Indian Society of Oilseeds Research

Directorate of Oilseeds Research
Rajendranagar, Hyderabad-500 030, India




THE INDIAN SOCIETY OF OILSEEDS RESEARCH

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

(EXECUTIVE COUNCIL FOR 2004-2005]

President . : Dr. G. Kalloo
Vice-President ‘ : Dr. S.S. Duhoon
Genera) Secretary : Dr. A. Vishnuvardhan Reddy
Joint Secretary : Dr. Dr. Y.P, Malik
Treasurer ¢ Dr.P. Padmavathi
Councillors : : Dr. S.S. Banga {Northern Zone)
- Dr. N.K, Choubey {Central Zone)
Dr. V. Muralidharan (Southern Zone)
Dr, 8.V, Sarode (Western Zone)
Dr. U.C. Kar (Eastern Zone)
. Editorial Board Editor : Dr. Harvir Singh
Assistant Editor ' : Dr. A. Vishnuvardhan Réc_ldy
Members : Dr. P.R. Kumar v Dr. S, Lingappa
Dr. S.P. Palaniappan Dr. M, Uday Kumar
Dr. A. Bandopadhyay .Dr. S.L. Mehta
Dr. Arvind Kumar Or, S.P. Tiwari
Patrons M/s Vanaspati Manufacturers Association . M/s AP, Seed Certification Agency
M/s National Dairy Development Board M/s Indian Soap & Toiletrie Makers’ Association
M/s Maharashtra Hybrid Seeds Company Ltd, M/s IOPEA-Qilseeds Scientific Research Institute
M/s Bharat Pulverising Mills Pyt. Ltd. M/s ITC Ld., ILTD Division Seed Unit

""""Journal of Qilseeds Research is published biannually by the Indian Society of Oilseeds Research



ISSN 0970-2776

Volume 21 | Journal of

June, 2004 OILSEEDS RESEARC

[T PP P FT T PEPT PP PP T T

Contents o Q2D

Research Papers

Morphelogical characterization of released groundnut cultivars for the DUS requirement

K. Rajgopal, A. Bandyopadhyay, K. Chandran, H.8, Latwani, N.R, Ghetia and P.K. Bhalodia 1
Genetic analysis of yield components and confectionery traits in crasses involving large seeded genotypes of groundnut

J.R. Dobaria, A.L. Rathnakumar and P.5, Bharodia 11
Stability analysis in large seeded groundnut genotypes for pod yield and its component traits

Mahan G. Bentur, K.G. Parameshwaragpa and L.H. Malligawad 17
Response to salection for seed dormancy in groundnut

G.K. Naidu, MY.C. Gowda and B.N. Motagi 21
Caomparative studied on combining ability and heterosis for yield, yield components in Indian mustard on normal and saline soils

D. Kumnar and Neely Rathore 29
Development and characterization of low erucic acid/low glucosinolate lines in Indian mustard

J.8. Chauhan, MK. Tvagi, 5. Kumar, Poenarm Tyagi, Nawaz Khan, S.K. Yadav and N.B, Singh 28
Modified triple test cross in sunflower

P. Venkata Ramana Rao, A. Vishnuvardhan Reddy, D. Lokanadha Reddy and M. Ganesh 34
Genotype x Environment interaction and stability analysis for oil content in American cotton

A, Narisi Reddy and A. Satyanarayana Bhaskar Reddy 36
Eco-physiology of yield expression in groundnut genotypes during post-monsoon seasaon

PN, Karamjikar, G.5. Jadhav and P.K. Wakle 39
Groundnut growth and yield as influenced by evapotranspiration deficits

5. Hernalatha, V. Praveen Rao and B.N, Reddy . 42
Effect of residual fertility of different nitrogen management practices to kharifrice on the performance of rab/ groundnut

M. Srinivasa Reddv, D. Srinivasulu Reddy and P.V.R.M. Reddy 47
Moisture sensitive growth periods and optimal sequencing of evapotranspiration deficits in Indian mustard

B. Vijay Kurnar, V. Praveen Rao and B.N. Reddy 50
Production potential and economic feasibility of soybean based cropping systems

S.D. Biffore and O.P. Joshi 5%
Screening of pigeonpea varieties for their suitability as intercrop in soybean

S.D. Billore and O.P. Joshi 58
Phosphorus management in soybean-sunflower cropping system

SN, Patif, R.B. Ulernale, 5.5. Lande and A.M. Mafigjan 62
Effect of tillage and plant density on performance of sunflower in rice fallows

P. Sasha Saila Sree and V. Sidhar &5
Isolation of salt endurant sunflower genotypes through /n witro screening techniques

D. Sassikumar, R. Sudhagar and A. Gopalan 69
Alley cropping and green leaf manures-effective means of integrated nutrient management for sustained returns of rainfed castor

K.P, Vani and G. Bheemaiah 73
Soil test based fertilizer recommendation for sunflower in Inceptisols of Tamil Nadu

R. Santhi, R. Natesan, K. Andi and G. Selvakumarf 78
Effect of preceding kharifiegumes and levels of NPK on the succeeding rabi sunflower

C.R. Chinnamuthu, A.5. Venkatakrishnan and P. Manickasundaram 82
Comparative performance of some water production functions for spring sunfiower

Ramarf Karita Thakuria, Marbiir Singh and R.K. Zhorar 86
Optimization of sunflower production under resource constraints

P. Sesha Saila Sree, V. Sridhar and D. Swapna Sree g2
Herbicidal management of weeds in sesame

Malam Singh Chandawat, I. Singh and M.S. Rathore . 95
Population dynamics of aphids in relation to weather parameters in groundnut

V. Nandagopal, M.V. Gedia and A.D, Makwana . 98
Systemic induced resistance in sunflower to Afternaria feaf blight by foliar application of S& and Bion ;

M. Venkata Sadhu Ratnam, P. Narayan Reddy, S, Chander Raoc and Rama Bhadra Raju H .. 104

Official publication of

The Indian Society of Oilseeds Research, Hyderabad
J, Qilseeds Res.,, 21(1) : 1-223 (June, 2004)



Field screening of linseed genotypes against the incidence of budfly and blight
M.P. Gupta

Forecasting of sesame production in India
R. Kalpana Sastry, D. Rama Rao, V. Kiresur and R. Vizayakumart

Seed composition and fatty acid profile of some tree borne cllseeds
G. Nagaraj and N. Mukta

Production and economic factors growth in cultivation of groundnut crop in India
G. Singh and H. Chandra

Growth analysis of production and economic factors in rapeseed-mustard cultivation in India
G. Singh and H. Chandra

An expert tool for fertilizer management of rapeseed-mustard
Vinod Kumar, Arvind Kumar, O.P. Premi and Manoj Kumar

Short Communications

Differential response of groundnut genctypes for jn vitro callus induction and regeneration using mature em\mm
J. Ashok, B. Fakrudin, H. Paramesh, M.S. Kuruvinashetti and Kuliaiswamy
Combining ability anatysis in Indian mustard
S.P. Sparma, G.5. Sharma and B.R. Ranwah
Heterosis in relation to combining ability for seed yield and its contributing traits in Indian mustard
Mahak Singh and Lafiu
Selection indices in Indian rapeseed and mustard
5, Hussain, G.N, Hazarika and P.K. Barua
Combining ability analysis for seed yield, growth, development traits and biomass partitioning in taramira
Yash Pal Yadav, Anif Kumnar, Ravi Prakash and Ranvir Singh
Studying changes in populations under going recurrent S, selection in sunflower
V.K. Yadav, D. Roy and K.K. Khulbe
Evaluation of three-way hybrids in sunflower
V. Jayalakshimi and B. Narendra
Genetic divergence in the inbred lines of sunflower
K. Komuraiah, 5. Sokka Reddy, A.R.G. Ranganatha and M. Ganesh
Identification of fertility restorers for CMS lines in sunflower
R.R. Wankhade, J.C. Rajput, 1.5. Halakude, M.P. Kulkarmi, N.WY. Sawarkar and P.A. Dalvi
Response to selection for seed yield and yield attributes in sunflower
K.G.5. Seneviratne, M, Ganesh, A.R.G. Ranganatha, G. Nagaraj and K, Rukrnini Devi
Stahitity of cytoplasmic male steritity systems in sunflower
A, Vishnuvardhan Reddy, Lakshmi Pravaga and V. Devasenamma
Genetic divergence analysis in sunflower
VN Laxminarayana, N. Sreedhar and A.J. Prabakaran
Components analysis in sunflower
C. Parameswari, V. Muralidharan and B. Subbalakshmi
Genetic divergence in newly developed sunflower genotypes
R, Shashidhar Reddy, Kuldeep Singh Dangi, A. Vishnuvardhan Reddy and 5, Sudheer Kumar
Genetic analysis of yield and important traits in sunflower hybrids
C Parameswar, V. Muralidharan, B, Subbalakshmi and N. Manivannam
Response of early rabi groundnut to spacing, irrigation and plant protection levels
M. Rama Jyothi, C. Radha Kumari, U, Obufamma and 8, Lingam

Effect of potassium fertilization on growth, yield and yield attributes of groundnut cultivars in new Alluvial Zone of West Bengal

R.C. 5amui, Subhendu Mandal and Anirban Mondal
Production potential and nitrogen requirement of Indian mustard in different crop sequences under brackish water
B.5. Sinsinwar, Arvind Kumar, O.P. Premi and Fatelh Singh
Response of mustard to different land treatments and dates of sowing in sandy clay loam soils
C. Radha Kumari, D.5. Koteswara Rao and U. Obuiamma
Effect of organics on Indian mustard
Q.F. Prem, Arvind Kumar, Manof Kumar and B.S. Sinsinwar
Response of mustard to phosphorus and sulphur levels in rice lowlands
Birbal Sahu, Vivek Kwatara and M.L, Nema
Effect of biofertilizers on seed yield and guality of sunflower
Ch. Pragathi Kumari, A. Lachanna and V. Satyanarayana
Response of sunflower hybrids ta fertilizer levels on late sown rice fallows of Jower Assam
S5.K. Rattaray

Balance sheet of nitrogen, phosphorus and potassium as influenced by spacing and nutrient management in sunflower
C.M. Dev and S.K. Sarawgi

. 108
112
. 117
- 121
. 125

. 130

- 134
. 137
.. 140
.. 143
.. 146
.. 148
. 152
... 154
.. 156
. 158
.. 160
. 182
.. 165
. 166
.. 168
. 171
. 173
. 175
.. 178
.. 180
.. 181
.. 183
.. 185

. 187



Effect of higher fertility levels combined with farmyard manure, row spacing on seed yield, Gil yield and economics of sunflower

Shrikant Chitafe, S.K. Upadhyay, R.K. Bajpai and B.S, Joshi ... 189
Study on sunflower based intercropping systems for Satpura plateau zone of Madhya Pradesh i

N.S. Thakur, R.S. Sharma and Pratibha Singh ‘ .. 182
Feasibility of drip irrigation in castor under sandy loam soif of North Gujarat ‘ ‘

K.5. Patel, P.G. Patel, G.A. Patel, 1.K. Patel and H.C. Pathak ‘ R .. 194
performance of different safflower genotypes with varied soil salinity lavels :

S.0. More, D.5. Hangarge, C.V. Raghavaial and B.M. Joshi .. 106
Profitable niger based intercropping studies with new crop combinations for different regions in India

A. Jyotishi, M.R. Deshmukh and S.5. Duhoon .. 108
Evaludtion of niger proguctivity under resource constraints : o

N.S. Thakur, M.R. Deshmukh, R.K. Reddy and R.S. Sharma ) .. 200
Reid efficacy of different insecticides against stem fly and girdle beetle on soybean :

5.8, Keshbhat, U.S. Bidgire, D.5. Suryawanshi BERS S . 202
Integrated management of Alternaria leaf blight of sunflower caused by Afternaria helianthi

Y.5. Amaresh, V.8, Nargund and B.V. Pati e .. 204
Effect of temperature and pH on growth and sporulation of wilt causing pathogen in linseed .

V. Souramma and Jyoti Singh ! : .. 206
Feld evaluation of linseed germplasm for resistance to alternaria blight and powdery mildew dipaases * '

Jyoti Singh . Co o .. 208

Quality characteristics of some castor hybrids and varieties fo0

M.K. Patel, H.C, Pathak, A.D. Raj and K.J. Desai . .. 210

Variation in auxin production in the rhizosphere of soybean genotypes S A S l -

A. Ramesh, 5.0. Billore, 5.K. Sharma, O.P. Joshi and V.5, Bhatia - e i o 212
Yield variations caused by source sink afterations in sesame . ’ ;

Lakshri Prayaga and P. Lakshmamma W 215
Effect of Cycocel on saffiower growth and yield under rainfed Vertisol conditions

V.5, Kubsad, V. Rudra Naik, C.P. Mallapur and U.K, Hulihalli ... 218

Stress management. in insect pests on oil palm
Anibias Positery .. 220






J. Oifseeds Res., 21(1)21-10 (2004)

Morphological characterization of released groundnut, Arachis hypogaea

L. cultivars for the DUS requirement
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Abstract

In the present era of Intellectual Property Rights (IPR),
the distinctness of the cultivar from other released
cultivars is the first of the triad of the DUS for
granting any form ot protection to the rights of its
breads. Keeping this in view, basis of distinctness
among seventy released groundnut (Arachis
hypogaea L.) cultivars of which 17 each belongs to
the virginia bunch and virginia runner type of the ssp.
hypogaea and 33 belongs to the spanish type and
three to valencia type of ssp. fastigiata, were studied.
Each cultivar was scored for 17 traits, stem, leaf,
flower, fruit and seed traits, and reaction to biotic
stresses using the Descriptors for Groundnut
developed by IPGRI/ICRISAT. The cultivars showed
overlapping of descriptor states in various
combinations oftraits. The branching pattern and leat
colour could distinguish up to sub-species level. The
testa colour was distinct in some of the cultivars that
can be used as a diagnostic tool for identification of
a few cultivars. In cluster analysis, a combination of
11 characters could distinguish all cultivars. The
study indicated that distinction is possible between
70 cultivars using the 11 traits. However, the total
number of groundnut cultivars released exceeds 120
and hence to meet DUS criteria as identification of
cultivars, some of the distinct morphological
characters in coalition with molecular characters may
be necessary.

Key words: Arachis  hypogaea, morphology,
descriptors, distinctness, uniformity,
stability

Introduction

In India, four botanical types of groundnut viz, virginia
bunch (HYB) and virginia runner (HYR) of the ssp.

.

hypogaea var. hypogaea, spanish (VUL) of the ssp
fastigiata var. vufgaris and the valencia (FST} of ssp.
fastigiata wvar.. fastigiata are wunder cultivation.
(Krapovickas and Gregory, 1994). During the last eight
decades about 120 improved cultivars have been released
for commercial cultivation in India.

The cultivars released have not so far been extensively
described for various heritable morphological traits to
enable the identification of these cultivars and for
unambiguous ascertainment of distinctness. To meet the
requirement of the Plant Breeder's and Farmers rights, it
is imperative to identify a set of morphological traits,
which can be used for DUS (Distinctness, Unifarmity and
Stability) testing In the present study, 17 heritabie
morphelegical traits were scored over three years on 70
released cultivars to understand the extent of variation
which can be used for distinction of cuitivars based on
single trait or combinations of traits.

Materials and methods

Seventy groundnut cultivars developed in India were
evaluated at the National Research Centre for Groundnut,
Junagadh (21.31°N latitude, 70.36°E longitude and
altitude of 81 m) in the Gujarat state. The soil is
calcarecus and medium black Vertisol. Fifty-six of the
cultivars comprising four habit types, were assembled in
summer 1985 and the rest fourteen in 1996. Twenty-eight
of the cultivars were developed by pure line selection, 34
by hybridization and three by mutation breeding, two
cultivars were direct introductions, and the pedigree of
three cultivars are not known (Table 1). Fifty-six cultivars
were evaluated far three kharif {rainy season) seasons of
1985, 1996 and 1987 and ali 70 were evaluated for two
years, 1996 and 1997. The entries were grown in a
randomized block design with three replications. The
cultivars of different habit forms were randomized within
the block. A plot consisted of three rows of 4 m length.
The experimental details were as follows.

1 . . i
National Coordinator {NATP), Krishi Anusandhan Bhawan, YAR] Campus, New Delhi-110 012.

1
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ndout cultivars for the DUS requirement

—_— .
Date of Spacing (row-to-row x Total rainfall Rainy

Year HYB HYR FST VUL Sowing plant-to- plant) {mm) days
1995 12 15 2 27 12 July B60cmX10cm - - 505 g o
1996 17 17 3 33 9 July 60cm X10cm 731 68 . .
1997 17 17 3 33 30 June 75ecm X10cm 856 50

Table 1 Passport information on the released cultivars

Name Pedigree YOR  Centre

Virginia bunch

ALR 1 Pol2 x PPG 4 1987 TNAU, Aliyarnagar

B 95 M 13 x Shulamith 1893 MPKV, Rahuri

BAU 13 BAUB XM 13 1893 BAU, Kanke

BG2 X ray mutant of 41-C 1979  BAU, Kanke

GG 20 GAUG 10 x Robut 33-1 1991 GAU, Junagadh

HNG 2 — - RAU, Hanumangarh

ICGS 5 {Robut 33-1 x NCAc 316) F2 1992 ICRISAT, Patancheru

TG 78 TMV 10 x Chico 1889 ICRISAT, Patancheru

ICGV 86325 ICGS 20 x G 201 ~. 1994  |CRISAT, Patancheru

Kadiri 3 Selection from Robut 33-1 1978 ANGRAU, Kadiri

M 145 A1-1xD 3 1968 PAU, Ludhiana

M 522 Punjab 1 x F 334-AB 14 1995 PAU, Ludhiana

RS 138 Selection from Brazilian culture 1989 RAU, Durgapura

RSB 87 Selection from Brazitian culture 1961  RAU, Durgapura

T28 Selection from Bombay collection 1960 CAUAR&T, Mainpuri

T 64 Selection from EC1664 1966 CAUAA&T, Mainpuri

TMV 10 Natural mutant from Argentine 1970 TNAU, Tindivanam :

Virginia runner

Chandra Selection from Ah114 1977  CAUASZT Mainpuri

Chitra Spanish 58-1 x EC1688 1984 CAUAST Mainpurni

CSMG B4-1 Selection from MA10 1992  CAUART Mainpuri

GAUG 10 G 224-3 x GO 343 1973 GAU, Junagadh

GG 1 M 13 x GAUG10 1984 GAU, Junagadh

GG 12 Shulamith x GAUG 10 1991 GAU, Junagadh

GG 13 GAUG10x TMV 10 1994  GAU, Junagadh

Karad 4-11 Selection from local 1957  NPKV, Karad

Kaushal Selection from T 28 1984 CAUAS&T Mainpuri

M3 Selection from NC13 1972 PAU, Ludhiana

M 197 €501 x U 4-7-2 1982  PAU, Ludhiana

M 325 M13xF7 1986 PAU, Ludhiana

M 37 A1xC6-4-72 1980 PAU, Ludhiana =

Punjab 4 1953  PAU, Ludhiana

Selection from Samrala local



Table 1 (Contd...)

- " Rajgopal et al.

Name Pedigree YOR  Centre

RS 1 Selection from local collection 1953 RAU, Durgapura
Somnath TG 18 A {Induced mutant of TG 18 A x M13) 1980 GAU, Junagadh

UF 70-103 Introduction from USA, 1984 PKV, Akola
Spanish

AK 12-24 Selection from Local 1940 PKYV, Akola

ALR 2 Selection from ICGV 86011 1997  TNAU, Aliyarnagar
Co 1 Ah 6279 x TMV 3 1978 TNAU, Coimbatore |
Oh 3-30 Spanish Improved x US 4 1975 UAS, Dharwad -
Oh 8 Selection from RS 144 - 1084 UAS, Dharwad

GG 2 J 11 x EC 16658 1983  GAU, Junagadh

GG 3 GAUG 1xJL 24 1981 GAU, Junagadh

GG 4 CGC 3 x Chico 1883 GAU, Junagadh
Girnar 1 X 14-4-B-19-B x NCAc17090 1888 NRCG, Junagadh.
ICGS 1 Selection from Robut33-1 1990 ICRISAT, Patancheru
ICGS 11 Selection from Robut33-1 1986 ICRISAT, Patancheru
ICGS 44 Selection from Robut33-1 1388 ICRISAT, Patancheru
ICGY 86590 X 14-4-B-19-B x P| 259747 1991 ICRISAT, Patancheru
J 11 Ah 4218 x Ah 4354 1964 GAU, Junagadh

JL 24 Selection from EC 94943 1878  MPKY, Jalgaon

K 134 Kadiri 3 x JL 24 1893 ANGRAU, Kadiri
MH 1 Selection from Faizpur 1-5 1975 CCSHAU, Hisar

RG 141 Robut 33-1 x NCAc 2821 1989 RAU, Durgapura

SB Xl Ah 4213 x Ah 4354 1965 GAU, Junagadh

5C 84 Selection from ICGS 1 1986 PAU, Ludhiana
Spanish improved Selection from Spanish peanut 1905 UAS, Dharwad

TAG 24 Selection from TGS 2 1891 BARC, Trombay
TG 17 Dark green Mutant x TG1 1982 BARC, Trombay

TG 22 Robut 33-1x TG 17 1982 BARC, Trombay

TG 26 BARCG 1x TG 23 1995 BARC, Trombay

TG 3 Mutant of Spanish improved 1985 BARC, Trombay
TKG 19 A TG1TxTG 1 1993 KVK, Dapoli

TMV 2 Selection from Gudhiatham bunch - 1940  TNAU, Tindivanam
TMV 7 Selection from Tenesse white 1967  TNAU, Tindivanam
TMV 12 Selection from Ugandan culture 1978 TNAU, Tindivanam
Tirupati 1 Selection from EC 106983/3-1 1989 ANGRAU, Tirupati
Tirupati 2 GAUG 1 x NCAc FLA-14 1891  ANGRAU, Tirupati
Valencia .
Gangapuri - JNKVV, Khargaon
MH 2 Selection from GDM 1878 CCSHAU, Hisar

MH 4 - 1880 CCSHAU, Hisar

*YOR = Year of release, ** Centre = Centre of release



Merphaological characterization of released groundnut cultivars for the DUS requirement

Recommended agronomic practices were followed. The
crop was protected from insect-pests by insecticides. No
fungicide was sprayed so that the entries could be scored
for three economically important diseases viz., early eaf
spot (ELS), late leaf spot (LLS) and rust, which occur in
sufficient intensity each year. The cultivars were scored
for 25 morpholegical traits using IBPGR/ICRISAT
descriptors for groundnut (1892) at varicus phenophases
in each of three years. But only those 17 characters out of
the 25, which are stable across the years, have been used
for further analysis. Most of these descriptors are
common with those specified by UPOV {1985) for
studying distinctness in groundnut.

Cluster analysis was done on the basis of squared
euclidian distance, first using all the 17 characters to
understand the grouping among the cultivars. Then the
analysis was repeated by excluding one character at a
{ime. Then the analysis was Tepeated by excluding two
characters in all combinations at a time and this
elimination of characters combinations continued till any
two cultivars failed to remain distinet.

Results and discussion

The branching pattern in the HYB and HYR cultivars was
gither alternate or itregular on the a+l branches but
invariably there was no flowers on the main axis (n). The
VUL and FST cultivars had flowers on the main axis, and
their n+1 branches had seguential or irregular
arrangement of flowering nodes (Table 2} The stem
surface was sub-glabrous in most of the HYB and HYR
cultivars and moderale hairiness was observed in six
cultivars of VUL and one of FST. The stem was devoid of
pigmentation in most of the cultivars. Most of the HYB
and HYR types had multiple pegs from the nodes whereas
both single and multiple pegs were present in VUL and
F8T types. The standard petal colour was orange in most
of the cultivars with a few exceptions of derk crange
petals. The leaflet shape, leafiet tip and peg pigmentation
did not show any particuiar pattern specific to any habit
type. In general, leaflet colour was either green or dark
green among the HYB, HYR and FST types and light
greenin the VUL types. However, the spanish type cultivar
ALR 2 had dark green leaves, which is of a rare
occurrence in this group. The cultivars had predominantly
slight pod beak and slight pod reticulation and moderate
pod constriction, but most of the descriptor states of these
traits were found among the cultivars. Pod reticulation
was absent in the cultivars JL 24, TG 26 and Gangapuri
whereas prominent reticulation was observed in the
cultivars BAU 13, TG 64, ALR 2 and TKG 19 A. A wide
range of testa colours was observed among the cultivars
although the majority of the cultivars had rose ar salmon
coloured testa. Among the HYB types, four cultivars,
ALR 1, BAU 13, RS 138 and RSB 87 had red testa and

one M 145, had dark red testa. The cv. TMV 10 had white
flecks on red testa, which is a unique feature of this
cultivar. Amang the HYR collection, the cultivars Chitra
and CBMG 84-1 had rose testa with white flecks, which
distinguish these two from other cultivars. Among the FST
greup, Gangapuri could be identified by its smooth pods
and red testa whereas MH 2 was distinguishabie by its
dwarf stature. The cultivars ALR 1, Chitra and CSMG
84-1 showed moderate resistance to ELS, LLS and rust
whereas, AK 12-24, GG 2, GG 4, J 11, JL 24, SB X|, TMV
7 and MH 4 showed high susceptibility to these diseases.
There was overfapping of descriptor states for many pfthe
traits among the cultivars although some patterns were
found to distinguish among the cultivars (Tabie 3).

Onthe basis of seventeen traits, the cluster analysis gave
many groups as there were cultivars. The squared
euclidian distances between pairs of cultivars have been
given in Table 4. By excluding six characters viz,
branching pattern, nature of inflorescence, stem
pigmentation, leaflet shape, leaflet tip and peg
pigmentation simitar grouping obtained with 17 characters
was obtained and all the cultivars remained distinct. Thus
these 11 traits were sufficient for distinguishing among the
70 cultivars. {Fig.1). Further reduction in number of
characters for cluster analysis failed to distinguish
between the cv. TMV 12 (cv n0.63) and the cv. Dh 3-30
(¢v no.38), and between the cv. Chandra (cv no.18) and
the cv. M 335 {cv no.29) as the distance between the
members of these pairs was zero (Table 4),

The study indicated no one morphological trait could
distinguish a cultivar except by instances of testa colour.
The study conducted by Bhagat et al., (1984} with 34
released cultivars indicated a simifar situation. Even
alternate branching of vegetative and reproductive nodes
on n+1 and lack of flowers on the main axis used to
describe virginia types could not hold true among
cultivars. For example cv. Somanth has irregular
branching (n+1) and flowers on main axis. Due to
hybridizatien  for the development of new cultivars,
several intermediate types have been developed (Singh
ef al,, 1992).

The pedigrees of the cultivars show that only a few
parents have been involved in the development of the
cultivars released sofar. The cultivars predominantly used
for incerporation of high yield in developing the cultivars
through hybridization were M 13, GAUG 1, GAUG 10 and
Robut 33-1. Similarly, RS 138, RSB 87 were developed
through selection from a Brazilian culture and ICGS 1,
ICGS 11, ICGS 44 and, Kadiri 3 were all developed from
Robut 33-1. The narrow genetic base of the improved
cultivars may be the reason for finding high degree of
morphological homology among the released cultivars.
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Table 2 The descriptors and their stateé for 17 qualitative traits amaong the released groundnut cultivars

LT PP PB PC PR S5 TC EL RU LL

L3

FC LC

IN

BP SH SP

Cultivar

yirginia bunch

ALR 1

895

BAU 13
BG 2

GG 20

4

HNG (HPS) 2

ICGS 5

ICGS 76

4

ICGY 86325

Kadiri 3
M 145

M 522

RS 138

RSB 87
T28

TG 64

t 1342 5

¢

TMV 10

Virginia runner

Chandra
Chitra

2 10+2 3
2

5
5}

10+2 3

4

CSMG 84-1

GAUG 10
GG 11

GG 12

GG 13

Karad 4-11
Kaushal

13

M 197
M 335
M 37
PG 1
RS 1

Somnath

UF 70-103



Morphological characterization of released groundnut cuitivars for the DUS requirement

Table 2 (Contd..)

' ég!tivar BP SH SP IN FC LC LS LT PP PB PC PR 8§ TC EL RU 1L
Spanish
AK 12-24 2 3 0 1 1 1 2 2 1 3.3 3 1 10 7 7 8
ALR 2 2 3 o 2 2 3 2 2 1 0 5 7 1 M 5 85 7
co1 3 3 Q 1 71 1 2 2 1 3 75 3 t 11 5 5 7
Dh 3-30 2 1 o 1 1 1 2 2 1 3 3 3 1 10 5 5 5
Dh 8 2 3 0 1 1 1 1 1 1 o0 .5 3 2 1t 5 17T 7
GG 2 2 3 o0 2 1 2 2 2 1 3 3 3 1 10 7 7 9
GG 3 2 3 0 1 1 t 2 2 1 3 3 5 1 11 5 5 @
GG 4 5 3 3 0o 1 1 12 2 1 5 5 5 2 11 7 7 9
Girnar 1 2 5 0 2 2 1 2 2 1 5 5 &5 1 10 7 3 9
ICGS 1 3 03 0 2 1 1 2 2 0 O 3 3 1 40 5 T 7
IcGs 11 2 3 0 2 1 2 2 2 1 0 5 2 1 410 5 7 7
LGS 21 2 1 9 2 1 2 2 2 1 5 3 3 2 10 5 7 17
ICGS 44 2 3 0 2 1 2 2 2 0 0 5 3 2 10 85 7 7
ICGV 86590 2 1 o 2 1 2 2 2 o0 5 5 5 2 11 3 3 &
J11 2 3 0 2 1 + 2 2 0 3 5 3 1 11 7 71 9
JL 24 2 3 0 1 1. 2 2 2 0 3 5 0 1 M1 7T 7T 9
K 134 2 3 0 A1 2 2 2 2 1 3 5 3 2 10 5 5 7
MH 1 2 5 ° 1 1 T2z 3 5 3 1+ M 7T 8% 9
RG 141 2 3 o0 4 2 2 2 2 1 0 3 3 4 W 7 7T 7
SB X! 2 3 0 1 2 4 2 2 1 3 3 3 t 11 7 1 8
SG 84 2 1 c 2 1 2 2 2 0 0 5 3 2 10 5 5 7
Spanish Improved 2 5 0 2 1 1 2 2 ¢ 3 5 5 1 11 5 7 7
TAG 24 2 3 1 2 2 2 2 2 A 3 5 3 1 1 7 5 9
TG 17 2 3 0 2 1 2 2 2 1 5 5 5 2 10 &5 5 7
TG 22 21 c 2 2 2 2 2 0 &5 5 5 2 10 5 7 7
TG 26 2 3 0 2 2 2 2 2 0O 3 3 0 1 10 7 85 7
TG3 2 3 6o 2 1 T2 2 1 3 5 3 1 0 5 5 7
TKG 19 A 2 3 0 2 2 2 1 1 1 5 5 7 2 10 5 &5 7
TMV 12 2 5 0 1 1 12 2 1 3 3 3 1 W 5 5 5
™V 2 2 5 0 1 1 2 2 2 1 3 3 3 1 1M 7 5 7
T™MV 7 3 3 0 1 1 1 2 2 1 3 3 3 1 1 7 7 9
TPT 1 301 0 1 1 1 2 2 1 3 3 3 1 M1 5 7 7
TPT 2 3 5 0 1 1 + 2 2 “t 0 3 3 1 11 7 5 7
Valencia
MH 2 2 5 0 1 12 2 2 1 3 5 3 1 13 5 5 7
MH 4 21 o 2 1 2 2 2 1 3 5 3 2 10 7 71 9
Gangapuri 2 3 0 1 2 1 2 2 1 3 3 0 1 13 5 5 7

BP= branching pattern, SH = stem hairiness, SP=stem pigmentation, IN= Nature of infiorescence, FC= colour of standard
petal, LC= leaf colour, LS= leaflet shape, LT= leaflet tip, PP= peg pigmentation, PB= pod beak, PC = pod constriction,
PR= pod reticulation, $5= seed size, TC= testa colour, EL= Susceptibility to early teaf spot, RU= Susceptibility to rust |
LL= Susceptibility to late feaf spot
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ple 3 pistribution pattern of qualitative traits among the released groundnut cultivars

Ta
j--.t”‘_’_—gf Virginia bunch Virginia runner Spanish Valencia
g}%},ﬁW (10 40 - 1) 3 48 220 36 - 2(3) - -
atom hairiness s 3012 - 1M e - 16 3 sE 1y ) s()
Stem pigmentation  O(16) 1(1) - 0(18) 1(1) - 0(32) 1(1 - 0(3) - -
inflorescence 1(4) 2(13) - 1(2) 2(13) - 1(16) 2(17} - 12} 2{1} -
Flower colout 013 24) - 1000 27 - 1@ 249 - 2 2n -
Peg pigmentaticn 1w 212 - ug 29 - 19 2(29) - 13 - -
Le;f calour - 2(14y 3(3) (1) 2(14) 32 7 117 2(15) 3(1) 1) 2(2) -
Leaf shape 1N 2018 - - 2017) - .12 23 - - 2(3) -
Leaflet tip 1 2(18) - - 2017) - - 1@ 2@ - - 2(3)
Pod beak 0(3) 3(7) 5(7) 0@3) 3013 S(1) . 0’ 3(18) 57 33) - -
Pod constriction o 38 S0 - 37 s(10y - - 3014 5(19) - M 52
Pad reticuiation (1}, 3(11), 5(3), 7(2) - 310 8@ . ,.’ 0(2), 3(22), 5(7), 7(2) o(1) 32) -
Seed shape 1(10) 7@ - - 207 - 123y 2(10) - 1(2) 2(1) -
Testa colour 10(7), 11(4), 13(4), 13-2(%), 10-2(2) 10Q12) 11(13) 10016} 11(37) - 10(1} 13(2) -
14(1)
susceptibilty to ELS ~ 3(4)  5(12)  7(1) 37 59) 71 ) S8 (14 - 5= 7
Susceptibility to rust  3(3) S(13) 71} 3(5) S(11) 7(1} 3(2), 5(14), 7(16), 9(1) - 5(2) 7(1)
Susceptibilityto LLS_ 3(2) ~ 5(9) _ V(6) 349 5(10) 7B SE@)__ 7(18)  8(11) - 72 8(1)

Figures in parenthesis indicate number of cultivars

Table 4 Squared euclidian distance (rounded to second place after decimal) between pairs of cultivars based on
three different sets of number of characters

- _ 17 characters 11 characters 10 characters
__CV. No. CV No. Distance CVNo.  GCWVNo. Distance CV No. CVNo.  Distance
54 65 2.00 54 85 1.00 38 63 0.00
58 62 2.00 6 51 1.00 18 29 0.00
47 55 2.00 10 47 1.00 54 65 1.00
10 44 200 35 40 1.00 33 62 1.00
35 40 200 15 a1 1.00 47 55 1.00
4 32 200 . 26 < I 1.00 49 52 1.00
15 31 200 - 27 29 1.00 25 5t 1.00
26 30 200 - .. 24 .28 . 100 34 46 1.00
7 29 200 21 22 1.00 10 a5 1.00
24 28 200 - - 49 54 150 35 40 1.00
18 27 200 . 10 L. 45 150 28 3 1.00
21 22 200 13 .27 1.50 18 27 1.00
19 20 200 4 .6 150 21 2 1.00
64 68 300 . 1o 44 167 33 59 150
37 66 300 64 68 2.00 10 44 150
45 61 30 - 37 66 2.00 26 30 1.50
33 59 3.00 Y 63 2.00 15 28 1.50
43 50 3.00 58 62 200 4 21 150
6 16 3.00 33 59 2.00 a3 58 167
13 14 3.00 34 55 2.00 6 33 - 1.75
33 S8 3.50 19 20 2.00 23 69 2.00
35 69 - 400 13 14 200, ... 17 . 68 2.00
38 B3 . 4.00 7 8 200 64 67 : 200

41 [N 54, . e 400 . N | - 233 s 56 —~ BB 200

/,



Morphological characterization of released groundnut cultivars for the DUS requiremernt

Table 4 (Contd...}

17 characters

__CV. No. CV No.
23 47
10 34
15 26
4 24

7 12
64 &7
49 57
45 51
37 41

4 21

1 13
23 45
39 83
18 48
33 45
37 S
49 52

8 18

2 4
37 64
a7 70
23 35
23 60
15 25
49 956

1 8
37 49
S 38

n 17

3] 33
37 42

3 36
7 g

p 5
10 15

6 23

7 19

1 3

2 6

7 it

2 43

1 11

2 37
2 7

1 2

Distance
4.00

4.00
4.00
4.00
4.00
450
450
4.50
450
4.50
450
4.67
5.00
5.00
525
5.50
5.67
5.67
5.67
ERcH
6.10
6.22
6.44
6.50
675
6.92
§.96
7.00
7.00
770
7.94
8.00
8.00
8.05
813
2.00
9.80
10.29
10.42
10.86
12.74
1284
14.29
15.58
1836

11 characters

CV No. CV No.

35 69
2 26
49 52
64 67
38 51
23 60
16 58
53 57 .
33 46 .
37 41 5
15 24 f
1 <N
2 21 ’
10 34
49 50
37 39
7 18
2 4 \’\

[ AR
5 16
7 12
49 53 .
2 15 2
37 s6
5 3 ¢
10 2 ¥
9 64
11 7
7 483
10 35
g a7
42 49
> 25
g 70 i’\
10 s -
9 42 ma
1 N
3 3 -0
2 19 %i
5 10 :‘;
1 ]
1 _‘\;_. . '?d,'
” -.,'& .: 0'_;
1 ®» ':
1 1

Distance

250
2.50
2.67
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
117
3.25
350
367
3.67
3.95
4.00
4.20
4.30
467
475
4.83
483
5.00
5.00
517
517
5.25
557
5.77
589
597
6.07
6.76
7.00
7.21
7.64
B33
&0
10.83
12.61
1446
21.37

CVNo. _ CVNo. Distance
38 61 2.00
49 54 2.00
8 7 2.00
15 24 2.00
19 20 2.00
13 14 2.00
7 18 233
10 47 250
7 48 275
4 26 2.89
9 84 3.00
12 57 3.00
18 56 100
49 50 w300
2 32 3.00
5 16 .4 300
9 53 TN 333
23 B 350
8 12 m 350

6 .~ 350

4 15 1 367

23 34 !. 375
39 “o 4.00
1 13 7 4.00

10 B 4.20
8 39 ;b 450
42 49 460
10 SoB 475
8 478
2 a 490
11 17 £.00
1 7 5.00

2 25 r; s
10 .\ e ' 536
8\ 4 a:- | ] 5.55

1 19 6.38

8 ) 70 a? 653

5 o T 6.57

s

3 ! I 7.00

2 |t 7.34
2 5 7.69
1 ¥z 9.40

2 i 8 11.40
1 2 1238
1 1 2087

10 characlers

Cv. No.= Cultivar number
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Reacaled Distance Cluster Combine

; Tasze 0 s 10 15 20 FE]

Cultivar = a...4 NO  te—wmvmmm dmmmm Frmm e tm——m LRI +
§B XI R T 54

™V 7 art (3=

J 11 49

MH 1 52

JL 24 50

BRd 141 53

TAG 24 57

G 4 42

o1l 37 .
Tirupati 1 66

GG 3 41

Dh 8 39

Spanish Improved ELY

™Y 2 64

MR 2 &8

Tirupati 2 &7 -
ICGV 86325 9

Gangapuri 70

RS 138 13

RSB 87 14

ALR 1 1

M 13 27

M 335 29

Chandra 18

1¢Gs 5 7

ICGs 76 B

M S22 12

ICGV 86530 48 —_—

BAU 13 3

RLR 2 16

Chitra 19 - T
CSMG 84-1 20 :I

T 28 15

Puniab 1 - 31

Gz 13 24

M 197 28

HNG (HES) 2 € T
K o134 51

BG 2 4

R5 1 32

GAUG 10 21 L.__.
GG 11 22

Kanahal 26

M 37 30 S
B 9% 2

Karad 4=11 25 _—
Somnath 33

TG 22 59

1ces 21 46 P ——————
TG 1T 58

TKG 19 A 62

TG 64 16

GG 20 L]

TG 3 61

MV 12 63 -

Dh 3~30 18

Ak 12-24 1%

GG 2 40

MH 4 65

GG 12 23

TG 26 B0

Fadirl 3 10

1CGS 44 47

1cGs 11 45

1cGs 1 44

UrF 70-103 34

5G B4 -1

Girpar 1 43

M 145 11

™V 10 17 __.__I

Fig.1 Dendogram of 70 released cultivars based on 11 moerphological traits
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Morphological characterization of released groundnut cultivars for the DUS requirement

With more than 120 released cultivars of groundnut in
india, morphotopical braits atone may not suifice for the
DUS criteria. Also, some of these traits may be influenced
by environment. The electrophoretic studies on groundnut
seed protein indicated variation in arachin polypeptides
(Krishna ef al,, 1986) and polypeptide composition (Bisha,
1979). DNA polymorphism was also detected in
groundnut using AFLP technique {He and Prakash, 1997).
Hence, collaboration through more consisient biochemical
and molecular characters, which are less influenced by
environment need to be explored for the delineation of
groundnut cultivars for varietal protection.

The authors are grateful to Mr. Sugadh Singh for his
assistance in maintaining the cuitivars and recording of
observations.
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Abstract

Genetic analysis of four yield components and three
confectionery traits was carried out in five inter sub-

specific crosses involving five Virginia and Spanish .

genotypes of groundnut, Arachis hypogaea L. Two
confectionery traits namely sugar and protein

contents exhibited predominantly additive genetic :
effects while pod yield and oil content were governed - .

by dominance. Both additive and dominance genetic
effects were observed in case of shelling out-turn and
sound mature kernel. Kernel weight exhibited
complex genetic control indicating higher order gene
interaction. Population improvement procedures like
biparental mating and modified recurrent selection
scheme were suggested to improve pod yield and
confectionery traits simultaneously.

Key words: Groundnut, genetic analysis,
confectionery traits, additive,
dominance, genetic effects, recurrent
selection, large seeded

Introduction

Groundnut seeds are characterized by high oil {32-55%)
and protein content (16-34%) and a low percentage of

sugar and ash. The oil from the seed is of high quality and
a large percentage of world production of groundnut is
used as an edible oil source. in India, groundnut seeds

contribute to 80% of the edible oil reserve and a
substantial quantity of hand graded, large seeded

genotypes from other wise small seeded genotypes are
aiso exported to different countries for confectionery
purposes. The popularity of groundnut seeds in human
food make them a natural candidate for source of
vegetable protein ingredients. A number of products with
protein content ranging from 25-90% have been
developed and used for the commercial production of
flakes, flours, meals, concentrates and protein rich
isolates.  Significant amount of work has been
accompiished in selection (Wynne and Cofflet, 1982) and
development of large seeded genotypes (Dwivedi et al,,
1989). However, studies on the genetic systems governing
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these valuable confectionery traits like oil, protein and
sugar contents in addition to trade yield components like
kernel weight, sound mature kernels and shelling percent
the appropriate breeding methedologies to be followed
involving large seeded genotypes are very limited. The
preset study aims at elucidating the genetics of these
trade related quality characters in five inter sub-specific
crosses involving farge seeded genotypes of groundnut.

Materials and methods

The experimental material consisted of six generations
viz.; P,, P, F,, F, BC, and BC, derived from five inter sub
specific crosses involving five Virginia parents namely
ICGV 93080, GG 20, ICGV 84225, ICGV 86564 and BAU
13 and five Spanish parents viz., GG 5, J 38, TG 17, TG
19A and ICGS 21. Five crosses were effected in a
crossing block during summer 1899 to cbtain the F,
hybrid seeds. The F, plants were backcrossed with the
parents, P, and P, keeping the F;s as the ovule parents
1o get their respective backeross families, BC, and BC, in
kharif, 19989, The F;s were also grown to obtain the F,
seeds during the same season. With the reserved seeds
of direct F, hybrids of the five cross combinations, seeds
for all the six generations namely, P,, P,, F,, F,, BC, and
BC, were obtained for the experiment. All the six
generations were raised in a Randomized Block Design
with three replications during summer season 2000. Each
replication consisted of a single row of 5 m length for each
P, P, and F,, two rows for each of BC, and BC, and four
rows of F, progenies. A uniform inter and intra row
spacing of 60 and 20 em was maintained uniformly for
raising all the generations. Recommended agronomic
practices and plant protection measures were adopted to
raise a successful crop.

Cbservations on pod yietd/plant {g), shelling {%), 100-
kernel weight (g), protein content {%}, sugar content (%]}
and oil content (%) were recorded on 10 randomly chosen
plants in each of P,, P, and F, generations while they
were recorded on twenty plants in each plot of BC, and
BC, families and forty plants in F.s. The protein, total
sugar and oil content in composite sample of 10-15 seeds
of individual plant were estimated by Micro-Kjeldahl
methad {Bremmer, 1965}, Nelson-Somagyi colorimetric
method (Nelson, 1944), and nuclear magnetic resonance

spectrometer (Model PC-20, Bruker India Scientific Co.
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Pvt. Ltd), respectively. The data were subjected to
generation mean analysis as suggested by Hayman
(1958) and Jinks and Jones {1958). Scaling and non-
scaling tests for each character were analysed as per the
method suggested by Mather (1949) and Cavalli (1952).
The genetic effects were estimated through Hayman's
{1958) approach.

Results and discussion

The genetic effects of ali the seven characters for the five
crosses are presented in Table 1 along with the scales
and respective X? values. Significant results are discussed
character wise below.

Pod yield

The scaling test was significant in all the crosses for pod
yield indicating that additive-dominance variance is
inadequate to explain the observed variation for pod yield
and indicated the presence of non-allelic interactions.
Joint scaling tests further confirmed our results. Among
the five crosses, three crosses namely GG 5 x ICGV
93080, J 38 x GG 20 and TG 19A x ICGV 86564 exhibited
the importance of significant dominance effects in the
presence of additive x additive and dominance x
dominance interaction effects. Importance of dominance
in governing pod yield in groundnut has been reported
already {Sangha and Labana, 1982). Duplicate epistasis
was detected in two crosses, J 38 x GG 20 and TG 19A x
ICGV 86564 with the dominance components (h and )
exhibiting opposite signs.
Considering the segmental polyploidy in groundnut having
“two different genomes, role of duplicate epistasis in the
inheritance of several quantitative and gqualitative traits
cannct be over ruled as evident from the present findings.
Exploitation of dominance through hybrid breeding for
improving pod yield in groundnut is not feasible looking
into the operation of cleistogamy and consequent poor
seed set upon hybridization (20%). Besides, the larger
estimates of the non-fixable dominance x dominance
variation may also hinder the pace of improvement of pod
yield through simple selection methods. Hence, biparental
mating in early segregating generations or few cycles of
recurrent selection followed by pedigree selection may be
effective for improving pod yield in large seeded
groundnut cultivars.

100-kernel weight

The scaling and joint scaling tests were significant in all
the crosses except for one cross, J 38 x GG 20
suggesting that additive-dominance modael is insufficient
to account for the variations observed for hundred kernel
~ weight in these crosses. However, non-significance of the
genetic components (d or h) in the cross, J 38 x GG 20
indicated the role of complex genetic systems governing
kernel weight. The absence of significant additive and or
dominance gene effects in the three other crosses viz,
GG 5x ICGV 93080, TG 19A x ICGV B6564 and ICGS 21
x BAU 13 further confirmed the above findings. However
results conflicting to our present findings were reparted in
the literature {Sandhu and Khehra, 1978; Halward and

Wynne, 1981). This may be due to the genotypes

¢i employed, method of analysis and the environmental

conditions. In addition, most of the genotypes studied
either directly or indirectly possessed exotic blood in them
indicating the importance of selection of genotypes to
breed special purpose varieties like confectionery
groundnuts.

In the present study, oniy one cross holds promise for

-, improving kernei weight, which exhibited significant
"~ dominance effect in the presence of all the three
... interaction effects. Duplicate epistasis was also detected

in this cross, which may hinder with the selection at the
early generations.

Kernel weight is an important criterion deciding the
premium price of the export groundnuts. The complex
genetic system cbserved in the present study cautions the
early generation selection advocated {Sandhu and
Khehra, 1976; Basu et al,1988) for the improvement of
kernel weight in the crosses involving small seeded
genotypes and suggested postponing of selection to later
filial generations to isolate superior large seeded
genotypes.

Shelling out-turn

“Epistasis was detected in all the five crosses,
Predominance of dominance genhetic effect was observed
in all the crosses along with fixable additive x additive
interaction effect. While both additive and dominance
genetic effects were important in the cross, [CGS 21 x
BAU 13. Importance of additive (Kumar and Patel, 1999)
and deminance (Makne and Bhale, 1989) compaonents of
variation in the inheritance of shelling out-turn has been
already reported by several authors.

Shelling out-turn Is an important quality trait that
determines the market value of bold seeded groundnut
genotypes either for local consumption or for export
purpose. Although the presence of both additive and
dominance components may aid in developing high
shellers through pedigree method, delaying the selection
till the non-fixable interactions are eliminated in the
population would yield desired results.

Sound mature kernel

The scaling and joint scaling tests detected epistasis in all
the five crosses except for TG 17 x ICGY 94225
Predominance of additive genetic effect was observed in
two crosses, TG 17 x ICGV 94225 and ICGS 21 x BAU .
13, while additive and dominance genetic effects were .
observed in three ecrosses with greater magnitude of
dominance compoenents. Importance of additive and
daminance components for sound mature kernel (%) has

- already been reported (Wynne et a/,,1970; 1975; Bhagat

et al.,1988). Among the interaction effects, the fixable

. additive x additive genetic components were significant
_only in cross, ICGS 21 x BAU 13, while deminance x

dominance effect was significant and negative in one
cross, TG 19A x ICGV 86564 While both additive x
additive and dominance x dominance effects were
significant in GG 5 x ICGV 93080.
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Higher % of SMK is an important character which
provides uniform seed lot. For improvement of this
character the cross, ICGS 21 x BAU 13, which exhibited
positive additive and additive x additive interaction effects
holds promise. Transgressive variation may likely to
appear in the early segregating generation. Hence simple
selection through pedigree breeding for high SMK% is
suggested How ever postponing the selection to later
generations may result in desirable results.

Protein content

For protein content, all the crosses exhibited significance
of the scaling tests (Table 1), indicating the role of
epistasis. Additive, dominance genetic effect was
predominant in one cross each viz., J 35 x GG 20 and GG
5 x ICGV 93080 respectively. Whereas, both additive and
dominance gene actions were significant in TG 19A x
ICGY 86564 indicating the importance of both additive
and dominance genetic effects in governing protein
content. Similar (Layrisse et a/, 1980; Makne and Bhale,
1889) and contradictory reports (Basu et &/, 1988) to the
present finding were also available in the literature. Three
crosses, GG 5 x ICGV 93080, TG 19A x ICGV 86564 and
ICGS 21 x BAU 13 exhibited the importance of additive x
additive gene interaction effects. These cresses may be
utilized through pedigree breeding for improving protein
content as transgressive variation may be expected in the
segregating population. In addition, the absence of
dominance x dominance and additive x dominance gene
interaction effects may also result in greater gain through
selection and offer enough scope to effect selection at
early generation. The cross GG & x ICGV 93080 exhibited
complementary epistasis with h and | effects having same
sign. This cross toc holds promise to isolate superior
recombinants with high protein content even in early
segregating generations.

Sugar content

Epistasis was detected both in scaling and joint scaling
tests. The additive genetic effect was significant in four
crosses whereas both additive and dominance effects
were significant in GG 5 x ICGV 93080. The results
indicated the preponderance of additive genetic effect for
sugar content. Studies on gene action governing sugar
content are very scanty in the [iterature. However few
workers indicated the role of additivity in the inheritance of
sugar content (Basu et a/., 1988).

Our results clearly demonstrated the rale of additive type
of gene action in all the five crosses studied. The lowes
magnitude of h and / effects further encourages the
improvement of sugar content in groundnut through
pedigree selection. However to nullify the effects of non-
fixabte genetic components, selectian for high sugar lines
at later generation may yield desirable results.

Qil content
Significance of scaling and joint scaling tests indicated the

presence of epistasis. Dominance was found to be
Important in governing oil content in two cresses, TG 19A
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x {CGV 86564 and ICGS 21 x BAU 13 The direction of
dominance in these crosses was negative indicating low
oil content was dominant over high oif content, a condition
more favourable for developing confectionery groundnuts
where low oil content in the seeds helps in manufacture of
peanut butter and margarines with good shelf-life. Additive
gene effect was significant and positive in only une cross,
TG 17 x ICGV 94225 further confirming the observed role
of dominance in the inheritance of oil conten*. Earlier
reports of Makne and Bhale, 1987, Basu ef af, 1988, and
Upadhyaya and Nigam, 1989 alse cofroborate with the
present findings.

Qil content is most important quality attribute, which
decides the market value of groundnut. The millers prefer
cultivars with high oil content whereas lines with low oil
content but having high protein and sugar centents are
exported as confecticnery grade groundnuts. The negative
relationship between oil and protein (Holley and
Hammons, 1968} and positive relationship between
protein and sugar (Layrisse ef al, 1980) encourages the
direct setection for high protein content that may
eventually result in high sugar but low ail content. To
improve the protein content a selection scheme as
followed in soybean (Brim and Burton, 1978) may be
followed in groundnut also.

Breeding for confectionery quality is of recent origin in
groundnutin India. Our present findings indicated that the
confectionery qualities like sugar and protein contents are
predeminantly under additive gene action while pod yield
and oil content are controlled by dominance. Hence the
breeding procedures aiming to improve confectionery
qualities and pod yield in a population should accumulate
favorable additive genes while simultaneously maintaining
the heterozygosity. Population improvement procedures
as followed in other self-pollinated crops may be difficult
to apply in groundnut owing to the difficulties associated
with cleistogamous inflorescence of groundnut. However
use of recurrent selection scheme as followed in soybean
(Brim and Burton, 1979) and other self-pollinated crops
(Hanson et al, 1967) may be adopted to improve the

pretein and sugar content.
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Abstract

Evaluation of large seeded groundnut genotypes was
carried out over the seasons to know the existence of
genotype x environmental (G x E) interactions for pod

yield and its important traits. Significant genotype x -

environmental interactions was noticed for pod yield
and its important traits like number of pods, sheiling
percent, kernel weight and per cent sound mature
kernels, indicating that genotypes behaved differently
in different environments in expression of these
traits. Both predictable and unpredictable component
of environmental variations prevailed for pod yield
and kernel weight. Stability analysis revealed that
none of the genotypes were stable for pod vyield or
kernel yield while genotypes M 13, ICGV 86564, ICGV
94217, TGLPS 3 and TGLPS 7 were stable for kernel

weight. Only one genotype ICGV 84217 was stable for -~
shelling per cent across the environments. In view of -
the better expression of certain characters under =
specific environmental conditions the study helps to

isolate genotypes adapted to particular seasons.

Key words: G x E interactions, stability analysis,

large seeded groundnut

Introduction

Unlike groundnut cultivated for the purpose of ail
extraction, there is a need to satisfy several quality

attributes in large seeded groundnut { Dwivedi and Nigam, “
1995) meant for export, This assumes importance in view .-

of stringent conditions laid by the importers on large
seeded groundnut especially European market. As
cultivation of groundnut in india is predominantly during
kharif seasan both biotic and abiotic stresses determine
the pod yield and also expression of cemponent traits like
number of pods per plant, shelling per cent, kernel weight
and per cent sound mature kernels. The information
pertaining to the role of genctype x environmental
interactions (G x E) in the inheritance of pod yield and its
related traits although quite ample in groundnut, is almost
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negligible in large seeded types. In view of the importance
of large seeded groundnut for export there is a need to
identify genotypes having stable pod yield acrass the
environments with desirable kernel characteristics,
Therefore, an attempt has been made in the present study
to evaluate different groundnut genotypes with large
kernefs across the seasons to know the role of G x €
interactions and alsc to analyze the stability of genotypes
for different traits.

Materials and methods

The experimental material consisted of 13 large seeded
groundnut genotypes from different habit groups exhibiting
diversity for morphoiogical and kernel characteristics. Qut
of 13 genotypes, two varieties M 13 and HPS8-11-8701
were Virginia runner maturing in 130-140 days; seven
varieties viz., Somanath, ICGY 86564, ICGV 94217, TKG
18 A, TGLPS 1, TGLPS 3 and BAU-13 were virginia
bunch types maturing in 115-120 days and four spanish
hunch types TGLPS 4, TGLPS 7, Jl 24 and TAG-24
maturing in 100- 110 days. The latter two were small
seeded types, and they were used as checks since the
kernels of these varieties are graded and used for export
in Northern Karnataka.

A field experiment involving all the genotypes was laid out
in a Randomized Complete Block Design with three
replications during three different seasons vz, kharif
1999, kharif, 2000 and sumrmer 2001 at Main Agriculturat
Research Station, University of Agricultural Sciences,
Dharwad. The experimental crop was raised by adopting
a syitable spacing of 45 x 10 em and normal dose of
fertilizers during rainy seasons of 1999 and 2000. However
the crop was raised under irrigation during summer 2001
by following ail the agronomic practices including
application of gypsum at the rate of 250 kg/ha. Pod yield
was recorded on net plot basis and expressed as kg/ha.
Further, the observations on shelling percent, sound
mature kernels and 100-kernel weight were recorded from
the bulk of individual plants in each genotype and
replications, .. o :
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Data collected was subjected to a two-way analysis of
variance and the stability parameters were computed

following the model proposed by Eberhart and Russell

{19686).
Results and discussion

Analysis of variance (Table 1) for pod yield and its
component traits reveafed that the genotypes differed
significantly for all the characters except shelling %
indicating the presence of variability in the material. -
Similarly, environments in which the genotypes were
grown were also differing significantly for all the
characters except sound mature kernels. Variance due to
G x E interactions was highly significant for all the
characters indicating the differential
genotypes in expression of the characters to varying

environments. The existence of G x E interactions for pod -

yield and its important component traite has also been
reported by several workers in groundnut (Wynne and
Coffelt 1980, Kandaswami ef a/., 1986, Vindhiya Varman
et al.,1989). Considering the stability of performance of
genotypes for different characters
environments, it was abserved that the variance due to
non linear componert of environments (pooled
deviations) was significant for pod vield indicating the
role of unpredictable portion of environment
influencing this trait. Similar results were also reported by

. genotypes

response of .

across the \

Bhole et af,1987 Vindhiya Varman et &/, 1989 and
Moinuddin et al.,1998.

Stability parameters like regression coefficients (b)) and
the deviations from the regression coefficients (Sid,)
indicated that none of the genotypes were stable over
the environments for pod yield except BAU 13 and
ICGV 84217 as the deviations of these genotypes were
non significant (Table 2). Expression of stability of
for pod yield has also been reported by
Yadava et af, 1980, Kandaswami et a/, 1986, Vindhiya
Varman &t al., 1989 and Moinuddin ef a/,1998. However,
five genotypes TGLPS 3 followed by TKG 19 A, TGLPS 4,
TGLP3 7 and TGLPS 1 had below average stability and
were specifically adapted to favourable environments
(kharif 1999 and summer 2001} as they possessed high
mean pod yietd and b, values greater than unity. The
variety Somanath  had high mean coupled with
significant b, as well as S$%, values indicating the
unpredictable nature of this genotype across the
environments. The checks JL 24, TAG 24 and M 13 were
poorly adapted to unfavourable envirecnments in view of b,
values less than the unity and low mean pod yield, Kernel
yield being the function of pod vield and shelling percent
was in hne with the results of pod yield as regards to
stability parameters.

Table 1 Pooled analysis of variance for stability in receipt of pod yield (kg/ha), kernel yield (kg/ha), number of
pods/plant, shelling (%), 100-kernel weight and sound rature kernels

Mean sum of squares

Source of variance d.f.

Sound mature

P(T((jg:')t::;d Ke(T;Ilhg)eld porc\ilgfp(lj;nt Shelling (%) 1\A?e(?gkh!?tr(ng:;})' kernel {%)

gt-a_notypes 12 1226917.3* 677522 3" 53.9% 17.750 204.699;‘ 19.23*
Environment 2 19798656.0* 104273.1** 399.5* 70,77+ 3193.268* 2.561
GxE 24 275746 .6 180544 6* 11.8** 9.98* - 37.89™ 5.6g= M
Environment {Linear) 1 39597266**  20854611*™ 798.9* 141.48* \6386.50** 5.10

G x E (Linear) 12 307763.7 2671585.6 10.0 12.30 23.36 8.28
Paooled deviation 13 224984 6"  1661495.4* 12.6™ 7.08** 43 3g** 471
Pooled error 72 11496.5 2004.6 1.7 1.694 6.321 2.44

*and ** indicates significance at 5% and 1% probability levels, respectively.

Stability analysis of number of pods per plant revealed
that the genotypes HPS 11-9701 and TGLPS 3 were quite
stable across the environments. The genotypes TGLPS 4,
TGLPS 7 and Somanath were adapted to favourable
environments (b>1, higher mean and significant

deviations), while the genolypes ICGV 86564 and BALU 13
were specifically adapted to unfavourable environments.
The results obtained are in accordance with the earlier
reports of Kandaswami ef a/. (1986) and Moinuddin ef al.
(1998).
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Significant role of G x E interactions was evident for
shelling per cent which is in conformity with the earlier
reports of Mercer-Quarshie (1980), Norden et &/ (1986)
and Moinuddin et af. (1998). Shelling per cent in large
seeded groundnut observed to be low when compared to
normal groundnut with the excéption of TGLPS lines and
they were comparable to JL 24 check. The genoctype
ICGV 94217 was stable {b, » 1, higher mean and
significant deviations) for shelling with a mean of 67.4 per
cent across the environments. The genotypes TGLPS 1,
TKG 18A, TGLPS 4 and Somanath had higher shelling
per cent exhibiting specific adaptation to only favourable
environments and hence considered to have below
average stability ( b, > 1). Whereas the genotypes JL 24

and 1ICGV 86564 possessed above average stability (b, -

<1} and higher shelling per cent, hence, these were
specifically adapted to unfavourable environments.

Among the different yield traits, kernel weight is the most
important character for determining quality of HPS
groundnut. The study revealed that seven out of 13

genotypes iz, M 13, |CGV 86564, ICGV 94217, -

TGLPS 1, TGLPS 3, TGLPS 7 and HPS-II 8701 were
stable in perfermance for kernel weight as seen from non-
significant deviations and b, values being nearer to unity.
The genotypes M 13, ICGV 94217, TGLPS 1, TGLPS 3,
TGLPS 7 revealed higher mean values, regression co-
efficient equal to one and the least deviations from
regressions. Therefore, these genotypes were almost

stable in expression of kernel weight despite the varying

environments and the results are in concomitant with the
earlier reports of Kandaswami et a/.,1986 and Vindhiya
Varman et af.,1989. Non linear component of envircnment
was highly significant for this trait indicating the
unpredictable nature of the environment which is also in
agreement with the earlier reports of Wynne and Coffelt
(1980), Kumar ef a/. (1984) and Moinuddin et al. {1998).
The check varieties TAG 24 and JL 24 were more of a
unpredictable in nature on account of their significant
deviations, Genotypes BAU 13 and TKG 19A were
suitable for favourable environments in view of their high

mean kernel weight. Further, genotype ICGY 86564 was

specifically adapted to favourable environments exhibiting
below average stability {i.e. b, > 1) with superior overall
mean (65.08) than the population mean. Whereas the
genotype HPS -|i- 9701 possessed lower kernel weight
than the population mean with b; lesser than unity thus
considered to be having above average stability.

As regards to per cent sound mature kernels, all the
genotypes except checks TAG 24 and JL 24 exhibited non
significant deviations. Genotypes TKG 19 A, BAU 13 and
Somanath exhibited below average stability (b, >1) with
specific adaptation to favourable environments. The lines
TGLPS 1, TGLPS 3, TGLPS 4, TGLPS 7, ICGV 86564

and ICGV 94217 exhibited above average stability with
specific adaptation to unfavourable environments.

in general, none of the genotypes were stable for pod
yield across the environments (seasons}. However, [CGV
94217 and BAU 13 were widely adapted to varying
environments. The genotype TGLPS 4 was suited to
favourable environments in view of better expression of
pod yield, number of pods and shelling per cent. Among

*. the yield traits kernel weight was less influenced by the

environment and was the most stable trait in HPS
groundnut. Therefore, the desired seed weight of HPS
groundnut could be maintained both during kharif and
summer by cultivating the genotypes ICGV 86564
followed by ICGV 84217 and TGLPS 3 due to their better
stability.
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Abstract

Dormancy being transient in nature and highly
influenced by environment, studies on inheritance are

inconclusive. Attempts towards dormant genotypes
have met with limited success due to lack of simple. .

selection methaodoiogy. In the present study among
six selection schemes, selection in segregating
generations at advanced generation was more
effective than either early generation selection or
continued selection. Continuous selection at all

stages has resulted in elimination of potential !
segregants for pod yield combining dormancy. A
simple strategy of breeding for dormancy could be

crossing dormancy donors with adapted non-dormant
cultivars, advancing segregating material either
through bulk or single seed descent, evaluating single

plant for dormancy at F, seed level and eventually ~
testing for pod yield in replicated trials in later .

generations.

Key words: Groundnut, dormancy, respense,

selection, strategy

Introduction

Spanish bunch groundnut, Arachis hypogaea L. cultivars
of subspecies fastigiata are popular because of early
maturity, ease of harvesting, desirable pod features and
suitability in multiple cropping under rainfed conditions.
But they lack seed dormancy and hence suffer 1oss due to
in situ germination when the matured crop is caught under
rains. Virginia cultivars of subspecies hypogaea have
dormancy but mature late. Dormancy being transient in
nature and highly influenced by environment, studies on
inheritancy are inconclusive. Many attempts were made
for selecting dormant genotypes in available germplasm
(Muhammed et a/, 1965), and material from intra-
(Ramachandran et af, 1967} and inter-sub-specific
hybridization (Reddy et af., 1985). But success was less
because of jack of simple selection methodology. Present
study envisages assessing the response to selection for
dormancy and suggesting a breeding strategy to select
dormarit segregants in Spanish type groundnut.

Materials and methods

Material comprised of 24 populations derived from four
crosses involving one ruting Spanish bunch cultivar {JL
24} and two Spapish dormant genotypes (Dh 8 and R
8972), Parents {JL 24, Dh 8 and R 8972) were studied
along with populations for percent germination and pod
yield per ptant. The populations were advanced through
different selection schemes wz., no selection at any
generation (NNN), selection at F, F, {(DDN), at F; alone
(NDN), at F; & F, (NDD), at F, alone (NND) and at all
generations (DDD), under single seed descent method.
500 seeds were made intc two halves, one half was tested
for dormancy and other not for dormancy. The dermant
seeds were treated with ethrel for advancing to next
generation. The same procedure was followed in each
generation.

Fifty seeds were sown in two rows of 2.5 m length in each
ofthe selection schemes, 20 randem plants were selected
for analyzing seed dormancy and yield per plant both in
selection schemes and parents. Based on the germination
behaviour cof the parents in the laboratory, the plants
showing less than 50 % germination were considered as
dormant {Table 1). Germinaticn test was done at 7 days
after harvesting by maintaining 10 % moisture in the
seeds. Germination was assessed by drawing 25 random
matured seeds from each plant. The seeds were rolled in
15 x 12 cm sized germination paper and stapled at both
the ends. The rolls were covered with polythene sheet to
ensure minimum |0ss of waterthrough evaporation. These
were then transferred to germination chamber and
germination was recorded after five days. Dry weight of
pods (g) was recorded on each plant and average weight
per plant was computed for each population.

Results and discussion

In general selection was effective for dormancy
over nhon-selection {(NNN) as indicated by higher
percent of dormant plants lower germination. A single -
selection at advanced (F, seed level) generation
(NND) was more effective than either
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Table 1 Germination behaviour and frequency of dormant plants under different selection schemes

Selection scheme JL24xDh8 Dh8xJL 24 Ji. 24 x R 8972 R 8972 x .JL 24 Mean
TDDD (@) 61.5£86.7 (30 455+ 7.9 (55) 385" 8.5 (65) 235 : :a(—as; 423270 (59
(k) 124+ 0.4 13504 135+04 136203 1325+ 04
DDN (@) 555+ 8.1 (50 485 + 6.6 (50) 3M0:593(55) 34527370 42.4 £ 7.0(56)
(b) 17605 171 +08 158+04 19004 17405
NDD  (a) 41,0+ 8.3 (50) 255453 (80) 425£7.9(45) 22.0+ 6.2 (70) 328 6.4 (61)
(b) 18105 178+ 0.4 17503 18803 18.1+0.4
NDN (a) 425 + 7.3 (60) 585+ 6.5 (35) 425+ 8.1 (45) 37.0+ 6.0 (50) 451+ 7.0 (48)
{b) 189203 17803 18103 17904 182+03
NND @) 365+ 7.0 (60) 38.5+56(65) 335+ 6.6 (60) 225+52(85) 328+61(68)
{b) 188+ 04 195+05 17.0+04 189+05 186+ 058
NNN )] 55.0 £ 5.5 (40} 68.5+59(20) 66.0 £ 6.5 (20) 65.0 5.5(25) 63.6 £ 5.9 (26}
(b) 179103 176+ 0.4 182+03 17303 178+03
Parents JL 24 Dh 8 R 8972
(a) 880:92 180+92 20492
[{+)] 171+18 1565+18

150+18

Where (a) Mean 1 SE of germination %, {b) Mean + SE of pod yield/plant

Figures in parenthesis indicate % dormant plants

early generation selection or continued selection (DDD,
DDN and NDD), in all the crosses {Table 1). This could be
due to fixation of alleles at later generations. Though
correlation was non-significant between pod yield and
germination {(-0.294), the cantinuous selection (ODD) for
dormancy has led to distinet reductien in pod yield
{13.3g). This could be attributed to elimination of potential
segregants for pod yield by early and continued selection
for dormancy. In contrast, a single selection at F, did not
affect pod yield (18.6 g) indicating its potential to give high
yietding dormant Yines. Further, except the sefection
schemes in case of Dh 8 x JL 24, cresses involving
dormant genotypes as ovule parents, have shown better
response to selection which could be due to maternal
influence on the expression of dormancy {Ketring and
Morgan, 1972). Based on heritability values, Khalfaoui
(1991), suggested pedigree selection, which could be
more cumbersome. Mancharan et al, 1989, suggested
selection at early stage followed by evaluation for

dormancy at F/F, generation. However, this could lead to
elimination of potential segregants for other characters as
revealed in the present study. But, mass selection {seed
level) for dormancy was more effective over plant
selectian in early generations (Hemanth, 1990}, which
could be due to-independence of emibryo genotype to the
phenotype of the parent piant.

tn the light of these discussions, a simple strategy of
breeding for dermancy could be suggest. It could involve
crossing dormancy donors with adapted non-dormant
. cultivars, advancing segregating material either through
butk or single seed descent methad, evaluating single
plants for dormancy at F, seed level and eventually testing
for pod yield in replicated trials in later generations (Fig 1).

Acknowledgements: Authors are thankful to Indian
Council of Agriculturat Research, New Delhi, for providing
financial assistance {0 conduct the research work.
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Abstract

The nature and magnitude of combining ability and
heterosis were studied for yield and its components
in Indian mustard, Brassica juncea (L.) Czern & Coss.
following 8 x 8 diallel analysis on normal {ECe 1.8
ds/m) and saline (ECe 106 d$/m} soils. Significant
differences for gca and sca components were
observed for all the traits on normal soil, whereas on
saline soil, differences were significant for days to
flowering for gea and pods/plant for sca only. Among

* . the parents, C5-52 showed sighificant positive gcaon

both soils for pods/plant, whereas on saline soil, SAL-

. 3 showed significant positive gca for seed yield. The
parent C5-52 was also a good general combiner for
early flowering on normal soil. The crosses NDR-950H1
x RH-30 and Kranti x NDR-9501 showed maximum
significant sca effects for yield on normal soil
whereas, the only cross CSTR 338-1 x CZM-2 was
characterized with maximum significant sca for this
trait on saline soil. The crosses CSTR 338-1 x CZM-2
(33.61 %) and CSTR 338-1 x SAL-2 (5.2 %) showed
maximum heterotic effects for seed yield on saline
sojl. However, on normal soil Kranti x NDR 9501 (29.8
%} and NDR 9501 x RH-30 {23.2%) showed maximum
heterotic effects for seed yield. There was no cross
showing significant positive heterosis for seed yield
on both soils.

Key wards: Indian mustard, saline soil, combining

ability, heterosis
Introduction

Brassicas commonly known as rapeseed-mustard are
considered the most valuable oilseed group of crops
grown world wide. In India, progress in rapeseed-mustard
production has been amazing in Rajasthan state,
contributing almost 38 % of total Brassica production.
However, due to obvious reasans, salinity of irrigation
water is posing serious threat for maintaining pleatue of
its productivity in arid Rajasthan. Agrotechniques for

Brassica improvement for saline situations (seed rate,
increased fertilization and irngation management, etc.) are
available (Kumar, 1995), but, these are the energy

, intensive technologies, therefore, proving costlier and

unpopular on the commercial scale. However, use of salt

- tolerant genotypes and exploitation of heterosis and the

N

selection of parents on the basis of combining abifity may
prove possible steps in accelerating pace of genetic
improvement of this crop on saline lands, which may

: prove more harmful in arid situations. Information on this

aspect are scarce and scattered (Thakral and Singh,

© 1995, Sood st al,, 2000). Hence, present study on eight

24

genetically divergent parents was undertaken for
assessing the heterosis and combining ability on normal
and saline soil situations.

Materials and methods

Eight genotypes of Indian mustard [Brassica juncea (L.)
Czern & Coss.] viz, ©CS-52, CSTR 338-1, CZM-2, Kranti,
NDR-9501, RH-30, SAL-2 and SAL-3 representing salt
tolerance and susceptible nature were crossed in all
possible combinations excluding reciprocals. The 28 F,s
and their 8 parents were grown in normal (ECe 1.8 dS/m)
and saline soil (ECe 10.6 dS/m) situations in a Split Plot
Design with three replications at CAZR| experimental farm
during rabi season of 1988-88. Each treatment had 3.5 m
long single row, the spacings between and within lines
being 30 and 10 em, respectively. Five irrigations each of
6 cm inciuding presowing with the saline water (ECe 6.5
ds/m) were applied during the cropping season.
Observations were recorded on five randomly selected
plants for five characters. The combining ability aralysis
was done following method 1l model | of Griffing (1958)
and heterosis {%) was assessed as per usual method.
Salt build up in 0-30 and 30-60 cm scil depths was
assessed at sowing and at crop harvest,

Results and discussion

An examination of the magnitude of mean squares
revealed significant differences for general and specific
combining ability for all the traits on normal soil, whereas
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on saline soil differences in respect of gca and sca were
Signiﬂcant only for days to flowering and number of
podsfpfant, respectively (Table 1). The gca values were of
greater magnitude than the corresponding sca values for
days to flowering, days to maturity, pods/plant, and 1000-
seed weight on both soils, indicating involvement of
additive genetic variances for them on normal soil. The
sca component was more for seed yieid on saline soil.
Thus, genetic variances appeared to differ for the traits
with the soil conditions. This was probably due to
differences in soil properties in respect of nutrient and
water availability, therefore, affecting uptake behaviour of
the plants at the critical growth stages hence, aliowing
significant interaction between morphological traits and

the soil types, leading to differences in genetic variance.

The variance ratic was much highet than unity fer number
of pods/plant on normal soil and 1000-seed weight on
saline soil, which signified the involvement of additive
gene effects for their expression, on respective soils. Days
to flowering also looked more or less to be influenced by
additive genetic variance irrespective of the soil situations.
These results fall in line with those of Asthana and
Pandey (1877), Bhadouria et al. (1991) and Singh et al.
{2001) in indian mustard. The seed yield appeared to be
irfluenced through non-additive variance across the soil
types confirming earlier findings of Thakral and Singh
{1995) on saline soils and Singh and Mittal (1993), Scod
et al. (2000} and Rao and Gulati (2000} on normal soils in
this crop.

General combining ability effects: The parents viz., C5-
52, CSTR 338-1, CZM-2 and RH-30 earliest to flower (42
days) also showed significant negative gea effects for
days to flowering on normal soil, revealing therefore,
possibility of using these parents for earliness on such
soils. On saline soil, the parents CSTR 338-1, CZM-2 and
Kranti had significant negative gca estimates. The latter
two parents with early flowering (44-46 days) might
therefore, represent source of early partitioning on
problem seils (Table-2). Of eight parents, C8-52 on both
‘normal and saline soils had significant positive gca effects
for number of pods/plant. This parent also exhibited
higher number of pods across the soils. On safine sail, the
only parent SAL-3 had significant positive gca effects for
seed yield thus, providing good combiner for high yield on
poor soil. SAL-3 being a salt tolerant genotype, having
higher per se yield on such soils is likely to be good
general combiner of yield. A general view oh gca effects
revealed that there was no parent as a good general
combiner for all the traits in both the scils. However, C3-
52. a salt tolerant parent appeared as good combiner for
earliness and number of pods/plant on both soils.

Specific combining ability effects: Cut of 28 crosses,
three viz., C8-52 x CSTR-338-1, CS-52 x SAL-3 and

e

C8TR-338-1 x NDR-8501 exhibited significant negative
sca effects for days to flowering on normal soil, these
crosses also showed early flowering (39-43 days)
tendency. However, the only cross CSTR-338-1 x Kranti
was found to have significant negative sca effects for early
flowering cn saline soil but its per se performance was not
adequate as it took 47 days to flower, thus, its use on

. saline soil was doubtful. As far maturity is concerned, the

b

Jb

. bli
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cross conditions and took almost equal number of days to
mature {105-106 days) across the scils.

In normal soil, the two crosses wz., NDR-9501 x RH-30
and Kranti x NDR-8501 showed maximum significant
pesitive sca effects for seed yield. Appreciably their per se
performance for grain yield was also maximum (245
and 250 g, respectively) on normal soil. On the contrary,
the cross {C8TR-338-1 x CZM-2) with higher per se
performance and significant positive sca effects for seed
yield was also notable for significant sca value for
podsiplant on two types of soil situations. The cross
combinations with significant sca effects for yield and
yield components are expected to give a high heterotic
response in respective scils.

Heterosis: Heterosis for early flowering ranged from -1.05
10 -7.0 % in pormal and from -1.07 to -7.22 % in saline
soils. The crosses viz,, CSTR 338-1 x NDR 9501, CZM-2
x SAL-2 and CSTR 338-1 x SAL-3 depicted heterosis of
almaost similar magnitude for earliness on two types of
soils. Thus, possibility of development of early flowering
hybrids existed for both soil situations. The parents
involved in the hybrid combinations exhibited marked
variations in flowering behaviour in respect of two soil
types i.e., either being early or late in flowering.

The heterotic values for early maturity were of lower
magnitude irrespective of the soil conditions confirming
earlier findings of Asthana and Pandey (1977) and
Choudhary and Sharma (1982) in normal soil conditions.
Lower heterotic values for maturity could be due to tess
variation in maturity behaviour of the parents and their F.s
over two types of sails. Thus, it looked difficult to get early
maturity hybrids in this crop.

The cross combination RH-30 x SAL-3 (132,62 %)
showed maximum heterosis for number of pods/plant on
saline soil, whereas SAL-2 x SAL-3 {11.57 %) and NDR
8501 x SAL-2 {7.17 %) showed positive heterosis with
comparatively less magnitude on these soils. RH-30 with
less number of pods {385/plant) was il adapted parent to
preblem soil. RH-30 x SAL-3 was however, characterized
with maximum sca effects (368.6) on saline soil.

The crosses NDR 9501 x RH-30 (30.25 %) followed by
CZM-2 x RH-30 (23 %), Kranti x NDR 9501 (16.12 %) on
normal soil and NDR 9501 x SAL-2 (43.33 %) followed by
Kranti x NDR 8501 {32.2 %), CSTR 338-1 x NDR 9501
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(28.15 %), CSTR-338-1 x CSM-2 (23.52 %) maintained

maximum significant heterosis for 1000 seed weight on .

saline soils. Thus, possibility of hybrids with bolder seeds
existed on both soil situations.

Heterotic values for seed yield were of greater magnitude
in respect of Kranti x NDR 9501 (29.8 %) and NDR 9501
x RH-30(23.2 %) on normal soil, confirming earlier results
of Gupta et al. (1993); Sood &t af. (2000) and Singh et al.
(2001) in Indian mustard in normal soil conditions.

Heterotic values gh saline soils were of lesser magnitude,
therefore, restricting possibility of developing high yielding
hybrids for saline soifs barring the only cross, CSTR-338-
1 x CZM-2 (33.61 %) which had maximum significant sca
effects atso. Mean performance of these parents differed
considerably, wherein CSSTR 338-1 proved less adapted
to saline situations. The parents SAL-2, SAL-3 and RH-30
with good adaptation to saline conditions gave poor
heterotic effects.

Table 1 ANOVA for combining ability in F,s for phenological, yield and yield components in indian mustard on

normal {N) and saline {S) soils

Daysto 1% 1 to maturit Pods/plant ~ 1000-seed weight  Seed yield
Source of Df flowering y Y P y
variation o

N s N s N 8 N S N s
gca 7 406" 704* 6.5 20 54735 22407.7 031 025 1370.8~ 657
sca 28 65 123 25w 17  25826* 21107.3* 0.23* 020 10098+ 772

N, )

Error 35 1.9 144 15 12 115138 113208 0.1 0.18 545.9 455
a?Gi20? 625 - 0892 091 0.83 0.69 2.99 0.67 0.72 1.40 0.73 0.06

Table 2 gca effects for phenological, yield and yield components on normal (N) and saline (S} soils

Days to 1% flowering Days to maturity No. of pods/plant  1000-seed weight Seed yield
Parents
N S N S N s N S N s
38—52 -0.84" -0.20 -0.95* -0.49 94 25* 66.85* 0.08 0.14 -7.14 572
CSTR-338-1  -1.79"  -2.02* -0.85° -0.19 -6496 -70.40* -029* -008 711  -8.02
CzM2 159 215*  -015 044 -14004 6235 003  -014 -1880™  -1.52
Kranti -0.64 -2.35* -0.45 0.46 2474 16.50 0.14 -0.12 6.86 -6.53
.NDR-8501. -0.39 0.35 -0.10 0.21 54.40 11.85 .02 -0.04 6.36 0.73
RH-30 -0.94* 0.45 0.50 -0.49 -20.65 2.75 -0.03 -0.15 6.96 3.22
SAL-2 3.96 5.90* 0.50 0.56 1566  43.30 -0.16 0.26* -14.14* -8.77
7 SAL-3 2.21 0.00 1.50* 0.36 36.65 -8.60 0.29™ 0.15 12,18 15.18*
SE (gi) + 0.41 1.00 0.36 0.31 36.30 31.4 0.10 0.10 6.90 6.30
SE (-gi-g)) 0.62 1.65 0.54 0.48 55.55 47.16 0.10 0.10 10.44 9.53

*P=0.05; ** P=0.01
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Abstract

Swarna [TERI {OE) M 21] (INGR 98001), a yellow
seeded strain of Brassica juncea [L.] Czern. & Coss.
was utilized as a source of low erucic acid (< 2%) and
BJ 1058 was used as a low glucosinolate source to
transfer the trait(s) to the high yielding varieties of
Indian mustard, Varuna and Rajat. The selection for
low erucic acid in F, generation brought forth
enormous variation in different fatty acid profiles in
subsequentgenerations, especially, oleic, linoleic and
linolenic + eicosenoic acid. The oleic acid varied from
34.0- 50.3 %. Nevertheless, there were several plants
possessing 55% oleic acid. Selected lines, except a
few had comparable oil content with the parents,
Varuna (39.2%) and TERI (OE) M 21 (38.4%). In
general, the lines had higher 1000-seed weight and oil
content in F; generation than in F, generation. The
pattern of correlations for fatty acids was variable in
F,, F, and F, generations except for oleic acid which
showed consistent relationship with lincleic and
linolenic + eicosencic acid in different generations.
Parent -offspring regression revealed variable
heritability estimates for different fatty acids, which
declined from F, to F; generation. Six F; progenies
having fess than 40 p moles giucosinolate content
were characterized for days to maturity, plant height.
1000-seed weight, oil and protein content. Efforts are
underway to combine Jow erucic and low
giucosinolate traits to develop double low lines.

Key words: Indian mustard, erucic acid,
glucosinclate content,
B juncea, heritability, correlations
Introduction

Mustard oil is the major edible cil in the Indian diet,
especially in northwest and eastern parts. Except for the
presence of high erucic acid (about 50 %}, mustard oil is
nutritionally better than other edible oils such as
groundnut, sunflower and soybean as it contains low
amount of saturated fatty acids and substantial amount of
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a-linolenic acid, which is an essential fatty acid. Large in
take of oil with high erucic acid has been reported to be
associated with myocardial fibrosis and lipidosis from
studies on rats and monkeys (Gopalan et al,, 1974,
Renard and Mc Gregor, 1976).Presence of glucosinolates
in the seed meal restricts its diversified use as feed for
peultry and piggery otherwise seed meal being high
protein feed. Moreover, Indian seed meal fetches low price
in international market as compared to that of United
Kingdom and Germany. Further, yellow seeded varieties
have higher oil, protein content and lower crude fibers
than brown seeded varieties of the same species {(Woods
1980). The Indian mustard breeding programme has been
oriented to develop low erucic acid (<2%) and / or low
glucosinolate (<30 p moles/ g defatted seed meal)
mustard cultivars in mi¢ 80's. The present paper
describes our attempts to improve oil and mea! quality in
Indian mustard.

Materials and methods

Low erucic acid: Swarna [TERI (OE) M 21} (INGR
98001), a yellow seeded strain of Indian mustard
(Brassica iuncea [L.] Czern. & Coss.) was utilized as a
source of low erucic acid (< 2%) to transfer the trait to the
high yieiding varieties, Varuna and Rajat. During 1996-97,
F, crosses of Swarna were made with Varuna and Rajat
and the advanced breeding lines were developed {Fig. 1).
The single selfed plants were analyzed for different fatty
acid profiles wusing gas liquid chromatography as
described earlier (Chauhan et al, 2001). The DEGS
column was used in the GLC which does not separate
linolenic and eicosenocic acid profiles, The peaks get
merged 1o a single peak. During the crop season of
1999-2000 and 2000-2001, the F, and F; low erucic
progenies were characterized for maturity, plant height.
1000-seed weight, 0il content, seed yield/plant. Range,
mean, coefficients of variability and correlations for
different fatty acids were computed in different
segregating generations fellowing Gomez and Gomez
{1984). Parent-offspring regression (Lush, 1940} analysis
was used to estimate heritability in narrow-sense for
different fatty acids.

|
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Low g]ucosinolate: The only available source of low viz., + (low), ++(medium), +++ (medium -high) and ++++
gfucosinolate content, BJ 1058 was hybridized with Rajat {high). The F; progenies of the plants showing +/++
to transfer alleles for low glucosinolate. Three hundred reaction were generation advanced (Fig. 1). The F; and Fy
sixty five seifed F, plants of the cross BJ 1058 x Rajat lines having less than 40 y moles giucosinolate/g i
were analyzed for glucosinolate content by TES TAPE defatted seed meal were characterized during 2000-2001
method. The plants were grouped into four categories, crop season for agro-morphological traits.

Low erucic acid
Swarna x Rajat/ Varuna

¢

1996-97(Main-season} —» F
!

1996-97(Off-season) — F

A
1997-98 (Main-season) —» I Selection for low erucic acid content

\]

1998-1999 (Main-season. —————® F; p Backerossed with Varuna/Rajar
L E

1999-2000 ( Main-season) ———— I, BC,F,

2000-2001 (Main-season) ——————» Fl E;C}]:2
L l «4—Selection for oy

2001-2002 (Main-season) —# F, BCiF;

B£C2F,

Low glucosinolate
BJ 1058 x Rajat

i
1996-1997 (Main-seasony——# Fy

1996-1997 (Off-season) ——F,
!
1997-1998 (Main-season}—— - F; 44— Sereening for glucosinolate content (TESTAPE)
J /r
1997-1998 (Off-season) ——® F; ELISA

il
:998-1999 ( Main-seasony———F,

i
1999-2000 (Main-season) pFs » x Low erucic acid lines

l L i
2000-2001 (Main-season——»F« F, g

Fig. 1 Development of low erucic acidllow glucosinolate lines of Indian mustard
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Results and discussion

Erucic acid content of TER! {OE) M 21 ranged from 0 to
6.1 % with mean value of 1.6 %. Simitarly, erucic acid
varied between 41.5 - 50.2 and 44.0 - 52.2 % in Varuna
and Rajat, respectively. The F, of both the crosses TERI
{OE)M 21 x Varyna and TERI (OE) M 21 x Rajat, showed
intermediate level of erucic acid, being 33.2 % in the cross
TERI (OE) M 21 x Varuna and 28 6% in the cross TERI
{OE) M 21 x Rajat. The erucic acid content of the F,
segregants ranged from 0 to 49.6%. Only 5 and 3.5% of
the F, segregants had less than 2% erucic acid in the
crosses TERI (OE) M 21 x Rajat and TERI (OE} M 21 x
Varuna, respectively. Selection for low erucic acid
practiced in F./F, generation brought forth significant
variation in different fatty acid profiles, especially, oleic,
linoleic and linolenic + eicosenoic acid (Table 1). Selection
in F; generation was done for high oleic acid, oil content
and 1000-seed weight.

The oleic acid varied from 24.6 - 50.3 % among the F,
progenies. Nevertheless, there were several plants
possessing about 55.0 % oleic acid. The mean saturated
fatty acids were around 4% in F, and F; generations.
Mean of fatty acids were marginally higher {2-3 %} in F,
than F, generation. Several promising high oleic acid lines
were identified and characterized for agro merphological
characters (Table 2). Many low erucic acid lines, had
comparable oil content with the parents, Varuna and TERI
{OE} M 21. Nevertheless, these lines had low 1000-seed
weight as compared to Varuna. ln general, the lines had
higher 1000-seed weight and oil cantent in F5 generation
than in F, generation. Similarly, in the cross. TERK{OE)M
21x Rajat, two PS lines had higher cleic acid than the low
erucic parent, TER! {CE) M 21 in the back cross
progenies, of both the crosses, oleic acid varied from 21.3
- 43.9 %. The F, progenies were intermitted to broaden
the genetic base and recombine yield attributes. The
selected low erucic acid BC, plants were further
backcrossed.

Heritability: To predict the efficiency of selection in
segregating generations it is imperative to knaw
heritability, especially heritability in narrow-sense. Three
methods of parent-offspring (F, vs F;, F,vs F, and F; vs
F.) regression were used to estimate heritability to know
the precise estimate as well as environment influence.
Since, the F; and other two generations (F; and F,) were
grown in different years, the estimates could be biased.
ButF, and F, generations were grown simultaneously and
hence the effects of environment were largely common to
both the generations. Thus the heritability estimates
based on F, vs F, regression may be more realistic. The
heritability estimates varied widely. Palmitic acid showed
high heritability in F, generation, which declined in
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advance generations (Table 3). The heritability estimates
for stearic and linoleic acid were relatively consistent.
Hence, selection in early generation far this trait could be
effective QOleic acid showed low heritability as estimated
bv F, vs Fy and F, vs F, regression, but the estimate was
relatively high (0.17) based on F; vs F, regression,
thereby suggesting that selection for high oleic acid
should he based on progeny performance in advance
generations rather than single piant performance in early
segregating generation. The linolenic + eicoseonic acids
showed high heritability estimates, in general, which
ranged between 0.40-0.80 suggesting the usefulness of
single plant selection in F, segregating generation.
Variable estimate of heritability could due to genotype,
environment or their interaction (G x E).

Correlations: Pattern of correlations of fatty acids in
different segregating generations was analyzed to predict
the simultaneous selection for desirable combination of
fatty acids. In the F, generation, erucic acid content was
negatively and significantly correlated with palmitic (r=
0.411**), stearic (r=- 0.282*"). oleic (r=-0.839*"), linoleic
{r= -0.691*) and linolenic + o eicesendic (r= -0.301*%)
acid, The pattern of carrelation was variable in F,, F and
Fa generations except for oleic acid content which showed
consistently negative relationship with linoleic and
linofenic + eicosencic acid content in F; and F,
generations and positive relationship in F, generation
(Table 4). Palmitic acid was positively correlated with
stearic, oleic and linoleic acid in F, generation but this
association was positive only with oleic acid in F,
progenies (r=0.231**). Palmitic acid in F;, F; and F,
progenies were negatively and significantly correlated with
linolenic + eicosencic acid (Table 4). Stearic acid had
negative and significant association with linolenic +
eicosnoic acids in F, and F, progenies.

The relationship of palmitic acid with oleic acid was
positive and significant only in F, and F, generation
whereas stearic acid had similar association with oleic
acid in F, and F; generation. Palmitic and stearic acid
showed variable association with linaleic acid in Fyand F,
generation.

it seems that precursor of eicosenoic acid is ¢leic acid
and same extra amount which was desaturated in
blosynthetic pathway resulted in increased levels of
linoleic and linotenic acids. Oleic acid increased with
concomitant decrease in both linolenic and eicosenoic
acids in zero erucic acid lines, hence estimation of
linolenic + eicosenoic acid together will not affect the
correfations. The negative correlation of erucic acid with
oleic and linoleic acids is of paramount significance to
develop varieties with low erucic actd and high contents of
oleic and linoleic acids. The variable relationship between



Cnauhan et al.

fatty acids in different segregating generations could be
the consequence of recombination of gene(s) controlling
the inheritance of fatty acid profiles.

Giucosinolate content: Of the 365 selfed F, plants ofthe
cross BJ 1058 x Rajat, only 98 plants showed ++ reaction
and the remaining had either +++ or ++++. BJ 1058 also
showed variable reaction + or ++. The number of plants
with less than 50 p moles increased with the generation
advancement (Table 5). The selection was made for the

lowest amount of glucosinolate content within and
petwzen families. Six plants having less than 40 p moles
glucosinolate content were characterized for days to
maturity, plant height. 1000-seed weight, oif and protein
contents (Table 6). These progenies had lower oil content
and 1000-seed weight as compared to high yieiding
varigty, Rajat. Hence, there is a need to improve the
agronomic base of these lines.

Table 1 Range, mean and coefficient of variability {CV} for fatty acid profiles in F, (226 plants), F, {205 lines) and F, {199 tines)

generation of the cross TERI {OE) M 21 x Varuna

Range (%} Mean + SEm CV (%)

Fatty acid -

F, F, F, Fy Fy F. F, Fy F,
Palmitic 13-56 21-53 13-65 32:004 36:004 332010 200 10.8 251
Stearic T-27 T-27 T*-26 05+004 13+0068 03010 122.0 571 2200
Qleic 85-536 336-537 246-503 2201050 440+0728 393£0.3C 330 g1 10.3
Linoieic 18.0-493 294-575 302-527 282+034 381+020 405+0.30 18.0 1086 92
Linclenic + Eicosenoic 11.2-393 09-213 38-259 2071030 129+0.15 164+ 0.22 20.0 16.1 191
Erucic 0-496 ¢ ] 254+08 0 0 46.0
“T" Traces v, T T N

Table 2 Characteristics of some promising low erucic lines (F4)} with high oleic acid, moderate seed weight, oil content and seed
yleld derived from the cross TERI (OE) M 21 x Varuna

Oleic acid (%) Maturity (days) 1000-seed weight (g)  Seed yield/plant (g) Oil content (%)
Progeny Seed colour -
F, F, Fs F, F, F, Fs F, Fe
166-50-1 Brown 487 133 128 45 47 13 135 359 372
91-6-6 Yellow 488 133 128 33 a7 215 18.6 38.0 379
166-35-1 Brown 477 133 132 36 42 75 15.0 344 340
166-26-4 Brown 476 131 130 25 39 198 12.4 334 356
205-10-5 Brown 456 131 134 36 39 1438 17.3 382 38.3
205-11-3 Brown 466 135 135 36 39 7.0 17.4 387 401
166-27-1 Brown 458 132 130 36 39 286 11.0 360 352
91-8.2 Yellow 438 134 128 26 29 140 12.3 39.1 399
91-32-3 Yellow 416 133 125 49 38 127 117 402 38 1
91-50-5 Yeliow 457 136 130 26 35 176 265 353 396
91-22-1 Yellow 428 134 131 35 35 13.4 143 388 393
91-60-1 Yellow 435 134 125 32 ag 145 145 363 387
91.61-3 Yellow 46.3 134 13 35 42 8.2 145 388 38.1
Varuna Brown 93 140 134 57 6.2 152 315 39.8 39.2
TERI (GE) M 21 Yellow 45 126 127 29 36 125 15.2 382 38.4
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Table 3 Heritability {narrow sense) estimates of different fatty acids in F, and F, generations of low erucic acid lines in the crogg
TERI (OE) M 21 x Varuna

Regressiort
Fatty acid B F,vs F, F,vsF, FyvsF,
Herltability Heritability Heritability
Palmitic acid 0.56 0.36 0.02 )
Stearic acid 0.3 e 0.23 _ o _ ] g.14
Oleic acid 0.03 - 005 . o4t
Linoleic acid 0.09 s 018 0.11
Linglenic + Eiocosenoic acid 0.80 0.69 0.40

Table4 Correlation coefficients {r) between different fatty acid profiles in F,, F, and I, generations of the cross TERI (OE) M 21 x

Varuna
: . o L S Linolenic +
Fatty acid Generation Stearic acid Cleic acid Linoleic acid eicosenaic
Palmitic acid F, 0.249™ 0.269" 0.518" -0.122" i
Fy 0047 -0.084 0095 -0.192*
F. D78t 207 ppoate 0.193" 0336
Stearic acid ) F, Sl 0208 ... ¢ Q450" g e 0088
Fy o 0.808" . oesem ] -0.450*
. F, SRS 0402 X - I -0.146*
Oleic acid oy Ry e o e 0300% e -0.073
F . N . 08stt . 0308
, €, M fm TOTERONC 0 e YRR sty
Linoleic acid _ F, S ' A 0015
' Fy { e ' -0.087
F. ) B £0.074

* ** significant al P=0.05 and 0.01, respectively. |

Table5 Frequency distribution for glucosinolate content (micro moles / g defatted seed meal) in the segregating generation of the
cross BJ 1058 x Rajat

Generation

Range F, Fe F, Fe BJ 1058 Rajat

(N=450) (N=420) (N=861) {N=12) {N=34) (N=39)
30-40 - - g 1 - -
40-50 17 19 47 11 12 .
5160 51 R T P . N -
61-70 87 Yosg | B - TN w T LT
71-80 35 ' 108 [ gs N\ . B \ . Lo
81-90 22 99 7N - AR 3 ©
91-100 107 54 ‘ 152 e g Smee Mg 4 12
101-110 30 19 e 1Ms - g T ! 15 ¢
111-120 a2 1B .y 595 1. o o- ; l -, 4 o
1214130 38 3.0 28 . .- - 3
131-140 17 2N . e PR . o
141-150 9 - ‘ 3 Lo . L - s -
151-160 3 - - I C - " -

161-170 2 - . _ . ‘. . .

+ 32
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ble 6 Characteristics of low glucosinolate lines {F,) derived from the cross BJ 1058 x Rajat
Table

——'L—*__‘___________—,—”‘—‘ N . " .
" Glucosinolate No. of Maturity Plant height Seed Gil Protein content
Strain content® plants (days) (cm) weight (g)  content (%) (%)
it N i
N
BPR 47-92-6-50 37.0-38.8 2 142 178 27 334 238
BPR 47-92-6-8 40.0 2 .. 188 152 3.0 36.1 21
BPR 47-92-6-45 40.0 1 141 145 28 365 21 7
BPR 47-324-2-143 40.0 1 peyel 1370 L4 T 3.0 366 222
BJ 1058 33.0-40.0 8 132139 /150 29 38.0 214
Raiat 115.3 5 134 172 5.4 383 206
“micro molés / g defatted seed meal. :
Future strategies: /, fatty acid profiles of F1 hybrids and their parents in Indian

. There is an imperative need for refining analytical
techniques for fatty acid and glucosinolate content
estimation to facilitate rapid and mass screening in early
segregating generations.

« Intermating among selected low  erucic/ low
glucosinofate lines and back crassing with high yielding
recurrent parent to broaden genetic base and improve
yield potential.

« Further, hybridization between low erucic acid fines with
low glucosinolate lines to combine double low trait.

» Utilization of double hapioid technique tor early fixation
of double low trait to hasten breeding efficiency.
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Abstract

Two genetically divergent CMS lines DCMS-5 and -

CMS 7-1A and eight proven restorer lines viz,
RHA265, RHA271, RHA298, RHA341, RHA344,
RHA345, RHA346 and DRS1 of sunflower, Helianthus
annuus L. were crossed in a modified Triple Test
Cross fashion. The resulting 16 hybrids were
evaluated to study the components of genetic

variance governing yield and its component traits. -

The additive component was significant for all the
traits except days to maturity and pfant height. The
dominance component was significant for ail the
traits except plant height while the epistasis
component was significant for all the characters
studied. The three types of gene action were playing
a significant role in the Sunflower population used in
the study.

Key words: Triple test cross, sunflower, epistasis

Introduction

Genetic control of quantitative traits is the pre-requisite for
designing an efficient breeding programme. However for
yield is a complex phenomenon and breeder has to
thoroughly understand the gene action controlling the
component traits. Various biometrical designs are in
vogue to understand the gene action controlling different
traits. Most of the designs assume absence of the

epistasis, which in reality is an important integral part of -

genetic variance. One of the best designs for detection of
epistasis is triple test cross (Kearsey and Jinks, 1968).
Though this design is efficient, however it requires four
populations P,, P,, F; and F,, hence it is a tedious and
{ime consuming process. 5o, Jinks ef al, {1968) proposed
a modification for this medel in which a set of lines are
crossed to two extreme testers. This design is simpler,
instead of F, population a set of inbred lines (P, ) are
crossed to two testers {L, and L, ) of opposite extreme to
generate L,, and L, families. Thus it requires only tester

parents, inbreds and F,s. In the present investigation an
attempt was made o assess the genetic components of
variance viZ., additive, dominance and epistasis in
Sunflower using the modified triple test

Materials and methods

Eightinbred lines of sunflower with proven restoring ability
and two testers {CMS lines) were crossed to generate 16
F, hybrids during kharif, 2001. The two testers DCMS-5
and CMS 7-1A even though belonged to single male
sterile source (Petiolaris), they differed morphologically to
a great extent for majority of the characters canfirming
that they contain several uncommon genes for the traits
under study. The 16 F, hybrids along with their parents
and four standard checks were evaluated during rabj,
2001 in a Randomized Block Design replicated twice.
Each entry was sown in a single row of 3 m length with a
spacing of 60 x 30 cm. Observations were made on five
competitive plants per treatment in each replication on
days to first flowering, days to 50 % flowering, days to
maturity, ptant height, stem diameter, head diameter,
number of filked and unfilied seeds per head, seed filling
%, 100 seed weight, seed yield per plant and oil content.
The data were subjected to modified triple test cross
analysis (Jinks et a/,, 1969).

Results and discussion

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

For testing variance due to epistasis instead of [, mean
that is used in normal T.T.C, mean of a set of inbreds
used (P,) was taken in to consideration. The results
revealed that variance due to epistasis {L, + L - P,) was
significant for all the nine characters studied indicating the
predominant role of epistasis in the genetic variance.

! Senior Scientist (Plant Breeding), Directorate of Qilseeds Research, Rajendranagar, Hyderabad-500 030, AP
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Table 1 Detection of additive, dominance and epistatic components of variation in sunflower using meodified T.7.C model over

extreme testers NODL 2 and CMS 7-1A

——

Daysto  Days Plant  Stem Head No.of  100seed Seed ol
Source d.f. 50% to height diameter diameter filled weight yield/plant content
flowering maturity fom) (cm) {cm) seeds (9) {g) (%)
Mean
DCMS-5 57 88 90.9 1.22 7 427 222 945 37.06
CMS 7-1A 72 896 115 0.94 18 2545 292 7.5 29.56
Additive
Replications 1 0.6 0.76 190.4 0.02 0.2 14.1 0.1 0.5 02
sums, L, + Ly (additive) 7 63.56*" 127 2113 0082 1540** 3551956 453" 19331 57.20*
sums x Biocks (Evror) 7 1.70 456 167.8 0.008 2.M 212.06 0.052 1.04 1.015
Dominance
Replications 1 156 1.00 0.81 0.066"* 0.051 3.06 0.03 0.03 0.62
Differences, L + T {dominance) 7 970 753 36011 062 3296 22239.84** 408" 263.42* 77.32*
Differences x Blocks (Error) 7 241 1.42 100,83 0002 0.88 144.49 0.08 338 1.23
Epistasis
Replications 1 0.00 225 35 0.0 0.425 492 0.05 145 0.0043
sums, [y, + Ly - P; 7 80.28* 2567 18298 020" 12.36* 76600.88** 473 32969 77.82*
Sums x Blocks {Error) 7 1.87 2.23 35 0.0057 1.81 736 0.04 1.28 0.72

Note: L, and L, in the ANOVA represent the two testers employed, whereas P, represents inbred lines

=~ = Significant at 5% and 1% level, respectively.

The variance due to sums (L + L5} was significant for alt
the traits except days to maturity and plant height. This
revealed that additive component of genetic variance (D}
was significant for all the traits excluding days to maturity
and plant height.

The analysis of variance due to differences (L, - [)
measuring the dominance component (H) was significant
for eight out of nine traits leaving plant height.

The degree of dominance (VIi/D ) was also significant
{more than unity) for all the traits except days to maturity
and plant height. This indicates that over dominance was
the cause of high level of expression of these traits while
characters days to maturity and plant height were
governed by parttal or incomplete dominance. Gupta and
Khanna (1982) and Gangappa et al. {1997} reported
presence of all the three types of gene action from
generation mean analysis. Singh ef al. (1987) studied
three sets of T.T.C. and indicated that epistasis was
integral pat of genetic variation in sunflower.
Satyanarayana et al. (2001) reported the significance of
epistasis in sunflower.

Therefore it may be concluded that alt the three
components of genetic vartance i.e. additive, dominance
and epistasis were playing significant role in contrelling
the traits so the breeding programme to be followed
should not only exploit fixable gene effects but also
ponder the non-additive aene effects for further

improvement of base population and broadening the
genetic base.

References

Gangappa, E., Channakrishnaiah, K.M., Thakur, €. and
Ramesh S. 1987. Genetic architecture of yield and its
attributes in sunflower (Hefianthus annuus L.}. Helia,
20:85-94,

Gupta, K.K. and Khanna K.R. 1982. Gene action and heterosis for
oil vield and component characters in sunflower. Indian
Joumal of Genetics and Plant Breeding, 42:265-278.

Jinks, J.L., Perkins, J.M. and Breese E.L. 1969, A general method
of detecting additive, dominance and epistatic variation for
metrical traits 1. Application to inbred lines. Heredity,
24:45-57.

Kearsey, M.J. and Jinks, J.L. 1968. A general method of detecting
additive, dominance and epistatic variation for metrical
traits.|. Theory. Heredity, 23:403-409.

Satyanarayana, K.V., Ganesh, M., Ranganatha, A.R.G. and
Sudheer Kumar, §. 2001. A comprehensive genetic
analysis of quantitative traits in sunflower using Line X
Tester and modified Triple Test Cross meodels. In
Diamond Jubilee symposium on "Hundred years of post
Mendelian Genetics and Plant Breeding - retrospect and
Prospects” Indian Society of Genetics and Plant
Breeding, November 6-9,2001, New Delhi. pp:317

" Singh, S.B., Labana K.S. and Virk, D.S. 1987. Detection of

epistatic, additive and dominance variation in sunflower
(Heflanthus annuus L.). Indian Journal of Genetics and
Pl_am‘ Breeding, 47.243-247.

o



J. Oilseeds Res., 21(1): 36-38 (2004)

Genotype x Environment interaction and stability analysis for oil content in
American cotton, Gossypium hirsutum L.

A. Narisi Reddy and A. Satyanarayana'

Regional Agril. Research Station, Acharya N.G. Ranga Agricultural University, Lam, Guntur-522 034, AP

{Received: August, 2002; Revised: August, 2003; Accepted: September, 2003}

Abstract Research Station, Lam (Table 2). Recommended package
- of practices for the region were followed. Each genotype
was grown in a 2 row piot of 6 m length adopting a
spacing of 120 ¢m between rows and 60 cm within a row.
Five competitive plants were randomly selected for

! : ’ d recording data on oil percentage and seed cotton
in four different environments. Both linear and non- yield/plant(g). Seed oil content was analyzed by non-

linear components of Genotype x Environment destructive Nuclear Magnetic Resonance Technique with
interaction were important for oil content, The study N New Port Analyser. The data were analyzed for stability as
of stability parameters revealed that NDLH 1678 x ™ per Eberhart and Russell (1966). -

CWROK 165 and L 604 x NDLH 1678 and MCU 5 x NA ] .
1325 were found stable over environments for oil Results and discussion
control with high mean seed cotton yield.

Fifty five genotypes of American cotton (Gossypium
hirsutum L.) comprising of 10 parents and their 45
hybrids produced in a diallel fashion (without
reciprocais) were evaluated for stability for oil control

The pooled analysis of variance revealed that the mean

Key words: Stability, cotton, G x E interaction - squares due to genotypes were significant for oil content
. ' ' ) indicating the wider genetic diversity (Table 1). Mean
Introduction squares due to environments (linear) were significant,

‘ _ o . indicating that the environments tested are different. The
The seed oil content (on dry weight basis) in Indian G x E interaction was also significant indicating the

cultivars of Hirsutum cotton ranged from 20.9 to 27.6 % differential response of the genotypes to the
(Dani, 1984), Cotton seed oil is one of the rich source of environmental conditions. Genotype x Environment
edible oils in our country. In crder to meet the growing interaction for oil content was earlier reported by Dani
demand for edible oils, it can be considered as one of the (1989 a, b).The partitioning of the G x E interactions
substitute to overcome their shortage. The consistency in
performance over environments is essential to develop a
stable variety or hybrid. The present studies were carried
out to identify a cotton variety/hybrid which can perform
consistently better over wide range of environmental

indicated that both linear and non-linear components of
variance were important for seed oil content, indicating
the importance of regression coefficient (bi) and deviation
from regression (S°di) for assessing the stability of the
genotypes for oil content.

conditions.

A perusal of mean performance for ol control indicated
Materials and methods | that, in general the hybrids had higher oil content
The experimental material consisted of 45 F's obtained compared to the pargnts in_ different .|nd|v1duai
by crossing 10 diverse parents viz., MCU 5, BN 1, L 389, enviranments anFi also in pooled over environments
NA 1325 AC 738, L 604, NDLH 1678, ARE 8824 {Table 2). Seed oil control in parents ranged from 20.28

CWROK 165 and ICME 82 obtained from different cotton . (0 22:9% with @ mean oil content of 21.5%, while in

research stations produced in a diallel fashion (excluding géb;;s It rangeq from 20'44_ to_ 24.1% with a mean.of
reciprocals). Above material was grown in a 4% over environments. Similar results were earlier

Randomized Block Design with 3 replications in 4 reported by Dani (1989a). In normal sowing conditions,

environments during 1999-2000 at Regional Agricultural the oil content was more in rainfed conditions (E2)
compared to the crop raised under irrigated conditions.

) Part of the Ph.D thesis submitted to ANGRAU, Rajendranagar, Hyderabad-500 030, AP
! Director of Extension, ANGRAU, Rajendranagar, Hyderabad-500 030, AP
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similar trend was observed both in parents and hybrids.
While such differences between the samples of irrigated
and rainfed crop when grown under delayed sowing
conditions i.e. E, and E, were not observed. However, on
an average there was reduction in the oil content by about
2to 2.5% under delayed sowing conditions, indicating the
influence of rainfall distribution pattern on oil control in
cotton seed.

Three stability parameters viz., the grand mean over the
environments, the regression coefficient and squared
deviation from ihe regression were coOnsidered 1o be
important for stability of a genotype (Table 3). A genotype
is considered stable in performance if it has high mean
performance, unit regression coefficient (bi=1) and least
deviation from regression {S*di).

The crosses, MCU 5 x NA 1325 and L 389 x NDLH 1678
with high mean, recorded average response and
predictable performance for oil control and hence these
are considered as stable genotypes over environments.
The cross NA 1325 x L 604 with high mean for oil content
and above average response showed predictable
performance under favourable environments. The crosses
NOLH 1678 x CWROK 165 and L 604 x NDLH 1678
recorded high mean for seed cotton yield per plant also
recorded mean above general mean, above average
response and predictable performance for oil content.
Among the parents, AC 738 exhibited high mean
performance (22.93), average response (1.03) but its

In the present investigation, among the high yielding
hybrids MCU 5 x NA 1325 and L 389 x NDLH 1678
showed stable performance for oil content. The crosses
NDLH 1678 x CWROK 165 and L 604 x NDLH 1678 which
recorded high mean for seed cotton yield/ plant also
recorded mean above general mean, above average
response and predictable performance for oil content. tn
conclusion, the hybrids NDLH 1678 x CWROK 165 and L
604 x NDLH 1678 and MCU 5 x NA 1325 with high mean
seed cotton yield and stable performance for oil content
deserved further confirmatory tests over wide range of
environments for exploitation as hybrids besides using for

; further exploitation in the segregating generations, as high

performance was unpredictable as it recorded significant -

S%di (1.06*%).

Table 1 Analysis of variance for oil content and seed cotton yieid

oil content in the seed hybrids can be considered as value
addition.
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Source of Variation d.f Oil content (%) Seed Cotton Yield/Plant(g)
Genotypes(G) 54 311 1835.61**
GxE 162 1.33" 147 .05** _
Environment {linear) 1 538.62** B4505.51* _’?j‘-‘
G x E (linear) 54 113+ 263.27+ )
Pocled Deviation 110 T 87.33"
Poaoled error 432 073 3097 A
Linear component - 44 .49 75.09
Non-iinear component - 55.51 24.91

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

Table 2 Mean performance of parent and Hybrids for oil content (%)
Parents/Hybrids E, E,; E, E, Pooled
Parents 2250 23.20 20.24 20.05 21.50
Hybrids 2333 24.61 20.89 20.88 22.42
Average 23.18 2435 2077 20.73 2225 .

E, = Normal saving - imigated; E, = Normal sowing - rainfed; E, = Delayed sowing - imgated and E, = Delayed sowing - rainfed
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Table 3 Stability Parameters for Oil content and yield of cotton

Qil content (%) Seed Cotton Yield {g/plant}
8- No. Parents/Crosses x b s x b sS4
1 MCU'S 2176 110 2.25% 110.50 0.85 3068
2 BN 1 20.28 0.80 1,18+ 73.00 0.61 1332
3 1389 20.97 0.87 057 10133 T pes - -2B.42
4 NA135 2242 072 T 0M 121.00 15 0 184
5  ACT738 .. 22.93 1.03 1.06** 9258 0.7t © 2910
6 L604 P 20.46 1.19 055 104,25 0.89 -19.22
7  NALH 1678 e 21.67 120 0.38** 12358 - = @ 132 7w 2337
. 8 ARB 8824 ' 21.40 0.67 0.34* 10225 + o0 083 - o 2706
9  CWROK 185 22.49 0.87 0.70* 12067 coooi: 093 L mp 2506
10 ICMF 82 2064 051 -0.59 9492 0.86 7.99
11 MCUS5xBNI1 2207 114 072 97.17 0.91 1.01
Y12 MCUsSxL 389 2274 0.98 -0.63 115.50 0.78 766
- 13 MCU5xNA 1325 24.12 1.05 0.02 152.92 1.69 43.83**
. 14 MCUSxAC 738 2156 1.76 0,63 101.67 1.42 372
15 MCU5xL 604 22.80 1.26 1.36* 104.33 077 -25.68
%16  MCUS5xNDLH 1678 2338 1.34 035 121,08 0.90 -18.41
17 MCUS5xARB 8824 2232 0.87 220 10417 0.59 26.72
- 18 MCUS x CWROK 165 23.13 1.02 1.41 145,50 175 6.16
- 19 MCUSxICMF 82 2065 1.5 037 84.42 0.23 1848
‘20 BN1xL383 2192 168 1.86* 10208 - 082 292
21 BN1xNA 1325 2275 1.01 053 132.08 . 158 64.05*
22 BN1xACT38 2164 1.21 -0.44 119.50 133 -27.26
23 BN1xL 604 21.90 107 N, 062 113.25 1.24 486.04*
24 8M 1y NOLH 1678 2224 1143 0,954 136.25 158 497
25 BN 1xARB 8824 22.95 1.40 R ¥ 118.50 1.71 256.86""
26 BN 1 x CWROK 1865 21.09 072 T4 B0 142.08 147 - 1774
27 BN 1xICMF 82 22.29 0.66 © -0.60 98.83 0.73 44.34*
v 28  L389xNA 1325 23,66 0.43 1.43* 147.25 1.35 17.59*
29 L3889y AC 738 21.73 1.0 -0.26 B2 67 0.06 2027
30  L389xLco4 2223 128 287 11275 0.98 2088
31  L389xNDLH 1678 23.78 1.02 .056 14217 153 158.04**
32 L3BOxARD 8824 2222 0.91 0.28* 89.42 048 0943
33 [ 389 x CWROK 165 2285 1.77 0.84** 11792 0.99 1152
34 L389xICMF 82 20.44 085 6.37* 78.08 064 107.18**
35 NA1325xAC 738 21.98 1.07 0.65%* 12250 .. 1.30 11.79*
36 NA1325xL 604 2398 1.12 -0.29 14125 1.04 853.32**
37 NA1325% NDLH 1678 2311 062 3.04% 148,67 1.45 3902+
38 NA 1325 x ARB 8824 2295 0.90 0.22 13958 1.08 -16.25
39  NA 1325 x CWROK 165 22.72 0.75 2.39%* 14308 .. 153 436,73
40 NA 1325 x ICMF 82 21.86 0.41 0.09 10447 7 090 -30.14
41 AC738xL 604 21.76 1.08 052 9150 072 49 62*
42 NA738xNDLH 1878 2087 1.08 023 Co417.42 1.00 2090
43  AC 736 x ARB 8824 22,21 0.55 . 897 9708 | \ 080 . 1040
44  AC 738 x CWROK 165 22.04 054 04D 11847 " 0.88 456.22*
45  AC 738 x ICMF B2 21.67 0.63 Noo297 Y 7225 © 045 70.83**
46  |.604x NDLH 1678 2280 153 -} 043 15358 1.39 211 67**
47 L 604x ARB 8824 2383 0.9 < 132.08 105 48 85
48 | 604 x CWROK 165 22.16 1.31 . 055 124.50 0.83 -11.68
49 L 604 xICMF 82 2572 112, 030 105.83 0.62 18.55**
50  NDLH 1678 x ARB 8824 22.60 1.04 T 006 140.25 1,32 55§24
51  NDLH 1678 x CWROK 165 20.47 135 035 77 16242 2.16 18.51*
§2  NDLH 1678 % ICMF 82 2229 0.44 Toooeor 103.92 0.55 &5.00*
53  ARB 8824 x CWROK 165 22.30 ‘ 116 Y81 TR 12947 0.80 26.12*
54  ARB 8824 x ICMF 82 2233 Y D30 . 058 _ 106,08 0.46 -22.65
55 CWROK 165 x ICMF 82 2244 1.29 0.38** 129.25 1.03 -12.53
General mean 2226 0.99 116,41
SEm+ 0.68 038 555

+ + Significant at 5% and 1% level of probability, respectively
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Abstract

A Field experiment was conducted on medium deep :

vertisol for two years at Marathwada Agricultural = .

University farm at Parbhani to study

adopted to post monsoon {rabi) Season. Crops sown
on 15" Sept. recorded significantly highest pod yield. -

The subsequent delay in sowing at 15 days interval -

significantly reduced the pod yield, TAG-24 and ICGS-
11 were comparable in yield and both proved:
significantly superior to rest of the cultures in the .
post monsoon season. For 15™ and 30t October.
sowing TAG-24 should be preferred,

Key words: Eco-physiology.

dates, post-monsgon, adaptability
Introduction

Groundnut (Arachis hypogaea. L) is an important vilseed
crop in India and accounts for 45% of the area and 55%
of the total cilseeds production in the country. However,

average productivity is very low (0.8 {9 1.0 t/ha) compared
te China and USA (3.0 t/ha),

The productivity of rainfed groundnut is unpredictable due
to farge variation in rainfaif feading to drought or water
logging, temperature, radiation ang high incidence of
pests and diseases. The prodyctivity of summer
groundnut is doubiled than rainfed Crap. However the crop
demands large water requirements, gften suffer from high
temperature and also faces excessiye vegetative growth
and other problems associated with soil and water
Mmanagement. Most of the groundngt in Maharashtra is
grown in black soil.

Opportunities exist for gain in productivity of groundnut
based on crop's phenology ang agroclimatological
conditions prevailed during post monsoon season in
Maharashtra. There is greater opportunity for matching
the phonological developments of groundnut to desired
temperature and photo periods in Post-monsoon season

eco- -
physiological responses of elite groundnut culturesto - -
identify optimum planting window and genotypes .

genotypes, sowing *

39

(Sept.-Feb.) so as to minimize the coincidence of critical
phases of growth with periods of environmental stress
there by enhancing groundnut yield through eco-
physiologica! approach.

Materials and methods

A field experiment was conducted on medium black
Vertiscl at Marathwada Agricultural University, Parbhani
during 1988-97 and 1997-98 post-mansoon season. The
Soil was clayey in texture with slightly alkaline in reaction.
It was medium in available nitrogen and phosphorus and
rich in potash with moderate available water holding
capacity. A Split Plot Design was used with three
replications. Four sowing dates {15" Sept., 30" Sept., 15"
Oct. and 30" Oct) constituted main plots and six
genotypes {ICGS-11, ICGS-44, LGN-2, 8B-XI, JL-24, and
TAG-24)were subplots. The net plot sizewas 5.4 x 3.0 m.
A uniform basal dose of 25 kg nitrogen and 60 kg P,O/ha
was applied. Seeds were treated with Bavistin @ 2.5 g/kg
seed and sown on broad ridge and furrow with two lines
on ridge at 30 x 10 cm inter and intra raw spacing. The
crop was irrigated 5-6 times, each receiving 0.75 IW/CPE
water.

Results and discussion

Yield and Yield attributes: Dry pod yield of groundnut
was influenced significantly by sowing dates, genotypes
as well as sowing dates (environment x genotypes
interactions during both years.

Effect of sowing dates: Dry pod yield of groundnut was
affected significantly by dates of sowing (Table 1). Early
sowing on 15™ September gave significantly higher dry
pod yield than late sowing in both the years and in pooled
analysis. The increase in dry pod yleld of groundnut sown
on 15" Sept. over sowing on 30" Sept. 15" Oct. and 30"
Qct. was 25.7 %, 60.60 % and 69.5 %, respectively. The
differences in the dry pod yield of groundnut sown in post-
monsoon season at different sowing dates was also
noticed by many research workers (Shelke of al, 1987,
Ghadekar, 1989; Padole et af., 1994; Lodh, 1994, Bhoje,
1996) which is due to increase in the yield attributing
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character itke highest number of pods, shelling percentage
and test weight.

The pod yield is a complex character which depends upon
the expression of yield attributing character. The increase
in pod yield of groundnut sown on 15" Sept. compared to
later sowings was the result of increase in number of total

and two seed pods/plant, shelling percentage and 100
seed weight. This may be attributed to crops exposure to
favourable temperature regime during vegetative and
reproductive  stages, when sown on 15% and 3gh
September (Fig.1) which corroborates the results of
Emery et a/ (1981) and Bell (1986).

Tabte 1 Effect of sowing dates and genotypes on pod yield and yield attributes of groundnut

Pod yield (kg/ha) Yield attributes
Treatment Pods/plant Shelling 100 kernel
1996-97 1997-98 Pooled — .
Two kermel pods Total pods (%) weight{g)
Sowing dates (D} 1996-97 1997-98 1996-97 1997-08 1996-97 1957-98 1996-97 1997-98
15 September 2815 1078 1976 19 9 26 13 71.1 65.3 450 366
30 September 2293 601 1446 17 8 27 11 69.1 60.0 419 299
15 Oclober 1132 400 766 9 4 15 7 86.1 58 4 372 253
30™ Qctober 614 571 593 S 8 B8 1 627 629 329 418
SEmz 39 ** g5 32 i 017 1.56 0.30 0.2 0.45 0.38 032 -
CD (P=0.05) 107 131 9 . 309 . 048 434 0.84 0.42 125 1.06 090
Genotype (V) : : h
1ICGS-11 2140 743 1441 7 12 7 20 11 67.5 61.9 410 340 -
ICGS-44 1733 804 1269 P12 7 15 11 686 €35 432 354
LGN-2 1341 701 1019 7 13 7 19 10 671 65.6 384 349
SB-XI 1309 498 903 14 7 19 10 6.0 61.3 351 291 /
JL-24 1224 603 914 10 7 15 10 665 595 380 351 ¢
TAG-24 2534 628 1581 15 ~ 7 2 11 67.9 61.4 397 315
SEmz 34 47 30 0.68 0.28 093 0.34 0.39 0.39 053 045
CO (P=0.05) 94 130 84 1.89 NS 258 NS 1.09 1.08 ; 1.47 1.2%
Interaction (D x V)
SEmz 77 94 61 1.37 057 1.86 0.69 0.78 0.79. 1.06 0.90
CD (P=0.05} 214 260 168 NS 1.58 5.18 1.92 NS 216 . 294 2?0 o
st
. 7 RN T,
-g Germination |~ "  / /1-"1:\\ NS \\\\\W M\ i\\\\\
rd
54 li 7 RS
B | Sedes 1 7NN s 7% DN
& .
£ roane |77 77 ENNNNRERR 7 BN
i - - ri
£ | Lot e /AN 7 BN
L7LLJ 2530
i
— p 5 \
£ Flowering NN AN
S | roltmaion [/ 7/ I\ e BRI
A .
5| Pesung /LA W NN
2 ) - 7 X
2 | posamnea[[/// 777/ BEA TITTH TN
£ | retsinn |77 7777 /A AN
175250
Tempersturs (1) 0 10 20 30 40 50

7] Lethal range [ Dangerous range Nomatrange [} Optimum range

Fig 1 Critical temperatures of developmental processes in groundnut (Based on Ketring, 1986 and Ong, 1983h)
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Table2 Mean dry pod yield {kg/ha) as influenced by sowing
dates x genotypes interaction at harvest

DV * ICGS-11 ICGS544 LGN-2 5B-X1 JL-24 TAG-24
1996-97
157 Sept. 3471 2686 2487 2624 2480 3300
30" Sept. 3539 2457 1484 1233 1605 3442
15" Ocl. 1128 1409 784 760 582 2126
W Oct. 423 580 610 587 220 1264
SEmt 7 :
cD (P=0.05) 214 .
1997-98
15" Sept. 1097 1360 1201 928 814 1067
20" Sept. 658 772 541 350 488
157 Oct, 5G8 - 495 394 280 38F 5% 248
30 Oct. 618 590 698 394 720 407
SEmi 94
CD (P=0.05) 260
. Pooled
15" Sept. 2284 1924 1844 1781 1651 2184
30" Sept. 2089 1615 991 812 1047 2116
18" Get. 863 852 589 520 485 1188
30" Oct. 519 585 654 481 470 837
SEmit 61
CD (P=0.05) 168

Piv = Dates/genotypes

Effect of genotypes: The pod yield of groundnut was
markedly influenced by genotypes tested during both the

789

&

seasons of experimentation. Genotype TAG-24 and ICGS- .

11 produced significantly highest pod yields during both
the years and in pooled analysis. JL-24 and $B-XI
produced lowest yield during first and second year,
respectively. Similarly results were obtained by Lodh
(1994) and Bhoje (1996).

Interaction effects: The interaction effect between
genotypes and sowing dates was noticed during 1996-87
and 1997-98 (Table 2). The highest dry pod yield of 3539
kg/na was recorded in 15" Sept. sown crop by ICGS-11.
Pooled results revealed that ICAS-11 and TAG-24 were
adopted to the second fortnight of Sept [37-3%
Metearological weeks] {(MW). Beneficial effects of early
sowing of groundnut in rabi season {Sept.-Cct.) were also
reported by other workers (Shelke et al., 1987, Lodh,
1994; Bhoje, 1996).

In view of the above, it could be inferred that the optimal
planting window {sowing time) of groundnut during post-
monsoon season {Sept. {o Feb.)is around 15" Sept. (37-
38 MW). Erect spanish bunch genotype, TAG-24, and
semi spreading genotype ICGS-11 are suitable for post-
monsoon cultivation as both showed wider adaptability for
second fortnight of September (37-38 MW).
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Abstract

A field study was conducted during 1997-98 and
1998-99 on a sandy ioam soil to study the response of
groundnut to evapotranspiration deficits imposed at
specific crop growth sub periods .The crop in fully
irrigated control recorded maximum seed yield (2830
Kg/ha). The evapotranspiration deficits in all the crop

growth sub periods significantly reduced the seed -

yield relative to the yield in fully irrigated control. The
pod yield reduction in moisture stress at flowering
and pegging, moisture stress at pod initiation and
addition period, moisture stress at pod filling period
was 20.6, 19.3 and 16.4 %, respectively as compared
to control. Moisture stress at pod initiation and
addition period was more sensitive to ET deficits than
the other crop growth stages. However, the
susceptibility of crop to ET deficits at
flowering-pegging period, pod initiation addition
period and pod filling period has found to be greatly
reduced if the crop is conditioned by prior ET deficits.

Key words: Sunflower, groundnut,

evapotranspiration deficit and b

pod/seed yield
Introduction

Irrigation planning is commonly predicted on complete
avoidance of water deficits during crop growing season.
In years of deficient water supply the irrigated acreage is
therefore, reduced so that the evapotrarspiration
requirements of a crop can be met in full. An increase in
the frequency of droughts, declining ground water table
levels, increased cost of irrigation water resource
development and indiscriminate use of fertilizers
necessitate the need to shift out abjective from producing
maximum yield funit area to maximurm yield funit amount
of water (or} nutrients. The extent to which the crop yield
can be maximized /unit amount of water (or} nutrient
depends cn how well field irrigation schedules are planned
in time and quantity, considering periods of water scarcity

. W2

.

to meet crop evapotranspiration requirements. Sunflower
during kharif followed by groundnut is the most
remunerative sequence {Reddy and Babu,1998) in the
southern Telangana zone of Andhra Pradesh. Groundnut
crop raised during winter season is often subjected to ET
deficits during crop growing seasan leading to heavy yield
expression. The present study was therefore, designated
to find out the critical crop growth sub pericds of
groundnut as to their order of relative sensitivity to
evapotranspiration deficits and to suggest optimal
irrigation programmed tc minimize yield losses under
scarce water supply situation.

Materials and methods

The field experiment was conducted on a sandy loam sail
during kharif and rabi seasons of 1997-98 and 1998-99 at
the college farm of Acharya N G Ranga Agricultural
University, Hyderabad (17 *.19'N, 78 °23'E and 542.3 m
above mean sea level). The experimental soilhad N,P and
K,0 at 255,11.2 and 472 Kg/ha respectively, with PH 7.5,
bulk density 1.66g/cm® and EC 0.12 dS/m. The available
soil moisture detenmined as difference between moisture
held at -0.03 Mpa and -1.5 Mpa was 84.4mm in 60 cm
soil profile. The weekly mean maximum and minimum
temperatures during rabi-groundnut cropping period was
29.87°C and 16.08° C. The seasonal growing degree-days
amounted to 1642 and 1857 during 97-88 and 98-99
respectively The mean pan evaporation during the
cropping period was 3.46 mm / day. The mean relative
humidity was 65.79 %. The totai precipitation was 154.7
and 29.0 mm during first and second years respectively.
Since the rainfall occurred during the establishment
-vegetative stage, the effective rainfall was deducted from
the netirrigation requirement, while scheduling irrigations
in different treatments.

The treatments included were four phosphorus levels i.e.
0, 30, 60 and 90 kg P,Oy/ha to sunflower during kharif,
combination of residual P {0,30,60 and 90 kg P,O./ha
applied to sunflower) and irrigation (l,, I,, |; and 1,) levels
as main plots and four direct P levels (0,30,60 and 90 kg
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p,Os/ha) as sub plots to groundnut during rabi season.
The source of phosphorus applied was single super
phosphate. The irrigation treatments comprised of fully
irrigated control {I;) moisture stress at flowering and
pegging (I3}, moisture stress at pod initiation and addition
(13) and moisture stress at pod filling period (1,). Thus
constituted sixty-four treatments in groundnut were tested

in Split Plot Design with three replications during the rabi

sedson.

perusal of irrigation treatments revealed that in I,
treatment the groundnut crop was fully irrigated based on
soil - crop - climatic data, so that Eta is proceeded at
maximum rate or it was not irrigated (Eta deficit) at all, as
is the case in |, {Eta deficit at flowering and pegging
period), |; (Eta deficit at pod initiation and pod addition
period) |, (Eta deficit at pod filling period) treatments. In
later treatments viz., |, |5 and 1, if irrigated, the irrigation
schedule that followed for the crop in fully irrigated control
treatment {l,} was duplicated and Etm for the fellowing
irrigation intervat was assumed. If unirrigated, the Eta rate
may have fallen below the Etm rate and the absolute
difference for the period was expressed as an Eta deficit
(Etd). Irrigation requirement of groundnut in 1, treatment
was based on soil-climatic parameters. The details of field
water supply are given in Table 2. A 50 mm water meter
was installed to deliver the required quantity of water in
each plot. The gross and net plot size was 3.6 x 3.6 m and
3.0 x 3.2 m, respectively.

tCG8-11 groundnut test variety was sown on 20.10.1997
and 2.11.1998 in the first and second years, respectively
by adopting a spacing of 30 x 10 cm to achieve a desired
plant poputation of 3.33 lakh plants/ha.
recommended agronomic practices viz., a fertilizer dose
of 40 N + 40 K;O/ha and need based plant protection

Other -~

measures were followed. The ground water table was -

below six meters during the crop growth season. Hence,
it was assumed that there was not any contribution from
ground water table towards crop water needs.

For determination of crop Eta, the soil moisture was
monitored by gravimetric method at four locations and at
various depths in each freatment from surface to 60 cm
soil depth before and after each irrigation and ne
intermediate dates as necessary (Table 1). The reference
crop evapotranspiration (Eta) was estimated at specific
crop growth subperiods based on Hargreaves method
{Hargreaves and Samani, 1982}. The crop was harvested
on 11.02.1998 and 3.3.1999 in the first and second year,
respectively. The water use efficiency (ka/ha - mm) was
calculated as a ratio between seed yield and seasonal
evapotranslation. To quantify the effect of Eta deficits on
yield, the relationship between relative yield reduction and
¢

r
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relative evapotranspiration deficit wing worked out by
regression analysis as suggested by Siavit of a/. (1977);

(Ym-Ya)/'Ym=Bo {Eta-Eta/Etm)

~we Where: wd

Ym=maximum yield in fully irrigated crop i.e., |

Ya=Actual seed yield of the crop as affected by Eta deficits
Etm=Seascnal evapotranspiration of fully irrigated crop
Bo=Yield reduction coefficient

Results and discussion

Yield as influenced by Eta deficits: Scheduling of
irrigations at Etax=Etm through out the crop growing
season (l;) recorded the maximum pod yield (2830 kg/ha)
which was significantly superior over other treatments
{Table 3). Moisture stress at any one stage of the
crop growth sub-periods reduced the pod yietd 1, (20 %),
I {12 %) and |, (16%) relative to fully irrigated control.
The differences in pod yield between |, and |; were
statistically not significant during both the years. Lowest
pod yield was registered by |, treatment in both the years
and on pooled basis. This could be attributed to a
favourable soil water balance in |, treatment as was
evident from mean Kc¢ values (Eta/Eto ratio, nearerto 1.0
at flowering and pod initiation and addition period in both
the years of study) an indicator of soil water deficit.

Adequate scil moisture balance in |, promoted the plants
to produce significantly more plant height, which in turn
put-forth more leaf area contributing to more drymatter
(Table 3}.

Boote and Hammond (1981) reported that stem
morphology was altered by water deficits. Main axis and
cotyledonary branches are shorter for water stressed
groundnut plants hecause soil water deficit has been
shown to cause drastic reduction in internodal length and
rate of node development. Leaf area showed positive and
significant (P=0.01) dependence on plant height (r=0.890).
LAl accounted for 73.5% of variability in crop Eta on
pooled basis.

Dry matter accumulation in groundnut is a result of leaf
and stem growth during vegetative phase and a
combination of pad and kernel growth concusrent with
shifts in leaf and stem mass during reproductive phase.
Therefore, reduced dry matter production in |, ,I; and I,
treatments could be traced to similar reduction in plant
height and leaf area index under these treatments.
Dependence of dry matter on plant height (r=0.874 },LAl
(r=0.815) was apparent from significant correlation it had
with these growth traits (Table 4).
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Table 1 Determination ofirrigation requirement of groundnut (1997-98 and 1998-99) in I, treatment based on soil-

crop-climate parameters

Crop growth subpericd

Duration
(days) mm/day

Eto

Etm

mm/day depth (em)

Root zone

SaD

{cm) fraction

P

I=8a.D.P/Etm IRR

Vegetative 31 3.02 0.75 2.27 45 633 0.70 20 43.92
Flowering and pegging 26 2.78 1.03 2.84 60 844 0.59 18 43.98
Pod initiation and 29 3.46 103 . 3.58 60 84.4 0.59 14 49.76
addition
Pod filling and 33 461 0.80 3.68 60 844 0625 © 158 53.28
maturity e T g :
Sa.D = Available soil moisture in the roct zone Eto = Reference crop evapotranspiration
Etm = Maximum evapotranspiration P = Readily available soil moisture
| = Irrigation interval Kc = Crop coefficient; IRR = {rrigation water depth
Table 2 Field water supply at various crop growih sub-periods
Irrigation water supply-crop growth subperiods ' _
Pod initiation Seasonal AWP Er:i?icfg?;e Fl:hdp\;\;;ter
Treat- Vegetative Flowering and pod Pod IRR {(mm) mm (mm) (mm)
ment and pegging addition filling
98 99 88 99 @8 99 98 99 983 99 98 a9 98 99 98 99
I 0 365 498 1003 1057 1024 52.8 1075 2083 3468 844 844 674 9 360 440
I, 0 58.2 0 0 1292 1738 528 1075 182.0 3396 844 844 816 9 348 423
l4 0 365 498 1003 O 0 1372 1919 1869 3287 844 844 674 9 338 422
l4 0 365 49.8 1003 105.7 1024 O 0 1554 2393 844 844 674 9 307 333

Table 3 Yield, water use efficiency and seasonal Eta of groundnut as influenced by evapotranspiration deficits

Pod yield Water use efficiency Eta

Treatment {ka/ha) (kg/ha-mm) (mm seasonal)
1998 1999 Pooled 1998 1999 1998 1999
I, 2757 2903 2830 8.18 7.83 338.4 370.8
I, 2186 2309 2247 7.33 7.16 298.5 3234
Iy 2223 2344 2283 7.54 7.28 205.1 322.9
b 3 2304 2427 2365 L 7.74 7.43 298.2 3277
SEm: | 18 27 - 2 - 012 014 - -
CO (P=0.05) 55 80 62 ' 035 0.42 - .
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Table 4 Growth and yield attributes of groundnut as influenced by evapotranspiration deficits at the time of

harvest
Plant height Leaf area Drymatter Average AV?:;E’:S' of 100-ketnel Shelling Harvest
freatment (cm) index (g/plant} pods/plant podsiplant weight (g) (%) index

1998 1999 1898 1999 1998 1999 1998 1999 19%8 1899 1598 1998 1898 1999 1998 1999

1, 23 23 5.0 43 275 27.3 125 128 1.1 110 418 43.1 62.1 62.4 41.7 4338
I, 21 20 4.6 4.3 26.7 254 1.2 13 9.1 9.3 39.2 404 59.8 59.9 337 357
Iy 21 18 45 41 2641 256 10.8 10.0 8.4 8.6 38.0 39.2 58.6 588 346 3686
l, 21 21 49 4.4 254 255 113 1158 9.3 10.3 36.9 38.2 573 56.9 35.1 37.4
SEmt 0.2 0.1 [+ a1 0.1 0.1 D1 01 01 0.1 01 0.1 0.1 0.1 05 03

cpb (P=0.05) 05 03 0.2 04 0.4 03 0.2 0.3 03 0.2 04 0.3 0.2 0.2 15 08

Thus accumulated photosynthates might have been
responsible for significantly more number of pods per
plant under 1, treatment in comparison to other
treatments. The number of pods per plant (r=0.875 ) and
matured pods per plant (r=0.903 ) were found to be
significantly and positively correlated to leaf area index.
Further these trends may be assigned to the fact that
irrigation water application at high frequency (Eta/Etm=1)
during flowering, pegging and pod addition period seem
to have provided favorable soil water balance in the top
4-5 cm soil layer for peg penetration and pod initiation.
The higher 100-kernel weight was associated with |,
treatment where in the crop was fully irrigated during pod
filling period. Like wise |, (moisture stress at flowering and
pegging period) and |, (moisture stress at pod initiation
and addition period) treatments also registered superior
100 kernel weight over |, These results emphasized the
importance of adequate water supply starting from
flowering period in general and at pod filling period in
particular for obtaining more number of pods with higher
mean weight in turn contributing to higher kernel weight.
However, improved kernel weight in treatments where
water deficits were imposed during flowering and pegging
period (l,}) and pod initiation and addition period (l3) in
comparison to (l,) pod filling peried treatment could be
possibly through the mechanism of limited sink capacity
i.e pods/plant (Reddy ef af, 1996).

The dependence of pod yield on number of pods per plant
{r=0.845) mature pods per plant {r=0.801) and 100-kernel
weight (r=0.811) was evident from significant (P=0.05}
and positive association between them. The unfavourable
soil moisture condition brought about significant reduction
in yield contributing characters tike number of pods per
plant, matured pods/plant 100 kernel weight, shelling
percentage and harvest index through reduction in
photosynthetically active leaf area drymatter accumulation.

The greater sensitivity of flowering and pegging through
pod addition period to Eta deficits could be partly related
to the fact that the crop reaches its peak Eta rate (3.34
mm/day on mean basis) and LAl during this period.
Therefore Eta deficit during this period reduced the final
pod yield in one of the several possible ways. First, low
soil moisture or water deficits during fiowering and
pegging period in |; treatment might have reduced turgour
potential and leaf area expansion as evident from low LA
affecting the flowering. This effect could be an important
impediment to pegging, pod initiation and addition as
apparent from significantly lower number of pods per plant
in I; treatment. Secondly, soil water status in the top
centimeter or two of the soil is critical for peg entrance
into the soil. Once pegs are in the scil, adequate soil
moisture is needed for development of pegs into pods and
that adequate water in the root zone could not
compensate for lack of water in pegging zone for the first
30 days of peg development. After 30 days of sufficient
pegging zone moisture, pods could continue normal
growth in dry soil if roots had adequate moisture
Suneetha Devi (1998) reported that seed growth could
cantinue after full pod expansion with root supplied water
even if surface moisture was inadequate.

Water use efficiency: Provision of favorable soil water
balance duly accounting for evaporative demand of the
atmosphere (Eta/Etm=1) was shown to enable in effective
use water contributing to higher pod yield as well as water
use efficiency as is evident from the fully irrigated control
I, treatment. On the other hand Eta deficits at crop growth
sub periods of flowering and pegging, pod initiation and

_additionand pod filling period caused significant reduction

in water use efficiency as is evident from {,, |; band I,
treatments, owing to appreciable reduction in pod yield
relative to Eta reduction in respective treatments.
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Thus based upon the yield sensitivity coefficients (Ky)
(Table 5} it can be deduced that the relative sensitivity of
groundnut pod yield to moisture stress is highest in
flowering and pegging period, moderate in pod initiation
and addition period and least during pod filling period. The
above information will enable the groundnut farmers in
allocating of available limited water supplies to crop
growth sub periods where in the response is highest
feading to maximization of productivity per unit amount of
water.

Table 5 Empirical estimates for the relationship between
relative yield deficit (1-Ya/'¥Ym) and relative
evapotranspiration deficit (1-Eta/Etm) for groundnut
under different treatments on pooled basis

Stage of the crop Intercept(a)  Yield sensitivity Coefficient of

coefficient (Ky)  determination R’

Flowering and 0.00001 1.673546* 0986
pegging pericd (1,) N
Pod initiation and 0.00001 1.5003059**

addition period (1)

Pod filling period () 0.00001 1.397579* 0.996
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Abstract

Field experiment was conducted during rabi seasons
of 2000 and 2001, to evaluate the response of
groundnut (Arachis hypogaeaL.) to the residual effect
of different nifrogen management practices adopted
to preceding kharif rice. Residual effect of kharif rice
treatments exerted marked influence on the dry
matter production, yield attributes, yield and nitrogen
uptake of groundnut. Application of 100% N through
FYM to preceding rice crop has resulted in the
highest total dry matter, number of pods/plant, pod
weight, kernel weight, pod and haulm yield as well as
nitrogen uptake of groundnut. The increase in pod
yield of groundnut with application of 100% Nthrough
FYM to preceding rice crop was 14.84 and 18.24 %
over no nitrogen to rice and 10.71 and 13.73 % over
100% N through fertilizer to rice during 2000 and 2001,
respectively.

Key words: Residual fertility, rabi groundnut,

nitrogen management, kharif rice
Introduction

Until recently, crop production research has been focusing
attention on individual crops, disregarding the fact that
each crop is only a component of cropping system.
Nutrient prescription for crops is usually made based on
the responses of individual crops without considering the
cropping system as a whole, with the result that the
recornmendations often become unremunerative. Further,
the nutrient needs of a crop in a cropping system are
greatly influenced by the nature of preceding crop and the
quantity of nutrients it received. For maintaining
balanced nutrition in a cropping system, residual effect on
the succeeding crop deserves a careful cocideratum and
quantitative evaluation to sustain the level of productivity
on one hand and the soil health on the other.

Materials and methods

Field experiment was conducted during (2000 and 2001)
on sandy loam soils of wetland block of S.V. Agricultural
College Farm, Tirupati, with rice during kharif and
groundnut during rabj and laid out in randomized biock
design replicated thrice. The same layout was followed
during both the years of study. The soil was sandy clay
loam in texture, slightly alkaline in reaction, low in organic
carbon (0.27%) and available nitrogen (157.5 kg/ha) and
medium in available phosphorous (22 kg/ha) and
available potassium (190 kg/ha) at the start of the
experiment. The treatments consisted of twelve N
management practices to rice {T;- No N, T-Azospirillum
alone, T;+GM Ny, To-GLM Nygo, Ts-FYM Nygo, Te-F Nygo,
T-GM Ngg + F Mgy, To-GLM Ngg, + F Neg, ToFYM N, + F
Nsg, T1g-GM Ngp + F Ngg + Azo, T,-GLM Ny + F Ngg +
Azo. and T,,-FYM Ny + F Ny + Azo.) and groundnut was
raised in rabf to find out the residual effect of the
treatments applied to kharif rice. The recommended dose
of fertilizer was 80 kg N, 60 kg P,O; and 40 kg K,O/ha.
Azospirifium @2.5 kg/ha was thoroughly mixed with FYM
and sand in the ratic of 1;10:20 and applied to the
treatmental plots just before transplanting. The testvariety
of rice was Swarnamukhi (NLR-145} and that of
groundnut was Vemana (K-134). The N content in
different organic matters was determined (dhaincha,
0.61%, neem leaf, 0.54% and FYM, 0.58%) and the
amount of these materials required to substitute the
specified amount was incorporated into the soil 10 days
prior to transplanting of rice. Rice was sown during
03-07-2000 and 05-07-2001 and groundnut was sown
during 03-12-2000 and 14-12-2001 during the 1st and 2nd
year of experimentation.

Results and discussion

Residual effect of different nitrogen management
practices imposed on kharif rice has exerted marked
influence on the dry matter production, yield attributes,
yield and nitrogen uptake of groundnut.

Part of the thesis submitted to Acharya N.G. Ranga Agricultural University, Rajendranagar, Hyderabad-500 030, A.P. for the award of Ph.D.
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Supply of 100 per cent N through FYM {T,) to preceding substantial amount of residual nutrients left by the
rice has recorded the highest dry matter production ~° treatments of preceding rice crop on succeeding
{Table 1), which was significantly superior to only the . groundnut crop (Table 3).

treatments of no N (T,), Azospinilium alone (T,) and F Ny,

(T:) imposed to preceding rice. This might be due to

Table 1 Drymatter production and yield attributes of rabi groundnut as influenced by residual effect of different
kharif rice treatments

Drymatter production

Treatments to rice (kg/ha) No. of pods/plants 100 pod weight (g) 100 kernel weight {(g)

2000 2001 2000 2001 2000 2001 2000 2001
T NoN 6453 5609 12.3 11.8 87.1 788 . 328 332
T, Azospirillum alone 6463 5642 12.4 11.8 87.6 79.6 33.0 332
Ty GMNyo 6893 6008 13.4 13.0 88.5 832 342 346
T&GWMNwo 76913 6163 135 132 89.0 833 | 345 346
T FYMNwo . 7213 6441 13.8 13.6 91.9 857 . 356 35.1
Te: F Nigg C o 540 5787 12.7 11.9 87.7 799 . 333 333
T7GMNp*+FNs "7 g730 583 128 12.2 88.6 823 - 339 33.8
Te GLMNo +FNeg ' 5773 5997 129 12.3 89.3 82.9 34.0 34.0
Ty FYMNe+ FNeg . 7170 6330 .- 137 . 134 91.4 848 352 34.9
T GM Ngo+ F Neg+ Azo, -~ gg53 5795 i 128 \*-12,0 88.0 822 338 338
Ty GLM Ngp + F Ny + Azo. g750 5978 12.8 12.3 88.9 82.8 34.0 339

Tigt FYM Ngy+ F Noo + Azo. 7003 6315 13.6 13.3 90.1 84.2 34.9 348
SEm + 149.0 148.0 0.20 0.38 1.34 164 0.65 0.51
CD (P = 0.05) 437 434 0.6 1.1 3.9 4.8 1.9 1.5

Table 2 Pod and haulm yield (kg/ha) as well as nitrogen uptake {kgfha) of rabi groundnut as influenced by
residual effect of different kharif rice treatments

] Rice yield : Pod yield Haulm yield Nitrogen uptake
Treatments to rice
2000 2001 2000 2001 2000 2001 2000 2001
TiNoN B 3275 3825 2223 1962 4208 . 3575 816 774
T,. Azospirilum alone .- .~ 3572 .- 3750 2743 2023 4234\ 3647 825  BO2?
Tst GM Nygo - 4773 TAT04 - g433 - 2176 4480 \ 3985 912 = 886
TeGMNwo 7 4852 48017 449 2228 4460 | 3985 915 906
To FYMNio oo oo, o 4606 4561 9553 2320 4627 4145 964 .., 944
TaFNgg oo 5284 5181 2306 X 2040 4234 3715 841 ..o 807
T GMNgg+ FNs <% 5140 5080 2356 5 2069 4376 3767 88.5 ¢ 839
To GLMNg + FNgy " ' 5188 5009 2397 2002 4410 3876 897 “" 865
Ty FYMNg+ FNsy 1 4994 4977 2544 " 2296 4662 4122 962 . 93.0
T GMNyp+ FNgo+ Azo. 6191 ~ 6130 2331 2067 4338 3747 879 829
Tt GLMNgo + F Ny + Azo. 5185 5143 2489 ., 2080 4388 3852 89.6 85.0
T FYMNao+ F N + Azo. 5006 4979 o475 2267 4527 4098 944 913
SEm + 117.2 120.0 2.27 1.56 152 , 156 . 593 - 799 .
CD (P=0.05) 344 431 . 6.7 - 48 45 1 46 : 174 ;214 -

- 48
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Table 3 Post-harvest soil nutrient status (kg/ha) and arganic carbon (%) after rice as influenced by different

nitrogen management practices

Kharif, 2000

Kharif, 2001

Treatment Available Available Available Organic Available Available Available Grganic

N POy KO carbon N P,Oq KO carbon
T, NoN 130.8 23.8 115.8 0.30 143.3 24.7 1467 0.32
1, Azospirilum alone . 136.5 240 | 119.2 030 .. 1497 24.7 150.7 0.32
Ta GM Nygo 187.5 25.8 . 1383 0.39 190.6 26.3 176.3 0.42
T GLM Nego 187.5 25.0 1492 0.38 189.3 25.0 181.0 0.40
7o FYMNio 198.3 207 - 1742 0.40 194.5 30.6 2047 1043
T, F Nigo 166.5 25,7 125.0 0.31 } 171.5 26.0 156.7 0.32
T, GM Ngo + F Nag - 1708 263 | 1342 0.36 ~, 1815 27.3 172.0 0.38

Te: GLM Ngo + F Nso ;"173.3 27.3 ;';r139.2 0.36 I-f»; 182.7 27.8 180.7 0.38 -~
To FYM Nso + F Nap - AT 203 1542 038 7 1875 30.3 189.7 0.40
Ti: OM Nep + F Nog+Azo, #1775 265 - 1383 0.37 186.7 27.7 179.5 0.39
Ty1 GLM Nyg + F Nsg* Azo, ’f'f' 170.0 27.0 137.5 0.36 180.5 27.7 175.3 0.38
T2 FYMNeo + F Neot Azo, 1758 28.3 151.5 0.37 183.7 29.0 186.5 0.39

The yield attributes of groundnut viz., number of pods/
plant, hundred-pod weight and hundred-kernel weight
(Table 1) as well as pod yield, haulm yield and nitrogen
uptake (Table 2) were the highest with application of 100
per cent N through FYM to preceding rice crop (Ts),
which was however, comparable with FYM Ng, + F Ngg
(Tg), FYM Ngg + F Ngg+Azo. (T}, GLM Nyg (T,) and GM
Nigo (T3). This might be due to the residual effect with the
treatments of the combination of FYM and the exclusive
organic sources of N, which was comparatively higher
than that of other combinations of organics and fertilizer
N applied to preceding rice crop. Among the organic
sources, differential residual response with different
sources can be attributed to their pattern of mineralisation
and proportion of their substitution. In the present study,
the residual effect of arganic sources at higher proportions
was evident from higher dry matter accrual, number of
pods/piant, 100-pod weight, pod and haulm yield as well
as nitrogen uptake.

This clearly indicates that organic sources at higher
proportions can only sustain the nutrient status of soil to
produce reasonable residual effect. Organic manures,
besides supplying nutrients to the current crop, quite often
leave substantial residual effect on succeeding crops in

the cropping system (Maskina and Meelu, 1984).
Significant carry over effect due to substitution of nitrogen
with higher proportions of organic sources to rice crop on
the succeeding crops was also reported by Thimmegowda
and Devakumar {1994) and Paulraj and Velayudham
(1995). Residual effect of fertilizer nitrogen applied to rice
was not traceable on the succeeding groundnut crop
{Ramaseshaiah et a/, 1985).
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Abstract

The field experiment was conducted on a sandy loam
soil during the winter season of 1995-96 and 1996-97
at Hyderabad to study the response of mustard,
Brassica juncea (L.) Czern & Coss to deficit (ET)
imposed at specific crop-growth subperiocds viz.,
vegetative, flowering-pod initiation and pod filling
period besides, a fully irrigated control treatment. The
crop in fully irrigated control treatment produced
maximum mean pod yield of 1571 kg'ha. Water
deficits at specific crop-growth subperiods except
vegetative period caused drastic reduction in pod
yield relative to fully irrigated control treatment. The
yield sensitivity coefficient (Ky) indicated that the pod
filling period in mustard was sensitive to Eta deficits
than in vegetative and flowering-pod initiation
periods, respectively. Likewise, the flowering-pod
initiation period was more sensitive to Eta deficits
than is vegetative period. Hence, it was concluded to
sequence Eta deficits at vegetative period and direct
the available water supplies to flowering-pod initiation
pericd followed by pod filling period under deficient
water supply situation to minimise yield losses.

Key words: Mustard, evapotranspiration deficit,

yield sensitivity coefficient
Introduction

Pressure for improved efficiency in the use of irrigation
water is mounting. This impetus is derived from

dwindling ground water resumes and an increase in
restrictions being placed on the abstraction from surface
water resources will mean greater competition between
those who seek water for irrigation, those who require its
use for non-agricultural purposes, and those who simply
with that the water resource be untouched and conserved.
[rrigation planning in future is therefore, more likely to be
based on a purposeful imposition of water (Eta) deficits

N

controlled in intensity and time, and to meet the specified
objectives.

Mustard an important oilseed crop in India, during winter
season is often subjected to Eta deficits during crop
growing season (eading to heavy yield depression. The
present study was, therefore, designed to quantify the
relative sensitivity of crop to water deficit at specific
crop-growth subperiods for optimal allocation of limited
water supplies to minimise yield losses.

Materials and methods

The field experiment was conducted on a sandy loam soil
during the winter season of 1985-96 and 1996-97 at the
Coliege Farm of Acharya N.G. Ranga Agricultural
University, Hyderabad {17° 19'N, 78° 23' E and 542.3 m
above mean sea level).

The weekly mean maximum temperature for the crop
period ranged from 28.3°C to 34 6°C with an average of
30.0°C in the first year (1995-96) and from 26.8°C to
31.9°C with an average of 29.2°C in the second year
(1996-97). The weekly mean relative humidity ranged
from 29 to 93.0% with an average of 68.6% in 1995-96
and 21 to 88% with an average of 63.3% in 1996-97.
Evaporation from (USWRB Class A Pan evaporimeter)
during the crop period in 1995-1996 ranged from 2.8 to
3.8 mm/day and from 2.1 to 4.8 mm/day in 1986-97 with
a wind velocity of 1.5 to 3.6 km/hr and1.6 to 4.2 km/hr in
1995-96 and 1996-97, respectively, A total rainfall of 144
mm spread over two rainy days in 1995-96 was received
during the vegetative period i.e., 20 days after sowing.
Since the rainfall occurred during the establishment -
vegetative stage, the effective rainfall (Dastane, 1974)
was deducted from the net irrigation requirement, white
scheduling irrigation's in different treatments.

The treatments consisted of seven variable water supply
levels designed to allow moderate to severe Eta (water)
deficits to develop in one or more of three specific
crop-growth sub-periods wz., vegetative (0-27 DAS]),

1 Principal Scientist, Directorate of Oilseeds Research, Rajendranagar, Hyderabad-500 030, A P. ! -
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fiowering and pod initiation and addition period (27-63
DAS]) and ped filling (63-85 DAS) sub-periods including a
fully irrigated control treatmer?t (W-W-W). In any given
growth sub-period, the crop in a given treatment was
either irrigated (W) based on soil-crop-climatic data
(Tabte 1) to ensure Eta proceeded at the potential rate
(Etm) of it was not irrigated (D) at all. For instance the
crop in D-W-W was not irrigated during vegetative growth
sub-period i.e., from 0-7 DAS and was irrigated during the

|atter twa crop-growth subperiods by supplying the water |

equivalent that lostin Eta. Likewise in treatments W-D-W,
W-W-D, D-D-W, W-D-D, D-W-D, if the crop was irrigated
(W) in a given crop-growth sub-period, the schedule
followed in W-W-W was duplicated. Following an Etd in
water deficit treatment at the end of the crop growth
sub-period  the root zone depth of the crop was
replenished to field capacity moisture content. A 50-mm
water meter was installed to deliver the reguired quantity
of water in each plot.

Table 1 Determination of irrigation requirement for mustard (mean of 1995-96 and 1996-97) in treatment based

on soilcrop climatic parameters

. . Sa.D.P)

. Duration Etm Rooting depth  $a.D P ( IRR
Crop growth sub pericd (days) (mmiday) (D) (m) (o) fraction ____E_t_r_T:I____ )
Vegetative 24 4.22 0.45 6.34 0.50 8 31.7
Flowering-pod initiation and 40 4.20 0.6C 0.85 0.50 10 43.0
addition
Pod filling 30 4.00 0.60 B.50 0.50 11 425

Etm = Maximum evapotranspiration

Sa.D = Available soil water in crop root zone depth
P = Critical soil moisture level

i = {rrigation interval

IRR = Irrigation requirement

The seven treatments were laid out in Randomized Block
Design with four replications. Mustard variety, TM-4 was
sown on 2™ November during 1995-86 and 29" QOctober
in second year (1996-87), respectively by adopting a
spacing of 30 cm between rows and 10 c¢m between
plants in a row with plot size of 72 m x 3.5 m. The
fertilizer dose applied was 60 Kg N, 60 Kg P,O; and 40 kg
K,O/ha with phosphorus and potash as basal (broadcast)
and N in two split doses viz., basal (broadcast) and 30
DAS (pocket application). The crop was subjected to Efa
deficits by withholding water at different crop-growth
sub-periods. The ground water fable was below six meters
during the crop-growing season hence; it was assumed
that there was not any contribution from ground water
table towards crop water needs.

The experimental soil had N, P,0, and K,0 @ 270, 18.2
and 508 kg/ha, respectively with pH 7.5, bulk density 1.66
g/cm? and EC 10.3 d¢S/m. The available soil moisture
determined as difference between moisture held at -0.03
MPA (Field capacity) 17.23% and -1.5 MPA {permanent
wilting point 8.72%) was 84.4 mm in 60 cm sail profile.

For determination of crop Eta the soil moisture was
monitored by gravimetric method at four locations and at
various depths in each treatment from surface to 60 cm
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soil depth before and after each irrigation and on
intermediate dates as necessary. The reference crop
evapotranspiration deficit was estimated at specific crop
growth sub-pericds as per Hargreaves and Samani
(1982). The crop was harvested on 2" February and 31%
January in (1995-96 and 1996-97) respectively.

To quantify the effect of Eta deficits on yield the
relationship between relative yield reduction and relative
evapotranspiration deficit was worked out by regression
analysis as suggested by Stewart et al. {(1977). The
relationship is as follows:

[(Ym - Ya)/Ym] = Ky [(Etm - Eta)/Etm] ........
Where,

Ym =Maximum seed yield in fully irrigated crop i.e.,
W-W-W treatment

Ya =Actual seed yield of the crop as affected by Eta

deficits

Etm = Seasonal evapotranspiration of fully irrigated crop

Eta = Seasonal in water deficit

treatments

evapotranspiration

Ky =Yield sensitivity factor
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Results and discussion

Seed yield versus Eta deficit: The crop in fully irrigated
controil treatment (W-W-W}) produced significantly higher
pod yield in both the years (1488 kg/ha in 1995-96 and
1855 kgfha in 1996-97) and on pooled basis (1571 kg/ha)
(Table 2). Eta deficits at any crop growth sub-period
except vegetative period (D-W-W} caused significant
reduction {25.9 to 85.0 % on pooled basis) in pod yield
relative to W-W-W treatment in both the years and on
pooled basis. The better performance of the crop in
W-W-W could be traced to favourable soif water balance
in these treatments as evident from the Eta values and
Eta/Eto ratios.

Growth stage sensitivity to Eta deficits: To examine
the sensitivity of seed yietd of mustard to Eta deficits the
Stewarts S, function was adopted and the resultant yield
response sensitivity coefficients (Ky) for specific crop
growth subpericds were calculated by regression analysis
and presented in Table 3.

The iest statistic R? indicated that the explained total
variation in refative seed yield deficit varied between 0.921
to 0.999, 0.808 to 0.999 and 0.967 to 0.999 in 1995-86,
1996-97 and on pooled basis, respectively. The R? values
were highly significant in alf the functions under different
treatments in both the years and on pooled basis.
Likewise, the Ky values in all the treatments were
significant at P=0.01 in both the years and on pooled
basis. This implies that the function is statistically
acceptable with regard to fitting of the observed data
considering the time of Eta deficit at specific crop-growth
subperiods.

The Ky values which reflect the relative sensitivity of seed
yield to Eta deficit varied with the crop-growth subperiod
and with the magnitude of Eta deficit imposed at various
growth periods and were positive and significantly
different from zero.

Comparison of Ky values in D-W-W (Eta deficits af
vegetative period alone), W-D-W (Eta deficits at

flowering-pod initiation perfod) and W-W-D {Eta deficits
pod filling period alone) treatments indicated that the
relative yield decrease for a given fevel of Eta deficit wag
least in vegetative period, intermediate in flowering-pog
initiation period and highest in pod filling period. In the
instance at hand the data on Ky values in Table 4 for
DWW, W-D-W and W-W-D treatrments revealed that the
pod filling period of mustard is mherently 2.17 (or 217%)
and 0.159 (15.9%) times in 1995-96, 2.57 (or 257%) and
0.006 {0.67%) times in 1986-87 and 2.75{(275%) ang
0.096 (9.6%) on pooled basis, is mare sensitive to Eta
deficits than in vegetative period and flowering and pod
initiation period, respectively. Likewise, the flowering -poy
initiatian perfod of mustard is 1.73 (or 173%)}, 2.55 (or
255%) and 2.41 (or 241%) times more sensitive to Eta
deficits than is vegetative period in 1995-96, 1996-97 and
on pooled basis, respectively.

On the other hand when the magnitude as well as
duration of ETa deficits was extended to two crop-growth
subperiods as in case of D-D-W (Eta deficits both at
vegetative period plus fiowering-pod initiation period), and
W-D-D (Eta deficits both at flowering-pod initiation period
plus pod filling period) treatments, the Ky values obtained
were low in comparison to W-D-W and W-W-D
treatments where in Eta deficits were imposed only at a
single crop-growth subperiod. However, it was interesting
to note that the Ky values in D-W-D treatment where in
the crop was subjected to ETA deficits both at vegetative
period plus pod filling period had Ky values almaost similar
to that registered in W-W-D treatment. The Ky values
under D-D-W, W-D-0O and D-W-D treatments varied
between 1.4060 to 2.0477 in 1995-96, 1.4399t0 2.0928in
1996-97 and 1.4915 to 2.0663 on pooled basis. However,
the sensitivity of seed yield to Eta deficits was more by
sequencing them at vegetative period plus pod filling
petiad (D-W-D) instead of a continuous stress either from
sowing to the end of pod addition period (D-D-W) or from
flowering to the end of ped filling period (W-D-D).

Table 2 Seed yield and crop evapotranspiration of mustard as influenced by Eta deficit at different crop growth subperiods

Treatment Seed yield (kg/ha) Seasonal cr&p evapotranspiration (mm)
GS1 GS2  GS3 1995-96 1996-97 Pooled 1995-96 1996-97
w w w 1488 . 1655 1571 3450 3333
o W W 1395 1572 1484 3095 299.6
w D W 677 642 660 239.4 233.1
W w D 1178 1150 1164 311.0 2837
! D W 522 . . . 445 484 2204 1637
w D D 204\ 7478 2345 148.1 1433
D w D 967 * = 1104 1036 286.1 280.2
SEm¢ 471 449 43.0 . -
CD (P=0.05) 140.4 . 1330 128.2 - -

G§ = Growth stage
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{able 3 CTop coefficients for mustard as influenced by evapotranspiration deficits at different crop growth subperiods
'—— Crop growth sub-period
Establishment Vegetative  Flowering-pod initiation ~ Pod filling Maturty ot g Season
Jreatment (09 DAS) {8-25 DAS) (25-65 DAS} (85-87 DAS) {87-95 DAS) ©- !

199596 1996-97 1995-96 1996-97 1995-96  1996-7 1995-96 1996-97 1995-96 1996-97 199596 1396-97

Wa-wW 0632 0.555 0.880 0.804 0.960 0.944 1.037 1.000 0.808 0.520 0.937 0.884
o-W-W 0596 0425 0672 0620 0.868 0.873 0958 0827 0.808 0.480 0.840 0.795
w-D-w 0808 0546 0849 0779 0.462 0.461 0904 0895 0.782 0.536 0.650 0.619
w-w-o 0620 03534 0813 0779 0,546 0.861 0812 0698 0.404 0.300 0.844 0753
p-D-wW 0538 0318 0701 0827 0.468 0.212 0.882 0.763 0364 0428 0.598 0.434
w-D-0 0624 0530 0849 0808 0.416 0.407 0.104 0107 0126 , 0.108 0.402 0380

p-wW-0 0571 0.405 0708 0646 0.858 0.885 0.788 0.740 0.409 0.244 0.777 0.744

Table4 Empirical estimates for the relationship between relative yield deficit {1-Yarym) and relative evapotranspiration deficit (1-
Eta/Etm) for mustard under different treatments

Regression constants, coefficients and test statistics

Treatment Intercept (a) Z;i‘%ig;?'?’zg T-value for testing (Ky) C;;T:;?::; t?cfar:?l
1995-96
DN 0.00373 0.6503+ 5920 0.921+
W-D-W -0.00022 17811+ 113.374 0.999"
W-W-D 0.00372 17963+ 160.384 0.999+
D-DW 000027 . . __ 1793 160.384 0.999
W-D-D 000006 .. . 14060~ .. . 313675 0.999+
0-W-D : 000035 20477 0. - 130057 0.999"*
ot geeer T RS
D-W-W 000614 .. o0STar U 3559 0.808°*
W-D-W 000104 i 20818% 60767 0.999*
WWD . 000060 Y 20453 L 48.923 0.998
DOW L ¥ 000003 . 14899 - . - 150378 0.999
W-D-D 0.00003 . . | 15686 - 631131 . 0.999+
DWD 000040 ¢ i 2092 82805 . 089
SR o Pooled " |

pww i, 7. .ooooe2 . 0558 . 942 | 0967+
WOW . o7 000025 |, 19117+ 114524 0.999"
WW-D e 000068 2.0071+ 27218 - - 0995 .
DDW - 000005 . 15963 64169 0 999+
W00 - .o00002 14815~ . 578006 0.999*
D-WD . 000005 20663% - 104915 " 0999

e

T

“* Significant at P=0.01
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[-ETAETM]

[wama-1]

Fig.1. Relationship between relative yiefd deficit (1-Ya’Ym) and relative evapotranspiration
deficit (1-Eta/ETm} under differént treatments imposed on mustard crop

Optimal sequencing of Etd: To quantify "optimal’ and
'sub-optimal’ sequencing of Etd, the treatments causing
large yield reduction were separated from those which
brought about minimum reduction in seed yield fram Ym.
For spectrum of results in each growth subpenod the
slope Ky value of the relative yield reduction versus
relative Eta deficit relationship was established (Table 4).
The Fig.1 represents the yield sensitivity coefficients
ranging from 0.5592 to 2.0971 in 1995-96, 1996-97 and
on pooled basis, respectively. The Etd sequence resulting
in a Ky value of <0.6503 in 1895-96, <0.5714 in 1996-97
and <0.5592 on pooled basis (see Ky values in Zone 1 as
shown in Fig. 1) were considered {o represent the 'optimal’
sequencing of Etd. The 'optimal’ Etd sequencing refers to
the timing of Etd intensities which resulted in minimum
reduction in yield {6.22%, 5.00% and 5.55% below Ym in
1985-96, 1996-97 and pooled basis, respectively. For the
{otal seasonal Etd, the Etd timings which brought about

20.8 to 80.2 per cent in 1995-98, 30.5 to 89.4 per cent in
1996-97 and 25.9 to 850 per cent on pooied basis,
reduction in yield below Ym were denoted as
'sub-optimal’.
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Abstract

A field experiment conducted during 1994 to 1997
indicated that soybean, Glycine max (L.} Merrill -
wheat (Triticum aestivum L. emend. Fiori and Pool)
cropping system with 100 % NPK emerged as the
most productive and remunerative cropping system
than soybean - linseed and soybean - mustard. The
energy analysis revealed that the soybean-wheat
consumed significantly. Energy inputs and
subsequently enhanced the energy net returns,
energy use efficiency and energy productivity. While
soybean-mustard was found the most energy
intensive cropping system. Energy inputs increased
with the fertility levels.

Key words:
Introduction

The role of legurmes in improving the sustaining soil
fertility as well as the growth and yield of succeeding
crops 15 well docurnented (Dhama and Sinha, 1985).
Soybean, a legume cum oitseed crop has acquired a
special niche in traditional cropping patterns in Madhya
Pradesh in a short span of past three decades after its
commercial cultivation picked up. Short duration, compact
stature, availability of high yielding cuitivars, comparative
talerance to adverse climatic conditions enabled the crop
to fit in well in various cropping patterns {Bhatnagar et af.,
1996). Crops grown in rabi after scybean warrant
evaluation for agronomic feasibility, economic viability
and stability. The present study was therefore initiated to
evaluate important rabi crops grown in sequence with
soybean under varied fertility levels.

Materials and methods

A field study was conducted during 1994 to 1997, at
Indore on Typic Chromusterts. The soil of experimentat
site analyzed: pH - 7.86, EC-D.14 dS/m, organic carbon -
0.30%, available P - 4.80 kg/ha and available K > 99.48
kg/ha. The treatments comprised of soybean followed by

Cropping system, fertility level, energy

3 rabi crops viz., wheat (Sujata), linseed (R 17) and
mustard (Pusa bold) grown on 3 fertility levels created by
application of 0, 50 and 100% of the recommended
fertilizer levels to respective crops which were replicated
thrice. All the treatments were laid out on fixed plots in
Split Design with three replications. The recommended
NPK levels were: 100 : 21,5 : 24.9 kg NPK/ha for wheat,
60 : 13 : 17 kg NPK/ha for mustard and 30 . 7 ; O kg
NPK/ha for linseed. Soybean (JS 71 05) was grown with
100% recommended fertilizer level (20 @ 26 : 17 kg
NEK/ha), Al these crops were grown by following
standard cultivation practices.

The economics of each treatment was calculated as per
the prevailing prices of inputs and outputs. The energy
budget of the treatments were determined by using the
conversian factors for each and every input, output and

. cultural activities as suggested by Mittal and Dhawan

{1988). Energy intensiveness (El) and energy productivity
{EP) were worked out as per Burnett (1982) and Fluck
{1979).

Results and discussion

Cropping system: Soybean was most productive in
soybean-mustard crop sequence (Table 1). Among the
rabi crops, wheat was the most productive followed by
linseed and mustard. When systems were compared,

' soybean-wheat sequence emerged as themost productive

and remunerative followed by soybean-linseed and
soybean-mustard. Wheat is known to be more productive
and cost effective when grown after pulse crop (Sawarkar

- et al., 1995; Verma, 1997},

Enhancement in fertility levels remarkably improved the
yield of all the crops (Table 1). The magnitude of yield
enhancement was highest in soybean-wheat followed by
soybean-linseed or soybean-mustard. On comparing the

. individual crops, the magnitude of residual fertility

response was lower in soybean than in different rabi
crops. The maximum enhancement in yield due to fertility
was recorded in soybean-mustard followed by soybean-
wheat and soybean-linseed. The net returns and B:C ratio
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increased as the fertility levels increased. On the basis of.

net returns and B:C ratio, soybean-wheat was found to be ":-

most remunerative. The differential response of cropping
systems may be due to the cereals, which are more
fertilizer responsive than oilseeds and pulses. Similarly,
Mahadev and Das (1997) reported that application of
100% of the recommended dose fed to higher economic

return in rice-based (wheat/mustard/groundnut) eropping ™

system.

The interaction effect between cropping systems and
fertility levels was found significant during all the years of
study, Atmost all the maximum values for different
parameters were associated with soybean-wheat system.
The residual effect of 100% fertility level was highest in
soybean when grown after mustard and linseed.

Energy budget: Energy analysis of different treatments
revealed that the soybean-wheat consumed maximum
energy inputs foliowed by soybean-mustard and soybean-

linseed (Table 2). The differences in energy inputs may be
ascribed to soybean-wheat requiring higher doses of NPK,
particularly N, which shared maximum energy input
amongthe inputs (Billore et &/, 1996). Similarly, soybean-
wheat possessed significant higher values of gross ang
net energy returns, energy use efficiency and energy
productivity. Energy use efficiency increased as the levels
of fertility increased in soybean-linseed and soybean-
mustard, while in case of soybean-wheat, itincreased only
upto 50% fertility level and subsequently declined. The
differences in energy indices might be due fo the
differences in yield levels and inputs in respective
freatments. The most energy intensive cropping system
was the soybean-mustard followed by linseed and wheat
because energy intensiveness is the function of the yield,
price and energy inputs. Similar views were extended by
Vyas et &l (1993) and Billore ef af (1994, 1996). The
interaction effect of cropping systems x fertility Jevels was
found significant in case of all the energy indices.

Table 1 Yield and economical parameters of soybean based cropping systems under varied fertility levels (Pooled over 1994.97)

Seed yield (kg/ha)

. i $oybean_ Net returns .
Cropping system  Fertifity level . _ equivalent yield (Rs/ha) B8:C ratic
Kharif Rabi {ka/ha)

Soybean-whea.t- 0% 1088¢ 2410 2666 17265 2.1;. -
50 % 1158 3085 N77 18111 240
100 % 1243 3803 3770 22799 2.65
Mean 1164 3100 3208 18281 2.40

Soybean-linseed 0% 1077 846 2283 11787 206
50 % 101 946 2524 13146 2.15
100 % 1326 1053 2920 16731 2.44
Mean 1164 948 2575 13889 217

Soybean-mustard 0% 1108 340 1741 ' 447 068
50 % _ 1264 N\ 477 1840 6445 7 154
100 % | 1366 600 - 2080 8238 1.87
Mean 1243 472 o 1812 6662 . 157

CD (P=0.05) Cropping system and fertility level 57 651 o 354 3162 w3 0.30
interaction K 99 1128 ! 588 s477 ¢ 053
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Table2 Energy budget of soybean based cropping systems under varied fertility levels

— : h Energy outpuut‘(Mtha) Energy Energy
“ooypeanwheat 0% 20887 51435 30548 245 0115 6795
50 % ‘ ' 25039 62372 37333 2.49 0123 {1,789
100 % B 29142 - 7478 45034 ‘ 245 0.13a Q.780
Mean 25023 63281 38258 l 2.53 . 0122 0.795
Sbeean-linseed 0% I 20112 36982 16870 ’ 1.84 0.113 0.878
50 % : 21153 396838 S 18535 e 1.88 0.119 0.863
100 % . 22146 45817 23671 - 2.07 0132 - 0.781
Mean i 21470 41105 19635 191 0420 . 0850
Soybean-mustard 0% 18637 24788 T 5151 ar 1.26 0.090 1.340
s0% 21743 30506 8763 . 1.40 0.085 1.210
100 % 23788 35080 11291 1.47 0.085 1.330
Mean 21743 30072 8329 1.38 0.083 1.230
CD (P=0.05) Cropping system 1506 6684 5535 : 0.20 0.010
and fertility level
Interaction 2607 1577 a587 0.36 0.220
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Abstract

A field experiment was conducted during kharif, 1995
and 1997 o study the compatibility of pigeonpea
varieties in soybean based intercropping system. Of
the six pigeonpea varieties tested, ICPL 871 19 and
ICPL 940 63 were found most compatible with
soybean variety Ahilya 3 in 4:2 row ratio as adjudged

by higher yield levels, soybean equivalent yield, land

equivalent ratio {LER}, relative crowding coefficient
{RCC), monetary returns and income equivalent ratio
{IER) with low competition ratio. Aggressivity values
indicated that soybean dominated pigeonpeavarieties
except ICPL 840 31. This system also produced higher
NPy, energy wse efficiency and energy productivity.
ICPL 850 10 + soybean was found the most energy
intensive.

Key words: Energy, intercropping, soybean,

pigeonpea
Introduction

Soybean has now assumed the status of a prominent
cash crop in Central India which has above 80% area of
total coverage under the crop. Crop diversification
appears to be a key to the sustainability of the cropping
system. it is known that intercropping of soybean with
pigeonpea offers yield stability and improved total
production from the system (Prasad ef af.,, 1997} than its
sole cropping. It also ensures adequate yield of one of the
crops under aberrant weather conditions (Rao and Willey,
1980). Biological efficiency of any intercropping systems
depends on the varietal compatibility of component crops
and their spatial arrangement. However, infarmation on
this aspect is inadequate. Therefore, the present
investigation was undertaken to evaluate the productivity,
competitive indices, monetary advantage and energy
balance of pigeonpea varieties in soybean based
intercropping system under two spatial arrangements,

Materals and methods

A field experiment was conducted at indore during kharif,
1985-96 and 1997-98. The soil was clayey, having pH
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7.86, EC 0.14 ds/m, organic carbon 0.3 %, available P
4,86 kg/ha and available K > 99 kg/ha. The experiment
was laid out in Randomised Block Design with three
replications. Treatment combinations comprised sole
soybean (Ahilya 3), sole pigecnpea (ICPL 850 10, ICPL
87, ICPL 840 31, ICPL 871 19, ICPL 940 62 and ICPL
940 63) and their combinations with soybean in 2:2 and
4:2 row arrangements were evaluated. The crops were
sown in first week of July during both the years. A fertilizer
dose of 20:26:17 kg NPK/ha to soybean and 20:22:0 kg
NPK/ha to pigeonpea was applied as basal through urea,
single super phosphate and muriate of potash in sole
cropping systems. Intercropping treatments received only
fertilizer level recommended for soybean.

The competitive ratio (Willey and Rao, 1280), the relative
crowding coefficient (de Wit, 1960) and aggressivity {Mc
Gilchrist 1965) were calculated. Energy inputs and
outputs were computed using the conversion factors as
suggested by Mittal and Dhawan (1988). Energy
productivity and energy intensiveness were worked out as
per Fluck (1979) and Burnett (1882), respectively. The
total rainfall received during the crop period was 939 and
1106 mm in 199%-96 and 1897-88, respectively.

Results and discussion

Seed and soybean equivalent yield: Significant
reducticn in seed vield of soybean (24 to 40%) and
pigeonpea (25 to 74%] was noficed when planted in
intercropping systems as compared to their sole plantings
(Joshi et af, 1999). Although soybean yielded lower under
2:2 row ratio, the tendency of reduction when intercropped
with ICPL 850 10, ICPL 87 and ICPL 840 31 was more
than combination with other pigeonpea varieties. Soybean
invariably yielded higher in 4.2 row ratio. Among the sole
planted pigecnpea genatypes, seed yield of ICPL 840 63
{2134 kg//ha) was the maximum closely followed by ICPL
871 19 (2088 kgsha). The lowest yield was observed with
ICPL 840 31 (1122 kg/ha). The beneficial effect of
intercropping could be judged by considering the total
productivity in terms of soybean equivalent yield and
comparing with sole soybean. The highest soybean

.
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equivalent yield was recorded in soybean + ICPL 871 19
4:2) which was at par with its 2:2 combination, soybean
+ ICPL 940 63 {4:2) and soybean + [CPL 8940 63 in 2:2
row fatio. While, rest of the treatments differed
non-significantly with sole soybean. These results are in
agreement with) the earlier findings of Joshi et al. {1999).
it may be noted that the intercropping systems reduced
the quantum of fertilizer input.

Land equivalent ratio: Land equivalent ratio varied from
120 - 1.53 for different intercropping systems denoting

Table 1
and pigeonpea intercropping system

" iel

their greater biological efficiency (Table 1 ). The planting
of soybean + pigeonpea in 4:2 row ratio was more
efficient than planting in 2:2 row ratio. Planting of ICPL
871 19 and JICPL 940 63 with soybean in both the planting
patterns gave higher land equivalent ratio, while remaining
pigeonpea varieties showed greater biological efficiency
in 4:2 row arrangements. The higher value of land
equivalent ratio indicated greater biological efficiency and
fower competition between crops (Holkar et al, 1981).

Effect of planting patiern and pigecnpea varieties on productivity, competition functions and monetary returns of soybean

(kg/ha} sgy _ Land  Compelitive \ oo civity cifl?f;ivnz Menetary O e(?gg?lem rete

Treatment . (kg/ha) eq uivalent ratio () coefficient advantage ————~———
Soybean Pigeonpea ratio (LER)  (CR) (RCC) (Rstha)  Soybean Pigeonpea

Soybean {Ahilya 3) 2z - 2391 10 ) - - - 3 ;
ICPL 850 1Q - 1416 2361 1.00 - - - . _
(CPL 87 . 1704 2841 100 - - - - . .
ICPL 840 31 - 1722 1870 1.00 . - - - - .
ICPL 871 19 - 2088 3481 1.00 - - - - - .
ICPL 940 62 - 1548 2581 1.00 - - - - - -
\CPL 840 63 - 2134 3557 1.00 - - - - - -
ICPL B5D 10 (4:2) 1820 557 2749 1.20 1.74 0.43 1.36 4425 1.11 0.83
ICPL 850 10 (2:2j 1538 788 28086 1.24 1.08 0.a5 238 5181 112 G.84
ICPL 87 (4.2} 1671 887 3150 1.22 1.35 023 252 5412 1.25 a.78
ICPL 87 {2:2) 1551 1062 3322 127 1.04 0.14 3.05 6684 131 0.82
ICPL 840 31 (4:2) 1737 884 3212 1.51 0.92 0.05 887 10345 128 1.21
ICPL 840 31 {2:2) 1457 781 2760 1.30 0.87 -0.00 3.57 6065 1.10 1.04
ICPL 87119 {4:2) 1815 1601 4485 1.53 0.99 0.12 10.40 14504 1.76 0.89
ICPL 87119 (2:2) 1736 1510 4254 1.45 1.00 0.13 691 12417 1.67 .85
ICPL 940 62 (4:2) 1736 887 3382 1.36 1.14 025 466 8513 1.34 0.92
ICPL 940 62 (2:2) 1615 872 2570 1.24 1.20 0.16 270 5657 1.22 0.84
ICPL 940 63 (4.2) 1798 1500 4299 1.45 1.07 0.14 717 12563 169 0.84
ICPL 940 63 (2:2) 1741 1437 4137 1.40 1.08 @15 7.66 113N 1.63 0.81
Ch (P=0.05) 251 512 867 0.21 0.25 0.12 3.44 3850 0.27 013 _
Competition ratio: Soybean was found mare observations while working with soybean based

competitive, except with pigeonpea varieties ICPL 840 31
and ICPL 871 19 as these varieties showed faster
vegetative growth during early stage. The results are in
agreement with Rao and Willey {1 980) who reported that
the competitive ability of crops increased with the
development of plant canopy. The low competition ratio
value of crop indicated lower yield levels of respective
crop.

Aggressivity: Soybean, in general, showed positive
values of aggressivity in intercropping systems indicating
its dominance aver pigeonpea. It was only early maturing
ICPL B40 31 with speedy early growth was an exception.
Holkar et af. (1991) and Prasad ef a/. (1987) made similar
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intercropping systems.

Relative crowding coefficient: Relative crowding
coefficient of soybean was greater than unity in all the
intercropping systems, thereby clearly establishing the
dominance of soybean over the varieties of pigeonpea
tested. Similarly, the product of relative crowding
coefficient of component crops was also more than unity
in all the intercropping treatments revealing a non-
competitive interference than the competitive one. The
higher relative crowding coefficient values indicated better
compatibility of pigeonpea varieties with soybean and
tesulted in higher yields. The result corroborates with the
findings of Halkar et at. (1991 )} and Prasad ef al [1997).
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Monetary advantages and income equivalent ratio:
Maximum monetary advantage and income equivalent
ratio was associated with ICPL 871 18 (4:2) (Rs
14,604/ha) closely foilowed by ICPL 940 63 (4:2), ICPL
871 18 (2:2), ICPL 940 63 (2:2) and ICPL 840 31 (4:2)
(Rs 10,335). While the values for remaining treatments
varied fram Rs. 4,425 to 8,513/ha aver sole cropping of
soybean. Similarly, income equivalent ratio values for
soybean were greater than one, revealing that
intercropping of soybean with any of the pigeonpea
varieties was beneficial than sole soybean. While the
value of income equivalent ratio lower than unity for
pigeonpea except of variety ICPL 840 31 indicated that
pigeonpea in intercropping was not beneficial as
compared to its sole cropping.

Enerqy budget: Working out the energy budget for the
treatments revealed that the intercropping of pigeonpea
with soybean consumed more energy inputs than their

scle crops {Table 2). Among the pigeonpea varieties, .

ICPL 871 1 9 followed by ICPL 940 83 intercropping with
soybean in both the planting patterns (2:2 and 4:2)
produced highest energy output and proved better in
energy use efficiency, and energy productivity as
compared to other varieties of pigeonpea as well as their
sole crops. Among the sole cropping systems, ICPL 940
63 being the maximum and remained at par with ICPL
871 19 and (CPL 87. While the lowest energy output,
energy use efficiency and energy productivity was
recorded in ICPL 840 31. The differences in energy
indices may be due to differences in their yield levels and
energy inputs of the respective treatments. However, the
ICPL 850 10 was found most energy intensive in both the
cropping systems. The varialion in energy intensiveness
might be due to variation in yield, price and energy inputs.
Similar views were also extended by Deka and Pal (1995)
in pigeonpea based intercropping systems and Verma et
al. (1997) in wheat + mustard intercropping.

Table 2 Energy productivity as influenced by planting pattern and varieties of pigeonpea with soybean i~

intercropping system

Energy Energy output {(MJ/ha) Energy Energy Energy
Treatment input use productivity  intensiveness

(MJ/ha) efficiency {MJ/kg} {(Rs/MJ)

Sole cropping
Soybean (Ahilya 3} 7504 35148 27644 4.68 . 0.31 0.313
ICPL 850 10 5426 31223 25797 875 T 039 0.250
ICPL 87 5426 37573 32147 - 6.92 - 047 0.212
ICPL 840 31 5426 24740 19314 4.56 0.31 0.320
ICPL 871 18 5426 48040 40814 8.84 D.58 0.473
ICPL 940 62 5426 34133 28707 6.29 0.43 0233
ICPL 940 63 5426 47055 41628 8.87 0.59 0.170
Intercropping soybean + pigeonpea :

ICPL 850 10 (4:2) 9003 39028 30025 433 \ 0.29 0.340
ICPL 850 10 (2:2) 9003 39352 30349 437 - w030 0.330 ..
ICPL 87 (4:2) 9003 44115 35112 4.90 - 0.33 0.300
ICPL 87 (2:2) 8603 46217 37214 5.13 0.35 0.290
ICPL 840 31 (4:2) 8003 45026 ' 26023 5.00 0.34 0.290
ICPL 840 31 (2:2) 9003 38632 29629 4.29 0.29 0.340
ICPL 871 19 (4:2) 9003 61975 52972 6.88 0.47 0.210
ICPL 87118 (2:2) 2003 58815 49812 6.53 0.44 0.220
ICPL 940 62 (4.2) 8003 47275 38272 ' - 525 ;- 0.36 0.280
ICPL 94062 (2:2) 9003 42968 33965 477 0.32 0.300
ICPL 940 63 {4:2) 9003 59506 50503 . 8.61 . 0.45 0.220
ICPL 940 63 (2:2) 8003 57271 48268 6.36 ‘ 0.43 0.230
CD {P=0.05) - 11257 ! 0.10 0.060

10338 1.49
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Mean results of two years showed that intercropping of
pigeonpea varieties with soybean was beneficial than sole
soybean. Among the pigeonpea varieties, ICPL 871 19
and ICPL 940 83 emerged as better compatible for
intercropping with soybean as evidenced from higher land
equivalent ratio, relative crowding coefficient, monetary
advantages, income equivalent ratio and lower values of
competition ratio.
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Abstract

Optimum phosphorus requirement for soybean
{Glycine max L. Merr.}- sunflower (Helianthus annuus
L.} cropping sequence was studied during 1995-96 to
19939- 2000 through integrated use of organics and
phosphorus solubilizing bacteria (PSB). The soybean
(kharif)- sunflower (rabi} cropping system fertilized
with 100% phosphorus for both the crops of higher
productivity resulted in more productivity. However,

for high benefit : cost ratio (2.36) and phosphorus

economy, it was possible to reduce 50% dose of
phosphorus needs of sunflower with seed treatment
with PSB culture along with application of 5t FYM/ha.
The available phosphorus status of soil has enhanced
where sunflower received 100% P. Substantial builg
up of available P was noticed in 100% P applied for
both craps after each crop sequence.

Key words: Phospherus,

PSB, BCR

productivity, crganics,

Introduction

Among att the oilseed crops, soybean has occupied third
place in the edible ot production in india. The area under
soybean crop is increasing day by day as it can profitably
replace the other legumes. Phosphorus plays important
role in growth and development as well as maturity of
crops. An adequate supply of phosphorus in the early
stages helps in initiating its reproductive parts. It hastens
maturity and improves quality of seed. Soybean-
sunflower cropping sequence plays an irnportant role in
ollseed production in india The phosphorus management
involving the conjunctive views of fertilizers and erganic
sources assumed great importance recently due to
paucity of phosphatic fertilizers and need to sustain
productivity (Nambiar and Abrol, 1989 }.

Soybean and sunflower are the most nutrient exhaustive
crops. The existing system is based on the nutrient
requirement of individual crop ignering the carryover effect
of the fertilizer or manure to the preceding crop. Organic
sources of nutrients applied to the preceding crop benefit
the succeeding crop to a great extent {Hegde, 1998).
Hence a study was conducted to find out the aptimum
phosphorus  management through organic and

phosphorus solubilizing bacteria (PSB),
Materials and methods

The field experiments were conducted at Oilseeds
Research Unit, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola during kharif and rabi seasons of 1995-
96 to 1999-2000 on fixed sites in Randcmized Block
Design with four replications. Ten treatments were
imposed in the experiment {Table 1). The sail of the piot
was Vertisol with pH 7.9, Initial available P status of soil
was 14.3 kg /ha with available N 1472 kg/ha and
available K 372 kg/ha, respectively. Soybean variety
PKV-1 and sunflower variety PKVSH-27 were grown as
test crops with a recommended dose of fertilizer 30:75:30
NPK kg /ha {soybean) and B0:6040 NPK kg/ha
{sunflower) during all the years, Recommended dose of N
and K was applied uniformly to all the treatments.
Diammonium phosphate (DAP} was used as a source of
P. The phosphorus solubilizing bacteria (PSB culture)
was used for seed dressing as per treatment.

Results and discussion "
System productivity

Application of 100% recommended P (75 kg P,Og/ha) to
kharif soybean recorded significantly the highest seed
yield {2284 kg fha) over 50% recommended P and no
phosphorus application. Highest seed yield was obtained
with higher levels of P application as reported by Kesavan
and Morachan (19733

The pooled data of five years indicated that any reduction
in application to soybean had significant adverse effect on
its productivity even where the preceding sunfiower.
recejved full P {Table 1). In sunflower, it was possible to .
reduce 50% P need when PSB and 5 t FYM/ha were used
along with 100% P to preceding soybean.

. Any reduction in P application had significant adverse

effect on seed yield of sunflower. However, when PSB
and 5t FYM /ha were used, the yield was at par with *
treatment receiving 100% P by both crop sequences. The -
results also showed that 50% P needs of sunfiower couid
be substituted by application of 5 t FYM/ha when the
preceding crop of soybean recefving 100% P. Similar
results was also reported by Bobde ef af (1998).
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Phosphorus management in soybean-sunflower cropping system

The tota! productivity measured in terms of soybean seed
equivalents showed the maximum with 100% P applied to
each crop of the system. Similar results were also
reported by Bhatnagar ef a/,(1996) and Raskar ef al,
{2000). The crop productivity was declined by 34 and 21%
when the recommended P was reduced to 50% P and
0%P. Either one crop, the 50% substitution of P to
sunflower by 50% P wath PSB could also recorded slightly
higher net monetary returns and benefit cost ratio (2.36)
than 100% P to both crops. The net monetary returns
from the system also indicated the possibility of reducing
50% P to sunfiower by application of PSB andfor 5 t
FYM/ha with marginal decline in profitability.

Soil fertility

There was substantial build up of soil P in all the
treatments over years, while the mean available
phosphorus content in the soil (21.03 kg/ha ) was
increased by 47 6% over its initial P value of 14,3 kg/ha.
The build up was maximum with application of 100% P to
both crops, Shanti and Sreenivasa Raju (2001) observed
that application of P at different levels resulted in increase
in content of available P after harvest of sunfiower.

Yield and yield components

The data pertaining to yield components of soybean viz,
pods/ptant, yield/plant and test weight and with regard to
sunflower viz, oil content, head diameter and yield/plant
also followed similar trend and recorded highest with
application of 100% P to both crops. Application of P
significantly increased seed yield, number of pods/piant,
seed yield/plant and oil yield. This might be due to
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abundance of P in seeds which stimulated the formation
to filled compact seeds and increase in seed number
(Kesavan and Morachan , 1973; Mishra ef a/, 1995 }.
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Abstract

Field experiments were conducted during summer
seasons of 1998-99 to 2000-01 to study the influence
of tillage and plant density on performance of
sunflower inrice fallows on Vertisols, Highest yield of
sunflower was obtained with conventional tillage (i.e.
ploughing twice with country plough followed by
harrowing twice with blade harrow), which was
significantly higher over minimum and reduced
tilage. Recommended plant population resulted in
highest seed yield compared to 75% and 200% of
recommended population. The oil yield was also
maximum under conventional tillage practice with
recommended plant population.

Key words: Sunflower, tillage,

population density

spacing, plant

Introduction

The limitations of water resources ih command, tankfed
and well-irrigated areas demands the cultivation of
irrigated dry crops after rainy season pudd|ed rice, Pulses
and cilseeds hold promise in such situations by virtue of
their low water requirement. Sunflower has emerged as a
potential oilseed crop after rice. Krishna and Reddy (1997)
reported higher production efficiency and net returns from
rice — sunflower sequence in Andhra Pradesh, The soil
condition after puddled rice poses [imitation for growing
arable crops and thus yield levels of crops following rice
are generally low as compared to the normal yield of
these crops. The main problems for crops grown after
puddled rice are low plant stand establishment due to
larger cleds formed by rice stubbles, restricted root growth
and poor aeration due to formation of hard pan in sub soil
and low nutrient use efficiency due to adverse physical,
chemical and biological environment in the rhizosphere.
In order to determine the optimum tillage requirement for
better plant stand establishment and to trade off between
tillage practices and seed rate, the present investigation
was carried out for achieving optimum tilth and plant
stand for normal yield of sunflower.
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Materials and methods

Field experiments were conducted on Vertisols of
Regionat Agricultural Research Station, Nandyal, Andhra
Pradesh during summer seasons of 1998-99, 1999-2000
and 2000-01 whetein rainy season puddled rice was the
previous crop. Sunflawer hybrid APSH 11 was sown under
three tillage practices (viz., conventional tillage, reduced
tillage and minimum tillage) as main plots and four
spacings viz., 75 x 30 cm (75% of recommended plant
population: 44,444 piants/ha); 60 x 30 cm {(Recommended
plant population: 35 555 plantsfha); 45 x 30 cm (125% of
recommended plant population: 74,074 plants/ha); and 45
x 20 c¢m (200% of recommended plant population:
1,111,111 plants/ha) as sub plots. The Split Plot Design
was adopted with three replications. The soil of the
experimental field was Jow in available nitrogen (192 kg
Nfha), high in avajlable phosphorus (28.6 kg P/ha) and
mediurm in available potassium (218 kg K,Orha) with a pH
of 7.6. Conventional tillage comprised of ploughing twice
with country plough {criss-cross) followed by harrowing
twice with blade harrow (criss-cross), reduced tillage
consisted of ploughing once with country plough followed
by harrowing once with blade harrow and in minimum
tillage, the surface biomass of weeds and paddy stubbles
were suppressed by using herbicide and after a week's
time, with a pre-sewing light irrigation furrows were
opened in between rows of paddy stubbles and sowing
was done by hand dibbling as per the sub plot treatments
during last week of January. The crop received three
irrigations during the crop growth period.

Results and discyssion

Effect of tillage: During 1998-89, tillage treatments
significantly influenced the plant population, head
diameter, seed yield and oil yield of sunflower. The seed
yield was higher with conventional tillage (1006 kg/ha)
followed by minimum tillage (980 kgsha), which were
almost similar (Table 1). Significantly lower yield (734
kgrha) was obtained with reduced tillage. Like seed yield,
the oil yield was also significantly higher with conventional
tillage (344 /ha) tollowed by minimum tillage (328 I/ha).
Lowest oil yield was with reduced tillage (253 \/ha).
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Effect of tillage and plant density on performance of sunflower in rice fallows

The superiar performance of sunflower in conventional
and minimum tillage over reduced tillage can be attributed
to more number of plants at maturity and increased head
diameter (Table 1). During 1999-2000, yield attributes and
yield of sunfiower were not influenced significantly due to
tilage treatments. During 2000-01, tillage practices
markedly influenced the yield of sunflower. The seed yield,
oil yield and final plant population were higher in
conventional tillage and lower in minimum tillage. The
magnitude of yield increase in conventional tillage was
52% over minimum tillage. Oil yield obtained in
conventional tillage was significantly higher compared to
minimum and reduced tiliage.

The results of the pooled data over three years revealed
that the performance of sunflower in conventional and
minimum titiage was on par with respect to seed yield and
the yield recorded in conventional tiltage was significantly
superior to that in reduced tillage. On an average,
conventional tillage gave an increase in seed and oil
yields to the tune of 32.4% and 35.1%, respectively over

reduced tillage. The better performance of sunflower by

practicing tillage operation through ploughing followed by
rotovation is reported by Pratibha et al. (1994).

Effect of popuiation: During 1998-98, seed yield among
75, 100 and 125% recommended plant population was on
par and all the three treatments were significantly superior
to 200% recommended plant population (Table 1). This
was due to significantly higher head diameter. During
1999-2000, number of plants at maturity was significantly
higher at 200% of recommended plant population, which
can be attributed to optimum competition for the growth,
However, different plant populations did not influence the
seed and oil yields of sunflower in rice fallows. During
2000-01, seed and oil yield between 100% and 125%
recommended plant population were on par but
significantly superior to 200% and 75% of recommended
plant populations while all the yield attributes recorded
were significantly higher at 75% of recommended piant
population level. Significantly tower plant population than

optimum might have resulted in lower seed yield of -

sunflower at 75% of recommended plant population.

The pooled data revealed that higher seed yield could be
obtained when sunflower was grown at its recommended
and 125% of recommended plant population i.e, 55555
and 74,074 plants/ha. Decreased per plant productivity at
200% of recommended population and reduced number
of plants at 75% of recommended population could not

compensate the yield that was achieved under 100%
recommended plant population.

Interaction effect: During 1998-99, the interaction effects
between tillage and piant population were found to be
significant in respect of seed and oil yield (Table 2). The
minimum tillage either at 75% or 125% of recommended
plant population recarded significantly higher seed and oil
yield. The interaction effect was not significant regarding

* yield attributes and yield of sunflower grown after kharif

rice in 1989-2000. During 2000-01, head diameter, seeq
and oil yields were not significant.

The mean seed yield over three years recorded significant
increase in conventional tillage over reduced and
miimum tillage practices. The 100% and 125%
recommended plant population gave significantly higher
seed yield (Table 2). Any decrease or increase in plant
population adversely affected the seed yield. Similar trend
was observed in case of oil yield due to the interaction
effect. The overall low yield levels of the crop in rics
fallows might be due to formation of larger clods, which
have interfered in prolific root distribution” and
development of sunflower crop while the plant emergence
and plant population was noaemal in the treatments. The
effect is seen with the reduction in head diameter and
number of filled seeds thereby affecting seed setting and
filling resulting in lower test weight and final yield (Reddy
and Sudhakara Baby, 1999).

Conventional tillage is quite effective on the productivity of
sunflower. Further, seed rate recommended for normal
crop can also be used for growing sunflower in fice
fallows.
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through in vitro screening techniques

D. Sassikumar, R, Sudhagar and A. Gopalan

Tamil Nadu Agricultural University, Coimbatore-641 003, Tamil Nadu

{Received: Aprit, 2003, Revised. September, 2003, Accepied. December, 2003)

Abstract

To identify the salt tolerant sunflower genotypes, in
vitro techniques viz.,, cell membrane stability test,
tetrazolium test and paper towel method were
employed. The critical or base concentration limit has
been fixed as 3.39 dS/m through tetrazolium test. The
assessment of seedling characters using paper towel
method indicated a general reduction in shoot and
root length, vigour index and drymatter production
with increasing salt concentration. A maximum
critical concentration to study the growth attributes
has been fixed as 13 dS/m. The inhibition dose for
50% reduction in plant height was estimated using
probit analysis and the graph plotted against
" coefficient of variation (CV) and mean to identify sait
endurant genotypes. The genotypes GP 255, GP 336
and SF 54 were identified as salt endurant whilst
Morden, 336 B and SF 7 were categorized as
susceptible.

Key words:  Sunflower, salt stress, in vitro screening

Introduction

Sunflower, the few among the prime oilseed crops of India
gained momentum because of its quality worth oil content,
butthe productivity gets eclipsed due to the unsuitable soil
environment especially soil salt content. Chemical
reclamation of soil is cost effective and thus the better
aption s to denlay the genctynes that withstand and vield
better, Screening genotypes in natural salty lands
sometimes may give erroneous results. Hence, it is
imperative to screen the genotypes in vitro and it could
further ease the breeding cycle (Delgado and Sanchez-
raya, 1998; Sajjan et &/, 1999). Earlier workers viz.,
Muralidharadu et af. (1998); Tekin and Bozcuk (1998) and
Sajjan et al (1999) attempted in vifro screening of
sunflower genotypes and enlightened the salt provoked
aiterations in the seed and young seedlings. They were
limited only to single salt mostly NaCl to identify the sait
induced effects. The present inquest utilized the triple salt
for screening sunflower genotypes in controlled
environment in different modes to fix the critical salt

. concentration and to identify salt tolerant sunflower

genotypes.

Materials and methods

 Twenty five diverse sunflower genotypes were utilized for

the study. The experiments were carried out at induced
salt combinations in vitro at Tamil Nadu Agricultural
University, Coimbatore. The salt solution comprised of CI:
CO, HCO, ions with sodium base and prepared by mixing
of one molar soiution of NaCl, Na,CO; and NaHCO; in
7:2:1 ratio as per the report of Singh and Singh (1299).
The mixture was diluted five times with double distilled
water. From these base concentrations known aliquots
viz., 10, 25, 50, 60, 100 and 150 mi were taken and
diluted with one litre of % strength Hoagland solution
(Hoagland and Arnon, 1936) depending upon the
concentration required for the experiment. Final salt
concentration of the solution was measured using EC

- meter and expressed as dS/m.

Dk

Cell membrane stability test: Five dehulled seeds in
each genotype were immersed in solution with different
concentrations of known electrical conductivity viz., 2.05,
4,83, 8.70, 12.64 and 17.38 dS/m along with control (EC
of 0.06 dS/m). The experimental set up was kept at room
temperature for 48 hr and replicated twice in Factorial
Complete Randomized Block Design. At the completion of
the stipulated time the final conductivity was recorded
using EC meter. The rate of the injury to cell membrane
was estimated through the measurement of electrolyte
leakage from the cells. The injury to cells due to the salt
was worked out as per Blum and Ebercon {(1981).

. Tetrazolium test: Free hand tangential sections of

tissues from the hypocotyl region of the stem (10 days
old) in each genotype were placed in tubes at 0.61, 3.39,
6.18 and 8.77 dS/m EC for 24 hr at room temperature,
After the prescribed time, the solution was drained and
sections were washed free of salts with distilled water.

Adequate quantity of 0.1% tetrazolium chloride solution

" was added to each vial containing the sections and kept

for a day Later tissues were examined for colouration as
per Monk and Wiebe (1961).
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Growth analysis: Five seeds of each genotype were
germinated in 232, 948, 13.65 or 17.36 dS/m EC
concentrations, Concentration range was fixed based on
the reports of Ashok Kumar ef & (1897). Paper towel
method (1ISTA, 1989) was used for germination test and
was feplicated twice. The experimental setup was
maintained in germination room with a relative humidity
of 70% and temperature of 271 °C. The growth
parameters viz | root length, shoot length and dry matter
production were determined on the 10% day after sowing
besides recording the germination percentage on the 4™
day of the treatment  The observations were taken on five
seedlings in each genotype at each concentraticn. Vigour
index and percent reduction in seedling height with
increasing salt concentrations were computed. The data
were subjected to probit analysis to fix the |D 50 level for
each genotype , the mean af the genotype across the
environment and its co-efficient of variation were
estimated using AGRISTAT. Genotypes were grouped as
tolerant and susceptible by plotting the mean values
against the co-efficient of variation in a graph.

Results and discussion

The extent of damage to the cell membrane is
commercially used as a measure of tolerance to various
stresses including salt {Leopold and Willing, 1983). in this
experiment the degree of injury to cell membrane in a
fixed concentration of salt was considered for grouping
genotypes as tolerant and susceptible to surfeit salt. Itis
inferred that the sunflower genotypes suffered a cell
membrane injury of 20.2 to 38.3 % at the concentration of
2.05dS/m EC and injury percent escalated approximately
to 20.4 % more with every 4 dS/m increase in the salt
concentration {Fig. 2). The percent increase in the injury
of cell membrane showed declining trend up to 17.38
dS/m EC. At this concentration {17.38 dS/m) all the
genotypes exhibited more than 95% injury to the cell
membrane. Genotypes armong themselves exhibited
greater variation in terms of percent injury towards
differential salt concentrations and at any given EC level.
Accordingly the genotypes viz., CO2, 6B, GP 93, GP 255,
GP 336 and SF 80 which had shown relatively very low
injury at various saft concentrations were grouped as
tolerant genotypes, concurrently 336 B, Morden, 86 B3
and CO3 were categorized as susceptible. It can be
argued that tolerant genotypes adopt to stress through
osmotic adjustment with an increase in cellular K* ions
and organic acid concentrations (Blum and Ebercon,
1981).

Tetrazolium test: The highest EC salt concentration in
which all the tissues developed colour in tetrazolium salt
was recorded as the critical salt concentration and the
genctypes were screengd accordingly. The resuits
indicated that all the genotypes developed medium red to
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dark red cofour at the salt concentration of 0.61 dS/m EC.
At the next level of salt concentration (3.39 dS/m) certain
genotypes as Surya, 86B3, GP 86, SF 83, SF 30, SF 60
and SF 7 did not develop colour and categorized as
susceptible genotypes. This concentration (3.39 dS/m)
can be considered as critical for screening sodicity in
sunflower. The genotypes SF 54, SF 34, GP 93 and 6B
were grouped as tolerant as their tissues exhibited colour
in the extreme concentration of 8.77 dS/m. Apart from this
the genotypes CO 4, GP324, SF83, SF45 have developed
colour up to 6.19 dS/m EC concentrations and this can be
considered as moderately tolerant.

Flig 1 Effect of salt stress on seedling height reduction

Seedling growth: Owing to salt stress, the genotypes
showed a general decrease in shoot {ength, roct length,
drymatter production and vigour index atong with more
reduction in percent germination with the increasing levels
of salt viz., 2.32, 5.35 and 9 .48 dS/m. Such reduction in
stress is aftributed to the inhibitton of hydrolysis of
endosperm reserves (Ramana and Rama Das, 1978) and
the translocation of food reserves from endosperm to
embryo {Sheoran and Garg, 1978; Sharma, 1996) or
induced earlier aging of tissues and extensive
lignifications of the xylem elements due to salinity. Similar
findings were alsc reperted in sunflower by earlier workers
(Muralidharudu ef &/, 1998; Tekin and Bozcuk, 1998,
Sajjan ef al., 1999).

A perusal of data on reduction in seedling height with
increasing salt concentration denoted the differential
responsiveness of the genotypes towards salt stress
(Fig. 1). Fifty percent reducticn in seedling height was
attained by the genotypes at different concentrations
depending upon the genotype buffering capacity to adjust
with stress. The inhibition dose {ID 50) for sunflower to
sodium chioride stress was reported as 66 m moli
{Santos et a/., 1999). In the present study the inhibition
dose ranged from 6.30 dS/m { SF 60} to 12.87 dS/m (GP
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255) EC. This ID 50 value was extrapolated to group
tolerant and susceptible genotypes. The genotypes that

aitained 1D 50 at lower concentration itself were grouped .

a5 susteptible.

pased on this, SF 7, Morden, CO 2, 302 B and SF 60
were grouped as susceptible while CO 4, GP 255, SF 54,
GP 161, 336 B and Surya were catagorised as tolerant. It

can also be concluded that the maximum critical - -

concentration for studying the impact of salt stress on the
growth attributes is 13 dS/m.

It is general consensus that, lower salinity or alkaline
condition stimulates growth and dry matter production in
certain crops {Sam Cherian et af, 1999) In contrast,
inhibitory effect on dry matter production and plant height
is seen at higher concentrations (Polijakoff - Mayber and
Lerner, 1999). Hence, the consistent performance of the
genotypes at various salt concentrations can be *aken as
effective selection criteria for screening them for sait
stress. Keeping this in view, two parameters viz., dry
matter production and vigour index (computed from root
length +shoot length and germination%) were considered
for screening tolerant and susceptible genotypes. In CV
and mean plot, high mean with less CV indicates
susceptibility. Thus genotypes SF 54, GP 86, CO4, 68
and GP 336 are endurant whereas 302B, Morden, 326 B
and 86B3 were found out as susceptible genotypes (Fig 3

- 7 sy,
5 ot " The susceptitle genotypes attained 1D 50 at the
o concentration of 6.75 dS/m EC but the tetrazolium test
é P and membrane integrity test revealed 50 % injury at EC
» values of 3.39 and 4.83 dS/m, respectively. Hence, it is
R o a7 12e . concluded that 3.5 to 7.0 ¢S/m is the range of critical sait
CONCENTRATION OF SALT concentration to screen the sunflower genotypes for salt
. tolerance at seedling level Based on different
o Sescepttis a0 Suacepible i GP2ss Torww: =86 et | experiments, The genctypes GP 255, GP 336 and SF 54
were identified as tolerant while Morden, 336 B, 86B3 and
SF 7 were identified as susceptible to salt stress at
Fig 2 Response of tolerant and susceptible genotypes to salt seedling level.
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Abstract

In a two years study, the seed yieid of castor, Ricinus e

communis L. was significantly high when alley

cropped with Dalbergia sissoo during both the years -

of 1896 {659 kg/ha) and 1997 {689 kKg/ha) than sole
cropping. Green

leaf manuring with Leucaena :
resulted in much higher yields of castor with values

of 626 kg/ha (1996) and 704 kg/ha (1997) when =

compared with other green leaf manures of Dalbergia
and Albizia. Application of nitrogen significantly
influenced the seed yield of castor. Conjunctive use
of green leaf manure + 40 kg N/ha produced
significantly on par yields of castor under alley
cropping with that of 80 kg Nfha under sole cropping.
Both net returns and B:C ratio were significantly high
under alley cropping (Rs. 2621, 0.59) during 1996 and
1997 (Rs, 3683, 0.91). Leucaena green leaf manuring
resulted in higher net returns and B:C ratio of Rs,
1626 and 0.40, respectively (1996) and Rs. 2802 and
0.69 (1997). Other sources, green lzaf manures also
produced equally better yields of castor, Nitrogen

applied at 80 kg/ha produced higher net returns and

B:C ratio. Integrated use of organic and inorganic
sources of nitrogen had produced much higher

returns than sole application of nitrogen or green leaf
manures.

Key words: Alley cropping, green leaf manuring,

castor, Dalbergia, Albizia
Introduction

Castor is an important oilseed crop of the country and "'_
state of Andhra Pradesh as well, largely cultivated as 7~

rainfed crop. The productivity of the crop is very low owing
to poor management practices. Adoption of cropping
systems and integrated nutrient management practices
was the immediate thrust in oilseed research to maximise
the production of oilseeds. Aliey cropping, version of
agroforestry, a system approach ensures use of green leaf
Manures, as the trees are pruned during cropping. Green
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leaf manures which are eco-friendly, augments the
efficiency of applied fertilizer nitrogen and increases the
yields and returns besides sustain the soil health (Kang et
al., 1990). Practices of such nature are imperative to
boost the yields and returns of castor on sustainable basis
in drylands. It was reported that the yields and returns of
castor were high under alley cropping with subabul with
green leaf manuring (Bheemaiah ef al. 1998) Therefore,
the present study was initiated.

Materials and methods

The field experiment on response of rainfed castor to
application of green leaf manures and nitrogen alley
cropped with Dalbergia sissoo was carried out during
kharif seasons of 1996 and 1997 at Students’ Farm,
College of Agriculture, Hyderabad. Double Split Plot
Design was used with three replications. The soil of the
experiment was low in organic carbon and available
nitragen in sole cropped area while in alley cropped area
both erganic carbon and available nitrogen were found
medium. Similar status was observed in respect of P and
K. Green leaf manures of Albizia and Leucaena were
obtained from the stands nearby while Dalbergia green
leaf was obtained by pollarding trees of the experimental
area and applied along with recommended dose of P at 5
t/ha 15 days before sowing in the plots earmarked both in
alley cropping and sole cropping by opening furrows.
Nitrogen was applied as per the treatments. The gross
and net plot sizewas 8 mx4mand 4 mx4 min alley
and sole cropped atea, sespectively. The crop variely
Aruna was sown on 17.7.1996 and 14.7.1997 by dibbling
at a spacing of 60 x 30 cm both in alley cropped and sole
cropped area and harvested on 15" October 1996 and 30"
October, 1897. The gross returns were calculated taking
into account the volume of wood obtained from Dalbergia
in each plot and converted on hectare basis.

Results and discussion

Seed yields: Significant differences were observed in
seed yield of castor {Table 1} due to cropping systems
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with values of 659 kg/ha (1996) and 689 kg/ha (1997)
under alley cropping and found superior to sole crapping
of castor (505 and 607 kg/ha). The reasons attributed are
reduced buik density and improved organic matter leading
to better growth and yield components. From alley
cropping studies, Bheemaiah et al. (1998 reported simitar
results.

Leucasna green leaf manure {GLM,) had resulted in
significantly higher seed yield of castor during 1296 (826
kg/ha) and 1997 (704 kg/ha) over without green leaf
manuring (511 and 526 kg/ha). Seed yield of castor with
Albizia (GLM,) and Defbergia {GLM,) was also equally
higher over GLM,. However, both Leucaena and Albizia
green leaves produced much better seed yields over
" Dalbergia due to less fibre and lignin content and more

concentration of polyphenols as reported by Hussain ef af.
(1994).

80 kg N/ha had produced an increase of 94.5% (1836)

and 98.4% (1997) seed yield over N, (374 and 410 kg/ha)

 but the increase was not much over Ny, in both the year
;. and significantly superior to both Ny and Ny,

L&)

All the interaction effects were found significant. Alley
cropping with GLM,, AC with 80 kg N/ha and GLM, with
40 kg N/ha produced higher seed yields when compared
to other treatments during both the years. However, alley
cropping with GLM, at Ny, had 760 kg/ha {1998) and 823
kgfha (1847} which was superior aver without green leaf
manuring at Ny, (745 and 725 kg/ha). Similar trend was

: observed under sole cropping. Albizzia (GLM,) and

Dalbergia {GLM,) also produced similar effects under
alley cropping with N,,. Presumably timely decomposition

. and telease of nutrienis as per crop demand under

integrated use of GLMs and nitrogen might have lead to
increased yields. Escalada and Ratilla (1998) also found
that green leaf manures with nitrogen application would
enhance mineralization leading to higher yields,

Table 1 Seed yield {kg/ha) of castor as influenced by cropping systems, green leal manures and nitrogen levels

1997

Treatment 1996
N, Ny Ny Mean N, [ Nep Mean
Sole cropping {SC)
GLM, 263 470 570 434 2 516 663 483
GLM, 349 618 679 548 402 743 818 654
GLM, a3s 585 666 528 406 743 823 657
GLM, 347 529 653 510 386 694 817 632
Mean 323 551 642 505 366 674 780 607
Alley cropping (AC)
GLM, 348 672 745 588 352 630 725 569
GLM, 500 760 851 704 521 828 914 754
GLM, 428 753 833 671 480 811 883 725
GLM, 425 756 831 671 468 791 872 710
Mean 425 735 815 659 455 765 843 689
GLM, 305 571 637 311 573 694
GLM, 524 689 765 461 785 866
GLM, 381 669 749 443 777 853
GLM, 386 643 742 427 742 844
Overall means of M.T. - Cropping systems, S.T. - Green leal manures, 5.5.T - Nitrogen levels
MT. 505 659 607 689 1
ST 511 626 600 590 526 704 691 671
ssT. 374 643 728 N 410 719 814
— e \
Interaction SEds cD SEdt cD
MT 1.98 82 539 23.22
sT 5.09 11.10 T 7.46 16.25
MT x ST 6.54 13.83 beet 1081 2259
S5T 430 B78 480 372
MT x SST 534 1257 7.73 24.30
ST x SST 8.68 1812 10.82 22.79
MTxSTxSST 8.22 18.51 11.97 30.90

GLM, - Ne green [eaf manuring
GLM, - Albizia greenleaf manuring

MT = Main treatment
85T = Sub-sub treatment
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GLM, - Leucaena greenleaf manuring
GLM, - Dalbergia greenleaf manuring

ST = Sub-treatment
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Net returns: Altey cropping had higher net returns
of Rs 2621/ha (1996) and Rs. 2683/ha (1997) with an
increase of 303% {1996} and 142.5% (1997} over sole
cropping through increased seed yield associated with
additional biomass from the trees and improved site
conditions. Sharma et al. (1997) reported that higher net
returns from alley cropping could be due to effect of trees
in providing wood yietd and improved soil physical
pmperties. Significant differences were observed in net
returns due to green leaf manures application with Rs.

2802/ha in GLM, followed by GLM, (Rs. 2544fha) and
GLM, (Rs. 2542/ha) during 1997. However, during first
year, noticeable effect was not observed due to low yields
of crop because of high rainfall during capsule formation

' stage. Application of 80 kg N/ha resulted in significantly
. higher net returns of Rs. 2369/ha (1996) and Rs. 3651/ha

{1987) with an increase of 20.4% (1996} and 10.2%
(1997} over 40 kg N/ha due to increased availability of
nutrients resuiting in higher yieid {Tabie 2).

Table 2 Net returns {Rs/ha) of castor as influenced by cropping systems, green leaf manures and nitrogen levels

“Treatment 1996 1857
Ng Nao Ngo Mean Ng Nao Nao Mean
Sole cropping {SC)
GLM, 0.0 824 1183 669 0.0 1647 2656 1434
GLM, 0.0 955 1202 719 0.0 2324 2727 1683
GLM, 0.0 691 1096 595 0.0 2327 1923 1417
GLM, 0.0 646 992 545 0.0 1908 2715 1541
Mean 0.0 779 1218 665 0.0 2051 2505 1519
Alley cropping (AC
GLM, 1287 2640 2978 2301 1992 4113 4680 35095
GLM, ! 3094 3248 26532 2170 4547 5046 3921
GLM, . . 3035 3438 2491 1820 4405 4779 3668
GM, i 3061 3421 2494 1727 4235 4680 3547
Mean | <77 2958 ' 3271 2621 ' 1927 4325 4796 3883
GLM, T 643 OY 1732 1L 2080 N 996 2880 3668
GLM, I ‘- 627 2025 2225 1085 3436 3886
GLM, .ilecf 500 ;e 1863 g 2267 910 ¢ 3366 3788
GLM, |11, , 500 ;3 1653 2206 . 863 3072 3607
Overall means oﬂ‘f éCroppinq systems, 5.T. - Green leaf manures, S.5.T - Nitrogen levels
mT 7T eag T oe2y f ' 1519 3683
S.T. , i% 1485 ¢ 1626 1543 1453 2515 © 2802 2542 2544
SST. !l wyy 567 1z 1968 2369 963  ~ 3188 3651
Interaction ... , " i, .. SEQE o SEdz <D
MT S L Taror . 7349 10349~ 44535
ST AT LB a7e7 10430 11376 247.89
MT x ST S B1.06 12811 “b! 17356 36696 - )
ST ;. 4895  99.86 DL 9195 187.59
MT x SST . 5905 _ 13164 _ 14827  465.07
sTxssT | . 1 0347 19350 18839  303.86
MTxSTxSBT - 8321 18342 203.46 54747
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All the treatments interactions influenced the net returns.
Alley cropping with GLM, at 80 kg Ntha produced more
net returns in both the years, However, the net returns
obtained under alley cropping with GLM, at 40 kg N/ha
were Rs. 3094/ha (1996) and Rs. 4547/ha (1997) and
were comparable with GLM, at 80 kg N/ha (Rs. 2978 and
Rs. 4680/ha} indicating advantage of conjunctive use of
green leaf manures, nitrogen levels which might have
increased the seed yield due to increased availability of
nutrients. Palled et al. (1997) reported similar results.

Benefit cost ratio (BCR): During both the years of study
aliey cropping had higher BCR (0.59 and 0.91) due to high
seed yield and additional wood yield. Green leaf manure
had significant influence on BCR with higher values of
0.40 (1996) and 0.69 (1997) under GLM, followed by
GLM,, GLM; and GLM,;. The increase of BCR with GLM,
over GLM, is marginal due to additional cost of green leaf

manure application but green leaf manures would help to
sustain soil heaith on long term basis. From an alley
cropping study Bheemaiah ef af. (1998) obtained similar
B:C ratios with green leaf manuring of Leucaena. B:C
ratio was found significantly higher with 80 kg N/ha with
values of 0.58 (1996) and 0.92 (1997) (Table 3}.

Interaction of different treatments significantly influenced
the B:C ratio of castor in both the years. Alley cropping
with green leaf manure of tree leaves with 40 kg N/ha had
resulted in B:C ratio of 0.81 (1996) and 1.13 {1997) which
were found higher than no green leaf manure at 80 kg
N/ha (0.60 and 1.10). Therefore, that alley cropping
helped to increase the yield and returns of castor than
sole cropping. Green leaf manures of these nitrogen fixing
trees with 50% recommended dose of nitregen resulted in
much higher yields and returns from rainfed castor.

Table 3 Benefit cost ratio of castor as influenced by cropping systems, green leaf manures and nitrogen levels

Treatment 1996 1997
Ng Nyo Nag Mean Ng Nag Ngo Mean
Sole cropping (SC}
GLM, 0.00 0.37 0.30 022 0.00 0.60 0.89 0.49
GLM, 0.00 0.24 0.28 017 0.00 0.58 0.65 0.41
GLM, 0.00 0.21 0.28 0.16 0.00 0.58 0.66 0.41
GLM, 0.00 0.19 0.25 0.15 0.00 048 . 064 0.37
Mean 0.00 0.25 0.27 0.17 0.00 0.56 { 0.71 0.42
Alley cropping (AC)
GLM, 0.34 0.62 .80 0.52 0.53 1.03 1.10 0.89
GLM, 0.34 0.77 0.77 0.75 0.58 1.13 y 1.19 0.97
GLM, 0.27 0.76 H 0.81 b 0.63 0.48 111 ¢ 113 0.91
GLM, 0.27 077 0.81 0.61 0.44 1.06 1.10 087
Mean 0.31 0.73 0.75 0.59 0.51 1.08 1.13 0.91
GLM, 0.17 050 0.45 C 0.27 0.82 0.99
GLM, 0.17 0.51 0.53 0.29 0.86 0.92
GLM, 0.14 0.49 0.56 g 0.24 085 : 089
GLM, 0.14 0.48 0.53 I 0.22 077 -. 0.87
Overall means of M.T. - Cropping systems, S.T. - Green leaf manures, S.8.T - Nitrogen levels
M.T. 0.17 0.59 0.42 0.91
ST - 0.33 0.40 0.39 0.38 0.69 0689 -— 068 Q.62
SS8.T 0.15 0.53 0.59 0.25 0.82 0.92
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Interaction SEdt CcD SEd« cD
; {P=0.05) {P=0.05)
MT 0.008 0.019 0.012 0.028
sT 0.011 0.024 0.013 0.031
MT x ST 0.015 0.032 0.021 0.045
ssT 0.012 0.026 0.011 0.022
MT x SST o 0.017 0.036 0.017 0.037
ST x S5T 0.023 0.049 0.022 0.047
MT x ST x S8T 0.021 0.046 0.024 0.054
References proceedings of an International Workshop. Ed. Sidney 8,

Wesley, James M, Roshekio. Nitrogen fixing tree

Bheemaiah, G., Madhusudhan, T., Subrahmanyam, M.V.R. and Research Report, Special Issue.

Syed Ismail. 1998. Effect of green leaf manuring and

nitrogen application on growth and yield of rainfed castor Kang, B.T., Reynolds, L. and Atakrah, A.N. 1990. Alley farming.

alley cropped with subaba. irafar Jourmal of Agricutoral Advances in Agronomy, 43 1 315-350.

Sciences, 68(11) : 722-725. Palled, Y.B., Manuappa, K., Desia, B.K., Guggari, AK. and
Escalada, R.G. and Ratilla, B.C. 1998. Effect of Leucaena Prabhakar, A.S. 1997. Effect of subabul green manuring

biomass application in conjunction with fertilizers on on alley cropped maize under irrigated red soils. indian

Cassava and taro yields in the Philippines. Agroforestry Journal of Agronomy, 42(1) : 188-180.

System, 41 . 251-264. Sharma, B.C., Tangja, P.L. and Bishi, AP.S. 1997. Riomass
Hussain, A., Arshed, M. and Javed, M. 1994. Contribution of productivity and nutrient cycling in Dalbergia sissoo

leaves of Dalbergia Sissoo and other leguminous trees to plantation. Indian Forestry, 114 (1-12) . 261-269.

soil mineral nitrogen and crop nutrition. Dalbergia
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Abstract

Soil Test Crop Response (STCR) correlation studies
were conducted with sunflower on Inceptisols of
Coimbatore during kharif, 2000 and rabi, 2001 and
fertiliser prescription equations under Integrated
Plant Nutrition System {IPNS} were developed. Using
these equations, test verification trial was conducted
at University farm and the fertiliser prescription
equations were refined to achieve the yield targets
aimed at. A ready reckoner of fertiliser doses at
varying soil test values for attaining 1.5 and 2.0 t/ha
yield target of sunflower have been worked out. The
results have been verified in farmers’ field of
Coimbatore district. The percent achievement of the
targets aimed was more than 90 indicating the validity
of the equations for prescribing fertiliser doses for
sunflower. STCR treatments recorded relatively
higher Response Ratio (RR) and Benefit-Cost Ratio
{BCR} over general recommended dose and farmer’s
practice and STCR-IPNS treatments recorded
relatively higher RR and BCR over STCR-NPK alone
treatments. Post — harvest soil sample analysis for
NPK revealed that there is maintenance of soil
fertility.

Key words. Sunflower, Inceptisols, STCR stuydies, test
verification trials

Introduction

Qilseed crops constitute the second largest agricultural

produce in India after food grains, It is observed that the

energy rich oilseed crops are grown in energy starved
conditions. Qllseeds are grown on poor soils, which are
. further becoming poorer day by day. This is the main
reason for low productivity of these crops. Sunflower is
cne of the important oilseed crops with a very low
productivity of 550 kg/ha and hence the productivity has
io be improved (Mandal et al., 2002). Again, increasing
the crop productivity demands higher inputs, which are
costly. Therefare, there is a need for improvement of input
use efficiency through proper utilisatior. of the interaction
effects of plant nutrients, by balanced nutrition of crops.

However, the constant escalation of fertiliser prices in the
recent years has caused a severe set back to balanced
nutrition of sunflower ¢rop too. So there is much scopeto
increase the productivity by exploiting full potential of
sunflower by better management practices and balanced
nutrition. Hence, the present study was undertaken to
verify the validity of fertiliser prescription equations under

3% |PNS for sunflower in mixed black scils of Coimbatore

district and to advocate which yield target gives the
highest Benefit Cost Ratio {(BCR) and Response Ratic

"~ (RR) ta the farmers in that region.

Waterials and methods

Following the Inductive cum Targeted yield mode! of
Ramamoorthy et af (1967), Soil Test Crop Response
(STCR) correlation studies were carried out and fertiliser
prescription equations under IPNS were developed for
sunflower as below:

{

FN =10.29 T- 0.45 SN - 0.68 ON .
FP,O, =7.38T-2.18 SP -0.80 OP
FK,O =12.69T-0455K-0.64 SK

To test verify these equations on mixed black soils
{Perianaickenpalayam soil series), verification trial was
conducted at TNAU farm, Coimbatore during kharif, 2000
with variety CO 2. To achieve the targeted yields, the
equations were refined as below using this trial data.

FN = 9.60 T-0.49 SN - 0.68 ON
FP,0, = 4,20 T-1.87 SP - 0.80 OP
FK,O = 9.24 T-0.45 SK - 0.64 OK

where, FN, FP,0; F¥,0 are fertiliser doses and SN, SP.
SK are soti test values in kg/ha.

' r ~ NR - Nutrient requirement in xg /q of seed yield

Cs, Cf and Co is the per cent contribution of
nutrients from soil, fertiliser and - organic

| manures respectively.

' T is the yield target in g/ha.

A ready reckoner of fertiliser doses at varying soil test
values for attaining 1.5 and 2.0 t/ha yield targets of
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sunflower have been worked out. The results were
verified in farmer's field of Coimbatore district
(Kalipalayam, Kovilpalayam block) during rabi, 2001 with
variety CO 2. The initial soil KMnO,-N, Olsen-P and
NH,OAC-K of TNAU farm soil were 196, 9.0 and 810 kg
{ ha and that of farmer's field were 204, 30 and 560 kg/ha
respectjvely, There were six treatments, which were
replicated four times in a randomized block design. The
treatment details and doses of fertilisers applied are
furnished in Tables 1 and 2. Based on initial soil tests for
NPK and targets aimed at, fertiliser doses were applied for
STCR treatments.

For IPNS treatments, FYM @ 12.5 t/ha was applied
basally, along with 50% N, and full P,05 and K;O. Fifty
per cent of N was top dressed cn 3o day after sewing.
Routine agrenomic practices were carried out periodically.
Seed yield was recorded at harvest, Using the data on
sead vield, fertiliser doses applied and cost of fertiliser
inputs and produce, the parameters viz., Response Ratio
(RR) and Benefit — Cost Ratic (BCR) were worked out
{Response Ratio Response in kg/ha/Quantities of
fertiliser N, P,0sand K,O applied in kg/ha; Benefit-Cost
Ratio = Cost of additional seed yield aver control/Caost of
fertiliser N, P,Ozand K,0 applied).

Post-harvest soil samples were also collected and
analysed for the status of available N (Subbiah and Asija,
1956), available P (Olsen ef al., 1954) and available K
{Hanway and Heidal, 1952).

. Results and discussion

In both the locations, the highest seed yield was recorded
with 2.0 t/ha - IPNS treatment, which was on par with 2.0

. t/ha — NPK alone followed by 1.5 t/ha - IPNS and 1.5 t/ha

:; - NPK alone (Table 1 and 2). The seed yields recorded
. under STCR treatments were significantly higher than that

.. under

general recommended and farmer's

" practicefcontrol. The mean seed yield ranged frem 530

‘kglha in control to 1665 kg/ha in 2.0 tha — IPNS

treatment in TNAU Farm and from 1346 kg/fha in farmer's
practice to 1890 kg/ha in 2.0 t/ha IPNS treatment The
highest percent achievement of the yield targets aimed at
was recorded with 1.5 t/ha yield targets (97.0 = 101.7).

" Howaever, the 2 t/ha vield target was not achieved during

., kharif, 2000 and hence, the basic parameters viz., the

L

nutrient requirement, the contribution of nutrients from soit
and fertiliser were refined using this trial data (Table 3).

.. The refined fertiliser prescription equations were again
" test verified during rabi, 2001 and it was found that both

the yield targets (1.5 and 2.0 t/ha) tested were achievable.
Yield targeting with IPNS recorded relatively higher
percent achievement than that aimed under NPK alone
(Tables 1 and 2). This might be ascribed to the release of
nutrient ions with mineralisation of organic manures,
which helps in maintaining the continucus availability of
nutrients throughout the crop growth {Khatik and Dikshit,
2001). The positive influence of IPNS in increasing the
seed yield of sunflower was also reported by Mandal et af.
(2002).

Table 1 Test verification trial on sunflowey (THAU Farm, Colmbatore)

Fertiliser nutrient doses applied

Post-harvest soil sample value

% .
Seed yield ) RR {kg/ha)
Treatinent (kgha} achieve- BCR
b tgha)  * 00 (kgikg)
N PO, K,0 N P K
General recommended dose 40 20 20 925 - 494 233 192 90 796
15tha-NPK alone ‘ 66 91 10 1360 90.7 - 497 3.39 200 11.0 804
20tha-NPKalone | '~ 118 128 10 1610 805 _ 422 . 285 214 120 795
1.5tha - IPNS** - 26 69 5 1455 97.0 9.25 3a 210 . 130 834
oz #
2.0 tha - IPNS* v 78 106 5* 1665 833 6.00 3.17 228 120 851
- -
Control g 0 i 0 o 530 - - 180 &0 650
N LA e ) i Ja
SEd+ N ' 58 o 7 0.84 12
: i s
CD (P=005y . o 124 - o 1| 179 24
* Maintenance dase; - BIFNS-FYM @ 125 tha i o i
[ I . . ' ,,!l
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Table 2 Test verification trial on sunflower {Farmer's field, Coimbatore)

Fertiliser nutrient doses applied

Post-harvest soil sample value

kg/ha) Seed yield i RR (kgtha)
Treatment ( achieve- BCR
(kaha) 7T (kaika)
N PO, K0 N P K
Blanket 40 20 20 1400 - 6.25 488 200 28 560
1.5 tha - NPK afone 44 7 10 1415 943 766 519 202 32 576
2.01ha - NPK alone a2 28 10 1812~ 906 - 686 - 524 210 30 565
1.5 t/ha - IPNS** 14 a* -5t 1526 _ 101.7 8.81 7.67 220 34 580
2.0tha- IPNS™ 62 13 5 1830 - 845 7.33 7.40 224 32 584
Farmer's practice 50 40 50 1346 - 476 435 202 34 580
SEds 83 <] 3 a
CD (P=0.05) 13 13 7 20
RR = Response Ratio: BCR = Benefit Cost Ratio; * Maintenance dose; **[PNS-FYM @ 12.5tha
Table 3 Soil test based fertiliser recommendations for various yield targets of sunflower (kg/ha)
Basic data Respon
Fertiliser adjustiment equations se ratio
NR (kg'q) CS (%) CF (%) CO (%) (kg/kg)
N 2.56 13.2 26.78 18.21 FN = 960 T - 049 SN - 063 ON
43
P 1.44 27.93 3420 11.85 FP,O, = 420 T - 187 s - 080 OP
K 2.68 10.79 29.00 15,34 FK,O = 824 T - 045 8K - 084 0K
Soil Test Vatues (kg/ha) Yield targets (Vha)
1.5 t/ha of seed yield 2.0 tha of seed yield
KMnO,-N Olsen-P NH,OAC-K
FN FP,QOs FK,O FN FP.O, FK,O
150 8 200 70 45 43 119 70 95
N . e ,
160 10 210 66 44 44 114 / 65 90
170 12 220 61 a1 w 62 B6
180 14 20 56 36 35 58 8
S S N Ba - i :
190 16 : 240 3 33 % Kyl . 54 7w
5 0 LR : el e g
200 18 250 ’ 46 29 26 L 5D [
N : o # i
210 20 260 4 28 | 22 47 88
220 22 270 ~, 36 22 l 17 ! 43 63
230 24 280 3oy e 18 13 - 39 L. 59
240 26 290 26 14 ! 8 74 35 54

80
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The meanh response ratio (RR) for various treatments
ranged from 4.94 kg/kg in general recommended dose to
525 kg/kg in 1.5 tha — IPNS treatment in TNAU Farm
and from 4.76 kg/kg in farmer's practice to 8 81 kg/kg in
1.5 t/ha - IPNS treatment. Between the two targets tried,
targeting for 1.5 t/ha recorded relatively higher RR than

with 2.0 t/ha though it has recorded significantly higher -

yields. Likewise IPNS treatments recorded higher RR
when compared to the respective NPK alone treatments.
General recommended dose recorded 4.94 - 6.26 kg/kg,
which is lower than STCR treatments (Tables T and 2).

The mean BCR ranged fram 2.33 in blanketto 3.911in 1.5
t/ha — IPNS in TNAU farm and from 4.35 in farmer's
practice to 7.67 in 1.5 t/ha~IPNS. The trend of results is
same, as that of RR. Between the targets aimed, 1.5 t/ha
recorded higher BCR over 2.0 t/ha. When NPK alone and
IPNS treatments were compared, IPNS recorded higher
BCR (Tables 1 and 2). Though the yields recorded under
NPK atone and IPNS were statistically on par there is
saving of fertiliser inputs and utilisation of FYM available
in the farm holdings, which has reflected in terms of BCR.
The beneficial effect of organics on the economics of crop
production was also reported by Khatik and Dikshit
(2001).

The data on KMnO,-N, Olsen-P and NH,QAc-K indicated
the built up and maintenance of soil fertility due to soil test
based fertiliser recommendation and IPNS. The increase
could be due to the contribution of nutrient sources and

.
e
s

enrichment of available pool of the soil. The favourable . . .
effect of FYM on fertility status of sail may be attributed to

greater availabitity of nutrients to plants in the presence of
organic manures due to their solubilising effect of different

" Subbiah, B.V. and Asija, G.L.

forms of nutrients present in soil and their own
contribution (Subba Rao et al, 1998). Therefore for
getting targeted yields and profit with sunflower in black
soifs of Tamil Nadu, soil test based fertiliser
recommendation under IPNS could be followed (Table 3).
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Abstract

Field experiments were carried out for three years in
kharif-rabi sequence to evaluate the performance of
rabi sunflower raised with different levels of NPK
succeeding kharif leguminous crops viz., urdbean,
mungbean, soybean and groundnut. Sunflower
succeeding kharif groundnut recorded the highest
seed yield in all the three years of experimentation
and the increase was 38, 70 and 86% over fallow-
sunflower system. Recommended dose of NPK to
- sunflower recorded higher plant height, head
diameter, 100 seed weight and seed yield compared
to 75, 50% NPK and no fertilizer application. The
interaction indicated that application of 100%
recommended NPK to rabi sunflower grown after
" kharif groundnut recorded significantly higher seed
yield than the other sequences in all the three years
- of study.
Key words: Legumes, fertilizer and sequence
Introduction

Crop rotation assumes greater significance in sustaining
- the crop productivity and soil fertility, Continuous

cultivation of exhaustive crops impairs the soil fertility -

{Sanjay Kumar and Prasad, 1999} Monocropping has a
negative effect on enzymatic activities particularly in soils
of rainfed areas showing lower values of microbiological
and biochemical properties than native soils (Pascual et
al., 2001). Continuous cropping of maize, wheat/sunflower
recorded lower yields as compared to growing these crops
in sequence with legumes. The low yield under
monocropping can be attributed to removal of nutrients
and moisture from the same soil depth over years
(Palaniappan, 1985). Sunflower yields are often low when
grown after small grains or corn than after leqgumes. Crop
rotation supported by scientific fertilizer management can
" lead to sustained productivity besides, maintaining soil
fertility and keeping weeds, insects, and pests under
control. Studies are available with nutrient management
for sunflower in different context. The present study is
aimed at selection of suitable kharif legumes preceding

Pl

rabi sunflower and to appraise the nutrient requirement of
sunfiower succeeding legumes for maximum and
profitable productivity.

Materials and methods

Field experiments were conducted in the research farm of
Tamil Nadu Agricultural University, Coimbatore for three
years (1997-1889) in kharif (June-September) - rabi
{November-February) sequence. The experiment was latd
out in Split Plat Design with three replications. The type of

.the experimentaf site was sandy loam and neutral in
reaction. The soil available nutrient status of nitrogen,
phosphorus and potash was medium, low and high,
respectively.

The sfudy was carried out under protective irrigation
During kharif season, the legume crops viz., groundnut,
soybean, mungbean and urdbean along with one fallow
treatment for comparison were assigned to the main plots
and sowing was faken up during June-July. After the
harvest of legume crops, sunflower was raised during rabi,
dividing each main plot into four subplots and assigning
the fertilizer levels (Table 2). The recommended dose of
40:20:20 kg/ha NPK was applied to sunflower as per
treatment through urea, single super phosphate and
muriate of potash, respectively. Entire quantity of
phosphorus and potassium and 50% nitrogen was applied
as basal at the time of sowing. The remaining 50%
pitrogen was applied as top dressing 3C days after
sowing. Sunflower was raised on ridges and furrows with
a spacing of 45 ¢m between rows and 30 cm between
plants. The yield and yield attributing data was recorded
and economics was worked out.

Results and discussion

' The data on growth and yield attributes showed that the
" plant height, head diameter and test weight were

faveurably influenced by both the cropping sequences and
fertilizer levels tried (Tabie 1) . Among the crop sequences
studied, sunflower, succeeding groundnut significantty
influenced the yield parameters in all three years of
experimentation recording the highest plant height, head
diameter and test weight of seed. Application of 100% of



Chinnamuthu et ai.

NPK fertilizer positively influenced all the yield attributing
characters. The interaction effect of crop sequence and
fertilizer levels was found to be significant. Application of
100% recommended dose of fertilizer to sunflower under
groundnut-sunﬂower sequence recorded the highest
values of growth and yield parameters.

sunflower succeeding groundnut recarded highest seed
yjeici in all the three years of study {Table 2). The seed
yield increase in groundnut-sunflower sequence was 70%
compared with that of fallow sunflower sequence.
similarly legumes preceding sunflower also increased the
seed yield of sunflower compared with that grown after
fallow and the increase was 37, 34 and 30% with urdbean,
mungbean and soybean, respectively. The beneficial
residual effect of legumes on the succeeding crops in
sequence is quite evident, supporting the findings of many
earlier workers (Misra and Rout, 1996; Dwivedi et al,
1898; Sanjay Kumar and Prasad, 1999).

With regard to application of fertilizers, a linear increase
was noticed with increasing levels of fertilizer and the
highest seed yield was recorded with application of 100%
recommended dose of NPK to sunflower. The interaction
effect of crop sequences and fertilizer levels was
significant during all the three years of study and a linear
and progressive yield increase was observed under
groundnut-sunflower cropping sequence combined with
the application of graded levels of fertilizer. The highest

seed yield of 1238 kg/ha of sunflower was recorded under
groundnut-sunflower cropping sequence with application
of 100% of recommended dose of fertilizer. The yield

. Increase with application cf full recommended dose under
groundnut-sunflower sequence was 51.5% compared with
that of fallow-sunflower with 100% fertilizer application to
sunflower. Thus the beneficial influence of groundnut as
a preceding legume was much pronounced with
application of higher levels of fertilizer in increasing the
productivity of succeeding sunflower.

The economic analysis of the results (Table 3) indicated

~ thatamong the crop sequences, groundnut-sunflower was

most remunerative in terms of grass and net returns with
the benefit cest ratio of 4.78. Urdbean and mungbean
were also found to be remunerative compared with that of
fallow treatment registering increased returns and cost
benefit ratio. Among the fertilizer levels a progressive
increasein gross returns, net returns and benefit cost ratio
was observed with the increasing levels of fertilizer
application. The maximum benefit cost ratio of 3.68 was
obtained with the application of 100% recommended dose
of fertilizer.

It is evident from the study that groundnut must be
preferred as a preceding legume during kharif  for
enhancing the productivity of succeeding sunflower and
100% recommended dose of fertilizer to sunflower may be
applied for maximizing the system productivity.

Table 1 Morphological attributes of sunflower as influenced by treatments

" Plant height (cm)

Head diameter {cm) 100 seed weight (g)

Treatment 1997 1998 1999 1997 1998 1999 1997 1998 1999
Crc;;-sequence o

Urdbean-Sunflower 135 . 134 136 10.6 10.9 11.2 4.0 3.9 3.8

Mungbean-Sunflower 132 7 130 132 10.4 10.7 10.9 3.9 3.9 3.9

Soybean-Sunflower G132 131 133 10.3 10.5 10.6 38 3.8 3.9

Groundnut-Sunflower /138 >~ 139 140 11.9 12.3 12.4 41 4.1 4.1

Faliow-Sunflower ’--; 126 ' 124 127 9.7 9.1 9.8 37 3.7 3.8

SEmz L /075 ¢ 056 0.75 010 0.1 0.12 004 003 004

CD (P=0.05) - b 24 1.8 2.4 0.33 0.37 0.41 0.14 0.10 0.13

Fertitizer Levels ¢

Control f"ﬁ'sq;,;_ 125 - 126 128 10.0 10.1 10.2 35 35 3.5

50% NPk T 131 L 130 132 108 __ 105 11.0 40 38 . 40

75% NPK e 134, - 134 135 11.2 10.9 11.7 4.0 40 - 4.1

100% NPK . 138 = 137 137 11.8 11.3 12.3 42 4.1 42

SEm+ .y 0.60 0.53 0.60 0.06 — 0.05 0.06 0.02 0.02 0.02

CD(P=0.05) ', 1.7 15 17 017 014 018 007 006 006

Varieties : Groundnut ev. VIR 2, Soybean cv. CO 1, Mungbean cv. CO 3, Sunflower cv. CO 3

i



Effect of preceding kharif legumes and levels of NPK on the succeeding rabi sunflower

Table 2 Seed yield of sunflower (kg/ha) as influenced by the treatments

Fertilizer levels

Treatment
Cantrol 50% NPK 75% NPK  100% NPK Mean
First year {1997) 7
Urdbean-Sunflower .. BB2 854 994 1051 870
Mungbean-Sunflower 665 844 987 1019 854
Soybean-Sunfiower 575 781 854 * 1058 817
~ Groundnut-Sunflower 568 035 985 1184 918
Fallow-Sunflower 381 553 7t 7g5 240 667
Mean 534 793 923 1050
Second year {1998} B
 Urdbean-Sunflower 650 gr4 g2 1264 945
" Mungbean-Sunfower 646 846 1070 i : 1194 939
Soybean-Sunflower 654 : 780 N 987 1268 7 925
Groundnut-Sunflower 1136 1258 1296 1204 * 1246
Fallow-Sunflower 536 B 644 696 744 ¥ 655
Mean 724 882 1008 153
Third year (1999) ’ \
Urdbean-Sunflower 568 774 022 \ 1022 822
Mungbean-Sunflower - . < 544 . 757 887 \ : 1001 : _I_“ 800
Soybean-Sunflower 544 755 846 o ; 784
Groundnut-Sunflower 743 934 1149 1238 1016
Fallow-Sunflower ) 443 748 634 769 s, . 599
Mean 568 754 890 1002
1097 1999
SEmz CD (P=0.05) SEmt CD (P=0.05) SEmt CD (P=0.05)
Sequence 56 ' 16 36 5 17
Fertilizer ) 72 7 14 b 5 15
Fats . 52 15 31 " 11 32
SatF 59 15 33 ; 14 33
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Table 3 Economic analysis of the treatments (Rs/ha)

Mean over three years

Treatment Sunflower Equivalent Cost of cultivation  Gross return  Netreturn B:C ra;iou
yield (kg/ha) {Rs/ha) {Rs/ha) (Rs/ha} (Rs/ha)

.E—r;;sequence \

Urdbean-Sunflower S l‘ 2425 6364 . 23356 . 16992 - 387
mMungbean-Sunflower . 2541 6380 24472 18092 . 384
Soybean-Sunflower o 2067 7656 - 19902 12246 260
Groundnut-Sunflower 3626 7303 34921 27618 478
callow-Sunflower * B4 3056 6161 3005 195
Fertilizer levels to sunflower ‘

Control : - ’ 5789 19417 13628 335
50% NPK - 6123 21313 15190 348 |
75% NPK - 6304 22509 16205 3.57
100% NPK - 6470 23810 17340 3.68
References Palaniappan, S.P. 1885. Cropping systems in the tropics:

Dwivedi, V.D., Namdeo, K.N. and Chaurasia, S.C. 1998.
Economic feasibility of legume and non-legume based
double cropping systems under rainfed conditions. Indian
Journal of Agronomy, 43(3): 404-406.

Misra, M. and Rout, K.K. 1998. Effect of agronomic management
practices on soii fertility under jute (Carchorus
capsuiaris) - groundnut {Arachis hypgaea) - blackgram
(FPhaseolus mungo) cropping system. Indian Journal of
Agronomy, 41 (4): 546-549.

Principles and Managemen!. Wiley Eastern Limited and
Tamil Nadu Agricultural University. pp.33.

Pascual, J. Ros, AM., Hernandez, T. and Garcia, C. 2001.

Effect of long-term monocuiture on micrabiological and
biochemical properties in semiarid soils. Communications
in Soif Scienge and Plant Analysis. 32 (3-4). 537.552.

Sanjay Kumar and Prasad, N.K. 1999, Scil fertility and yield as

influenced by different legume-wheat (Thiticum aestivum)
sequences. indian Journal of Agronomy, 44 (3) : 488-492.
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Abstract

Results are presented of a two-year study comparing
performance of some water production functions for
spring sunflower under four irrigational treatments,
viz., one irrigation at seedling; two, one each at
seedling and buttoning; three, one each at seedling,
buttoning and flowering; four, one each at seedling,
buttoning, flowering and seed developing stage,
along with a no post sown irrigation — control,
averaged over four antitranspirant treatments, viz.,
kaolin (H, Al, SL O, H, O @ 7 %), Alar (B9/C; H,, N,
0, @ 0.001 %}, potassium sulphate (K, SO, @ 4 %)
along with a no antitranspirant — control. Crop
production functions, relating seed yield of sunflower
with consumptive use of water (CU)/
evapotranspiration (ET) with and without
consideration of time of water deficit during crop
growth sub-periods, were derived. The total growing
season of sunflower was divided into five
sub—periods. Eleven water production functions,
including seven that did not consider growth stage
during water deficit and four that did, were tested to
quantify the relationship between sunflower seed
yield and CU. Values of R? for water production
functions relating seed yield of sunflower and total
seasonh CU (ET) were significant (P< 0.05 or P < 0.01)
and ranged from 0.92 to 0.99. Sunflower was sensitive
to water deficit during buttoning, flowering to seed
development / maturity stage (reproductive phase). In
general, water production functions that considered
growth stages during water deficit explained well-
observed yield differences,

Key words: Irrigation, seasonal evapotranspiration
fconsumpiive use, seed yield,
sunflower, water production functions,

water stress

Introduction

Crop production depends on the environmental factors
and genetic constitution of crop plant. Climatic, biotic and
adaphic parameters are some of major components ofthe
crop  envitonment and may be manipulated by
management towards increased crop yields (Flinn, 1971).
Water is scarce in most of the dry regions of the world,
Limited availability of water at any stage of crop growth,
particularly at the critical stage, influences its yield.
Therefore, supplemental supply of water by artificial
means is inevitable. The functional form of relationship
between yield and water use by plants (crop water
production function) helps in optimizing the use of scarce
water supply and prediction of crap yield / profitability of
irrigation. The linear and non linear form of water
production functions, bgth with and without considering
the time of water deficit have been developed and used for
various crops {Neghassi et af., 1975; Rahman ef a/, 1980;
Singh et af, 1987; Singh et &/, 20012*") under different
conditions. The present investigation was undertaken for
spring sunflower (Helianthus annuus L.} grown on sandy
loam soil to compare the performance of some crop
production functicns under variable irrigations.

Materials and methods

The experiment was conducted on sunflower hybrid
‘MSFH-8' during spring seasons of 1999-2000 and 2000-
2001 at Chaudhary Charan Singh Haryana Agricultura!
University Farm, Hisar (75.46° E, 22.10° N, 2150 m
above msl). The experimental soil, a sandy loam ( Typic
ustochrepts), contained soil moisture 17.72 % at — 0.03
MPa and 7.42 % at — 1.5 MPa on gravimetric basis with
bulk density of 1.39 — 1.44 g / cc. The seil contained
176.5 kg available N, 17.0 kg available P and 301.0 kg
available K / ha and had alkaline reaction (pH, 8.2). The
weather during 2000-2004% was dry (4.0 mm rainfall in
May) but cloudy at later (reproductive phase} stage.
During first year (1999-2000) 1.0, 14.0, 24.0 mm showers
were received during February, May and Juns,

! Scientist (Agronomy), Regional Agricultural Research Station, Assam Agricultural University, North Lakhimpur, Assam.
2amd3 professor (Agronomy) and Associate Professor (Soll Water Engineering}, respectively.
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respectively. The mean pan evaporationwas 3.1, 4.8, 9.6,
10 4 and 9.9 mm / day (1999-2000) and 3.0, 46, 8.3,
10.4 and 11.7 mm ! day (2000-2001) during February,
mMarch, April, May and June, respectively. The treatments
consisted of five irrigation levels [no post sown irrigation
(unirrigated), 1 irrigation at seedling, 2, one each at
seedling and buttoning, 3, one each at seediing, buttoning
and flowering, and 4, one each at seedling, buttoning,
flowering, and seed developing stage] in main plots and
four treatments of antitranspirant [Kaolin (H, Al; Si, Oy H,
O @ 7.0 %), Alar (By f Cs Hi; N; O @ 0.001 %),
potassium sulphate (K, SO, @ 4.0%) and no
antitranspirant spray —control] in sub plots, replicated
thrice in split block / strip plot design. Sunflower hybrid
'MSFH-8' was sown con 18 February 1999 and 24
February 2000 by dibbling the seed at 30 cm interval in
rows 60 cm apart. Phosphorus @ 50 kg / ha {uniform)
and half of the nitrogen (50 kg / ha) were applied at the
time of sowing and remaining half (S0 kg / ha) was top-
dressed after firstirrigation / after seedling stage. A buffer
channel of 0.5 m width was provided on all sides of main
plot. The seasonal evapotranspiration (ET) / consumptive
use of water (CU} was computed as water added +
effective rainfall + D sail water. Due to fow intensity, all the
rain received was considered as effective rainfall.

The initial production functions were developed without
considering the crop stage at which water deficit occurred,
i.e., relationship between vyield and total seasonal
evapotranspiration (ET). Five such eguations were
adopted and compared from those summarized by Nagel
(1974):

Linear: Y =a + b (ET)

Quadratic: Y =a + b (ET} + ¢ (ET)?
Cubic: Y=a+b{(ET)+ ¢ (ET¥ + d(ETY
Square root; Y =a + b (ET) + c {ET)*?
Power function: ¥ = a. (ET)

Where, ¥ = crop vield, seed / grain yield or dry matter

yield; ET = total seasonal ET and a, b, c and d =
empirically drived canstants.

(i
(i)
{iii)
(iv)
V)

By replacing ET in equation (i) with ET deficit (maximum
seasonal ET minus actual ET), Stewart (1972) proposed
the following relationship:

¥ =a+l{&)
ETM

Where, ET,= seasonal ET deficit, and £T,,= maximum
seasonal ET i.e. ET with unlimited water availability.

Stewart (1972) [vi]

Water deficit {(expressed as soil water deficit / plant water
deficit / ET deficit) is related to the amount by which
stress reduces crop yield (Hiter and Clark, 1971). Keeping

this in view, Singh et a/. {1987) proposed the following
relationship to relate crop yield with the seasonal ET
deficit without considering the time of water deficit:

3\

2
ET

11—

Singhval(198) Y=a+b<1 il

a

The timing of water deficit may be more important than
the magnitude in predicting the yield as water deficit
timing greatly influenced the crop yield (Hiler and Clark,
1971; Stewart, 1972; Barrett and Skogerboe, 1980). Nagel
(1974) suggested that the crop growth stage during water
deficit must be considered for any yield function to be
representative. Therefore, cropwater production functions
considering time of water deficit at various stages of crop
growth after Jensen (1968), Stewart (1972), Minhas ot 4/,
(1974) and Singh et al. {1987) were also considered in

present analysis. These crop production functions might
be expressed as:

Y n ET hi
Jensen(1969): ——=a (Im__m)
(1969) - I

{5 [viii]
Y - ET
Stewa.l't 1972);— =3 + k[l_m) .
1972):35=a+ L h ETm/, ™
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4

i
. Y 1 ET 2 |
Minhas e l. (1974): = aH ’H{l' [1' ET } &

-

ET,

Singheta!. (1987 Y = a-;-g xi{l-(l_E_T} } il

Where, Y, = maximum crop yield which occurred when a
crop reached ET,, i = integer number of crop growth
stages / sub periods, & = represents series summation, O
= represented series muitiplication, a = empirically derived
constant, and li= empirically developed factor which
quantified crop sensitivity to water stress during different
growth stages / sub-periods.
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The sunflower plant growth period from sowing to maturity Results and discussion
was divided into five growth sub-periods as: i. Sub-period
| covering 0 to 30 DAS (sowing to seedling), ii. Sub-period
11 covering 31 to50 DAS (seedling to buttening), iii. Sub-
period 1l covering 51 to 70 DAS (buttoning to flowering),
iv. Sub-period IV covering 71 to 90 DAS {flowering to seed
development complete) and v. Sub-period V covering 91
to 115/116 DAS (seed development complete to maturity).

Data on seed yield and consumptive water use (CU) /ET
measured during different crop growth stages / sub-
pericds and seasonal CU (total) for various irrigational
treatments are presented in Table 1. individual
observation of CU and seed yield (2 replications) rather
than mean values were used for the development of water
production functions for sunflower hybrid ‘MSFH-8".

Table 1 Seed yield {kg/ha), consumptive use of water {mm} during different growth stages/sub-periods and seasonal consumptive
water use of sunflower as influenced by irrigation

Consumptive water use (mm)

Treatment S?:;,:zld Crop gr_owth stages/sub-periods®

a b c d e {
1999-2000 -
No post sowing irrigation (unirrigated) . 727 5863 5193 3451 2830 2885 20442
1 irrigation at seedling stage \‘\ 1212 5963 8482 4967 3382 3352 26146
2imigations one each at sesdling, and bultoning  stage 1583 58963 8482 10113 34858 34468 3147
3 irrigations one each at seedling, buttoning and flowering stage ' 1908 5963 8482 10295 6953 3517 3521

4 irrigations one each at seedling, buttoning and flowering and seed 2183 5963 B482 10334 7044 6045 37868
developing stage

LS D (P=005) 145 - - - - - -
2000-2001

No post sowing irrigation {unirrigated) 363 62.53 54.61 2616 2446 1510 18286
1 irrigation at seedling stage 912 6253 8422 5161 2663 2154 24653
2 imigations one each at seediing, and buttoning stage 1281 6253 8422 9732 3126 2246 29759
3 irrigations one each at seedling, buttoning and flowering stage 1540 6253 8422 98950 57.05 2477 32807

4 jrrigations one each at seedling, buttoning and flowering and seed 1750 6253 8422 9893 5898 5653 36118
developing stage

LS D (P=0.05) 133 { L. - ,\ \..' ! - - -
Pooled "

No pest sowing irrigation (unirrigated) _ 545 6108 5327 3034 2648 2247 19364
1 irrigation at seedling stage ) 1062 61.08 8452 5064 3023 2753 25400
2 irrigations one each at seedling, and buttoning  stage l 1432 E 6108 8452 9923 3296 2845 306.24
3 irrigations one each at seedling, buttoning and flowering slage 1724 61.08 8452 10123 6329 2997 34012

4 irrigations one each at seedling, buttoning and flowering and seed 1871 B108 8452 10113 6471 5850 369.97
developing stage
LS D (P=005 142 - - - - - -

*a sowing to seedling (0-30DAS), b seedling to buttoning {31-50 DAS), ¢ buttening to flowering (51-70 DASY; d flowering to seed
development completion {71-90 DAS}, e seed development completion to harvest maturity (91-115/ 116 DAS]}, f Season’s total

88



Ramani Kanta Thakuri ef a/.

production functions with out considering time of
water deficit

The estimated values of the regression coefficients for
water production functions {linear, quadratic, third degree
po|ynomial, square roct, power, Stewart, 1972, Singh et
al., 1987) relating seed yield of sunflower and seasonal
consumptive use {CU) / evapotranspiration {ET) with out
considering time of water deficit ranged from 0.90 to 0.98
in 1999-2000, from 0.94 to 0.99 in 2000-2001, and from
0.927 to 0.89 for pooled data (Table 2}. The F values for
testing R? were significant (P=0.01) in most of the cases
except Singh et al (1987} where it was non significant
though R? values were very high. One or more of
regression coefficients for quadratic (Eq. 2) and square
root (Eq. 4) during two years and for pooled data were

non significant. Simitarly, third degree polynomial (Eg. 3)
had both the regression coefficients non significant during
2000-2001. The water production function after Stewart,
1972 (Eq. ) may be expressed in linear term. Therefore,
R? F and t values for regression coefficient equal that of
the linear function (Eq. 1) - Table 2. In general, marginal
yleld decreased with increase in CU / ET and therefore,
the refationship between yield and CU / ET should be non
linear (Nagel, 1974; Barrett and Skogerboe, 1980).
Considering the non finearity of CU / ET yield retation for
sunflower hybrid ‘"MSFH-8' third degree polynomial and
power functions may be considered appropriate. The
linear (Eq. 1 and Eq. 6) also performed well and are

simple to describe the relationship between seasonat CU/
ET and seed yield of sunflower.

Table2 Estimated values of regression constant and coefficients and statisfical parameturs for testing crop production functions

for sunflower without considering time of water deficit

Regression constant and coefficients and * values for

Crop production functions testing coefficients __ R? Ft::t';?,{?'
a b c d
1999-2000 -
Linear [Eq. ] -955.6596 8.193(40.95) - - 0.9952 1677.17"
Quadratic [Eq. ii) -461.642 4630(214M  0.0061(1.66)M - 0.9985 1022417
Third degree polynomial [Eq. li]  -5454.571 58.869{12.07)" -0.185(-10.81)" 0.0002(11 1g)" 0.9998 12790.64"
Square root [Eq. iv] 775154 14333(3.26) -207.482(-1.40)% - 0.9962 939 84"
Power [EqQ. v] 0.067 1.753(38.02)" - - 09945 1445 23"
Stewart (1972) [Eq. vi] 2149604  -3105.30(-40.95)" ., - - 0.9952 1677.17"
Singh ef af. (1987) [Eq. vii] -4215.16 6157.54(8.69)" - - 0.9042 7552
2000-2001
Linear [Eq. i) -1029.72 7.735(48.37)" - - 0.9965 2339.72"
Quadratic [Eq. ii] -1317.69 9.988(6.43)"  -0.0042(-1.46)™ - 0.9973 1335317
Third degree polynomial {Eq. #ii]  -1515.59 12.313(081)™  -0M28(-02" - 08974 765.98°
Square root [Eq. iv] -2198.58 3.243(1.07)™  146.013(1.48)™ - 0.9974 1345.15"
Power [Eq. v] 0.0026 2.291(18.63)" - - 0.9774 347.21
Stewart (1972) (Eq. vi] 1769.94  -2799.66(-48.37)" - - 0.9965 2339.72"
Singh et al. (1987) [Eq. vii] -3610.47  5172.125(10.78)" - - 0.9356 116.13™
Pooled
Linear [Eq. i] -991.536 7.967(67.13)" - - 0.9982 4506817
Quadratic [Eq. ii] -917.235 7.410(5.31)"  0.00099(C.40)™ - 0.9982 2017.217
Third degree polynomial [Eq. iif] -3159.28 32716(337)  -0.0912(-259) 0.00011(2 52y 09991 2474727
Square root [Eq. iv] -810.151 8.636(3.14)  -22.185(-0.24)™ - 0.9982 1988.49"
Power [Eq. v] 0019 1.959(27 B3)" - - 0.9897 774.49
Stewart (1972) |Eq. vi] 1860.260  -2051.8(-67.13)" - - 0.9982 4506.81"
Singh et /. (1987) [Eq. vil] -3393.78 5645.49(9.63)" - - 0.9206 92.78™

* The values in parenthesis are t-values, = Statistically significant (P=0.05),

" Statistically significant (P=0.01), NS= Statistically not significant (P=0.05)

£9
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Production functions considering time of water deficit

R? values for various production functions considering
time of water deficit during different growth sub-periods
have been very high (Table 3). The F values for testing R?
for various production functions were significant (F=0.01).
In general, seed yield of sunflower was represented well
by different production functions under study with high R?
and F values. The magnitude and significance of
sensitivity factors (I ), however, varied during crop growth
sub-periods for different production functions. Various
functions {(Jensen, 1968, Stewart, 1972, Minhas ef af,
1974, Singh et al, 1987) had significant regression
coefficients (1) in 1999-2000, 2000-2001 and pooled data
as well. Based upon pooled data, degree of sensitivity of

seed yield by water deficit /stress during different growth
stages as measured by the absolute values of the
sensitivity factor (I} decreased in order of sub-period ||
(seedling to buttoning), 11f (buttoning to flowering), IV
(flowering to seed development compilete) and V (seed
development complete to maturity) for most of the water
production functions (Table 3 and Fig. 1}. This indicated
that sunflower crop was sensitive to water deficit spanning
over buttoning, flowering to seed development/harvest
maturity (reproductive phase). Field studies {Baldev Raj
et al., 1999, Singh ef al., 2001") have shown water deficit
during reproductive phase caused maximum reduction in
seed yield of sunflower.

Table3 Estimated values of regression constant and coefficients and statistical parameters for testing crop production functions

for sunflower considering time of water deficit

Regression constant and coefficients and t* values

for testing regression coefficients

Crop production functions . R? y Ft::tlil:‘t;ségr
(intercept) IH{l,) () IV (1) V {l)
49932000 h
Jensen (1968) [Eq.viii] 0.999  063%(4220)° 0350(42.79)" 0.253(29.88)" 0.258(24.29)" 09998 1168.13"
Stewart (1972) [Eq. ix] 0.999 -0.349(-27.22)" -0.315(-36.29)" -0.278(-31.41)" -0.312(-29.80)" 09998 7526.55"
Minhas et al. (1974) {Eq. x] 0897  1.079(1339)" 0.766(27.38)"  0.604(20.38)" 0.725(17.05)"  0.9997 5267.13"
Singh et al. (1987) (Eq. xi] -1083  0238(376) 0.551(21.05) N.548(19.90)" 0.742(19.56)" 0.9995 2911.69"
20002001
Jensen (1968} [Eq.viii] 0981  1.231(11.67)"  0.431(9.84) 0.305(6.94)" 0.135(4.45)"  0.9990 1331 66"
Stewart (1972) [Eq. ix] 0.991  -0.504(-12.92) -0.368(-15.15)" -0.341(-1352)" -0.187(-9.83)"  0.9990 1866.90"
Minhas et al. (1974) [Eq. x} 0.992 2369(3.52)  0.910(6.89)" 0.712(6.02)°  0311(440)" 09987 1031.927 .
Singh et al. (1987) [Eq. xi | 0628  0.316(1.05) 0.607(7.31) 0.643(8.46)"  0.354(7.47)" -:0.9983 766.13"
Pooled |
Jensen (1968) [Eq.viii] 0993  0.844(3261) 0.385(30.77) 0273(21.34)" 0.192(1600) 0.9998 8368.327
Stewart (1872) [Eq. ix] 0596  -0.411(-28.69) -034(-36.53) -0.303(-31.57)" -0.246(-27.16)" 0.9998 8850.46~
Minhas et al. (1974) [Eq. X] 0994  1.434(11.37) 0835(2439) 0648{(19.00)° 0479(15.09)° 0.9998 6651.34"
Singh et af. (1987) |Eq. xi] 0012 0226(277)  0.584(2063)  0.584(2069)" 0.512(19.26)° 0.9996 3851.897

* The values in parenthesis are t-values, * Statistically significant (P= 0.05),
** Statistically significant (P=0.01), NS= Statistically not significant (P= 0.05)
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Abstract

Field experiments were conducted during kharif
seasons of 2000,2001 and 2002 at Regional
Agricultural Research Station, Nandyal, AP to assess
the combination of production factors on growth and
yield of sunflower in Vertisols. The results indicated
that adoption of whole package of practices viz.,
fertilizer + plant protection + thinning + weeding
resulted in significantly higher seed yield (1217 kg/ha)
and net returns {Rs, 11285/ha). Among the various
single factor production constraints, weeding was
found to be most crucial followed by thinning,
fertilizer and plant protection. With two-factor
" limitation, either without fertilizer or thinning or plant
- protection, sunflower seed yield was reduced by 42%
as compared to fuil package. Absence of weeding
-along with fertilizer and thinning together reduced the
sunftower yield by 68.3%.

1]

Key words: Sunflower, praduction constraints

Introduction

Sunflower, Hefianthus annuus L. in recent years, gained
importance due to its wider adaptability, short duration,

photo insensitivity, allows it to be fitted into various '

cropping systems. Despite the impressive increase in
acreage and production over the last two decades,
average productivity of sunflower remained far low (681
kg/ha) (Anonymous, 2002-03). Different production
factors (fertilizer, thinning, weeding and plant protection)
contribute towards the crop stand, plant growth and
uitimately the yield of sunflower. Though the input
management had been given due importance, the percent
contribution, or the losses due to their non-availability to
the sunflower crop are yet to be quantified under scarce
Rainfall Zone of Andhra Pradesh. Hence the experiment
was conducted to identify the major constraints and their

contribution in sunflower production under rainfed
conditions.

Materials and methods

.The experimental site was located at the Regiona!
Agricultural Research Station, Nandyal, AP (15°29'
£,78°32' N and 211 m above mean sea level and average
annual rainfall of 750 mm). The experiment was
conducted for three consecutive years 2000, 2001 and
2002 during kharif season on deep black soil with pH 8.2,

N low in available N {174 kg/ha), medium in available P,O,

+(20.4 kg/ha) and high in available K,O (284 kg/ha). The
experiment was laid out in Randomized Block Design with
nine treatments repliicated four times an sunflower hybrid

. KBSH-1. Gross plot size of the experiment was 5.4 m x
“ 4.8 m and the net plot size was 42 m x 4.2 m. The

treatments consisted of full package and detetion of one
or more inputs like fertilizer, plant protection, thinning and
weeding (Table 1). Sunflower crop was sown by dropping
seed behind the plough in marked row width of 60 cm. A
uniform dose of 80 kg N + 60 kg P,0O; + 30 kg K,O/ha
through urea, single super phosphate and muriate of
potash, respectively was applied to the treatments
including fertilizer. Entire quantity of P and K fertilizers

- and half quantity of N was applied as basal and remaining

half quantity of N was top dressed at 30-35 days after
sowing (DAS). Plant protection measures consisted of
seed treatment with Imidacloprid @ 5g/kg seed as
protection against thrips and spraying of chemicals as and
when the pest/disease incidence was noticed. The
treatments involving thinning operation comprised of
thinning the plant population at 10-15 DAS leaving one

- plant/hill in order to maintain optimum plant stand of

55,555 plantsfha. Weeding operation comprised of
intercultivation followed by hand weeding twice at 20 and
40 DAS. Rainfall during 2000, 2001 and 2002 amounted

~ to 1004, 371.8 and 290.6 mm, respectively.

Results and discussjon

Growth and yield components : Adoption of full
package of practices resulted in significant enhancement
of head diameter, filled seeds/head and 100 seed weight
of sunflower during all the three years of experimentation
(Fig. 1a, 1b and 1¢) as well as in pooled results (Table 1}.
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among the single factors of production, thinning followed
by weeding operations resulted in sighificantly lower head
diameter, lowest number of filled seeds/head and 100
seed weight as compared to fertilizer and plant protection
measures. With two-factor limitation, either without
fertilizer or plant protection; and without thinning resulted
in significantly lowest head diameter compared to
exclusion of fertilizer and plant protection from full
package. Deletion of fertilizer + thinning from full package

resulted in 19 and 7% reduction in filled seeds/head
compared to deletion of either fertilizer or thinning along
with plant protection, respectively over years {Table 1).
When all the three factors viz,, fertilizer, thinning and
weeding were not adopted, reduction in head diameter,
filled seeds and 100 seed weight to the extent of 38%,
52% and 23% respectively was observed as compared to
adoption of full package of practices.

Tabie 4 Yield attributes and yield of sunflower under resousce constraints (Pooled mean avey three years, 2000-2002)

Plant Head No. of 100-seed Seed Percent Net B:C
Treatment height diameter  filled seed weight yield reductionin returns iio
(em}) {cm) head (@) (kg/ha) vyield over FP (Rs/ha) ra
Full Package (FP) 115 o 12 653 43 1217 - 11285 261
' i/
FP - Fertilizer (F) 104 : 11 552 38 840 3.0 7632 253
£P - Plant protection (PP} - 116 F 11 574 4.1 977 19.7 8180 2.26
FP - Thinning (T) v , o, 112 9 378 36 758 377 4685 1.69
FP - Weeding (W) 104 9 440 37 574 528 1785 1.25
FP - (F + PP) i 106 1 490 37 809 335 7662 2.7
FP- (PP +T) 113 9 426 36 712 H“u5 4355 1.68
1« .
FP-(F+T) 112 ! 9 397 386 737 334 6242 229
FP-(F+T+W) 108 7 316 i3 386 68.3 1262 1.27
[ et B4 ¥
SEm+ oo 405 06 40 01 96 -
coP=005) 7 NS 18 116 03 281 .

Seed yield : The production constraint factors resulted in
significant yield reduction, which was in the order of
weeding > fertilizer > plant protection > thinning during
2000 (Table 1). However, in subsequent years and in
pooled results it was in the order of weeding > thinning >
plant protection > fertifizer application (Fig 1),

Adoption of full package of practices produced maximum
seed yield of sunflower. The yields were significantly
reduced in absence of any ¢f four preduction factors either
alane as fertilizers, plant protection, thinning and weeding
or in combinations as fertilizer + plant protection, plant
protection + thinning, fertilizer + thinning and fertilizer +
plant protection + weeding. Studies conducted at various
locations also indicated the need for adoption of full
package of practices to obtain the highest yield of
sunflower (Anonymous, 1998-99, 1998-2000, 2000-01
and 2001-02).

On an average, full package of practices resulted in
achieving highest yield of 1217 kg/ha which was reduced
to 52.8%, 37.7%, 31% and 19.7% without weeding,
thinning, fertilizer and plant protection, respectively. The
combinations of different resource constraints further
reduced the yield of sunflower, Fertilizer, thinning and
weeding operations together accounted for 68.3% of total
production influencing through head diameter, filled seeds
and 100 seed weight while plant height remained
unchanged.

Economics: Economics indicated that full package
rendered the highest gross (Rs 18255/ha) and net (Rs
11285/ha) returns white the highest value of B: C ratio

. {2.71)was recorded with full package without fertilizer and

plant protection followed by full package {2.61).
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Abstract

A field experiment was conducted during Kharif
seasons of 1994, 1995 and 1996 at ARS, Mandor
revealed that pre plant incorporation of alachlor
granules @ 2 kg/ha followed by weeding at 30 days
after sowing (DAS) proved to be the best weed
management tool providing maximum seed yield {713
kg/ha), net return (Rs. 10,736/ha) and B:C ratio (1:
2.17).This treatment also gave the highest weed
control efficiency (86%) and the lowest weed
competition index. Though hand weeding twice at 20
and 30 DAS minimized weed count and weed biomass
and gave seed yield equivalent to alachlor granules
PPI @ 2 kgfha + weeding at 30 DAS but it was found
to be uneconomic to the farmers because of lower
benefit : cost ratio (1.89:1),

Key words: Alachlor, pendimethalin, metalachior,

hand weeding, sesame
Introduction

Weed infestation in sesame {Sesamum indicum Linn.) is
one of the main factors for toss in yield to the tune of
15-80 %. Weeds drain the fertilizers applied and moisture
conserved bhefore sowing and thus has a greatest
competitive effect on crop. The conventional method of
weed control is time consuming, expensive and laborious.
It is more favourable to use chemicals due to scarcity in
availability of human labour during peak season { Kannan
and Wahab, 1985). Therefore, the present attempt has
been made to identify a suitable weed management
practice in sesame grawn in the acid Western plains ot
Rajasthan.

Materials and methods

An investigation was under taken during rainy seasons
{kharif) of 1994, 1995 and 1996 at Agricultural Research
Station, Mandor, Jodhpur on loamy sand soils {aridisol)
having pH 8.1, low nitrogen {170 kg/ha), medium
phosphorus (23 kg/ha) and high potassium content (330
katha), The experiment, consisting of twelve treatments
was faid out in Randomized Block Design with four

¥

replications (Table 1). The plot size was 5 m x 3 m,
Sesame variety “RT 46" was sown with onset of monsoon
in every season at 30 x 15 cm (row x plant) spacing. The
crop was fertilized with 40 kg N {half as basal and half 30
DAS) and 20 kg P;Os/haas basal dose. Alachlor granules
were incorporated in the plots prior to sowing whereas,
liquid formulations were applied with the help of knapsack
sprayer fitted with flat fan T- jet nozzle at spray volume of
750 tha. The crop received 302, 336 and 548 mm rain
during 19984, 1995 and 1996 growing seasons,
respectively. The predominant weeds in crop were
Amaranthus spinosus, Cenchrus biflorus, Trianthema
portulacastrum, Boerhaavia diffusa, Cynodon dactyfon (L.}
Pers., Tribulus terrestris, Euphorbia microphylla,
Phytlanthus niruri, Digera arvensis, Corchorus tridens,
Heliotropium ovalifolium, Portulaca oleracea and Celosia
argentia etc.

Results and discussion

Effect on weeds: A reference to weed data in Table 1
revealed that all the herbicidal treatments with or without
weeding recorded significant reduction both in population
and biomass compared to weedy check at 20, 30 DAS
and harvest. The lowest weed count and biomass
throughout the crop growth cycle was recorded with pre-
plant incorporation of alachior granules @ 2 kg/ha along
with one hand weeding at 30 DAS. The number of
weed/m? with this treatment was 24 at 20 DAS, which was
reduced to 4 at harvest stage. At harvest stage, the weed
dry matter was reduced by 435 gim® with pre plant
incorporation af alachlor granufes @ 2 kg/ha + weeding
at 30 DAS (71 g/sq. m) compared to un weeded check
{205 gisg. m).

Effect on crop: All the weed control treatments
significantly improved the yield and its parameters over
weedy check (Table 2). Use of alachlor granules @ 2
kg/ha along with one hand weeding at 30 DAS yielded
maximum numbers of primary branches/plant (4.5),
capsules/plant (63) and plant height (127 cm) which were
reflected on the highest yield of sesame {713 kg/ha).

. These parameters were at par with that observed under

hand weeding twice at 20 and 30 DAS and useg of alachlor
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tiquid @ 1.5 kg/ha as pre emergence application followed
by hand weeding at 30 DAS. On pooled basis, pre plant
incorporation of alachlor granules @ 2 kg/ha + hand
weeding at 30 DAS and pre emergence application of
alachalor liquid @ 1.5 kg/ha + hand weeding at 30 DAS
increased the seed yield by 424 and 381 kg/ha over
weedy check, respectively. Chauhan and Gurjar (1998)
and Singh et al (2001) also reported similar results in
sesame. Role of hand weeding followed by use of
chemical was proven essential. Use of alachlor granules
@ 2 kg/ha as pre plant incorporation with out any hand
weeding gave significant increase of 211 kg/ha in seed
yield over weedy check. When this treatment was super

imposed with one hand weeding at 30 DAS further
increase of 213 kg/ha in seed yield was observed. Similar
trend of significance was observed in all weed controi
treatments. Pre-emergence application of metolachlor @

+; 2 kg/ha + one hand weeding at 30 DAS and pendimethalin

@ 0.5 kg/ha were proven superior over weedy check but,

- the magnityde of increase in seed yield due to these
= treatments was not equivalent to that of alachior granules
. @ 2 kg/ha and alachlor liquid @ 1.5 kg/ha + one hang

-+ weeding at 30 DAS. Results are in close conformity with

the findings of \brahim ef a/. (1988); Kannan and Wahab
{1995).

Table 1 Effect of different weed management practices on weed population, weed dry matter, weed competition index and weed
control efficiency in sesame {pooled data of three seasons)

Weed

No, of weeds/sq.m Weed drymatter (g/sq.m) Weed
.. cohtrol
Treatment competitio efficienc
20DAS 30DAS Harvest 20DAS 30 DAS nindex (%) ) Y
N , _
Unweeded check 163 163 -~ 124 62.2 78 506 59.3 0
Hand weeding at 20 DAS 137 10 10 574 26.5 114 315 77 .f_,‘
Hand weeding at 30 DAS R _,.; : s 167 159 10 60.8 333 104 28.7 79
Hand weeding at 20 and 30 DAS 142 1 8 50.7 16.4 71 0.0 86
Alachior (liquid @ 1.5 kg /ha) PE 24 24 8 135 183 210 . 323 58
Alachler (liquid @ 1.5 kg /ha) PE + Hand 25 26 4 17.9 229 62 . 586 88
weeding at 30 DAS _ . "
Alachlor {granules @ 2 kg/ha) PP 19 18 4 16.7 209 . 180 .. 296 64
Alachlor (granules @ 2 kg/ha) PP + Hand - _:.f .24 25 4 166 21.2 0.0 86
weeding at 30 DAS I
Pendimethalin (@ 0.5 kg /ha) PE Al 42 -~ 4 10 278 30.1 406 59
Pendimethalin (@ 0.5 kg /ha) PE + Hand 42 43 B 227 259 235 88
weeding at 30 DAS ' i
' i
Metolachlor (@ 2 kg /ha) PE \ 39 38 10 335 38.2 303 39.4 40
Metolachlor (@ 2 kg /ha) PE + Hand weeding 32\. 32 6 223 291 75 221 85
at 30 DAS
CD {P=0.05) 23 22 2 9.4 9.4 45 - -

DAS = Days after sowing, PE = Pre-emergence

96
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Table2 Effect of different weed management practices on yield attributes, seed yield and net returns of sesame
(pooled data of three seasons)
Pt Primary e Test Seed yield (kg/ha) Net B
Treatment (CS‘) branches/ ~ 0 lant weight returns  rafio
plant P (gy 1994 1985 1996 Pooled (kg/ha)
Upweeded check ) 104 341 328 265 300 44 523 289 3358 1.1
Hand weeding at 20 DAS f 120 40 49.3 277 565 85 808 486 6492 154
Hand weeding at 30 DAS 119 38 49.1 277 643 86 788 506 6932 1.65
I 5 S
o, S
Hand weeding at 20 and 30 DAS 125 4.3 62.0 2.83 809 128 1194 710 10220 1.89
Alachior (liguid @ 1.5 kg /ha) PE 122 4.1 49.4 273 400 109 933 481 6882 1.86
Atachlor (liquid € 1.5 kg / ha) PE + u&;m! 127 43 ¥ 597 282 818 117 1075 670 9980 210
weeding at 30 BAS ' - _’,'
Eatganthe F H
Alachlor (granules @ 2 kg /ha) PPI 122 42 51.1 276 390 11 1000 500 7000 1.75
Alachlor (granules @ 2 kg/ha) PP + Hand 127 45 61.5 2.80 825 132 1183 713 10736 217
weeding 30 DAS
Pendimethalin (@ 0.5 kg /ha) PE 112 36 441 274 383 82 800 422 5484 1.44
Pendimethalin (@ 0.5 kg /ha) PE + Hand 122 38 541 270 590 111 927 543 7086 1.46
weeding 30 DAS
Metolachlor (@ 2 kg /ha) PE 124 37 44.4 274 332 8% 873 430 5060 118
Metolachlor (@ 2 kg /ha) PE + 121 40 52.3 275 512 108 1040 553 6716 1.23
Hand weeding at 30 DAS
CD (P=0.05) 77 0.4 05.2 0.08 143 22 137 180 - -

HW = Hand weeding, DAS = Days after sowing, PE = Pre-emergence and PP| = Pre-plant incorporation

Economics of weed management Pre plant
incorporation of alachlor granule @ 2 kg/ha + one hand
weeding at 30 DAS was the most economical treatment
giving maximum net returns of Rs 10,736/ha with 2
benefit cost ratic of 2.17:1. Next in order was hand
weeding twice at 20 and 30 DAS (Rs.10,220/ha) closely
follawed by pre emergence application af alachlar liquid
@ 1.5 kg/ha + one hand weeding at 30 DAS (Rs
9,980/ha). Therefore, the present finding suggest that
application of alachlor granule @ 2 kg/ha followed by one
hand weeding at 30 DAS can provide better cost effective
weed management in sesame.
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Abstract

The peak population of aphid Aphis craccivora Koch
groundnuts was recorded between December and
January and much lower populations from April to
September, Hysteroneura setariae Thomes population
was very low. The multiple correlation of A. craccivora
population with parameters like Temperature {av.},
soil temperature (10 cm depth) and vapour pressure
have been found significant {r=0.59 and 0.53 for A.
eraccivora for cropped and fallow area). The multiple
correlation coefficients were 0.59 and 0.53 with
weather parameters for A.'craccivora in crop and
fallow respectively. The cylindrical trap with castor oil
as glue worked well in trapping the aphid populations.

Keywords: Population dynamics, Aphis craccivora,

Hysteroneura setariae, groundnut
Introduction

Aphids were not considered to be a serious pest of
groundnut until late 1980s (Brar and Sandhu, 1975; Brar,
1981, Padgham ef al, 1990; Nandagopal, 1992). Seven
species of aphids were recorded on groundnut as vectors
of Peanut Stripe Virus (PSTV) (Singh ef a/., 1993), with A.
craccivora as the major species, causing pod losses up o
40%. With a heavy infestation, plants become chlorotic
and leaves curl, but Rangaswamy and Rao {1964)
reported that the pod formation is also adversely affected.
Another species H. setarae transmits four viruses in other
crops.

Forecasting pest abundance and its timing are the
important aspects of Integrated Pest Management (Dent,
1991). Though the presence of A. craccivora is recorded
throughout the year, its dispersal is most noticeable when
the populations are abundant, especially in summer
{Dixon, 1985). Precise information is lacking on the
factors affecting the population abundance and survival of
aphids on groundnut in this region. Therefore the present
study was initiated.

98

Materials and methods

Field experiments were conducted from 1593 to 2000 at
NRCG, Junagadh, Gujarat. Groundnuts were sown in the
first week of every month in a 25 m? (5 row 5m length)
plot, which forms a part of 20 ha of the rainy season crop.
A yellow plastic tray (36 x 24 x 6 cm) with 5 cm depth
filled with water was used as a trap. Ten ml of kerosene
was added to the water, A flat sticky trap was made up of
a square (22 cm) 175 pm thick PVC sheet, on both sides
of which castor oif was smeared. [t was fitted to a bamboo
stick at a height of 40 cm. A cylindrical sticky trap made
up from an empty ofl tin (28 om x 20 em diameter, fitted
on a rod at 50 ¢m height). The surface of the tin was
covered with yellow plastic sheet, the outer surface of
which was smeared with castor oil. Each of these different
traps were installed in the groundnut plot and a fallow
area, approximately 800 m away.

Observations were made on the aphids population (A
craccivora and H. setariae) at Standard Week {SW)
intervals from October through February. Temperature,
humidity, soil temperature (10 and 20 cm depth), rainfall,
rainy days, sunshine hours and wind velocity were
recorded from a weather station located at the
experimental site. A simple correlation and multiple
regression was worked out and the prediction equations
for aphids wers caleulated.

Results and discussion

Relatively few, H, setariae were trapped in comparison to
A. craccivora, The poputation of A. craccivora was low
during April to September (20/trap in Cylindrical trapfweek
in crop and 16/trap/week in falow) (Fig. 1a and 1b), but
reached a peak between December and January,
recording over 800 aphidsitrap/week in crop and
600/trap/week in the fallow. The period of peak activity
coincided with the summer groundnut crop being the
major irrigated crop, as the temperature increased.
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Therewas a highly significant correlation for A. craccivora
population from cropped and fallow area with average
emp. soit at 10 om depth and the vapour pressuse inthe
area {Table 1 and 2). The regression eguation for the
prediction of A. craccivora on crop and fallow were
computed. In cropped area, the number of predicted
population was nearerto the actual population for both the
species of aphids. During this period of observation all
these weather parameter were recorded lowest, being
winter season. The multiple correlation coefficient was
0.59 and 0.53 with weather parameters for A. craccivora
in crop and fallow respectively. Weather being a complex
phenomena, we have under taken stepwise regression to

. fix the important parameter which affected the population -

of these two aphid species,

* The simple and multiple regression coefficient between

“

aphid population and weather parameter indicated that
temperature (av.), soil temperature (10 cm depth) and
vapour pressure played & significant role on the

¢ population build up of aphids. The correlaticn and

regression have clearly indicated the dependence of
above weather parameters. The calculated vaiue for H.

i setariae were r=0.57 and 0.56 for cropped and faliow

area, respectively (Table 1) (Fig 1c and 14d).

Table 1 Simple correlation matrix of aphids with weather parameters in groundnut {October-March, 1994-95 to

1999-2000})

Correlation with abiotic factors

Aphid R? .
Av. Temp. (°C) Soil Temp. (°C) Vapour pressure
A. craccivora
Crop area . 0.355 -0.590** -0.585** -0.486*
Fallow area 0.280 -0.510* ~0.524** -0.453*
H. setariae
Crop area 0.330 -0.564* -0,545* -0.509**
Fallow area 0.311 -0.544* -0.536* -0.500**
Fig. 1a.Weather v/s A.craccivora (crop) in Cylindrical trap
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Table 2 Correlation between weather parameters and aphids population

Aphid Weather Oct. 94 - Oct. 95 - Oct. 96 - Oct. 97- Oct. 98 - QOct. 99 -
parameter March, 95 March, 968  March, 97  March, 98 March-28  March 2000

Maximum temperature {°C)

A. craccivora Crop area -0.623* - -0.516* -0.558** -0.674* -0.721% NS
Fallowarea  -0638" 0521  -0.580"  -0588*  -0.691* NS

H.setariae = Crop area © Ns 0605  .0.685" 0872 -0.551% NS

" Fallowarea  -0.328*  -0.568"  -0.670~ *° -0.670* NS NS

Minimum Temperature (°C)

A. craccivora Crop area ©--0.567% NS NS -0.799** -0.679™ 5 NS
Fallow area . -0.562* NS NS -0.708** -0.678** . NS

H. setarias Crop area NS -0.590* -0.638* -0.757* -0.664** DHo73
Fallow area NS -0.582** .~ -0.657* -0.586** -0.590"* -~ NS

Average temperature [°C) X 7

A. craccivora Crop area -0.604* NS 0.530** 0777 -0.763* NS
Fallow area -0.808** _ NS | -0.552* -0.684* -0.749* NS

H. setarias Crop area NS -0.638* -0.703* -0.763" -0.678* -0.673*
Fallow area NS -0.616** -0.708* -0.806™ -0.594*

Soil temperature {10 cm depth) {°C)

A. craccivara Crop area -0.601* NS -0.551* -.626*" -0.680* NS
Fallow area -0.583* NS -0.581* -0.728** -0.680** NS

H. setariae Crop area -0.529* -0.653** -0.762™ -0.803* -0.677* -0.692**
Fallow area NS -0.643™ -0.763* | -0.884** -0.589** NS

Soil temperature (20 cm depth) (°C)

A. craccivora Crop area -0.605* NS -0.563** -0.819* NS NS
Faliow area -0.600** NS -0.701%* -0.727* \\ NS NS

H. setariae Crop area -0.526** . -0.652** -0.781* . -D.798™ \ NS -0.681**
Fallow area NS 10649 0771+ -0.860** NS NS

Vapour pressure

A. craccivora Crop area NS NS NS -0.675* -0.651* -0.481**
Fallow area NS NS NS -0.587* -0.629* NS

H. sefanae Crop area -0.519* -0.572* -0.578* -0.615** -0.589* -0.585*
Fallow area NS -0.565** -0.578* -0.757* -0.562** NS

100
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Fig. 1b. Weather v/s A.craccivora (fallow) in Cylindrical trap
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Fig 1d. Weather vis H.setariae (fallow) in Cylindrical trap

| CH. setariae
|
‘ Temperature(Average)

—o— 50il Temperature

Weather Parameter

Aphid Catch

o

During the studies, population of H. setariae was less in
numbers (maximum 18/week/trap) which suggested that
- the weather factors are not that much conducive for
multiplication compared to A. craccivora, which appeared
in thousands. As a result, postnatal development periads
and generation times are short and reproduction rates, are
potentially very high (Dixon, 1987).

For multiple regressions, the best variables were the
vapour pressure and soii temperature at 10 cm depth
which were the resuits of low temperature prevailed from
the period SW 45 to 52 and SW 1 to 12,

This is in confirmation with Roychoudhury and Jain (1993)

who showed a negative coffelation of aphids with mean,
maximum and minimum temperature. Similarly, Sheikh et
al. (1999) predicted the population of aphids in groundnut
using a limited period data, which also included minimum
temperature as contributing factors.

All through the years of observations, the populations of
aphids, A craccivora was abundant (maximum of
3542/trap/week) and the species, H. setariae recorded
maximum of 32 aphids/week/trap. The SW 45 to 15 was
peak period of activity for bath the species. February 19'to
2" week is the sowing peticd for summer groundnut
threugh well irrigation, After germination, by the time the
crop produced sufficient leaves, it would be SW 9-10.
Probably because of these reasons, only the peanut strip

2 Ve e

virus {PStV) has been consistently recorded higher and in

- maost of the field 50% plants wete temoved and destroyed

102

during summer season of 1993 to 1985 {our unpublished
work). These two aphids have been well documented as
vector for PStV virus (Singh et al,, 1993).

Low temperature favoured the population of aphids, The
other important weather parameters such as soil
temperature at 10 cm depth and vapour pressure were
also responsible for multiplication of alate forms of
aphids. The aphids are being vector of many viral
diseases of food and fiber crops, it would be easy to
initiate the management of the aphids, to avoid the spread
of viral diseases such as Peanut Stripe Virus diseases
and to reduce loss {Singh et al, 1983). Cylindrical trap
was found to be superior in trapping the aphids, which are
carried by wind being passive flier, could be used
effectively to moniter these two species of aphids as well
as other aphids in different crops and cropping systems.

It is now possible to forecast the population occurence of
A, craccivora and H. sefariae based on the weather
parameter prevailing over a short period. The cost of
making a forecast using locally made gadgets is refatively
small. Forecasting and early warning are both meant for
warning of environmental conditions that are suitabie for
the occurrence of an epidemic. Presumably factors such
as temperature, vapour pressure and scil temperatures
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are likely to be important, while other factors such as
migration may also be involved and precise information
are likely to vary from place to place. In our situations,
early detection is also possible after colfection of
epidemiological data and detecting the actual occurrence
of an epidemic as scon as it begins.

The prediction of popuiation can be made using average
temperature, soil temperature at 10 cm depth and the
vapour pressure in this area. This can be ensured taking
these parameters for the period SW 43 to 45. Based on
the prediction formula, the calculations for actual and
predicted are coming closer. For the post-rainy sowing
i.e., by the second or third week of February every year,
the weather data of the above three independent factors
can be taken into account and the population can he
predicted. When the population is predicted, accordingly,
the management/control options can be finalized in
advance.
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Abstract

Foliar application of Salicylic acid (SA) and Bion
solutions to Sunflower induced systemic resistance
to Alternaria helianthii (Hansf.) Tubaki and Nishihara.
SA at 15 mM were effective in inducing resistance,
however SA at 20 mM had phytotoxic effect. Studies
indicated that lag period of 3-7 days is required for
induction of systemic resistance.

Key words: Systemic acquired resistance (SAR),
induced systemic resistance ({SR}, Salicylic
acid {SA), Bion, Alternaria helianthii

Introduction

Sunflower (Helianthus annuus L) is one of the important
vilseed crops grown in the world. It is cultivated in an area
of 183.98 lakh ha with a production of 209 03 lakh tonnes
and a productivity of 1136 kg/ha {Damodaram and Hegde,
2002). Aithough, India stands third in sunflower cultivation
{21.0 lakh ha} but sixth in production {15.0 lakh ha) with
a productivity of 714 kg/ha {Anonymous, 1998). There are
several limitations for increasing production of sunflower,
one of them being diseases. Alternatia leaf blight
constitutes a potential threat to all sunflower growing
regions of the wold (Yang, 1988). Although, several
fungicides are available to manage this disease,
development of resistance to fungicides by plant
pathogens is a major limiting factor. Further, in the
development and use of chemical agents for crop disease
management, considerable attenticn must be given to the
preservation of the global environment. By keeping all
these points in view, investigation was carried out for
utilization of induced systemic resistance in managing
Alternaria leaf biight in sunfiower.

Materials and methods

Sunflower leaves infected with A. helianthii were collected
from Directorate of Qilseeds Research, Rajendranagar,
the pathogen was isolated by tissue segment method and
further purified by single spore isolations. For
pathogenicity studies, Alternaria susceptible open
pollinated variety ‘Morden’ was planted in 18 cm diameter

e

pots (three plants/pot). With a mixture of soil and farm
yard manure (FYM) in 4.1 ratio and maintained con glass
house benches. The inocutum was prepared by washing
the conidia of A. hefianthii from 15 days old culture grown
on sunflower leaf extract medium in petriplates. Five mi of
sterile distilled water was added to each plate and the
conidia were scraped with the help of camel hair brush.
The spore suspension was filtered through three layers of
cheese cloth. Tween 20 @ 0.1% (Polyoxyethylene
Sorbiten monoleate), surfactant was added to the
suspension to enable uniform spread of inoculum on the
leaves. The conidial concentration was monitored using
haemocytometer.

Thirty days old plants were inoculated in the glass house
by spraying conidiai suspension (10,000 conidia/ml) of
Alternaria on leaves with a hand sprayer. Control was
maintained by spraying with sterile distilled water only.
Inoculated plants were kept in the incubation chamber
made up of polythene sheets in the glasshouse for 48 h
colane at R.H. 95%.

Balicylic Acid (SA; 2-hydroxy benzoic acid MS ICN
biochemicals Inc, Thame U.K.) was dissolved in sterile
distiiled water containing 0.1% tween 20 as a wetting
agent, to produce 15 mM, 1.5 mM and 0.15 mM S A
splutions. Bion (acibenzolar-s-methyl, benzothiodiazole,
CGA 245704; benzo (1,2,3) thiadiazole-7-
carbothioicacids-methylester (MS Novartis India Ltd,
Mumbai) as water dispensable granule (WG 50%) was
dissolved in sterile distilled water to produce SmM, 0.5mM
and 0.05mM Bion solutions.

The effect of SA and Bion in inducing disease resistance
was observed after one day, replicate plants from each
freatment were taken and their second formed leaves
were inoculated with A. helianthii. Similarly other plants
were inoculated at 3,5,7 and 9 DAT and disease reduction
over control was calculated {Ishii ef a/, 1999),

Slide germination technique (Montgomery and Moore,
1938) and poisoned food technique (Nene and Thapliyal,
1879) were employed to test the efficacy of salicylic acid
and Bion against A., helianthii in vitro.

1 Scientist (SG), Directorate of Oi!seedsVResearch, Rajendranagar, Hyderabad-500 030, A.P.
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slide germination technique: Four concentrations

{1000, 100, 10, 1 mg/ ml each) of SA and bion were

prepared. Two drops of each concentration were pipetted
into the cavity slide and allowed to dry. Equal quantity of

spore-suspension was placed over the dried inducer i

chemical solution and incubated at 27£1°C for 5 h. The -

trial was replicated five times. Suitable control was *

maintained with distilled water. After 5 h of incubation,
spore-germination counts were recorded and germination
9, was calculated.

poisoned food technique: Different concentrations
(1000, 100, 10, 1 pg/ml) of AS and Bion were prepared
and poured into sterilized petriptates. Smell disc (0.8 cm
diameter) of A. hefianthii cuiture was placed at the centre
of each poisoned plate. These radial growths of the fungal
mycelium was recorded at 7, 14 and 21 days after
inoculation.

Estimation of total phenols: Plants were treated with
salicylic acid and Bion. Later the phenolic content of
treated plants was estimated at difierent intervals as per
Mahadevan and Sridhar, 1996.

Results and discussion

Inoculation of the second formed leaf with A. helfanthii
24h before the application of SA and Bion on first formed
leaf had no influence on the infectivity of the pathogen

(Table 1). Bion 5 mM had significantly higher disease
contral (22.43%) at 1 DAT. Similar trend was observed
with 5 DAT, 7 DAT and 9 DAT. However, the differences
observed between 7 DAT and 8 DAT were not significant.
The results revealed that treating first formed leaves with
SA 15 mM and Bion S mM can induce resistaice to A
helianthii in the second formed leaves and the induced
resistance persisted for atleast 9 days after treatment.
Similar results were also reported by Weete {1992) and
Frey and Carver {1998).

Studies on spore germination of A helfianthii showed
(Table 2) that less spore-germination was observed at SA
1000/ug ml. Similar results on damping off seedlings
disease reported by Chen-Chunquan et al. (1999)
indicated that, zoospore germination of Pythium
aphanidermatum was reduced on application of SA at
1000 ug/mi. SA and Bion foliar application inhibited the
radial growth of A. hefianthii at 1-100 pg ml (Table 3), At
higher concentration {1000 ng ml} complete inhibition of
mycelial growth was observed with SA The reducticn in
spore germination and mycelial growth of A. helianthii not
only resulted a direct effect as inducers on the pathegen,
but also protection was achieved in in viva. This might be
due to the results of induced resistance and also the direct
effects of the inducer chemical on the pathogen.

Table 1 Effect of application SA and Bion to first formed leaves on resistance of second formed sunflower
leaves to Alternaria helianthii
Disease reduction (%) over control
Treatment 1087 1 DAT 3IDAT 5 DAT 7DAT 9 DAT Mean
“SA 15 mM 0,93 977 19.92 51.77 63.89 63.62 3498
(5.13) (17.72) {26.50} (46.01) (53.10) (62.94) (33.57)
SA1T5mM 0.13 6.81 15.90 3377 3453 34 90 21.01
J {1.21) (15.12) (23.20) - (35.40) {35.92) (36.19) {24.51)
SAQ015mM . 0.13 4,99 9.87 7.79 14.95 15.00 8.79
i (121 (10.57) (17.66) " (14.59) (22.40) (22.73) {14.86)
Bion 5 mM i 1.20 22.43 25.79 57.45 68.03 68.79 40.22
b (6.24) (20.54) (30.47) {49.30) (55.57) (56.04) {37.36)
Bion 0.5 mM i 0.13 - BA7 15.0% 26.50 44,24 49.30 21.82
(1.21) (10.37) (22.63) (30.35) (39.93) (40.25) (24.12)
Bion 0.05 mM 0.13 6.25 10.26 13.53 33.38 36.21 16.63
(1.21) (14.47) (16.88) (17.78) (35.28) (36.97) {20.43}
Mean 0.44 10.44 16.13 31.80 42 67 43.38 23.90
(2.70) {14.80) (22.89) {32.23) (40.38) {40.85) (25.80)
Figures in parenthesis are arc sine transformed values
SEd+ CD (P=0.05)
Periods 1.58 3.15
Treatments 1.71 3.40
8.33

- {nteraction 4.19
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Table 2 Effect of SA and Bion on spore germination of Alternaria helianthii in vitro
Spore germination (%) at different concentrations (pg/ml}
Treatments Mean
1000 100 10 1 0
SA 86.20 78.43 91.45 91.59 95.34 84,60
(54.45)** (62.32) . _ (73.01}y . . (73.15) {77.59) (68.10)
" Bion 76.75 8088 7 9303 - 9183 95.34 87.56
(61.17) (64.07) (7471) (73.41) (77.49) (70.19)
" Mean 71.47 7965 9224 7 .17 95.34 86.08
(57.81) (63.20) (73.86) {73.28) (77.59) (69.15)
Data in parenthesis are arc sine transformed values
SEd# CD (P=0.05)
Concentrations 0.36 0.73
Treatments 0.23 0.46
interaction 0.61 1.63 "
Table 3 Efficacy of SA and Bion on radial growth of Alternaria helianthii at four concentrations (pg/ml)
Growth reduction (%) over control
Treatment Mean
7 DAl 14 DA 21 DA
SA 1000 100.00 100.00 100.00 100.00
(90.00) {90.00) (90.00) (90.00)
SA 100 8.12 35.88 32.38 2547
(12.50) (36.20) {34.00) (27.57)
SA 10 12.00 16.81 10.48 . 13.10
{(15.69) {20.84) (18.38) (18.33)
SA1 467 36.37 7.01 .- 16.02
(7.81) ) (36.64) (15.01) . {19.82)
Bion 1000 66.73 65.94 - 71.57 68.08
(54.85) {54.76}) : {58.15) e (565.92)
Bion 100 64,76 53.39 . 57.33 ) 58.49
(53.85) {46.99) (49.52) \ ' ( {50.12)
Bion 10 - “ 0 39.48 46.25 45 81 : 4385 -
h T (38.44) (42.79) {42 56) (41.18} .
Bion 1 .. 2524 2277 21.85 L 2329
(26.56) (28.26) (27.44) \ C o (27.42)
Mean 40.12 47.17 43,30 o 43,53
(37.42) (44.57) {41.88) {41.29)
Data in parenthesis are arc sine transformed values
SEd+ CD (P=D.05)
DA} . 2.06 3.99
Treatments 3.40 8.73
Interaction 5.89 11.69
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Table 4 Effect of SA and Bion application on the phenolic content of sunflower leaves at different time
intervals
Total phenols expressed as catechol equivalents {mg/g)
Treatment Mean
1 DAT 3 DAT 5 DAT 7 DAT 9 DAT
SA 15 mM . - .
Firstleaf | 051 058 1.07 1.47 147 101
Second leaf 051 057 088 - 123 123 088
Third leaf 0,51 0.57 0.88 1.18 1.20 0.86
Bion 5 mM E an
First leaf 0.51 0.63 1.21 1.51 1.51 ¢ 1.06
Second leaf 0.51 059 098 1.25 1.25 0.90
Third leaf 0.51 0.59 .98 1.25 1.25 0.60
Mean 0.51 0.59 1.00 1.32 1.32 0.93
SEd+t CD (P=0.05)
DAT 0.01 0.02
Treatments 0.01 0.02
Interaction 0.03 0.05

There was no significant difference between the
treatments at one day after the application of chemicals
on phenolic content of leaves. However, changes
observed from 3 DAT to 8 DAT were significant both with
SA and Bion. The total phenols were maximum with Bion
after 7 DAT {1.52 mg/g) followed by SA {1.47 mg/g) in
first leaf. In all the cases, differences observed in Phenolic
content of second and third formed leaves were not
significant (Table 4). Generally 3 to 7 days are required
for the induction of defense mechanism (Frey and Carver,
1998; Jeum ef al., 2000). The study indicates, resistance
in  sunflower to A. hefianthi can be enhanced
systematically through foliar application of SA and Bion.
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Abstract

Forty nine genotypes of linseed (Linum usitatissimum
Linn.} were screened under natural infestation
conditions againstthe incidence of budfly (Dasyneura
fini Barnes) and Alternaria blight (Alternaria lini Dey)
during five consecutive rabi seasons of 1997-98 to
200102 at JNKVV, Zonal Agricultural Research
Station, Tikamgarh (M.P.). Entries, JLT-84-5-1, JLT-84-
12-1, JLT-24, JLT-26, LMH-91-24 and LMH-16-5 {6.2-
10%) reacted as resistant against the incidence of
budfly on the basis of five years pooled mean,
whereas, genotypes, 5610, EC-1392, RLC-29, JLT-84-
12-1, LMH-43 and LCK-93-24 (4.2-4.9%) were highly
resistant against the infestation of Alternaria blight.
Grain yield was highest in genotypes, LMH-16-5 (2120
kg/ha) followed by LMS-5-38 (2116 kg/ha), JLT-90
{2092 kg/ha) , JLT-24, JLT-84-5-1 (2056 kg/ha), Kangra
local (2037 kg/ha), NL-97 (2032 kg/ha), LCK-9211 (2018
kg/ha} and JLT-26 (2005 kg/ha). Thus, four genotypes,
LMH-16-5, JLT-24, JLT-84-5-1 and JLT-26 were
resistant to both the pests as well as high yielding.
Budfly susceptible genotype, LC-54 had longer
blooming period (38 days) and budfly resistant
genotypes, |LMH-16-5 and JLT-26 had lesser blooming
period (27-30 days). However, this behaviour did not
correlate with all the genotypes.

Budfty, Alternaria
resistance

Key words: blight, linseed,

Introduction

Linseed, Linum usitatissimum Linn. is affected by a
number of insect pests and diseases, although only few of
them are of economic importance. Budfly. Dasyneura fini
Barnes among the insect pests and Alternaria blight
(Atternaria lini Dey) among the diseases are the most
devastating pests causing yield losses to the extent of
88% (Pal et al,, 1978, Jakhmola and Yadav, 1983) due to
budfly and 60 % due to Alternaria blight (Chauhan and
Shrivastava, 1975). Use of resistant/tolerant varieties is
the most effective and economic way to manage these

pests. But, no high yielding varieties could be evolved so
far with multiple resistance to both the pests (Lingappa et
al, 2003). Keeping these facts in view, present
investigations on the field screening of linseed genoctypes
against the incidence of budfly and Alternaria blight were
carried out to identify the high vielding pest resistant
genotypes.

Materials and methods

Thirty four genotypes during 1997-98 and forty nine

' genotypes of linseed during 1998-399 to 2001-02 were

sown during the end of November in all the five rabj
seasons. Two rows of 4 m length of each genotype were
sown at 30 cm row spacing in Randomised Block Design
and three replications during each season. Infester row of
budfly susceptible variety, Neelum was raised around the
crop to serve the inoculum. The crop was grown on
recommended agronomic praclices under  natural
infestation conditions.

Observations on the incidence of budfly and Alternaria
blight were recorded at the dough stage following the
guidelines of AICRP (Anonymous, 1985). Grain yield was
also recorded and observations of all five years were
pooled.

Results and discussion

Reaction against the incidence of budfly : Budfly
damage varied significantly among the genotypes during
all the five seasons of study being highest during 1998-99
(11.9 to 63.9%) followed by 1997-98 (4.0. to 50.9%)
capsule damage. However, in rest of the years, incidence
of budfly was mild (Table 1}. Mean incidence of budfly (5
years) also varied significantly with 6.6-26.4% capsule
damage. Genotypes, JLT-84-5-1 (6.2%), JLT-84-12-1
(6.6%), JLT-24 (7%), JLT-26 (8.1%), LMH-51-24 (3.6%)
and LMH-18-5 {10%) reacted as resistant on the basis of
pooled mean incidence. Whereas, Neelum (26.4%), Kiran
(25.4%) and LC-54 (25.2%) were susceptible in reaction.
Rest of the 40 entries were moderately resistant against
the incidence of budfly. Malik {1999} has also reported
.C-54 and Neelum as susceptible to budfly.



Table 1 Mean % capsule damage due to budfly in linseed genotypes and mean blooming period
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% capsule damage due to budfty Meap
Entries 1997-98 199899 19992000  2000-01  2001-02 Mean peﬁigi’,’?‘;’;f,s)
ic-16392 250(29.9) 304(335) 7.2(155) 113(196) 24(89)  153(22.7) 28
123 268(312) 27.7(318) 164(23.8) 225(283) 93(17.9) 205 (26.6) 37
1LT-24 40(115) 83(164) 88(17.2) 107(19.4) 38(11.2)  7.0(15.1) 32
LT-26 6.5(147) 230(285 48(125) 53(133)  1.1(60)  8.1(150) 30
JLT-46 8.1(16.5) 23.1(286) 7.3(156) 150(233) 29(9.8)  115(18.8) ag
JLT-83 21.3(27.4) 39.8(381) B.1(164) 17.8(249) 51{131) 184 (24.2) a7 !
JLT-84-5-1 43(119) 99(184) 60(141) 7.8(162) 28(96)  62(14.0) 35
JLT-84-121  53(108) 153(230) 47(124) 48(126) 29(9.8)  66(13.7) 35
JLT-90 9.6(18.1) 220(279) 76(159) 65(135)  6.1(143) 10.4(17.9) 34
JLT-93 122(204) 154(230) 65(147) 118(202) 52(132) 102(18.3) 38
Kiran 33.1(35.0) 639(53.2) 6.8(150) 136(21.7) 05(18.0) 25.4(28.6) 34
LC-54 19.9(265) 440(416) 251(300) 185(255) 18.6(255) 25.2(29.8) 38
LMH-6-5 5.0(129) 420(404) 7.7(161) 142(220) 40(115)  14.6(206) 30
LMH-43 128(209) 232(288) 3.0(132) 11.2(196) 48(127) 11.0(19.0) 35
(MH-91-24  45(122) 226(284) A47(123) O7(181) 63(145)  96(17.1) 33
LMH-90 6.8(151) 537(47.2) 127(208) 96(181)  41(117)  17.4(226) 33
LCK-B5-28  23.8(201) 29.0(326) 11.6(19.8) 19.4(262) 50(12.9) 17.8(23.1) 37
LoK-92-11  34.0(355) 223(280) 153(229) 158(234) 62(144) 18.7(248) 39
LCK-63-03  30.1(331) 193(259) 154(228) 14.4(223) 10.4(188) 17.9 (24.6) 24
LCK-93-24  224(281) 185(25.4) 7.7(16.0) B80(163) 7.8(162) 12.9{20.4) 35
LCK-04-36 151 (22.8) 409(39.7) 86(17.0) 143(219) 57(138)  169(23.0) 31
Neela 16.0(23.5) 329(34.9) 89(167) 16.0(236) 58(141)  13.9(2286) 31
Neelam 50.9(455) 343(358) 14.7(224) 165(240) 157(23.3) 26.4(30.2) 30
NL-§7 20.3(26.8) 40.7(39.6) 32(10.1) 7.3(156) 6.5(148) 156 (21.4) 37
ML-8804 19.2(25.9) 38.1(381) 3.2(102) 138(21.8) 6.1(143) 16.1(22.1) 33
RL-1011 16.5(24.0) 18.0(25.1) 13.3(21.3) 154(228) 52(132) 13.7(21.3) 36
RLC-29 154(231) 44.0(415) B8.3(16.5) 81(165) 44(121)  16.0{21.9) 37
RLC-40 26.5(30.9) 406(39.6) 87(17.1) 136(216) 49(128) 18.9(24.4) 37
T-397 201(26.5) 33.3(352) 13.0(210) 197(263) 50(129) 18.2(24.) 32
672EC-1427 201 (265) 353(36.4) 8.4(16.8) 129(21.1) 3.0(100) 159(22.2) 37
692 26.2(30.7) 47.2(43.4) B89(16.9) 8.3(17.7) 52(13.2)  19.4(24.) 30
1189 7.0(15.3) 25.0(30.0) 11.3(19.3) 134(215) 7.0(153) 127 (20.3) 38
1216 JRF-1 107 (17.8) 207(33.1) 67(163) 63(145) 86(17.1)  110(196) 39
1341 LC-1 197 (26.3) 33.8(355) 157 (23.4) 142(221) 6.3 (145) 17.9(24.4) 32
5610 — 326(34.8) 11.0(196) 123(204) 80(164)  16.0(228) 25
ACCNo 442 — 39.8(38.1) 14.7(224) 206(270) 45(122) 19.9(25.2) 32
ACCNo.-1396 - 472(43.4) 80(164) 178(249) 128(21.0) 21.4(26.4) 31
A-958 — 37.5(37.8) 124(206) 121(204) 7.2(156) 17.3(23.6) 28
CI-1466 — 39.4(38.9) 11.9(200) 151(228) 14.4(223) 20.2(26.0) 25 &
Cl-1956 - 35.3(36.4) 17.6(247) 158(233) 18.4(254) 21.8(27.4) 33
EC-1392 — 32.0(34.4) 15(57) 7.0(153) 136(216) 135(192) 27
EC-1424 - 21.8(27.9) 57(13.7) 102(187) 7.8(162) 11.4(218) 25
JRF-3 - 238(292) 19.0(269) 7.9(162) 36(109) 13.6(205) 31
JRF-4 — 225(283) 50(128) 92(176) 60(142) 10.7(18.2) 29
JRF-5 - 23.9(29.2) 14.8(225) 17.4(246) 78(163) 16.0(23.1) 26
Kangra Local — 232(287) 11.8(200) 113(196) 51(130) 12.8(203) 30
LCK-88062 - 423(40.5) 11.6(199) 176(246) ©61(143) 19.4(248) 25
LMH-16.5 — 224(281) 43(117) 76(158) 58(141)  10.0(17.4) 27
LMS-5-38 — 20.8(33.0) B.0(164) 166(239) 7.8(162) 155(22.4) 26
SEm+ (1.97) (2.00) (1.45) (1.35) (1.38) (1.10)
CD (P=0.05) (5.58) (5.67) (4.10) (3.82) (3.90) (3.11)

Figures in parenthesis are angular transformed values.
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Field screening of linseed genotypes against incidence of budfly and Atternaria blight

Table 2 Mean % bud damage due to Alternaria blight and grain yield

Entries % bud damage due to Alternaria blight Grain yield
100708 1998-99 19992000  2000.01 __ 2001-02 Mean (kg/ha)
1C-16392 230(28.7) 70(153) 26(93)  29(97)  31(87) 77(148) 1852
J-23 © 156(232) 7.9(163) 37(110) 28(9.1)  15(7.0) 63(133) 1972
JLT-24 82 (17.7) 143(221) 42(117) 30(9.9) 52(130) 7.2(149) : 2056
JLT-26 - 93(17.7) 106(186) 48(125 04(28) 3.1(10.1) 57(12.3) - 2005
JLT-46 16.7 (24.1) 7.5(158) 6.4(148) 52(131) 29(9.7) 7.7(155) 1866
JLT-83 Sr 0 162(237) 97(18.0) 21(82) 6.7(150) 28(96) 7.5({14.9) 1778
JLT-84-51  12.8(20.9) 11.2(19.5) 3.3(10.1) 3.1(10.2) 32(10.1) 6.8(142) _ 2056
JLT-84-12-1 102 (188) 45(122) 24(7.3) 34(105) 25(91) 46(115 1843
JLT-90 © 201(266) 150(234) 32(9.9) 50(128) 27(9.4) 9.4(16.4) © 2092
JLT-93 : 20.3(26.7) 17.8(24.9) 3.0(2.9) 47(125) 21(82) 9.6 (16.4) 1931
. Kiran 16.8 (24.2) 6.4(147) 35(108) 36(107) 44(121) 6.9(145 - 1574
{C-54 . 212(27.4) 7.8(16.2) 10.5(189) 28(92) 57(13.6) 9.6(17.1) 1685
LMH-6-5 34.4(35.9) 15.0(23.5) 4.8(125) 67(149) 27(90) 128(18.2) © 1583
LMH-43 10.0(18.4) 55(13.5) 16(56) 17(7.1) 48(126) 47(11.4) 1449
LMH-91-24 10.0(18.4) 10.8(19.1) B.2(16.6) 59(14.0) 69(15.0) 84(166) 1867
LMH-80 25.9(30.6) 121(20.2) 2.8(97) 3.3(10.5) 7.3(16.0) 10.3(17.4) ' 1889
LCK-85-28 13.0 (211) 7.3(165) 21(80) 43(119) 44(125 62(13.8) 1704
1 CK-92-11 11.3(196) 89(17.3) 40(11.3) 32(9.9) 42(120) 6.3(14.0) 2019
LCK-93-03 155(232) 7.6(158) 56(141) 26(9.3) 40(115) 7.1(148) 1560
LCK-93-24 8.2(166) 7.6(15.9) 26(9.0) 27(94) 32(105) 4.98(123) 1685
| CK-04-36 96(17.9) 10.5(18.0) 13.1(211) 6.3 (145) 6.1(143) 9.1 (17.2) 1769
Neela 20.0(26.5) 10.5(18.7) 3.6(10.8) 41(11.7) 4.3(120) 8.5 (159) 1810
Neetam 13.3(21.2) 10.5(18.9) 4.8(126) 29(9.7) 3.5(10.9) 7.0(147) 1847
NL-97 137(21.7) 04(17.8) 23(87) 1.7(7.4) 47(124) 64(136) 2032
NL-8804 155(232) 91{17.6) 7.4(156) 53(133) 42(120) 83(163) 1562
RL-1011 26.8(31.1) 106(18.9) 4.4(121) 28(95) 37(111) 97(165) 1810
RLC-29 6.8(14.8) 63(146) 36(122) 24(88) 34{106) 45(122) 1787
RLC-40 16.1(23.6) 116(19.8) 3.5(10.4) 54(134) 57(140) 85 (16.2) 1945
T-397 11.3(19.6) 104(18.8) 7.1(i5.4) 3.6(10.7) 25(89)  7.0(14.7) 1652
672 EC-1427 13.5(21.5) 127(20.8) 28(9.0) 37(11.1) 3.0(100) 7.1(145) 1866
692 26.3{30.8) 7.2(15.5) 4.7{12.2) 3.2(10.2) 3.5(10.8) 8.0(15.9) 1880
1189 28.7(322) 7.8{(162) 8.9(17.3) B8.1(165) 48(123) 117(i89) 1523
1216 JRF-1 37.4(37.7) 28.4(322) 20.3(26.7) 92(17.6) 7.8(166) 206(262) 1731
1341 LC-1 251(301) 7.9(163) 3.0(96) 22(84) 58(144) 88(158) 1855
5610 8.8(17.3) 20(81) 32(10.0) 3.0(10.0) 42(114) 1592
ACC No.-442 — 13.9(21.9) 42(11.8) 52(130) 45(122) 6.9 (14.7) 1509
ACC No.-1396 125(20.9) 3.3(104) 2.8(94) 87(17.2) 6.8 (14.5) 1528
A-958 17.9(24.7) 76(16.0) 19(7.9) 7.6(154) 8.7(16.0) 1899
CI-1466 9.0(17.7) 52(132) 25(88) 72(154) 6.0(13.8) 1344
Ci-1956 105 (19.4) 6.8(151) 3.9(11.2) 88(17.2) 7.5(15.7) 1369
EC-1392 8.4(16.9) 18(76) 08(51) 66(150) 4.4(11.1) 1945
EC-1424 — 10.3(19.0) 5.3(123) 45(12.2) 10.0(182) 7.5(15.7) 1346
JRF-3 — 428(416) 19.1(259) 21.9(27.8) 21.1(27.9) 262(30.8) 954
JRF-4 - 356 (36.9) 40.4(39.5) 14.4(223) 217(28.1) 28.0(317) 1282
JRF-5 — 24.9(30.2) 13.9(21.9) 096(180) 56(138) 135(21.0) 1324
Kangra Local — 13.0 (21.1) 45(122) 24(8.8) 45(122) 6.1(13.6) 2037
LCK-88062 — 142(227) 62(14.4) 3.4(105) 42(115) 7.0(148) 1685
LMH-16-5 — 17.9(24.7)y 6.0(14.2) 4.0 (11.4) 5.0(12.9) 8.2 (15.8) 2120
LMS-5-38 —- 11.3(19.4) 3.2(10.3) 2.7 (9.9) 36{(10.7) 5.2 {12.5) 2116
S Em + . (2.50) (2.70) (1.95) (1.83) (1.79) (2.45) 1335
CD (P=0.05) (7.07) (7.63) (5.51) (5.18) (5.06) (6.80) 377.5

Figures in parenthesis are angular transformed values.
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However, during 1998-99 with high incidence of bud fly

1998-99, only two entries i.e., JLT-24 (8.3%) and JLT-84- -

5.1(9.9%) reacted as resistant. Whereas, entries, JLT-84-
12-1, JLT-26, LMH-81-24 and LMH-16-5 resistant on
mean incidence basis behaved as moderately resistant.
Genotypes, Kiran and LMH-80 were highly susceptible, 27

entries were susceptible and only 18 entries reacted as .

moderately resistant during this season.

Correlation coefficient between mean blooming period -

(24-39 days) and % capsule damage was computed and

found to be non significant (0.047}. Thus these findings - .
differ with the findings of Malik et a/.{1991) and Rai ef af. ;

(2000) that varieties having longer blooming period were

ra

severely infested by the budfly as compared to those with .
shorter blooming period. However, budfly susceptible -
genotype, LC-54 had longer blooming period (38 days) . -

and resistant genotypes, LMH-16-5 and JLT-26 had

shorter blooming periad (27-30 days). But, this behavior
was not exhibited in all genotypes.

Reaction against the incidence of Alternaria blight :

Alternaria bud blight incidence varied significantly among

the genotypes being 8.2-37.4, 4.5-42.8 2.0-40.4, 1.7-21.9
and 1.5-21.7% respectively during 1997-88 to 2001-02.
Pooled mean incidence also varied significantly (4.2-38%)
among the genctypes. Six genotypes viz., 5610, EC-1392,
RLC-29, JL.T-84-12-1, LMH-43 and LCK-93-24 (4.2-4.9%
bud damage) reacted as highly resistant, 36 {5.1-10% bud
darnage) reacted as resistant and five, LMH-90 (10.3%),
1189(11.7%), LMH-6-5 (12.9%}, JRF-5(13.5%) and JRF-

1(20.6%) reacted as susceptible and two, JRF-3 (26.2%) E
and JRF-4 (28%) reacted as highly susceptible to

Alternaria blight (Table 2).

However, during the year of high incidence of Alternaria
blight {1997-88 and 1998-99), no genotype behaved as

highly resistant. Genotypes reacted as highly resistant on

pooled mean basis reacted only as resistant during the
years of higher incidence. Thus, eight genotypes, viz.,

RLC-29 (6.8 and 6.3%), JLT-84-12-1 (10.2 and 4.5%),

LMH-43 (10 and 5.5%), LCK-93-24 (8.2 and 7.6%), JLT- -
26 (9.3 and 10.6 %), EC-1392 (8.4%), 5610 {8.8%) and *

CI-1466 (9%) behaved as resistant. Thirty six genotypes
were moderately resistant. Genotypes, JRF-1, JRF-3 and
JRF-4 were found highly susceptible to Alternaria blight.

Wi

-

Multiple resistance : Genotypes, JLT-84-5-1, JLT-84-12- .
1, JLT-24, JLT-26, LMH-91-24 and LMH-16-5 were found

resistant to budfly as well as Alternaria blight.

Grain Yield : Grain yield was recorded only during rabi .
seasons of 1999-2000, 2000-01 and 2001-02 and varied .
significantly among the genotypes during alt three |
seasons. Correlation coefficient between mean capsule |
damage caused by budfly and grain yield and between .

incidence of Alternaria blight and grain yield were aiso
computed being r=0.227 and —0.480 respectively which
indicated that with the increase in susceptibility to each of

’

/

the pest the grain yield was reduced. However, mean
grain yield was maximum in genotypes, LMH-16-5 (2120
kg/ha), LMS-5-38 (2116 kg/ha), JLT-90 (2092 kg/ha), JLT-
24 (2056 kg/ha), JLT-84-5-1 {2056 kg/ha), Kangra lecal
{2037 kg/a), NL-97 (2032 kg/ha), LCK-8211 {2019 kg/ha)
and JLT-26 (2005 kg/ha) (Table 2).

Among these high yielding genotypes , LMH-16-5, JLT-
24, JLT-26 and JLT-84-5-1 were also resistant to both the
pests. Thus, these four multi-resistant genatypes with high
yields may be further evaluated/improved for the
development of high yielding multi-resistant varieties of
linseed.

Similar efforts have been also made by Malik and Singh
(1997} againstthe incidence of budfly and Alternaria blight
and identified Neela as resistant to both the pests but with
poor yields. However, in present studies, Neela reacted as
moderately resistant to budfly and resistant to Alternaria
blight with average yield of 1810 kg per ha.
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Abstract

The paper analyzes the future production scenario of
sesame in India and suggests strategies to enhance
its production. The forecasting is carried out on
secondary data and is supplemented with qualitative
assessment based on experts opinions. The forecast
indicates that average production of sesame will
increase from the present about 0.55 mt to about 0.8
mt by 2010 AD. Low yieids, lack of standardized
techniques for hybrid seed production and a lack of
basic research were some major deterrents identified.
Breakthrough in sesame research for development of
hybrids and positive market is predicted to offset the
constraints and ensure a modest future to sesame.
Strategies focusing research along with hastening
technology transfer policy is considered critical to
sustain the growth of sesame production in India.

Key words:

Introduction

Forecasting, sesame

India became near self-sufficient in edible oils by 1991 as
a result of launching of technology mission on ecilseeds in
1986 by the Government of India (Prasad et al., 1994).
The enhanced oilseed produclion came largely from
rapeseed and mustard, soybean and sunflower
{Virupakshappa and Kiresur, 1997, Rama Raoc e! af,
2000}). However, sesame though being the oldest
traditional crop, could not register significant gains. In
reality, the area and production under this crop has not
shown adequate growth rate with the yield levels lowering
especially during last five years (Singh et af, 1997,
Paroda, 2000). Qur studies based on simple statistical
analysis of secondary data could not provide adequate
answers to understand this situation. In an effort to
provide plausible answers to this, it was found necessary
to analyze the sesame system in a holistic manner.

The future of a commodity not only depends on the need
for the commodity but also on other competing crops or
choices available to farmers, socic-economic factors,
consumer habits, state policies, trade and private sector

rale. In-depth analysis of such a system would have to
integrate quantitative with qualitative information. In such
a scenario, the future projections need to integrate
statistical (historic) data with qualitative information.
Systems approach coupled with technological forecasting
provides a means to achieve this. This study is aimed to
fulfill this felt need so as to identify the constraints and
potentials of sesame crop in the future, Le, by 2010 AD.

Materials and methods

A blend of forecasting technigues was used to integrate
qualitative and quantitative information in making the
forecasts. The quantitative forecasts were made based on
statistical analysis of secondary data for trend and growth
in conjunction with brainstorming and Delphi methods for
qualitative issues (Rohtagi et af 1979; Martino, 1983;
Makridakis, 1993).

The data were collected from a range of primary and
secondary sources. The primary data was collected with
the help of vilseed experts across the country. Secondary
data was collected from various publications on ollseeds
(GO1, 2001; CMIE, 2001; Damodaram and Hegde, 2001;
Ramanjaneyulu ef &/, 2001, FAO, 2002).

The key quantitative and qualitative issues were identified
through brain storming session and discussions with
experts (Rama Rao ef al., 2000}. The issues comprised of
various aspects of oilseeds such as cultivation, research
and development, seeds, marketing, consumption,
alternate uses, processing and state policies.

Results and discussion

Growth : The average yield of sesame during 1979-2001
was about 300 kg/ha, as the crop was grown under sub-
optimal conditions in India. The oilseeds in India showed
changes in the area, production and yield after 1986. This
corresponds to initiation of mission-mode program to
accelerate the oilseed sector embarked by the national
government, While the program continues eventoday, the
initial gains seem to be offset by early 1980s. Hence, the
sesame data was analyzed for growth for the three
periods, namely 1979-85, 1986-83 and 1984-2001. The

! University of Agricultural Sciences, Dharwad, Karmataka

Regiona! Agricultural Research Station, ANG Ranga Agricultural University, Jagityal, AP.
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compound annual growth rates of area, production and
pmducﬁvjty of sesame {Table 1) show that there is rise in
the growth rate in the period, 1986-83. Compound growth
rates in 1979-85 for both area (-1.6%) and production
(4_3%) went Up to 1.4% and 7.8%, respectively, in the
period 1986-93. Growth rate for yield too increased from
25% in 1979-85 to 6.4 % in 1986-93.Period 1986-93
assumed significance as the gains were not sustajned in
the next period i.e, 1994-2001, when rates for ares,
production and yield decreased.

Table 1 Compound annual growth rates of area,
production and yield of sesame

period Compound annual growth rate (%)

Area Production Yield
1979-85 -1.6 25 43
1986-93 1.4 7.8 6.4
1994-01 -40 1.5 26 -

Source: Oilseeds Situation-A Statistical Compendium,

Damodaram and Hegde, 2001,

Statistical forecast. A simple forecast based on trend
extrapolation of historic data projects a shockingly low
area of 1.5 m. ha and 0.4 m. tonnes for sesame area and
production. But most experts on sesame differed with this
and there was a broad consensus predicting sesame to
show modest gain and sustain its area and produyction in
the coming decade.

Cybernetic diagram for sesame: To provide a more

realistic forecast a systemic view is attempted by

incorporating qualitative and quantitative factors in
cybernetic diagram Mlustrated in Fig. 1.
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Fig 1 Cybernetic diagram for sesame

The cybernetic diagram showed the cause and effect
relationship among the identified variables of the system
{Mohapatra et al,, 1994). It is characterized with feedback
loops having positive and negative polarities. This polarity
in tumn reflects whether the flow is reinforcing or inhibiting
over time. In case of sesame, the important variables
were identified in a brainstorming workshop invelving

experts from research, development, academic, trade and
processing sectors. Results of the model simulation
indicate a balanced ocutlock, i.e., —ve and +ve factors
balance each other, Concerted efforts in research and
development would lead to higher yields, production and
area even with available varieties. Factors like low prices
and competing crops would negate these effects.
Strategic planning to thwart this threat, perhaps can
sustain the crop. Keeping this madel in view, details on
contributing factors are discussed below.

_ Exploitable yield and technology time gap: The
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national average annual yield of sesame during 1979-
2001, is 300 kg/ha while the realizable yield with improved
technology is twice this; thus the realizable yield gap in
sesame accounts for nearfy 50 % of the actual yield. Time
to achieve the realizable yield {i.e. yield of improved
varieties / hybrids) was forecasted by fitting yield data

“(1979-2001) to the growth model using the formula
* (Martino, 1983).

y=L/{1+ae"

where, Lis upper limitto growth of the variable y tis time
and a and b are the coefficients evaluated by fitting the
data.

The model depicted in Fig. 2 gives the time required for
achieving the desired yield by using improved
technologies as about 22 years. Even though sesame is
oldest ocilseed crop, the time lag to achieve the realizable
yield is large as the crop is largely grown under dry land
farming. it is thus, a challenge to lock and frame the ways
and means to exploit the realizable yield potential in this
crop.

Potential "

Yield

Fig 2 Growth model for depicting time for realizing yield

Major technological advances like that in castor (Rama
Rao et al., 2000) and better dissemination techniques for
the improved methods can reduce this gap. The
technology transfer through public system for sesame is
forecasted to remain low as at present. However, some
positive changes are expected through the entry of private
sector entry in seed marketing.
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Quality seed: Production and distribution of certified
seed to farmers is one of the major developmental tools
in prometion of a crop vis-a-vis area under cultivation.
The quantity of seed required is about 13800 tonnes (@
6 Kg/ha) and the actual production is about 7 % of this.
As there are no hybrids of this crop, experts opine that,
seed replacement of 15 to 20 % is sufficient as farmers
can use the home grown seed for about five to six years.
In other words, though seed multiplication is not
commensurate with required quantity for this crop, it
cannot be considered major constraint in the absence of
hybrids. However, there is need to coordinate quality seed
multiplication to introduce hybrids in this crop.

Competing crops: One of the major reasons for shift in
area under oilseed crops in the past has been due to
competition from other profitable crops. During the last
decade, there have been remarkable changes in the area
under oilseed crops. Based on the data available though
primary and secondary sources and opinions of experts,
the major competing crops identified for sesame are
groundnut, millets and pulses. Delphi forecast indicated
that these crops may indent into the sesame area based
on market prices and their relative profitability. On the
other hand, sesame is likely to spread into nen-traditional
areas by 2010 AD and they are:

* Hilly areas of Uttar Pradesh, Madhya Pradesh,
Himachal Pradesh and Maharashtra,

Rice fallows in new project areas,

* Rainfed areas in Rajasthan, Madhya Pradesh, Uttar
Pradesh, Karnataka and Andhra Pradesh.

The crops likely to be replaced by sesame are niger,
minor millets, Pennisetum and sorghum. Thus, rice fallow
situation, change over to muitiple cropping from
singleftwo crops, inter cropping and catch crop would be
the major contributors for growth of sesame in India.

Price : Government support price provides assurance
from market risk. The government is supporting sesame

through minimum support price scheme from 1995.96
onwards. The difference in average price of sesame seed
in market with the prevailing government support price is
shown in Fig. 3. Itis evident that market prices are always
higher than the government support price.
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Fig 3 Comparative market price over support price of sesame seed

Though government support price assures minimum
returns and is a tool to avoid distress sales. In
international market, the average world export price of
sesame is in the range of Rs 3500 to Rs 4500/fonne
during 1897-2000 (FAQ, 2002}, which is much higher than
the open market price in India during the same period.
Thus, Indian sesame has no threat from international
markets. Marketing sesame is not a serious constraint but
growers feel that the support price need to be more
realistic as it would further push up and stabjlise the open
market price.

High yielding varieties / hybrids: Sesame is a seasonal
and location bound crop. A particular variety does not
perform uniformly in all locations and in all seasons. A
number of varieties and hybrids have been released for
various sesame growing locations in the country. The
number of sesame varieties released during1980-2000, is
depicted in Fig. 4.
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- Source : Ollseeds Situation-A Statistical Compendium, Damodaram and Hepde, 2001.
Fig. 4 Varieties and hybrids released in sesame (1980-2000)
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About 39 improved varieties of sesame were developed
during 1980- 2000. Up to 1985 ihere has been a steady
increase in the number of varieties with a maximum of 14
varieties during 1990-95. However, only five cultivars were
developed during the last five years. This reflects the early
gains of technology mission program initiated in 1986. It
is matter of concern that there has been a sudden decline
during the past five years and the pace of development
has not been on a sustainable mode. The possible causes
Jeading to this and its future are discussed below.

The parformance of varieties released is not uniform and
yield of a new variety represents a measure of research in
developing it. it is interesting to note that, 75 % of the
varieties released in sesame were having yield above the
threshold (yietd with improved technology). The decline in
release of newer varieties in the recent past is an
indication that it would be difficult to fock for more
conventional varieties and the newer varieties have to
come from hybrids and biotechnology, which can promise
varieties with yield greater than the present threshold
level. In other words, some major research breakthroughs
are key to new varieties / hybrids and hence to the future
of this crop. .

Research breakthroughs : Based on Delphic survey
some major research breakthroughs that are considered
possible by experts in the next ten years in sesame are:

-

Development of photo insensitive varieties with fow
Senescence,

*  Exploitation of germplasm for HYVs.

Varieties for specific end uses like boid white seed
Commercialization of newer end-use varieties
Biofertilizer and biocontrol agents

*  Value-added food products like sweetened candies,
perfumes and sesame meal

The yield levels for new varieties/hybrids evolved by 2010
AD will be about 1000 kg/ha for varieties and 2000 kgfha
for hybrids. At present private sector share in sesame
seed business is insignificant and by 2010 AD it would
have market share of 20% for improved varieties and 75%
for hybrids. This is critical to arrest declining trend in area
under this crop.

There is a need to develop sustainable hybrid seed
production techniques under farmer’s field conditions as
the cross-pollination is mostly by insects. The potential of
enhancing crop productivity to a certain level being
inherent, these have to be proved in field in order to
sustain farmers interest in the crop. _ .
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Publications: Research results are generally
disseminated threugh publications, which are good
measure of research effort. Like improved varieties,
number of publications is another means to reflect the
research output. Manpower being a key resource in
research, publications per scientist provides a measure of
the effort. The average number of papers per scientist per
year was calculated from the publications data during
19689-91 and 1987-99. It is of concern to note that the
number of papers per scientist per year of 0.15 low.
Further, publication data also indicated that basic
research on sesame is at low key and experts also
concurred on this. Basic research is low, as bulk of the
scientists are in experimental research. Further, drop in
number of new varieties emanated from this constraint.
Thus a shift in research focus to basic area is pre
requisite for contemplated research breakthroughs as
discussed above. The forecast indicates a small shift to
basic research which is critical to development of
knowledge leading to development of new improved
varieties and hybrids in this crop.

Consumer preferences to oils :Survey on consumer
choices of edible oils show {Tahle 2) that the sesame oil
is least preferred by all income categories. The results do
not show any changes in consumption of sesame gil in
future either on health or on economic grounds. In other
words, sesame oil continues to be used for specific
purposes as is being used at present.

Table 2 Consumer preferences for edible oils

Preference Preferences of consumption

1 Rapeseed-mustard, Palm oil, Groundnut,
Safflower

2 Groundnut, Rapeseed-mustard

3 Soybean, Safflower, Rapeseed-mustard

4 Sesgame, Others*

* Other oils like vanaspati / ricebran oil / cotton seed il

Production forecast. Forecasts for sesame area and
production by 2010 AD are given in Table-3. The forecasts
were made by the trend based on past two decade data,
delphi and consultation with oilseed experts. As indicated
earlier, the projections for area and production by trend
forecasting are 1.6 m.ha and 0.4 m. tonnes, respectively.
The corresponding forecast by Delphi was 2.3 million ha
and 1.0 million tonnes, respectively. A combined forecast
was prepared in consultation with oilseed experts with due
consideration to the above factors and the final forecasts
are 2 m. ha for area and 0.8 million tonnes for production.
The production of sesame in 2010 AD will be 0.27
m.tonnes higher than the average production of 3.53 m.
tonnes during 1997-00. The contributions of area and
productivity to the growth in sesame production will be 6



Forecasting of sesame production in India

% and 94 % respectively, i.e., the additional production
would largely come from yield enhancement.

Table 3 Forecasts for sesame area, production and
yield by 2010 AD

Area Production

(million hectares) (million tonnes)

Trend 1.6 0.4
Delphi 2.3 1.0
Combined forecast 2.0 0.8

Assuming the present use of sesame continues in the next

decade, sesame oil production would be around 320.

thousand tonnes by 2010 AD, which is higher by about
80,000 tonnes than the present. As India continues to
import edible oil to meet domestic demand, this additional
quantity will be used in the domestic sector.

Conclusions

This paper attempts to project the future situation for
sesame crop in India. This would be necessary to
prioritize the already dwindling status of sesame research
and production in this country. Even though this is a
traditional crop for centuries, the recent past indicates
decline in its area. However, present usage patterns in
conjunction with the research/developmental efforts for
the crop show a modest future for it. Possible research
achievements in evolving HYV/ hybrid coupled with limited
entry of private sector in seed marketing is likely to offset
this downward trend. Our study shows that basic research
in this cilseed needs to be strengthened. It was seen that
very slow technology transfer process is the main reason
for high realizable yield gap in sesame. Development of
improved varieties / hybrids is ciitical to the research and
extension systems in both public and private sectors to
speed up transfer of technologies. The potentialities being
limited for the crop in terms of diversification or very high
productivity levels, price competitiveness would be a
major force for the growers in the present day product-
driven agricultural trade. In such a scenario, sesame crap
sustains and its production is forecasted to increase from
present 0.5 mt to about 0.8 mt by 2010 AD.
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Abstract

The oil and protein contents with their fatty acid
profiles of 15 tree oilseeds were analysed. The oil
content of seeds ranged from 4.6% in Parkinsonia
acufeata to 37.4% in Pongamia pinnata. Protein
content was the lowest in Melia azedarach (7.9%) and
highest in Albizzia lebbek (30.9%). Oleic and linoleic
acid were the major fatty acids in seven species each
while Jatropha curcas had an equal proportion of both
the fatty acids,

Key words: Tree borne oilseeds, phenology, oil
content, fatty acid profile, protein
content

introduction

India has made tremendous progress in the production of
annual oilseeds as a result of the technological advances
and area expansion (Rai et al., 2002}. However, the wide
demand supply gap still exists and the bridging of this gap
needs immediate attention. At this juncture, when further
area expansion is not feasible, the need to tap the
perennial sources of oil gains importance. india has a vast
array of non-traditional oilseeds, particularly the forest and
tree oilseeds. Many of the species have been in use by
ethnic communities since time immemorial, as they
provide edible grade oil and possess medicinal and
pesticidal properties. Besides, the oils find use in a wide
range of industrial applications and also have export
potential. Exploitation of the same has become essential
for their utilization in the edible and non-edible oil industry
to reduce the pressure on the annual oilseeds
{Bhattacharya, 2002).

Among the many factors affecting the utilization of the oil
and protein from seeds, the major one is the source of
availability of seeds. [n order to develop the system on a
sustainable basis, in addition to collection of seeds from
existing trees, the setting up of plantations may form a
viable alternative. Presently large_quantities of the minor
forest products ineluding tree borne oilseeds are
consumed locally. The exploitation of these products
should therefore, be preceded by the efforts for their
renewal on a sustainable basis (Mukta, 2002). In this

context, at the Directorate of Oilseeds Research,
Hyderabad, a plantation of various tree species was
established on shaliow marginal soils under rainfed
conditions. The flowering and fruiting phenclogy of the

. trees, oil and protein contents of the seeds along with the

fatty acid profile of 15 tree oilseeds have been studied.

Their importance and scope for their utilization are
discussed.

Materials and methods

Trees of 15 species were planted at the Research farm of
the Directorate of Oilseeds Research, Hyderabad on

. erosion prone Alfisols with poor soil fertility under rainfed
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conditions. The site receives an annual rainfall of 700 mm
and air temperature during the months of May-June
reaches upto 43°C. The trees were planted during 1988-89
and observations on flowering and fruiting pherology were
recorded at regular intervals. Seeds of these plant species
were collected during 1997-98 and 1998-99 seasons after
proper maturity. These were studied and analysed for oil
(soxhlet extraction) and protein (Kjeldah| N x 6.25)
contents. The oil was extracted with petroleum ether
which was interesterified with methanolic KOH (Pagquot,
1979). The methyl esters of fatty acids were separated on
a DEGS column at 180°C in an AIMIL gas
chromatograph. Nitrogen (40 mi/min) was the carrier gas.
The detector and oven temperatures were maintained at.
250°C. The identification of the fatty acids was based on
comparison of RT vajues of standards.

Results and discussjon

The juvenile period for all the species studied ranged from
0.5 to 4 years (Table 1). Species fike Jatropha curcas
flowered early while Pongamia pinnata took 4 years for the
initiation of flowering. The seed maturity of 10 species
occurred in the first half of the year while three species
i.e., Anonna, Leucasna and Jatropha matured in the latter
half. Seed maturity during the monsoon has been the
major hindrance in ¢ollection programmes of tree borne
oilseeds. In the present study, majority of the species
matured before or after the monsoon so collection
programmes could be successfully organised.
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Ease of seed removal is another factor which will affect
the extraction and utilization of cil. Among the species
studied, the seed separation from fruit was found to be
difficult for only three species Melia, Anonna and marking
nut. However, most of the leguminous tree species have
hard seed coats and need special processing techniques
for ol extraction.

Oil and protein content; The oil content of the seeds
ranged from 5-10% in Albizzia, Acacia, Leucaena, Melia
and Pariinsonia. Marking nut seeds contained around
17% oil. Pithecelfobium seeds contained 18% oil while
Garg {1996} reported an oil content of 16%, Anonna,
Bauhinia, Ceiba, Simarouba and Moringa contained 20-
30% oil while the seeds of J curcas and Pongamia
pinnata contained 30-40% oil.

The protein content on whole seed basis ranged from 8-
28%. Lower level of protein was observed in Mefia (7.9%),
Ancnna (13.6%), Bauhinfa {13.9%), Parkinsonia (15.6%)
Simarouba (16.5%) and Acacia (17.6%). In the case of
Acacia, Sita Devi et al. {1978) have reported total protein
content of 19.6%. Albizzia, Leuceana, Cetba and Moringa
seeds contained higher level of protein (25-30%) while
seeds of the remaining five species viz., Semecarpus, J.
curcas, Erythrina indica, Pongamia and Pithecellobium

seeds had protein in the range of 20-25%. Ambasta
(1988} has repoited higher value of protein in seeds of
Pitheceflobium (30%) and edibility of seeds of Paridnsonia
with glutelin and albumin being the primary proteins.

Fatty acid profile: Fatty acid compaosition of the oils
derived from the tree borne cilseeds showed wide
variations (Table 2). Palmitic, palmitaleic, stearic, linoleic,
tinolenic, arachidic and behenic acids were the fatty acids
identified in one or the other of these vegetable oils,
Except for [ower values for Moringa and Mefia, all other
species contained palmitic acid ranging from 10-21%.
However, higher values of palmitic acid were reported by
Garg (1996) in case of Melfia (8.7%) and Raval and
Toliwal {1998) for Moringa {12.3%). In the present study,
the highest value was recorded in the case of Ceiba
pentandra (20.6%). Simarouba (23%) was the richest in
stearic acid followed by Albizzia (15%) while the other
species exhibited the normal range of 3-12%. Variable
values of stearic acid have been reported in mature seeds
of Jatropha curcas ranging from 3.9% in the present study
to 525 % reported by Raina and Gaikwad (1987).
However, Datta and Pandey (1996) could not detect the
presence of stearic acid during GLC analysis of mature
seed.

Table 1 Flowering and fruiting phenology of some tree borne cilseeds

Species Farmily Commonname 0 g Tmeolfodering (NS e
Acacia nilotica Mimosaceae Babul 3-4 July March-Aprit ++
Albizzia lebbek Mimosaceae Siris 2 Feb-March June-Aug e+
Anonna squamosa Annonacese Sitaphal 3 July-Aug Nov +
Bauhinia spp Caesalpiniaceae  Kachnar 3 Sept-Oct March L
Ceiba pentandra Bombacaceae Kapok 2-3 Nov-Dec May ++
Erythring indica Fahaceae Dadhap 23 Dec-Feb April ++4+
Jatropha curcas Euphorbiaceae Ratanjyot D5 Juty-Aug Aug-Oct +++
Leticaena leucocephala Mimosaceae Subabul 1.5-2 April, July Nov-Dec +++
Melia azedqarach Meliaceae Persian lilac 15-3 July April — June +
Moringa oleifera Moringaceae Saljan 1.5-2 ) Feb May — Aug 44
Parkinsonia aculeata Caesalpiniaceae  Vilayati babul 2.5-3 Jan, Aug April-May ++
Pithecellobium dulce Mimosaceae Jangli jalebi 25-3 Jan-Feb May-June ++
Pongamia pinnata Fabaceae Karanj 4 March, Jufy Feb-March +h4
Semecarpus anacardium  Anacatrdiaceae Marking nut 35 July-Aug Jan- March +
Simarouba glauca Simaroubaceae  Aceitine 3 Dec April +

* Ease of threshing + = vely difficult, ++ = mediurm, +++ = easy seed removal
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Table 2 Seed composition and fatty acld profile of some tree borne cifseeds

Total oil content  Seed Protein  Palmitic acid  Stearic acid Oleic acid  Linholeic acid

Genera (%) (%) 18:0 18:0 18:1 18z Otherfatty acids

) Acacia nilotica 7.4 1748 125 15 283 445 -
Albizzia lebbek 53 30.9 “ 17.1 14.7 23.4 549 .
Anonnpa squamasa 259 136 .. 150 10.6 48.0 247 18:3=14
Bauhinia spp 204 13.9 10.0 119 204 475 2000=1.7,220=04
Celba pentandra 281 250 207 28 32.7 421 16:1=0.6
Erythrina indica 16.2 19.7 14.9 17 61.4 57 20:0=38,22:0=43
Jatropha curcas 330 230 12.6 39 418 41.8 -
Lewcaend leucocephala 7.9 27.8 179 8.4 18.7 55.0 -
Melia azedarach 75 7.9 CE 4.0 237 629 20:0=05
Moringa oleifera 205 245 73 4 6.0 77.0 06 20:0=39,22:0=2.8 16:1=20
Parkinsonia aculeata 4.6 15.6 16.5 7.2 31.6 440 -
Pitheceliobium dulce 17.9 214 201 48 43.2 29.8 18:3=2.820:0=23
Pongamia pinnata 37.4 20.2 113 6.4 545 17.0 18:3=4.5,20:0=5.2
Semecarpus anacardium 16.8 232 144 6.8 500 7.7 20:0=43,22:063
Simarouba glauca 27 165 1.3 230 654.9 16 -

“16:1=Palmitoleic acid; 18:3= Linolenic ackl; 20:0=Arachidic acid; 22:0=Behenic acid

Oleic acid was the major fatty acid in Moringa (77%),
Simarouba (65%), Erythrina (61%), Semecarpus (60%]),

Pongamia (55%), Anonna (48%), and Pithecellobium - -

(43%). Linoleic acid was the predominant fatty acid inthe
case of Melia (63%), Albizzia (55%), Leucaena (55%),
Bauhinia (48%), Parkinsonia {44%), Acacie (44%) and
Ceiba (42%). The lowest level of linoleic acid was
observed in Moringa (0.6%).

Among the minor fatty acids, palmitoleic acid was
observed in Moringa (2%) and Ceiba (0.68%) only.
However, it has been reported by Garg (1898} in case of
Pitheceflobium (3.1%) also. Linolenic acid was observed
in four species viz., Pongamia (4.5%), Pithecellobium
{3%), Anonna (1.4%) and Ceiba {1.1%). Arachidic acid
was little more widespread and was present in
Semecarpus (5%), Erythrina (4%), Moringa (4%),
Bauhinia (2%), Pithecellobium (2%) and Melia {0.5%).
Behenic acid (22:0) was observed in Semecarpus (6%),
Enythrina (4%), Moringa (3%) and Bauhinia (0.4%).

Raina and Gaikwad (1987) reported that the fatty acid
compositien of 'Curcas oil' was found to be affected by
stage of maturity and season of harvest. The variable
values obtained in the other species as discussed above
may also be dependant on these factors. The variations
can also be attributed to the regional difference in seed
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sources and varnations in the analytical techniques
adopted.

Utilization: From the point of view of utilization, palmitic,
stearic and oleic acids find uses in soaps, detergents,
plastics, coated papers, rubber coatings, candles,
crayons, waxes, lubricating greases, polishes, buffing
agents and cosmetics. Linoleic acid and linolenic acid
though categorized as essential fatty acids, for human
nutrition, have uses in the paint and varnish industry,
because of their higher unsaturation. Most of the tree
borne oilseeds depending on the oil content and
availability can easily be utilized for the above purposes
depending upon their fatty acid composition. Moringa
seeds are edible, and hence its oil can easily be utilised
as edible oil when available in sufficient quantities. Raval
and Toliwal {1998) have found no harmful effects of this
oil in a feeding study conducted on rats. This cil was low
in 18:0 which is considered problematic to cardiac
patients. Further, the oil being rich in oleic acid (18:1) and
very low in linoleic acid is very stable and should serve as
very good frying oil. Higher levels of stearic acid in
Simarouba would be useful in avoiding hydrogenation and
also serve as cocoa butter substitute. The unsaponifiable
matters of some of the vegetabie oils may find uses as
pesticides, medicines etc.






