall of 79 mum was received by the crop. The
experimental soil was sandy loam in texture; taxonomically
the soil belongs to the family Typic Rhodustatfs, A
representative soi] sample, at 0-15 cm depth, was collected
from the experimental plot to determine the initial fertility
status of the soil. The seil was medium in mineral-N (201.6
kg/ha). high in NaHCO.-P (I8.] kg/ha) and high in
NH,0Ac-K (278.0 kg /ha) status.

There - were 16 treatment combinations in field
experiment. The main plots comprised one time application
{M,) and split doses of application of spent wash {M,). There
were 8 treatments of spent wash in the sub plot. T, - Control,
T, - Recommend dose (RD) of NP (17-34-0); T, - Spent
wash (@ 40 m'/ha; T, - Spent wash @ 40 m'/ha + RD of NP;
T. - Spent wash @ 80 m'/ha; T, - Spent wash (@ 80 m’/ha +
RD of NP: T, - Spent wash @ [20 m'/ha; T, - Spent wash @
120 m/ha + RD of NP. The plotl size was 15 m and a
split-plot design with 3 replications was followed.

The different levels of spent wash was applied to the field
uniformly as per treatments by spraying manually to cach
plot 15 davs befere sowing for main plot treatment. In the
sccond main plot ceeatment (M), the spentwash was applicd
in three equal splits atong with irrigation water. The first split
dose of spent wash was applied 15 days after sowing. The
crop was applied with N (as urea) and P (as SSP) fertilizers,
as per the treatments at the RD of 17 and 34 kgtha,
respectively. The K was entirely supplied through the spent
wash.



INCREASED YIELD AND QUALITY IN GROUNDNUT

Groundnut variety TMV 7 was sown with a spacing of 30
em x [0 cm. All other cultural operations in vogue were
followed. Pod and haulm yield werc recorded. The oil
content in groundnut kernels was determined using Nuclear
Magnetic Resonance Spectrometer (Sagare and Naphade,
1983). The sced samples were analysed for total N by
microkjeldhal method. The N content of the seed was
maliplied by the factor 6.25 to find out the crude protein
content of the seeds.

Both the levels and methods of application of spent wash
had significant impact on pod, kemel and haulm yield of
groundnut (Table 1), Successive increase in the rate of spent
wash application progressively increased the groundnut
vield. The pod. kemel and haulin yield varied trom 1333 to
2296 kg/ha; 896 to 1641 kg/ha and 2491 and 4478 kg/ha,
tespectively. The highest vields were recorded in T, (spent

wash @ 120 m¥/ha + NP) which was closcly followed by T,
(spent wash (@ 80 m'/ha+ NP). The pod yield increased with
increase in the rate of spent wash up to 120 m'ha.
Irrespective  of methods of apphcation, addition of
recommended dose of NP fertilizers along with spent wash
significantly improved the pod yield. There was a marked
differcnce in the vield between the two methods of speat
wash application where the continuous application of split
doses of spent wash resulted in significantly higher pod.
kernel and haulm yield than one time application. The
interaction effect of methods of application and different
levels of spent wash on pod and kernel yield was found
significant and the highest pod yield was recorded in M, T,
and the lowest pod yield was recorded in M, T, (Table ).
Highest haulm vield was recorded in M. T, and the lowest
hanlm yield was recorded in M, T,

Table 1 Effect of difterent methods and levels of spent wash application on the pod, kernel and haulm yields of groundnat

Pad yield (kgsha)

Kernel yield (kg'ha) Haulm yield (kgiha)

Treatments

M, M. Mean M, M. Mean M, M. Mean
T, - Control 1333 1407 1370 896 936 916 2640 2491 2566
T.- NP alone 1481 1556 15319 1000 1054 1027 2815 2831 2823
T, - Spent wash @ 40 m'/ha 1704 1852 1778 1156 1290 1223 3066 3519 3293
T,- Spent wash @ 40 m'/ha + NP 2000 2074 2037 1397 1468 1432 3755 4148 3952
T, - Spent wash @ 80 m*/ha 1778 1926 1852 1210 1345 1278 3413 3717 3565
T, - Spent wash @ 80 m'ha + NP 2074 2222 2148 1463 1585 1524 3541 4355 4148
T- - Spent wash @ 120 mr'/ha 1926 2074 2000 1317 1454 1386 3700 4024 3862
T, - Spent wash @ [20 m’/ha + NP 2074 2296 2185 1473 164! 1557 4086 4478 4282

SEd CD (P~0.05) SEd CD{P=0.03) SEd CD (P=6.05)
Level of spent wash (T) 33.05 70.90 31.93 68.48 70.04 130.23
Mcthod of application (M} 3.36 819 811 17.19 9.45 20.04
TxM 33.94 72.76 3581 76.62 72.54 15548
MxT 13,93 23.16 22.93 48.61 20.73 36.67

M, = One time application; M, = Conlinuous application

The distillery spent wash is essentially a plant extract
containing large quantity of plant nutrients. Spent wash
application not enly adds plant nutrients, but also favoured
the nutrients (N, P, S, etc.,) mineralization m soil. Increases
availability of these nutrients probably facilitated uptake of
nutrients by groundnut which was reflected on better growth,
development and yield of the crop. The results corroborates
with the findings of Ramana et ¢/, {2002) who reported that
the distillery effluents significantly increased the seed yield
in groundnul over the control. A maximum kernel yield of
1641 ke'ha was achieved with the continuous application of
120 m’ ol spent wash n sphit doses + RD of NP ferulizers.,
it was significantly greater (11% more) than the yield
observed with the same treatment {T,) but applied in single
dose as one time application. At all levels, the spent wash
applied continuously in split doses had resulted . in
significantly higher yield than its one time application. This
might be the result of relatively higher uptake of nutrients
(N, P K, Ca, Mg, 5, ¢tc.) made possible under continuous
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application of spent wash. Devarajan er al. (1998) reported
higher yield of groundnut when spent wash was applied at
50, 40 and 30 times dilution, lrrespective of the methods of
application, the pod, kernel and haulm vield increased
linearly up to 120 m'‘ha both with and withowmn NP
fertilizers. In several studies, it has been found that the
optimum dose of spent wash for achiceving the maximum
vield was 100 m*/ha. beyond which reduction in yield was
observed. However. in this study, the crop response up to
120 m’* of spent wash could be due to the difference in the
chemical constituents and nutrients content of the spent wash
used. and the characioristics of the experimental Gold.
Hence, the distillery spent wash may safely be used up 1o
120 m¥ha for groundnut in the dryland region,

The protein and oil content of groundnut seeds improved
significantly due to the application of spent wash. In the
control (T,) the seed protein content was only 22.3 to 22.4%
while with spent wash application, it was improved up to
25.1%. The sced protein content markedly increased with
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increase in the levels of spent wash, and at a rate of 120
m/ha + NP fertilizers resulted in the highest seed protein
comntent with one time application (24.6 %) and continuous
application (25.1 %). Though not always significant,
addition of RD of NP fertilizers further improved the protein
content. Significant difference was not observed between the
methods ot application where the continuous apptication of
spent wash (M-) resulted in relatively higher protein content
than one time application {M,).

The oil content of groundnut seeds ranged from 37.1 to
42.9%. The different levels of spent wash and its methods of
application had remarkable influence on the oil content. The
lowest oil content was recorded in control (T)) followed by
NP fertilizer alone (T-). The spent wash @& 120 m’/ha + NP
fertilizers (T,) applied continuously in split doses recorded
the highest oil content of 44.2%; followed by one lime
application of spent wash (42.9%). The two methods of
application differed significantly in affecting the oil content.
The crop applied with 120 m’ of spent wash with NP
fertilizers had higher amount of protein and oil content,
however, it was not statistically different from the crop that
received spent wash alone. There was only a small increase
in seed protein and oil content due to the application ot NP
fertitizers alone (T-). Thas shows that the improvement in
protein and oil content was mainly due to the application of
spent wash.

The N and S nutrition might have favoured the synthesis
of higher amounts of protein and o1l content. Devarajan ef
al. (1993) also reported on improvement in seed protein, and
oil content in groundnut (var. TMV 7), due to the
application of 40 and 50 times diluted spent wash.,
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Effect of moisture stress on yield and yield related parameters in sunflower
(Helianthus annuus L.) genotypes
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ABSTRACT

Twenty nine genotypes of suntlower (Helianthus annuus L.} were evaluated during the winter season of 2008
to study genotypes yield and yicld related parameters response to water stress. All the yield related parameters were
reduced under water stress condition in 2ll the genotypes exarnined. Thesc traits are suggested to be used as sclection
criteria for higher yield/plant under water stress situation. Genotypes SH-491, RSF-107 and DSF-111 maintained
higher capitulum weight, capitulum diameter, seed yield, total dry weight, harvest index with moderate drought
susceptible index compared to remaining other genotypes hence considered as pronusing lines . These lines may

be utilized in different drought related studies.

Keywords: Drought susceptibility index, Genotypes, Harvest index, Plant yvield, Sunflower. Water stress

Producing greater harvestable yield is the ultimate
purpose of growing crops. The crop genotypes show great
differences for harvestable yield under drought stress.. In
early plantings of sunflower (Helianthus annuus L.), the
yield increase was associated with both an increase in achene
number and in individual achenc weight (Soriano et al.,
2002). The partitioning of dry matter to the head is critical in
the process of yield determination in water stressed
sunflower (Vijay. 2004). The effect of water deficits on the
harvest index of sunflower is complex duc to the interactions
between the timing and intensity of the stress relative to the
developmental processes that determine the components of
yield. Exposure of sunflower plants to drought stress at bud
initiation stage was more detrimental to seed and biological
yield than at seed filling stage.

Water stress reduced the head diameter, 100 achene
weight and yield/plant in sunflower (Reddy er al., 2003).
Water stress for longer than 12 days at grain filling and
flowering stage of sunflower (grown in sandy loam soil) was
the most damaging in reducing the achene yield in sunflower
(Reddy eraf.. 2004), In this context, the present investigation
was carried out to know the effects of water stress on yield
and yield related characters of sunflower genotypes and
identify relatively tolerant genotypes.

I'he experiment was laid out in factorial random block
design with two main treatments/factors and 29 sub (factors)
treatments replicated thrice during the winter scason of 2008
at College Farm, College of Agriculture, ANGRAU,
Rajendranagar, Hyderabad. The main two lreatments were
control and water stress and 29 genotypes were used as sub
treatments, Controls plots were irrigated at [0 day intervals
throughout the crop growth period whereas, in stress
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treatment plots trrigation was withheld from 40 days after
sowing (DAS) to 60 DAS, which coincides with flower bud
initiation stage. Each genotype was sown in two rows of 5.1
m length with spacing of 60 cm x 30 ecm. Thinning was done
two weeks after sowing to retain onc secedling per hill.
Recommeended package of practices were followed 1o grow
a healthy crop. In cach entry, five plants were tagged
randomly and data was recorded. For total dry matter
accumulation (g/plant), five plants were harvested from each
treatment for all genotypes. The component of harvested
plants were separated in stem, leaf, petiole and capitulumand
dried to a constant weight in hot air oven at 80°C for 48
hours and weighed in grams. Harvest index (HI) was
calculated as the ratio of seed yield to total plant weight/plot.
It was estimated as the proportion of 1otal drymatter (TDM)
production partitioned to economic parts expressed (%o).
Drought susceptibility index {DS1) was calculated according
1o Fischer and Maurer (1978).

Drought imposed at flower bud initiation stage caused
significant reduction (21%) in TDM compared 1o control
(Table 1). Similar results are found by researchers (Agele,
2003: Turhan and Baser, 2004). Diminished biomass due to
water stress was obscrved in almost all genotypes of
sunflower (Tahir er al., 2002). However, some genotypes
siiowed better stress wlerance than the others, Genotvpes
M-1029 exhibited the highest total dry weights in »lress
condition and interaction at harvest while lowest dry weight
was recorded by DSF-114 in control, stress and interaction.
The reduction in TDM under stress is due to reduced leaf
area, plant height, capitulum weight, shoot dry weight.

Capitulum diamcter was significantly reduced when
drought was imposcd at flower bud initiation stage. When
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compared to non-stress treatment, stress treatment recorded
32% reduction in capitulum diameter (Table 1). At
harvesting, genotype SH-491 followed by DSF-111 and
RSF-107 under control condition and RSF-107 and TSF-103
under stress condition showed higher capitulum diameter. In
combined cffect, RSF-107 recorded highest capitulum
diameter followed by DSF -111, SH-491, while ASF-104
recorded lowest capitulum diameter. Teama and Mahmoud
(1994) also reported decrease in capitulum diameter due to
stress. The reduction of capitulum diameter under stress
treatment was duc to reduction in leaf area which is source of
photo assimilates required for development of head.
Capitulum werght was highly reduced when drought was
imposed at flower bud initiation stage ( Tabte 2). Maximum
capitulum weight was recorded in control (75g) and was
significantly superior to stress treatment {53 g). Genotype
DK-3849 and SH-49! recorded higher capitulum weight
under control treatment, whereas SH-491 recorded highest
capitulm weight both in control and the interaction of two

main factors and the same genotypes were superior over
other genotypes. While DSF-1 14 recorded lowest capitulum
weight in both the treatments and interaction cffect of main
factors. Results are supported by findings of Andrich er al.,
{1996). Poor photosynthetic performance due to water stress
and reduction in assimilatory structure leads to carbohydrates
and mincral deficiency which cause abortions of ovaries,
pollen sterility leading to production of less achenes results
in reduction in capitulum weight (Rauf and Sadagat, 2008).
Water stress resulted in 28% reduction in scea vield
compared to control {(Table 2). Significant variation was
noticed among the genotypes with respect to seed yield.
SH-491 followed by DK-3849 under control and SH-491
under stress recorded significantly superior seed yield in
comparison to rest of the genotypes. However, genotype X
treatments data revealed that SH-491 recorded highest sced
yield and significantly superior over the rest of the
genotypes. Similar findings were obtained by Rauf and
Sadagat {2008).

Table | Tolal drymatter weight at harvest, capitulum diameteriplant of sunflower genotypes as influenced by moisture stress

Total drymatter weight (g/plant) at harvest/plant

Capitulum diameter {cm)/plant

Genotype Control Stress Meun % decrease Control Stress Mean % decrease
RSF-10H 203.7 170.0 186.9 16.6 153 11.0 13.2 283
TSF-103 308.3 234.7 271.5 239 28.0 19.6 23.8 24,9
ASF-107 242 8 198.3 2205 18.3 26.3 19.3 228 26.6
DSF-114 144.1 114.8 129.4 203 10.7 6.2 8.4 422
SH-177 348.2 292.0 320.1 16.1 26.7 1.7 19.2 56.0
DSF-104 207.9 187.1 197.5 10.0 193 14.0 16.7 276
RSF-106 159.0 123.5 141.3 223 13.7 8.7 11.2 36.0
DSF-111 359.2 299.2 329.2 16.7 30.7 19.3 25.0 370
RSF-10G7 3194 2527 286.0 20.9 30.0 21.3 256 29.1
ASF-104 251.7 2153 233.5 14.5 9.7 3.9 7.8 R0
- TSF-106 292.0 257.3 274.6 11.9 21.7 19.3 20.5 108
SH-491 484.5 346.9 415.7 284 31.7 18.0 24 8 432
M-1029 544.8 414.0 479.4 24.0 30.7 15.2 229 50.5
GP-812-5 233.7 187.7 216.7 1.7 14.2 10.7 12.4 24.7
GP-247-4 184.6 156.8 170.7 15.1 2140 15.6 18.3 256
GP4-2605 214.9 187.3 201.1 12.8 11.3 9.1 10.2 19.7
GP-69 293.6 255.0 2743 13.1 14.7 11.9 133 19.1
GP4-2035 3687 3242 346.4 12.1 257 16.3 200 364
GP-978 2249 171.7 198.3 23.7 14.9 9.6 123 353
DK-3849 504.6 319.5 412.1 36.7 28.8 13.3 211 53.8
GPY-515-7-3 306.2 240,06 273.1 21.6 23.7 18.1 209 235
GP4-2885 177.1 147.2 162.1 16.9 13.6 1.0 12.3 18.7
RHA-274 183.4 147.0 165.2 19.9 10.9 8.0 9.5 27.1
GP4-187 224.1 183.2 203.6 18.3 13.5 11.2 12.3 17.3
GP-27g3 2032 2307 262.0 213 16.2 13.1 147 8.9
GPd i 22A 19464} 2017 1.5 153 111 132 24
FC-312690 279.1 2496 264.4 10.6 18.7 12.9 15.8 309
GP9-846-4-4 249.0 189.7 2193 23.8 16.4 13.4 14.9 18.7
GPY-38-C-2-1 241.3 188.3 214.8 22,0 13.9 9.7 11.8 30.5
Mean 279.3 22001 2497 21.2 19.6 13.3 164 322
CD (P=0.05) for treatments 3.0 0.3
CD (P=0,05) for genotypes 1.3 1.8
CD(P=0.05) for Tx G 15.9 26
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Tablc 2 Capitulum weight/plant and seed yield/plant of sunflower genotypes as intluenced by moisture stress

Capitulum weight (u)/iplant

Seed vield (gliplam

Genotype Control Stress Mean % decrease Control Stress Mean %y decrease
RSF-101 48.7 315.0 43.8 19.9 25.2 15.0 2001 40.5
TSF-103 83.0 59.2 7L 287 44.9 40.1 425 140.8
ASE-107 R1.9 407 601.3 50.3 40.0 230 315 425
DSE-114 3R7 19.0 28.8 509 11.4 8.4 9.9 268
SH-177 1017 83.3 92.5 18.1 66.5 327 49.6 0.8
DSF-104 60.6 5001 553 17.3 24.6 204 22.3 17.2
RSF-106 445 326 38.6 26.7 19.3 15.3 17.3 20.6
DSF-111 105.0 84.7 94.8 19.4 87.2 67.0 77.1 23.2
RSE-107 105.4 82.0 937 22.2 61.7 39.7 63.7 1.8
ASF-104 41.7 314 36.6 24.8 193 15.6 17.4 19.0
TSF-106 73.0 623 67.7 14.6 38.0 320 35.0 15.8
SH-4%1 131.3 857 10%8.3 348 102.0 81.0 91.3 20.6
M-1029 {244 710 95.7 41.9 95,2 510 73.1 46.4
GP-§12-5 536.7 40.3 485 2K.8 354 15.3 254 56.7
GP-247-4 60.6 41.7 51.2 31.3 33.0 236 283 28.5
GP4-2605 61.6 523 57.4 i5.0 257 235 24.6 8.6
GP-69 513 41.3 463 19.5 547 48.5 51.6 11.3
GP4-2935 91.3 68.0 79.6 255 66.2 40.2 53.2 393
(iP-978 69.7 52.0 60.8 254 543 493 51.8 0.2
DK-3849 133.6 74.0 103.8 44.6 130.3 48.8 74.5 51.3
GPY-515-7-3 91.3 69.7 - %05 237 47.3 213~ 343 34.9
(;P4-2885 53.5 38.7 46.1 27.7 23.7 14.3 19.0 39.4
RHA-274 41.3 31.7 36.5 234 EAY 8.5 9.2 14.8
GP4-187 S8.5 423 50.4 27.6 357 333 345 6.7
GP-2793 78.3 56.0 67.2 28.5 45.1 363 40.7 19.6
GP4-2704 75.4 48.0 61.7 364 418 383 40.0 &4
EC-512690 76.3 45.0 6.7 4l.1 378 333 358 {9
GP9-846-4-4 03.7 46.3 550 272 31.0 24.0 27.5 226
GP9-38-C-2-1 69.7 407 352 41.6 30.3 28.7 295 5.5
Mean 748 527 58.9 42.5 453 327 390 278
CI {P=0.05) for treatments 1.0 0.8

CD (P~0.05) for genotypes LR 31

CD(P=0.05) for T x G 5.3 4.3

‘The decrease i yield might be due to decreased sink size
{mainly number of secds) and seed weight, 1t may be related
with decreased photosynthetic etficiency by degradation of
chlorophyll, lower production and translocation of organic
material from source 1o sink (Amrutha et af., 2007). Harvest
index 18 a useful trait in discrimination between drought
sensitive and tolerant lines. There was 27% reduction in
harvest index compared to non stress treatment (Table 3).
Significant differences among genotypes were observed for
HI (%). (GP4-2704 followed by ASF-107 and RSF-107 in
congrol and GP-247-4 and RSF-107 in stress showed higher
Y over rest of other genotvpes. However. in genotype X
treatmient anteraction. RSEF-107 recorded maximum HIL
which was significantly superior over other genotypes.
Whereas, lowest HI was recorded by ASF-104. The results
are in accordance with findings of Reddy et «f. (2003) and
Rauf and Sadagat (2008), Exposure of sunflower plants to
drought stress at bud initiation stage was more detrimental
to seed and biclogical yield than at seed filling stage
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(Prabhudeva er «f., 1998). Higher HI was obtained duc to
better translocation of photosynthates to the reproductive
part under drought stress (Rauf and Sadagat, 2008).

Among the genotypes there were significant differences
in DSI values (Table 3). Genotype GP-812-5 recorded
higher DSt value followed by GP9-513-7-3, SH-177,
DK-3849 and M-1029, while genotype GP9-38-C-2-1
recorded lowest DSI. A higher value of susceptibility index
indicates higher suscepuibility of a genotype to the stress.
Similar findings were also reported by Rauf and Sadgat
{2008). Higher DSI of a genotype under water $iress
sitnation is due to higher yield reduction caused due to poor
defonsive mechanism aguinst water stress,

Based on the above results, the genotypes SH-+91
DSF-111, M-1029 and DK-3849 showed promising results
for yield and yield related parameters under drought
condition and these lines may be utilized in breeding for
drought tolerance and marker studies.
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Table 3 Drought susceptibility index (D8I} and harvest index (HI) of sunflower genotypes as influenced by moisture stress

Harvest index (%)

Agele S O 2003 Sunflower responses to weather variations in
rainy and dry, cropping seasons in a tropical rainforest zone.
Internationul Jowrnal of Bioironics, 32:17-33.

Amrutha R, Muthulaksmi S, Baby Rani W, indira W K and

: Mareeswari P 2007 Alleviation of high temperaturc stress in
sunflower (Fleticinthus cnninny 1) by plant growth regulators
and  chemicals. Rescarch Jowmal of  Agricultie wnd
Biological Sciences, 3(12); 1658-1662.

Andrich G, Balzini S, Zinnai A, Silvestri § and Galoppini C 1996
The etfect of drought stress on spome characteristics of
sunflower seeds. Agricoltura Mediterranea. 126(3):285-291.

Fischer R A and Maurcr R 1978 Drought resistance in spring

wheat cultivar, I. Grain yield responses. Australian Journal of

Agricultural Researeh, 29: 897-912.
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Genotype Conirol Stress Mean % decrease b5
RSF-101 24.0 23.0 23.5 4.2 1.47
TSF-103 26.9 252 26.1 6.3 0.38
ASF-107 337 20.5 27.1 39.2 1.53
DSF-114 269 16.6 218 331 1.01
SH-177 29.3 28.6 28.9 2.4 1.85
DSFE-104 29.2 268 28.0 8.3 ] (.63
RSF-106 28.1 26.5 273 ’ 58 .75
DsE-111 292 283 288 32 (LRS
RSF-107 33.1 ’ 32.5 328 1.7 0.43
ASF-104 16.6 14.6 15.6 11.9 0.69
TSF-106 25.0 243 24.6 3.0 0.55
SH-491 7.1 247 259 8.9 0.75
M-1029 22.1 17.2 19.7 225 1.68
GP-812-5 24.3 21.3 229 11.5 2.06
GP-247-4 33.0 26.6 268 19.3 1.03
GP4-2605 28.7 28.0 283 2.6 0.24
GP-69 17.5 16.2 16.9 7.5 (133
GP4-2935 24.8 21.0 229 15.1 1.4
GP-978 31.0 304 3079 2.0 0.33
[DIK-3849 26.5 232 248 12,5 1.84
GP9-515-7-3 20.% 29.1 294 2.5 1.98
(GP4-2885 303 263 283 13.1 1.38
RHA-274 226 216 221 4.2 (.54
GP4-187 26.1 23.1 24.6 11.6 0.2i
GP-2793 268 243 25.5 9.4 0.72
GP4-2704 34.1 24.5 253 28.2 .29
EC-512690 27.4 18.0 227 34.1 0.45
GP9-846-4-4 25.6 244 25.0- 4.6 0.83
(GPY-38-C-2-1 29.0 216 25.3 25.7 0.2
Mean 268 19.5 232 271 0.91
CD (P=0.05) for treatments 0.5 -

CD (P=0.05) for genotypes 1.8 0.52
CD (P=0.05) for T x G 2.6 -
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N.Rae G G and Mallikarjuna K 1998 Soil moisture stress and
drought susceptibility index in sunflower. Indian Agrictuiturist,
42(4); 287-289.

Rauf § and Sadagat H A 2008 Effect of varied water regimes on
root length, drymatter partitioning and endogenous plant
growth regulators in sunflower (Helianthus annuus L),
Jowrnal of Plant Interactions, 2(1:41-51.

Reddy IV B Prakasa Rao s and Viay Lakshmi K 2603
Physiotogy and Biochemical evaluation of groundnut cultivar
differing in drought tolerance. fndian Jowrnal of Plant
Phusiofogy, 8(4):359-363.

Reddy A R, Chaitanya K V and Vivckanandan M 2004 Drought
induced responses  of photosynthesis  and  antioxidant
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Effect of zinc levels on nickel and other micronutrient cations in the leaves of
castor (Ricinus communis L.) genotypes
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ABSTRACT

Two separate ficld experiments were conducted during the rainy scason of 2005 with castor (Carthamus
tinctorius L) variety DCS-9 and hybrid DCH-32 (o study the influgnce of graded levels of zine {(Zn) on nickel (Ni}
and other micronutrient cationic content in the recently matured leaves (RML), Nickel content in the {caves of
DCS-9 and DCH-32 varied from 15.6 to 64.5 mg/kg and 27.3 to 69.7 mg/kg, respectively among the graded deses
of Zn. Micronutrient ratios computed for Zn/Ni, Fe/Ni, Mn/Ni and Cu/Ni in RML of castor genotypes has shown
an increasing trend with the increased tevels of Zn application. Higher levels of Zn application resulted in higher
Zn and lower Ni content in leaves irrespective of variety or hybrid.

Key words: Castor, Micronutrient cations, Nickel, Zinc

Plant species vary in their capacity to remove and
accumulate heavy metals, viz., cadmium (Cd), lead (Pb),
chromium (Cr) and nickel (N1} (Zurayk ef a/., 2001). Castor
(Ricinus communis 1.} crop is known 1o be a hyper
accumulator of Ni elemment hence, few researchers { Vwioko
et al., 2006; Malarkodi er al., 2008) have tried in
bioremediation of contaminated soils. Even though the
heavy metat like Ni content in the soil may be found within
the safc limits, but they are toxic to life when transmitted
even at very low concentrations. The safe limits for heavy
metals like Cd, Pb, Crand Ni in irrigation waters and soils as
per international standards arc 0.03, 2.0, [.0-and 2.0 mg/l and
3.0, 300, 120 and 75 mg/kg, respectively (IIHR web site).
" Nickel was considered as an essential element for the growth
of higher plants (Brown ef al., 1987). Heavy metals like Ni
known to bind certain proteins and essential clements,
thereby  exhibiting normal  functions  in metabolism,
Similarly. Zn is a well established essential micronutrient for
the crop growth. Castor crop response to Zn application was
reported recently by several researchers in the soils of the
semi-arid tropical region {Murthy, 2007: Murthy and
Padmavathi, 2007; Rego er al., 2007}. Nickel content may
vary between the soil types and Ni concentration in piants is
affected by many factors such as soil properties, climatic
conditions, plant species and cultivars. etc. In most plants,
Nicontent in vegelative organs is in the range of 1-10 mg/ke
dry weight (Marschner, 1995).  Nutrient mleractions aiso
play a key role in the nutrition of crop. Hence. an attempt
was made to study the influence of graded levels of Znon Ni
and other micronutrient cationic content wvis-da-vis the
optimum Zn level and the nutrient ratio in the RML of castor
genotypes. Two separate ficld experiments were conducted
during the rainy scason of 2005 at Directorate of Oilsceds
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Research. Rajendranagar experimental farm with castor
variety DCS-9 and hybrid DCH-32.  Physico-chemical
characteristics of the red sandy loam soil are as follows, pH:
7.1; EC. 0.3 dS/m; organic carbon: 3 g/kyg. available
nitrogen, phosphorus and potassium were 178, 8.0 and 240
kg/ha, respectively.  Available Zn (DTPA-Zn), Ni
(DTPA-Ni), Fe (DTPA-Fe). Mn (DTPA-Mn) and Cu
{DTPA-Cu) insoit were 0.40, 0.15, 4.2, 2.5 and 0.4 mg/kg,
respectively. A randomized block design was followed and
treatments were replicated thrice. Twenty one plots {each
plot size 3.6 x 4.0 Sq.m) under the variety and another 21
plots under hybrid received graded doses of Zn {zinc oxide)
viz, @0, 2.5, 5.0,7.5, 10.0, 12.5 and 15.0 kg/ha, Nitrogen,
phosphorus and potassium were applied to all the plots as per
recommended doses (60:40:0), respectively.  Recently
matured leaf (RML) samples from the top of main stem were
collected at primary spike initiation stage, washed with tap
water followed by 1% hydrochloric acid and distill water.
Then shade and oven dried at 60°C and powdered in stainless
steel Wiley mill. The samples were acid digested with triacid
mixture [nitric;perchlortc (HNO,HCIO)) in $:4 ratio;
Tandon, 1995 | and the extract was used for analysing Zn, Fe,
Mn, Cu and Ni concentration by using Atomic Absorption
Spectrophotometer, GBC 933,

[n general, at primary spike initiation stage of the crop,
Zn content in the RML of castor mereased with an increased
dosc of Zn irrespective of variety and hybrid (lablel ).
However, the Zn content in the leaves was relatively higher
in hybrid than in the variety. Similar trend was obscrved in
other micronutrient Fe, Mn, Cu and Ni contents. Iron and
Mn content in the RML of both the variety and hybrid has
shown statistically significant variation among the Zn
treatments whereas Zn and Cu have shown non-significant
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variation. Nicke] content varied significantly among the Zn
trestments both in variety and hybrid. Among the Zn
treatments as the Zn content in RML increased, the Ni
confent has decreased in both the DCS-9 and DCH-32
genotypes (Table 1), Korner ef o/, {1987) found that both
Ca~and Mg inhibited Ni“* uptake noncomperitively by an
unknown mechanism, whereas Cu™, Zn® and Co™ all
competitively inhibited Ni™~ absorption. They suggested that
all four divalent cations were transported via thc same
mechanism, based on their similar ionic radii. Some minor
variation in trend with Zn lcvels was noticed in other

Table 1
primary spike initiation stage

micronutrients in both the genotypes. The Ni removal by
leaves was not equal In castor genotypes, Nickel uptake and
concentration in plant foliage can differ markedly berween
species even in the same soils (Vwioko et al., 2006). In
general. more than 30 mgNi/kg on the dry weight basis was
considered as critical toxicity level for moderately tolerans
plants (Marschner, 1995). Recently, Malarkodi ez af. (2008)
reported that Ni accumudation in various plant parts of castor
plant follows the order: root > leaf > stem > petiole. This
might be due to the direct and continuous contact with roots
in the contaminated soil.

Influence of Zn levels on Ni and other micronutrient cations in recently matred leaves of castor genotypes at

i ] Zn Fe Mn Cu Ni Zn/Ni Fe/Ni Mn/Ni CuNi

Zinc levels ikpiha) ,
N (mgikg)

Castor variety DCS-9
0 99 .4 4758 113.3 550 64.5 1.54 7.37 1.76 .85
23 100.3 5725 1196 52.9 61.5 1.63 930 1.94 .86
30 101.8 586.3 150.8 54.2 53.3 1.91 10.99 2.83 1.02
1.5 109.6 514.6 135.4 571 43.7 2.51 11.77 3.10 1.31
10.0 109.0 607.9 162.5 57.1 352 3.10 17.27 - 4.62 1.62
12.5 1085 478.8 155.0 55.4 233 4.65 2052 6.64 2.38
159 110.2 362.5 155.8 52.9 15.6 7.06 23.24 5,99 3.39
SEm+ 12.8 59.6 14.2 6.7 1.79
(D (P-0.05) NS 183.8 43.7 NS 5.53
Castor hybrid DCH-32
{ 109 4 523.4 1247 60.5 69.7 1.57 7.51 1.79 .87
25 1103 629.8 1315 58.2 71.9 1.53 8.75 1.83 081
b 112.0 644.9 165.9 59.6 65.7 1.70 .81 2.52 0.91
7.3 120.5 566.0 149.0 62.8 58.4 2.06 9.69 2.55 1.08
100 1199 66¥.7 i78.8 628 46.7 2.57 14.33 3.83 [.35
1235 119.3 526.6 17005 610 387 308 13,60 4.40 1.57
130 121.2 I08.X 1714 582 27.3 4.45 14.62 6.29 213
SEmt 135 65.8 15.6 7.7 1.64
CDI(P=0.05) NS 202.8 48.¢ NS 5.04

Micronutrient ratios computed for Zn/Ni, Fe/Ni, Mn/Ni
and Cu/Ni in RML of castor genotype DCS-9 varied from
13410 7.06, 7.37 to 23.24, 1.76 to 9.99 and 0.85 to 3.39,
respectively. Similarly, in RML of castor genotype DCH-32
the Zn/Ni, Fe/Ni, Mn/Ni, and CwNi ratio varied from 1.57
o445, 751 to 14.62, 1.79 to 6.29 and 0.87 10 2.13,
respectively. These ratios in both the genotypes have shown
an increasing trend with the increased levels of Zn
arplication (Table 1), The nutrient ratios were often less
ditected by plant age than autrient concentration based on
the dry matter, Ratio of nutrient clement concentrations is
oftenbetter indicators of nutrient deficiency/sufficiency than
single nutrient clement concentrations. In general, when a
1aiio is low, a response 1o the element in the numerator will
be obtained iFit is limiting (Tisdale er af., 1985). Quadratic
equation is fitted between the micronutrient ratio and the Zn
rate 1o find out the optimum dose of Zn for both DCH-32
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and DCS-9, Optimum rate of Zn for DCH-32 was found as
2.26 kg/ha and the corresponding optimum ratio of Zn/Ni,
Fe/Ni, Mn/Ni and Cu/Ni in the RML leaves was 1.52, 8.7,
.89 and (183, respectively. Similarly, for DCS-9 the
optimum dose was found as 2.52 kg/ha and the
corresponding optimum ratio of Zn/Ni, Fe/Ni, Mn/Ni and
Cw/Ni in the RML feaves was 1.50, 8.91, i 84 and 0.82,
respectively.

Thus, castor genotypes are mining some amount of Ni
hesides the essential micronutrient cations and s content in
the RML of castor hybrid DCH-32 was higher than in the
variety DCS-9 at primary spike initiation stage, Higher
fevels of Zn application resulted in higher Zn and lower Ni
content in leaves irrespective of variety or hybrid. Role of Ni
in castor as an essential nutrient or as a phytoextractor of
contaminants from the soil needs further studies.



MURTHY AND HARIPRIY A

REFERENCES

Brown P H. Welch R M and Cary E E 1987 Nickel: A
Micronutrient Essential for Higher Plants. Plant Physiology,
85: 801-803.

ITHR website, www,iihr.res.in

Komer L E, Moller [ M and Jensen P 1987 Effects of Ca'~ and
other divalent cations on uptake of Ni™* by exercised barley
roots. Phvsiology Plant, T1:49-54,

Malarkodi M, Krishnasamy R and Chitdeshwari T 2008
Phytoextraction of nickel contaminated soil using castor
phytoextractor. Journal of Plant Nutrition, 31(2) - 219-229.

Marschner H 1995 Mineral nuirition of higher plants. 2" edition.
Academic Press, London, pp.889.

Murthy I Y L N 2007 Establishment of critical limits of Zn in
castor and red sandy loam soil. 72 Annual Convention of
Indian Society of Soil Science and National Seminar on
Developments in Soil  Science, November 3-7, Birsa
Agricultural University, Ranchi, India.

Murthy I'Y L N and Padmavathi P 2007 Establishment of
critical zinc content in castor (Ricinus communis L.) and red
sandy loam seoil. Natlonal Seminar on Changing Global

J. Oilseeds Res., 28(2) : 180-182, December, 2011

182

Vegetable Qils Scenario: Issues and Challenges Before India,

January 29-31, 2007, Iadian Society of Otlseeds Research,
DOR.. Hyderabad. pp.293-294.

Rego T J, Sahrawat K L, Wani S P and Pardhasaradhi G 2007
Widespread deficiencies of sulfur, boren, and zine in Indian
serni-arid tropicat soils: On-farm crop responses. Jouwrnal of
Plant Nutrition, 30: 1569-1583.

Tandon H LS 1995 Methods of analysis of soils, plants, waters
and fertilisers. Development and Consultation Organisation,
New Delhi, India pp. [44+vi.

Tisdale S L, Nelson W L and Beaton J D 1985 Soil fertility and
fertilizers. 4" edition. Macmillan Publishing Company, New
York. ’

Vwioko D E, Anoliefo G O and Fashemi, § D 2006 Metal
concentration in plant tissues of Ricinus communis L. (Castor
oil) grown in soil contaminated with spent lubricating oil.
Jouwrnal of Applied Sciences & Environmental Management,
10 (3) 127-134.

Zurayk R, Sukkariyah B and Baalbaki R 2001 Common
hydrophytes as bioindicators of nickef, chromium and
cadmium pollution.  Water, Air and Soil  Pollution,
127:373-288.



Studies on growth analysis of linseed, Linum usitatissimum 1. varieties under
different sowing dates
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ABSTRACT

The growth parameters and linseed (Linum usitatissimum L.) yield werc influenced by different dates of sowing.
The early sowing of linseed in the 40" and 41" meteorological weeks (MW) was significantly superior over sown
conditions. Among the varieties, *Garima’ was found significantly superior to ‘Kiran' and RLC-4 in different growth

parameters and yield of linseed.

Keywords: Dates of sowing, Linseed, Varieties

Linseed (Linum usitatissimum L.) 1s a source of drying
oil used in the industries. India is a leading producer of
linseed in the world. Linseed occupies an area of about 525.5
lakh ha in India with an annual production of 211.9 lakh t.
and average productivity of 403 kg/ha. The area under
linseed in Maharashira was 87 lakh ha. with an annual
production of 22 lakh t. and average productivity was 253
ko/ha (Agropedia, 2010). Seed yield/ha of this crops is very
low in India, therefore, it is necessary to analyse the causes
for low yield and the measures to increase it. Systematic
analysis of the cause of variations is imperative. Techniques
of growth analysis have become a very useful tool 10 the
research workers in answering the variation in yield and this
study of growth analysis is gaining importance in all the field
crops. There 1s a need to develop or identify high vielding
varieties and 1o find out optimum sowing time for the region.

A field experiment was conducted at Agriculture College
Farm, Latur, Marathwada Agricultural University during
winter scason of 2007. Experimental soil was a Vertisol with
good drainage. The soil was clayey in texture, low in
available nitrogen (265.2 kg/ha), medium in available
phosphorus (15.7 kg/ha), high in available potassium (941.9
kg/ha) and slightly alkaline in reaction (pH 7.4). The field
was fallow in rainy scason. The experiment was laid out in
split plot design with three replications, with 18 treatment
combination of date of sowing (D, =40 MW, D.=41 MW,
=42 MW, D—43 MW, D34 MW and D, 46 MW n
main plot and threc varietics {(V,=Kiran, V,=Garima and
V =RLC-4} in sub-plot. Sowing of linsecd crop was done by
dibbling method as per the treatments. The gross and net plot
size of experimental unit was 64 mx 3.6 mand 5.4 mx 2.4
m, respectively with a row spacing of 30 cm and plant
spacing of [0 cm. Basal dose of NPK (@ 50:25:0 kg/ha in the
form of urea, single super phosphate and muriate of potash
were applied uniformly to all the plots at the time of sowing,
The leat area index (LA was worked out by dividing the
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leaf arca/plant by the land area occupied by the plant.

The sowing of linseed crop in first (I3,) date of sowing at
40" MW produced significantly higher sced yield (889
kg/ha), straw vield (2109 kg/ha) and oil yield (349 kg/ha) as
compared to subsequent delayed sowings (Table 2). Also the
drymatter production was significantly higher when the crop
was sown in 40" MW (D)), which might be because of the
ligher leaf area/plant through out the growth period. This has
provided greater photosynthetic surface, enabling the plant
to produce higher sced yield. Similar trend was observed
regarding LAI These results are in line with Arjun Sharma
and Gururaj Hunsigi (1997). The absolute growth rate
{AGRY} and crop growth rate (CGR) was observed maximum
when sowing of linseed was undertaken at 40" MW as
compared 10 other dates of sowing. The maximum value of
AGR and CGR was recorded between 45-60 DAS. The
drymatter accumulation continued to be higher level with
increase in the life of crop except at harvest. it is worth
noting that the functional leaf area and LAl were
progressively increased gradually from 30 DAS and declined
after 90 DAS 1n all dates of sowing (Table 1).

The increased seed as oil yield in variety Garima (656
kg/ha) was attributed to growth component such as the
functional leafarea, LAl AGR and CGR. The functional leaf
area and LAI was recorded maximum in variety Garima than
other variety. Leaf area and leaf arca index was increased
gradually from 30 DAS. attained the highest value ai 60 DAS
and declined sharply afier 90 DAS in all varicties. Simllal:
irends were also observed hy Arjun Sharma and Gurura
Hunsigi (1997). The maximum value of CGR was recorded
in variety RLC-4 followed by variety Gagima and Kiran. The
CGR was highest in variety Garima followed by variety
RLC-4 and Kiran. The drymatter accumulation Was
significantly higher in variety Garima at all stages of crop
growth except at harvest followed by RLC-4 and Kiran.
Higher seed yield, straw yield and oil yicld was recorded 10
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variety Garimia than other varieties. Similar results have been translocation of photosynthates depends on the buiiding up
reported by Sanmui and Pintoo Bandopadhyay (1991). The of the efficient photosynthetic super structure in the early
higher seed yield was ascribed to the higher CGR and the phase of the crop growth cycle,

AGR. Reddy (1983) opined that synthesis, accumulation and

Table | Leafarea, leafarea index, absolute growth rate and crop growth rate of linseed as influenced by date of sowing and varieties at
various crop growth stages

Treatiment Leal area (e plant) {DAS) | caf area index (DAS) Absolute growth rate g/piant? day Crop growth rate (g/dm’? day
30 &) 90 30 &0 90 1i-45 46-60 61-73 31-43 - 46-64 nl-75
Date of sowing (MW)
40 64.2 3208 1083 022 L.06 230 1.02 0.84 .06 0.06 Q.07 0.05
41 62.5 183.4 102.9 .21 0.61 0.34 0.9 L2 0.52 0.04 0.05 0.04
42 55.2 1808 1006 0.1%8 0.60 Q.33 1.07 091 .50 0.04 aaL 0.04
43 42.0 141.5 97.8 012 0.47 0.32 103 0.89 11 0.01 0.03 0.01
a4 27.1 122.1 87.0 0.09 0.40 .29 L.01 L.11 .04 0.02 .02 0.01
45 39.0 83.1 78.2 013 0.27 0.26 1.03 (.63 0.10 0.03 0.02 0.00
SEmt 1.1 58 2.1 0.00 0.12 .00 0.02 0.02 0.00 0.00 0.00 0.00
CD (P=0.05) 37 18.4 7 0.01 0.40 0.02 0.07 .06 0.01 0.00 0.00 0.00
Variety
Kiran 44,3 164.8 95.1 .14 0.54 0.21 1.00 091 0.22 0.04 0.04 0.04
Garima 0.8 205.5% 103.4 0.18 0.68 0.34 1.00 0.93 0.18 0.405 0.05 0.04
R1LC-4 45.9 145.3 B5.6 .13 0.44 0.29 1.00 .96 (.25 0.04 0.04 0.04
SEm+ 112 3.9 2.2 0.00 0.01 (.00 0.02 0.00 0.4 0.00 0.00 0.00
CD (P 0.03) 3.3 12.8 7.1 0.01 0.04 0.02 0.07 .02 0.01 0.00 0.00 0.00

Table 2 Total drymatter accumulationsplant at difterent growth stages and seed. straw and oil yigld {kg/ha) as influenced by date of sowing and varicties

Total drymatter accumulation (g/plant (DAS})

Treatment m s o FYE— Seed yield (kgha)  Straw yield (kg/ha) Ol yield (kg/ha)
Date Fo sowing (MW)
4 0.4% 23 53 13 259 2109 349
41 0.26 |4 4.3 2.0 8§23 1699 332
42 025 14 2.7 2.1 654 1999 266
43 041 1.2 25 1.7 543 1540 217
44 035 20 27 13 473 ' 1582 188
o as 0.05 0.9 15 1.0 ' 334 979 134
SEme= 0.06 09 0.l 0.0 73 WS T 54
CD (P -0.05) Q.02 0.4 0.3 (L0 231 331 17.2
Variety
Kiran 0.9 1.5 28 1.7 613 1619 248
Garima 921 17 35 2.0 656 1773 258
RLC-4 Q.20 1.6 29 1B S8 1712 237
S 0.00 8 0.0 0.0 64 6.8 36
CD (P- 0.05} 0.01 0.0 0.0 0.1 19.9 19.9 10.5
REFERENCES Samui R C and Pinto Bandopadhyay 1991 Influence of date of
sowing on linseed {(Linum usitatissinum) variettes, Indian
Agropedia 2010 Revision of Ftvmology of Flax Fri. 14.05.2010- Journal of Agronomy, 37(3}: 599-601.
11:25. ’ Reddy D S 1983 Response of linseed varieties of varving fertility
Arjun Sharma and Guroraj Hunsigh 1997 Study on arowsh analsis tevels under drigmion. Myvsore Jowrnad of Agricaliural
il linseed (Linon wsiiatissinen 1y, Karnaivka Journal of Sciences, 17191

Agricultural Sciences, 10030y 6310633,
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12.
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Articles on original research completed, not exceeding 4000 words {up to 15 typed pages, including references, tables, figures, etc.) should
be exclusive for the journal. They should present a connected picture of the investigation and should not be split into parts. Complete
information of Ph.[ thesis should preferably be given in one article.

short Communication, not mare than 1300 words (total 5 typed pages), which deal with (1) research resuits that are complete but do not
warrant comprehensive treatment, (i) descriptions of new matenial or improved techniques or equipment, with supporting data, and (iii)
a part of thesis or study. Such notes require no headed sections.

Critical Research Review Articles, showing lacunae in research and suggesting possible lines of future wark. These are mostly invited from
eminent scientists,

The research article or note submitted for publication should have a direct bearing on agricultural production or epen up new grounds for
productive research. Articles on oilseeds research, economics, demanstrations, social sciences, extension, etc., are also considered. Basic
type of articles and notes relating 10 investigation in a narrow specialized branch of a discipline may not form an appropriate material for
this joumal, nor do the articles of theoretical nature, or those of local importance, repetitive, based on old data, with no pasitive
significance.

Author should note: (a) period tyears) of conducting the experiment must be indicated, (b} article should preferably be submitted soon after
completion of experiment, (c) articles on genetics and plant breeding and on plant crops should be based on data of minimum two years,
{d} contribution involving a former or present student must clarify that it is not based/based on complete M.Sc. Thesis, or complete or a
part of the Ph.D thesis, indicating its vear of submission and (¢) Article Certificate must be signed by all the authors and must contain
subscription numbers of authors.

Title should be short, specific and infarmation. It should be phrased to identify the content of the article and include the nature of the study
and the technical approach, essential for key-word indexing and information retrieval,

A Short Title not exceeding 35 fetters should also be provided for running headlines.

By-line should contain, in addition tothe names and initials of the authors, the place (organization} where research was conducted. Change
of address should be given as a footnote, e-mail ID and correspondence address separately.

Abstract, written in complete sentences, should not have more than 150 words. It should contain a very brief account of the materials,
methads, results, discussion and conclusion, so that the reader necd not refer to the article except for details, It should nat have reference
to literature, illustrations and tables.

. Introduction part should be brief and limited to the statement of the problem or the aim and scope of the experiment. The review of recent

literature should be pertinent to the problem. Key words of the article should be given in the beginning.

Relevant details should be given of the Materials and Methods including experimentat design and the techniques used. Where the methods
are well known, citation of the standard work in sufficient. Mean results with the relevant standard errors should be presented rather than
detailed data. The statistical methods used should be ctearly indicated.

Results and Discussion should be combined, to avoid repetition.

The results should be supported by brief but adequate tables or graphic or pictorial materials wherever necessary. Seff-explanatory tables
should be typed on separate sheets, with appropriate titles.

. The tables should fit in the normal tayout of the page in portzait style. All weights and measurement must be in Sl (metric) urit. Tables and

illustrations {up te 20% of text) should not repraduce the same data.

. The discussion should relate to the limitations or advantages of the author’s experiment in comparison with the work of others. All recent

relevant literature should be discussed critically,

- Line-drawings should be clearly drawn {7 inch or 17 cm width) in black waterproof ink on smooth, tough paper, minor paoints of style

should be noted carefully. Photographs should be large, unmounted, glossy prints of good quality. They should be clear and relevant to
the subject. Colour photagraphs may be sent for better identification and legibility of different parts of the abject. All figures should have
legends (types). Original artwork should accompany 2 copies. Repetition in graphic and tabular matter should be avoided.

- For citing References a recent issue or the present journal may be referred, ensuring that all the references cited in the text are referred in

the end under References section of the article. Each citation shoutd have the nameats) of the autheor(s), initials twithout full stops, but comma
after each full name ), yoar of publication twith full stop), full title of the article (with full stop), name of the journal (in italics with comma
but without abbreviations), volume number (in beld), preferably the issue twithin parentheses and colon) and complete page range (not
merely the first page and full stop). Complete rame of publisher and place of publication of books should be given in case of books. For
praceedings or other publications complete details should be given.

AL les are sent o referees for seruting and authars should meer criticism by improving the article, indicating the modifications made

N separate sheet, 2 copies).

- Atticles should be Typewritten in MS Word format in Times New Roman font with 12 font size in double line spaced throughout (including

byline, abstract, references and tables) on white, durable A-4 size paper with ane inch margins on all sides, The hard copy of the Articles
should be sent in tripticate after checking typographical errors. It is mandatary to send soft copy of the article in neatly packed C0 and/or
by E-mail on; editarisorgggmail.com. Articles not sent by CD or E-mail will take longer time to consider for its publication.

For writing, authors are requested o consult the recent issue of Journal of Qilseeds Research, either this issue or the immediate past issue.
The Janguage and spellings are followed as per British style, but not in American style.

- Proof Correction - Authoris) should be prepared 1o make necessary corrections or medificanons in their article in accordance with the

remarks/suggestions of the referce of the article. The decision of the Referee and/or Indian Society ot Oilseeds Research s final in this regard.
No arguments or clarifications are entertained in any manner at any stage.
While submitting the articlets), please ensure that all the authors are life/annual members of the ISOR.
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