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OBITUARY

Shri RAJENDRA R, MISHRA
(Novertber 12, 1945 - April 26, 1993 )

Shri Rajendra R, Mishra a valuable member of
the Indian Society of QOilseeds Research and
the Director of Research, Maharashtra Hybrid
Seeds Company Limited passed away on 26th
April, 1993 in a plane crash at Aurangabad.
After completing his post-graduation in
Agriculture with specialisation in Plant Breed-
ing and Genetics, he joined Maharashtra
Hybrid Seeds Company Limited (Mahyco) in
1968, in which he worked in various capacities
such as Plant Breeder, Manager of Research
and Dircctor of Research till his premature
and tragic dcath. In recognition of his
meritorious services, he was appotinted as ong
of the Board of Directors of the company in
1981, In addition Shri Mishra was also the
Dircctor of 1) Mahyco Rescarch Foundation
and 2) India Drossabch Limited, and also the
Trustee of the Barwale Agricultural Research
Institute and Mahyco Trust.

Shri Mishra was liked by all the Scien-
tists and diverse personnel engaged in agricul-
tural development, for his spirit of cooperation
and commitment to the cause of nation’s seed
industry.

He was one of those who believed in
strong cooperation between the public and
private sectors to strengthen agricultural re-
search and development in our country.

Shri Mishra as a Plant Breeder and the
active tecam lcader of Plant Breeders of
Mahyco was responsible for the development
of more than 230 hybrids and varieties of dif-
ferent crops including cotton and sunflower.

He received the first national award in
1989 on behall of Mahyco for R&D efforts in
Agro-industry instituted by Department of
Science and Technology, Government of India
in 1989 and FICCI award in 1990 for Research
eflorts in Science and Technology by corporate
sector. A gold medal was also presented to him
by AllIndia Coordinated Cotton Improvement
Project during its Silver Jubilee Celebrations.

He attended several national and inter-
national symposia, confcrences, workshops
and group meetings in different crops and
presented papers and actively participated in
discussions. He was a regular participant of
kharif and rabi mlseeds group workers” mecl-
ing. He always contributed his best to
strengthen the Indian Society of Oilseeds Re-
search and its activities.
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Prof. BISHWANATH CHATTERJEE
(Ocitober 10, 1928 - May 16, 1993 )

Professor Bishwanath Chatterjee a member of
the Editorial Board of the Journal of Oilseeds
Research and former Professor of Agronomy,
Faculty of Agriculture Bidhan Chandra Krishi
Vishwavidyalaya, West Bengal passcd away on
16th May, 1993. Professor Chatterjee was born
on October 10, 1928. He graduated in Agricul-
ture from Government Agricultural College,
Kanpur in 1950. He was the recipient of state
scholarship and Nuffield Foundation scholar-
ship for his Ph.D,, study at the University of
Reading, UK.

He worked as Agrostologist,
Agronomist, Professor and Head, Department
of Agronomy, Dean, Faculty of Agriculture.
He was appointed as the Vice-chancellor of the
Bidhan Chandra Krishi Vishwavidyalaya in
1985. His love for teaching, academic activities
and agricultural research was so deep that he
resigned the post of Vice-chancelior and he
continued as Professor of Agronomy till his last
breath. He has to his credit around 250 re:
search papers, nine research bulletins and nine
books. He guided around 40 Ph.D., and 55
M.Sc., research scholars,

__His research contributions on the role
of siliqua surface area of mustard in the
productivity, crop competition, inter-crop-

ping, multiple cropping, moisture extraction
pattern of the roots of rabi crops, wheat
managemenl with minimum tillage, substitu-
tion of inorganic fertilizers with organic
manures for rice production etc., are not only
loo well known but also useful. He chaired
scientific scssions of number of crop
workshops and scminars dealing with crop
management. He was a member of various
scientific and review committees of TCAR,
member of Academic Council of Assam
Agricultural University and member of Board
of Studies of BHU, Bhagalpur University,
Ranchi University, Calcutta University,
Kalyani Untversity and BCKV.

Hc was actively associated with many
societies dealing with Agricultural Sciences
and acted as Councillor/editor for Indian Jour-
nal of Agronomy, Journal of Soil and Water
Conservation Society of India, Saar Samachar,
Journal of Oilseeds Research etc. He was dis-
tinguished Fellow of Indian Society of
Agronomy and Fellow of Science and Technol-
ogy, West Bengal.

Professor Chatterjec had visited
Sweden as a member of Indian delegation
under the sponsorship of Department of
Science and Technology. International Rice
Research Institute, Philippines invited him to
participate in the sympositm on rice based
cropping, system.

Professor Chatterjee was a reputed
teacher and his unassuming simplicity and
fricndship with one and all not only won the
hearts of the student community as a whole but
left behind many admirers. By the death of
Professor Chatterjee the nation has lost a dedi-
cated exemplary Scientist and an administrator
committed to the cause of Agriculture and the
Indian Society of Oilseeds Research is
deprived of its senior member of the Editorial
Board. The Society conveys sincere con-
dolence to the members of the bereaved family.
May his soul rest in peace.
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ADOPTION OF SOME IMPORTANT PRODUCTION TECHNOLOGIES
AND THEIR INFLUENCE ON YIELD OF SUNFLOWER IN KARNATAKA

K. SEENAPPA!, N. VENUGOPAL? T.N. VENKATA REDDY?,
S. RAJENDRA PRASAD? and U.S. UIJINAIAIL?

ABSTRACT

A survey was conducted during 1983-84 in the districts of Bijapur, Gulbarga, Bellary, Mysore and
Shimoga to siudy the extent of adoption of some important production technologies and their influence
on seed yield of sunflower. Technologies on manures and fertilizers, hand pollination and harvesting
at physiological maturity markedly increased the sunflower yields. 74% of sunflower was uwnder tainfed
situation. Oniy 5% to 17% of the farmers uvnder rainfed and 16% to 25% of the farmers under irrigated
conditions have followed recommended or near 1o the recommended levels of manures and fertilizers.
25%of the farmers followed hand pollination and 309 of the farmers harvested the crop at physiological
maturity. Farmers are well aware of the marketing facilities,

Key words: Sunflower; Production technology; Adoplion; Yield.

Commercial cultivation of suntlower (Helian-
thus annuus L.) started during 1972-73 in Kar-
nataka with a modest beginning of 15,000 ha.
Karnataka has been one of the leading
sunflower growing states in India with a
productivity of 1 tonne/ha (Virupakshappa et
al., 1989). Although the area under sunflower
rose to 2 lakh ha with a production of 79,000
tonnes during 1982, the productivity declined
to 575 kg/ha, The causes for decline in the
productivity could be attributed to poor
management of crop in farmers ficld besidcs,
vagaries of monsoon. The research on genetic
improvement and agronomic practices began
with the establishment of research centres
under ATCORPO in 1972 and seed production
centres in 1978, Consequently, a good package
of practices was developed for realising higher
productivity. Hence, interest arose to conduct
a critical survey to know the extent of adoption
of some important production technologies
and their response on sunflower yield on
farmers’ ficlds. The findings of the survey are
discussed in this paper.

MATERIALS AND METHODS

A proforma was designed to collect the infor.
mation on a few important practices followec
by the farmers and yields harvested by them
The survey was conducted during 1983-84 ir
the districts of Bijapur, Gulbarga, Bellary,
Mysore and Shimoga. The farmers interviewed
were from the taluks where sunflower cultiva-
tion was predominant. The nutrients applied
both in the form of fertilizers and FYM were
considered for working out the NPK applied to
the crop. A tonne of FYM was considered to
supply 10, 8 and 20 kg of N, P20s and K> O per
ha. The recommended/ near recommended
fevel for (a) FYM was 6.25 t/ha or more (b) N
was 50 kg or more/ha under irrigated and 40 kg
N/ha or more under rainfed situation and
similar amount was taken for P2 Os, The survey
data on FYM, N and P levels of Bijapur, Gul-
barga and Bellary were clubbed together and
similarly of Mysore and Shimoga to represent
sunflower growing areas of north and south
Karnataka regions, respectively.

1,2, 5 Sunflower Project, University of Agricultural Sciences, GKVK, Bangalore - 560 065, India.
3, 4 National Seed Project, University of Agricultural Sctences, GKVK, Bangalore - 560 063.

Received for publication on March 16, 1991
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The data on a few other important
production technologies viz., sowing methods,
hand pollination, harvesting time and mode of
marketing the produce are repsesented dis-
trict-wise,

RESULTS AND DISCUSSION
General information on the surveyed districts

The number of farmers interviewed who had
grown irrigated and rainfed sunflower, rainfall
during the cropping season, area, production
and productivity figures pertaining to 1983-84
of the surveyed districts are given in Tablel.
Highest area under sunflower was in Bijapur
followed by Guibarga, Bellary, Mysore and
lowest in Shimoga. Highest productivity of 824
kg/ha observed in Shimoga district which also
received highest rainfall of 495 mm during
cropping season, while the lowest productivily
(223 kg/ha) coincided with lowest rainfall (202
mm) in Gulbarga. Out of the total number of
266 farmers interviewed, 74% of farmers have
grown rainfed sunflower and 26% farmers have
grown the irrigated crop. So, major area of
sunflower cropping was under rainfed situa-
fion.

Sowing methods

All farmers under irrigated conditions fol-
lowed dibbling but under rainfed situation
sowing behind the plough, drill sowing and

broadcastings were adopted (Table 2.). Sowing
behind the plough was the common method
adopted by 74% farmers in all the districts.
However, 19% and 7% farmers followed drill-
ing and broadcasting respectively. 40 and 30
per cent of farmers in the largest sunflower
growing districts namely Bijapur and Gulbarga
respectively, followed drill sowing. Only in
Shimoga 33% farmers adopted broadcasting
which should be discouraged.

FYM, N and P levels

The mean seed yield obtained by the farmers
who followed recommended or near recom-
mended levels of Farm Yard Manure(F),
nitrogen (N), Phosphorus (P) and interactions
of NP, NF and PF under irrigated and rainfed
conditions as compared to yield levels obtained
by farmers who followed less than recom-
mended levels of above nutrients arc presented
in Table 3.

Apphication of recommended/near to
recommended level F increased the yield by 56
and 62% ; N by 77 and 29%; P by 110 and 3%
while combination of NP increased the yicid by

2 and 16%, NF by 66 and 46% and PF by 635
and 34% under rainfed and irrigated condi-
tions, respectively. In general, only 5 to 17% of
the farmers under rainfed conditions and 16.to
23 per cent of the farmers under irrigated con-
ditions have used recommended or near to

Tabie 1. Area, production and productivity of sunflower, rainfall during cropping season and number of farmers
interviewed district-wise during 1983-84 -
Number of sunflower growers
Area (ha)  Production Productivity  Rainfali Rainfed Itrigated Total
10 {kgfha) (om) condition condition

Bijapur 135700 92170 679 412 58 14 72
Guibarga 49600 11070 223 202 51 10 61
Bellary 47800 30020 7 628 463 5 20 %5
Mysore 10600 5880 " 588 2% 40 1% 59
Shimoga 3400 2800 o824 495 43 65 49
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recommended levels F/N/P/NP/NF/PF,
Greater proportion of farmers in Mysore -
Shimoga (11 to 30 and 16 to 52% under rainfed
and irrigated conditions, respectively) have fol-
lowed recommended/near to recommended
levels of above nutrients as compared to
farmers of Bijapur - Bellary - Gulbarga (0 to 10
and 9 to 21% uader rainfed irrigated condi-
tions respectively).

Hand pollination

In general, hand pollination increased the seed
yield by 39% as compared to the yield of con-
trol (813 kg/ha). This practice was adopted
only by 9% out of the 266 farmers interviewed
(Table 2).

kg/ha harvested at full dry stage (Table 2),
Harvesting at physiological maturity increased
the yield by 50% and 30% under irrigated and
rainfed condition, respectively. This practice
was followed by 50% of the farmers in irrigated
tract and 66 per cent in rainfed tract.

Mode of marketing

About 50% have sold the produce to regulated
market yard (Table 4) followed by 28% to vil-
lage traders, 18% to oil mills and 4% to KOF,
This shows that marketing facilities for
sunflower were good. However, farmers may
be motivated to sell their produce to
KOF/regulated market yard to get better
prices.

Table 4. Mode of markeling followed by number of sunflower growing farmers of selected districts

Districts Regvlated Village traders  Oil mills KOF Total
market yard

Mysore 35(5%) 23(39) 1(2) . . \ 59
Shimoga 2(4) 11(23) 26(53) ' 1020y . . 49
Bijapur 48(6T) 19(26) 5T - - 7
Gulbarga 27(44) 21(35) 13(21) . - 61
Bellary 22(88) - 2(8) 1(4) 25
Total 134{50} 74(28) 47(18) 11{4) 266

Figures in parenthesis refers to percentage.

Time of harvest

- Harvesting the crop at physiological maturity
t.e., when the back of the head turn to lemon
yellow in colour minimise the seed loss at har-
vest. In general, 30% of the farmers harvested
the crop at physiological maturity and on an
average this has increased the seed yield by 64
per cent as compared to the seed yield of 697

LITERATURE CITED

Virupakshappa K., Seenappa, K, and Scetharam A., 198%.
Karnataka-A leading state in sunflower production;
Karnataka Agriculture on the march, 1913-1988,
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YIELD COMPONENT ANALYSIS AND ITS IMPLICATION FOR
SELECTION IN NIGER (GUIZOTIA ABYSSINICA CASS.)

R.K. MATHUR and §.C. GUPTA i
Department of Genctics and Plant Breeding, Rajasthan Agricultural university
Udaipur - 313 001, Rajasthan, India.

ABSTRACT

Thirty five niger strains were raised in RB.D. thrice replicated during kharif 1988 to study variability,
association and path analysis for yield and its component traifs. Significant diffcrences for all the trails
among the strains were observed. Grain yield and harvest index had high heritability and high genetic
gain, suggesting predominance of additive gene effects, while days to 50 per cent flowering, pAmary
branches per plant, secondary branches per plant, capitula per plant and seeds per capitulum cxhlbfl_ed
moderate 10 high heritability and moderate genetic gain. Other traits showed low to high heritability
but very low genetic gain indicating predominance of non-additive gene effects. Grain yield exhibited
positive and significant association with secondary branches per plant, capitula per plant, capitulum
diameter, seeds per capitulum, 200-grain weight and harvest index. Path analysis revealed that capitula
per plant and harvest index were the main yield contributing traits.

Key Words : Niger; Varlability; Association; Path analysis; Yield; Selection

Qilseed production has assumed importance in
the country because of acute shortage of edible
oils, primarily due to their low yield potential
and susceptibility to diseases. Niger is no ex-
ceptionto this. Inspite of niger being an ancient
oil crop grown in India, it remained as an un-
exploited crop in respect of genetic under-
standing and improvement. Therefore, to
evolve promising genotypes, an efficient breed-
Ing strategy is desired which depends on the
information available through studies on
variability, character association and path
analysis, The present studywas carried out with
this in view.

MATERIALS AND METHODS

Thirty five strains of niger, selccled on the basis
qf their diverse geographical origin and varia-
tton in morphological traits were raised in a
].iandomi.zed Block Design with three replica-
tions during kharif 1988 at Rajasthan College
of Agriculture, Udaipur. In each replication,
each entry was sown in a two row plot of 5m.
length with a distance of 30 cm and 15¢cm be-
tween rows and plants, respectively. The plants

were randomly selected excluding the border
plants per treatment per replication for
recording data on thirteen traits viz., days to 50
per cent flowering, days to 75 per cent maturity,
plant height (cm), number of primary branches
per plant, number of secondary branches per
plant, number of capitula per plant, capitslum
diameter (cm), number of seeds per capitulum,
200-grain weight (g), grain yield per plant (g),
harvest index (%), protein content (%) and oil
content (%).

The estimates of genotypic and
phenotypic coefficient of variation, heritability
and genetic advance as per cent of mean were
obtained following Johnson et al., (1955). The
correlation coefficient and path cocfficient
analysis were computed [ollowing the methods
given by Al-Jibouri ef al, (1958) and Dewey
and Lu (1959), respectively.

RESULTS AND DISCUSSION

Significant differences were obsefveq among
the strains for all the characters studied. Tlfe
results obtained for mean, range, phenotypic

Received for publication on October 30, 1991
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coefficient of variation (PCV), genotypic coef-
ficient of variation {(GCV), heritability and
genetic advance as per cent of mean are
presented in Table 1. Grain yield per plant and
harvest index showed high GCV and PCV
values along with high estimates of heritability
and genetic gain (Goyal and Kumar, 1985) sug-
gesting selection for these traits would be effec-
tive. However, days to 50 per cent flowering,
primary branches per plant, secondary
branches per plant, capitula per plant and
seeds per capitulum exhibited moderate to
high heritability estimates but moderate
genetic gain. Other traits had low genetic gain
besides low to high heritability estimates in-
dicating that selection for these traits would not
be effective. The aforesaid results were in con-
formity with the findings of Sahu and Patnaik

(1981) and Goyal and Kumar (1985) for some
of the traits.

A perusal of the Table 2 revealed a close
agreement between genotypic and phenotypic
correlation in most of the traits, thus indicating
lcast environmental influence on the degree of
association. Genotypic correlation coefficients
were, in general, slightly higher than the cor-
responding phenolypic correlation coeffi-
cients. Since environment had no major
influence on the degree of association, hence-
forth reference will be made only to genotypic
correlation. Amongst various component
traits, only six traits namely secondary
branches per plant, capitula per plant,
capitulum diameter, seeds per capitulum, 200-
grain weight and harvest index exhibited sig-
nificant positive association with grain yield

Table 1. Mean, range, GCV, PCV, heritabifify and genetic advance as per cent of mean lor differen( characlers in
niger
S Characters Mean Range GCV (%)  PCV (%)  Heritability Genetic
No. (%) advance as
per cent of
mean

1 Days to 50% flowering 72.53 53.00-97.00 16.81 17.46 92.68 3334

2z Days to 75% maturity 102,07 89.00-112.33  5.15 559 84.83 9.19

3 Plant height (cm) 90.35 62.38-11643 1164 19mn 37.50 14.69

4 Number of primary 1445 8.90-19.25 16.89 1935 76.13 30.38
branches per plant

5 Number of secondary 2729 16.86-39.96  21.31 2543 70.20 36.75
branches per plant

6 Number of capitula per 48.19 25.03- 2050 26.84 58.34 32.25
plant ’
Capitulum diameter (cm) 0.968 0.875-1.060  3.06 752 16.56 207
Number of seeds per 16.63 9.14-23.92 18.98 2122 79.13 3458
capitulum

9 200-grain weight (g) 0.65 0.49-0.76 6.75 12.73 28.13 769

10 Grain yieid per plant 246 0.75-3.60 33.00 34.02 94.07 65.85

11 Harvest index 12.98 3.23-23.29 3354 36.45 84.63 63.56

12 Protein content (%) 18.65 1497-2143 8.8 B.94 83.80 15.44

13 Qil content (%) 3H.6% 28874330 895 9.49 88.83 17.35
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indicating that grain yield and these traits have
the same physiological basis for their expres-
sion. Joshi and Thombre (1984), Goyal and
Kumar (1985) and Channarayappa (1987) also
reported similar results in niger.

Variable results were observed with
regard to association among yield components.
The traits, number of secondary branches per
plant, capitula per plant, capitulum diameter,
seeds per plant, 200 grain weight and harvest
index exhibited significant positive assaciation
with grain yield per plant. However, these traits
except number of secondary branches and
capitulum per plant also revealed mutual as-
sociation among themselves. The pratein con-
tent exhibited positive and significant
association with oil content. Both these traits
also showed positive but non-significant as-
sociation with major yield components.

Path cocfficient analysis was carried out
for all the thirteen traits to work out the direct
and indirect contributions of these traits on
grain yield (Table 3). Direct effects of capitula
per plant (Goyal and Kumar, 1985) and harvest
index (Bhoop Singh, 1988) were of higher mag-
nitude indicating their importance in grain
yield. In most of the traits high magmtude of

indirect effects via these two traits were also
observed.

Thus, capltu\a per plant and harvest
index are the major yield contributing traits

and selection for these traits would bc eﬁ'cchve
for yield improvement,
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RESPONSE OF MUSTARD TO SULPHUR AND NITROGEN UNDER
IRRIGATED VERTISOL CONDITIONS iI. EFFECT OF S AND N ON
ANCILLARY CHARACTERS, YIELD AND QUALITY .

O.P. DUBEY, TR, SAHU!, D.C. GARG? and R.A, KHAN
Zona! Agricultural Research Station, Powarkheda, Hoshangabad. M.P., India.

ABSTRACT

Field experiment was conducted during 7abi seasons of 198889 and 198990 at Zonal Agriculturaf
Research Station, Powarkheda, Hoshangabad (M.P.) to study the effect of applied sulphur and nitrogen
on the ancillazy characters, seed and stalk yield and quality of mustard. Results indicated that nitrogen
up to 90 kgtha significantly increased the yield attributing characters viz., number of siliquae/plant,
siiiqua length, number of seeds/siliqua and test weight. Seed yield, stalk yield and protein content were
significantly increased with increasing fevel of N up to 90 kg/ha. Nitrogen had adverse effect on oi
content of mustard seed. Application of sulphur up to 30 kg/ha significantly increased the ancillary
characters, seed yield and pratein content, while oil content was stimulated up to 40 kg S/ha.

Key words : Mustard; Sulphur; Nitrogen; Ancillary characters; Ferlilization,

INTRODUCTION

Mustard (Brassica juncea (L.) Czern and Coss)
is one of the most important oilseed crop of the
country in general. India stands second in mus-
tard production, but the average yield is low
(694 kg/ha) in comparison to that of European
countries (2007 kg/ha). The productivity of
mustard can be increased by proper fertilizer
management and bringing more area under
irrigation. Fertilizer management specially
anitrogen and sulphur are the most tmportant
agronomic factors known to augment the crop
vicld (Singh and Saran, 1987 and Singh and
Dixit, 1989). However, there is meagre infor-
mation on N and § fertilization on mustard in
Tawa Command Area of central Narmada val-
ley. Therefore, the present investigation was
carricd out to find out the response of mustard
to nitrogen and sulphur,

MATERIALS AND METHODS

A field experiment was conducted during rabi
seasons of 1988-89 and 1989-90 at JINKVYV,
Zonal Agricultural Research Station,
Powarkheda on clayey-loam soils having pH
7.2. The status of available N, P, § and K con-
tent was 183.7, 13.6, 8.03 and 301.4 kg/ha
respectivelyin 1988-89 and 202.6,13.4, 7.95and
333.8 kg'hain 1989-%0respectively. The experi-
ment was laid out in factorial Randomized
Block Design with three replications during
both the years. The treatment comprised the
combinations of 4 aitrogen levels {0, 30, 60 and
90 kg/ha) and 6 sulphur levels (0, 10, 20, 30, 40
and 50 kg/ha). Mustard variety ‘Varuna' was
sown in rows 30 ¢m apart using 5 kg seed/ha on
October 28, 1988 and November 3, 1989 and
harvested 118 days after sowing. A uniform
plant population was maintained by thinning
the crop with an intrarow spacing of 15 cm. The

Part of Ph.ID, Thesis submitted by Sentour Author
1. Department of Botany, Dr. H.S. Gour V.V,, Sagar 470 073. MLP., India.

2. N\MLV. Hoshangabad, M.P., India.
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gross and net plot size was 6.0 x 5.0 m and 4.8 x
3, 8m respectively. A basal dose of 60 kg
P,0s/ha through triple super phosphate, 40 kg
K20/ha through muriate of potash, full dose of
sulphur through gypsum and half dose of
nitrogen through urea (as per treatment) were
applied. The remaining nitrogen was top
dressed at the stage of 35 days after first irriga-
tion. Two irrigations were applied at 35 and 60
DAS to the crop during both the years. During
the crop season, L.e., from October to February,
the weather conditions were almost normal.
During 1988-89 the weather was fairly dry and
rainless, while in 1989-90 the crop received 42
mm rainfall at flowering and siiqua develop-
ment stage. Monthly mean of daily tempera-
tures were reached to maximum (33.9°C) in
October and minimum (9.7°C) in January. The
percentage of oil was determined by solvent
extraction method in Soxhlet apparatus with

petroleum ether (BP 40-60° C) as solvent. The
percentage of crude protein was estimated by
multiplying the total per cent of nitrogen of the
seed by factor 6.25, The total N per cent was
determined by micro-kjeldah! procedure as
described by Jackson (1973).

RESULTS AND DISCUSSION
Ancillary Characters

Application of nitrogen up to 90 kg/ha sig-
nificantly increased the number of sili-
qua/plant, number of seeds/siliqua and test
weight of 1000-seeds in mustard during both
the years. However, 60 and 90 kg N/ha did not -
differ significantly with regard to number of
seeds/siliqua (Table 1).

The number of siliqua/plant increased
significantly with successive increase in sulphur
levels up to 40 kg/ha during both the years,

Tablel.  Effect of nitrogen and sulphur levels on yield atfributing characters
Treatments Number of siliquae per plant Number of seeds per siliqua Test weight (g)
1988-89 1989-90 1988-89 1989-90 1988-39 1989-90
Nitrogen levels (kg ha")
0 11080 115.64 1051 Y 4.65 462
30 122,10 13486 11.83 12.31 4.76 4.3
60 130.90 152.58 1274 $13.70 4.96 507
%0 138.20 170.02 13.45 - 14.80 493. 513
SEm £ 054 130 031 021 0.06 007
CDatse 154 380 0.92 .60 9,18 0.19
Sulphur levels {kg ha'l)
30 10.70 133.80 109 175 a6z 4.66
n 114.20 137.36 1153 1217 472 4.77
” 117.20 14262 2% 12.51 4.719 483
o 12000 145.32 12.60 13.14 4.93 489
s 123.70 151.00 1265 13.24 511 494
SEm + 123.60 149.02 11.94 1292 4.93 4.86
Dars o (1)-64 159 038 0.25 007 . 0.08
TT——— 188 4.66 1.12 0.74 NS NS
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number of sceds/siliqua was increased sig-
nificantly with the increase in levels of sulphur
up to 20 kg/ha. The improved nutritional en-
vironment as a result of increased sulphur
supply might have favourably influenced the
carbohydrate metabalism, The {avourable ef-
fect led to increased translocation of photosyn-
thates towards, seeds resulting in formation of
bold seeds (Chatterjee, er al, 1985). Sulphur
has na significant effect on 1000-seed weight.

Seed and stalk yield

Seed and stalk yields were significantly in-
fluenced by application of nitrogen. The seed
yield increased significantly with increasing
levels of nitrogen up to 90kg/ha during both the
years. The yield increase due to 90 kg N/ha over
no nitrogen was of the order of 223 and 145 per

cent during 1988-89 and 1989-90 respectively,
The results were in close conformity with the
findings of Singh and Dixit (1989) and Saran
and Giri (1990). Similarly, stalk yield was also
increased significantly with the application of
N up to 90 kg/ha during both the years. The
stalk yicld was 23.16 and 28.96 g/ha at no
nitrogen level , while at highest level ie. 90 kg
N/ha, it increased 59.17 and 56.82 g/ha in 1938-
89 and 1989-90 respectively.

Application of sulphur up to 30 kg/ha
was found to increase seed yield significantly
over control during both the years. However,
30,40 and 50 kg S/ha were at par. The yield data
indicated that the efficiency of sulphur in at-
taining seed yields of mustard was higher
during 1989-90 as compared to that of 1988-89.
The per cent increase in seed yield due to30 kg

Table 2.  Effect of nitrogen and sulphur on seed and stalk yield, oil and protein content In mustard seed
Trearments Seed yield (g/ha) Stalk yield {g/ha) Qil content (%) Protein content (%)
1988-89 1985-90 1988-89 1989-% 1988-89 1989-90 1988-8¢ 1989-90
Nitrogen levels (kg/ha)
0 4.68 6.22 23.16 28.96 37.20 38.19 17.31 1743
30 8.20 9.20 36.05 B.16 36.61 3792 18.06 18.44
60 12.38 12.80 51.80 5041 3597 3744 19.06 1918
20 15.12 15.24 58.17 56.82 35.67 3742 19.63 1850
SEm + 050 0.16 0.70 0.90 011 0.07 0.09 0.05
CPat5% 143 0.46 202 2.56 031 G.20 0.25 0.14
Sulphur levels (kg/ha)
G 8.38 814 36,79 38.27 35.06 36.85 17.94 18.31
16 9.06 9.86 39.21 .74 3533 3713 18.06 1851
20 9.98 1067 4192 4223 36.15 3153 18.44 18,75
30 10.93 11.73 4549 46.14 36.74 38.02 1881 18.99
40 1112 12.08 45.93 47.76 3723 3835 18.88 19.21
56 1.1 12,02 4591 4745 3748 38357 19.00 19.23
SEm 0.61 0.19 0.86 110 0.13 0.08 . 0.11 0.07
CDat5 % 1.72 056 247 3.4 0.38 024 031 0.19
Nx§ NS Sig. NS NS NS NS NS NS
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S/ha over an application of no sulphur was of
30.4 and 44.1 during 1988-89 and 1989-50
respectively. Such increase in seed yield was
from the corresponding improvement of yield
attributing characters. Singh and Bairathi,
(1980) has reported increase in chlorophyll
content by sulphur application. The stalk yield
was also found toincrease significantly with the
increase in sulphur levels up to 30 kg/ha during
both the years (Table 2). Increase in vegetative
growth of plants by sulphur levels was ul-
timately responsible for such increase in stalk
yield of mustard. The results are in close con-
formity with those of Singh (1984) and Saran
and Giri (1990).

Interaction effect of N x § was sig-
nificant during 1989-90 only (Table 3). At lower
levels of nitrogen, the mustard responded to
suiphur significantly up to 10 kg/ha, however,
with increased supply of N (60-90 kg N/ha), the
S need of the crop was significantly raised up
to 30 kg S$/ha. On the other hand, irrespective

of levels of sulphur, mustard crop responded
to N up to 90 kg/ha,

The response of nitrogen and sulphur
was found tobe lincar and the regression equa-
tion is given as under

Years Response equation R
Nitrogen

1988-89 Y =477 + 0.1183x 0.943
198990 Y = 627 + 01022k 0.931
pooled Y =552 +0.1102x 0.939
Sulpher -

1988-89 Y = 8.61 + 0.05%4 x 0.952
1989-% Y = 881 + 0.0775x 0.937
Pooled Y = 872 + 0.0685 x 0.946

Where Y = expected grain yield and
x = levelsof Nand §

Qil content

Nitrogen had adverse effect on oil content of
mustard during both the years of experimenta-
tion. The rate of nitrogen increased form 0 to
90 kg/ha, the oil content was reduced by 1.53
and 0.77 per cent during 1988-89 and 1989-90,
respectively (Table 2). At 90 kg N/ha it was
35.67 and 37.42 % where as at no nitrogen the

Table3.  Interaction effect of N x § levels on mustard seed yield (g'ha)
1988-89
N-ievcls(kg/ha) Sulphur levels (kg/ha)
0 10 20 30 0 50 Mean

20 iss 444 4.66 5.16 5.00 497 408
" 6.67 7.30 7.96 9.08 9.02 915 8.20
o 1087 1160 1201 1302 1374 13.63 1238

1216 1343 15.27 16.44 16.72 16.69 15.12
SEm & : 121
LD (P=005) NS
5 1989.90
% 4.49 593 6.10 6.70 7.19 689 6.22
& 763 874 8.96 9.79 9.97 1013 3.20
% 1101 1115 1224 13.89 14.20 14.30 12.80
SEm + 1221 13.62 1536 16.54 16.96 16.76 15.24
CD (=00 0.38

L1
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seed oil was higher i.e., 37.20 and 38.19% in
first and second season respectively.

Application of sulphur up to 40 kg/ha
increased the oil content significantly during
both the years. At this sulphur level, the oil
content was 37.43 and 38.335%, in first and
second season respectively. However, further
incremental dose of § i.e., 50 kg/ha was at par
with 40 kg S/ha. The interaction effect was not
found to be significant. Pathak and Tripathi
(1979) and Sawarkar et al., (1987) observed
similar results.

Protein content

Seed protein increased significantly with the
increasing levels of nitrogen from 0 to 90 kg/ha
in both the years. The highest sced protein was
19.63 and 19.50% at 90 kg N/ha, whereas it was
only 17.31 and 17.43% at without nitrogen in
1988-89 and 1989-90 respectively.

Application of sulphur enhanced the
protein content significantly during both the
years. In 1988-89, sulphur application up to 30
kg/ha was found significant over lower levels.
At no sulphur level the protein content was
17.94% which increased up to 18.81% at 30 kg
S/ha. In 1989-90, increasing levels of S up to 40
kg/ha increased significantly over lower levels
and was comparable with 50 kg S/ha. However,
maximum protein content i.e., 19.00 and
19.23% was recorded at 50 kg S/ha in 1983-89
and 1989-90 respectvely. The interaction ef-
fect was not significant. Similar results were
also reported by chatterjee et al., (1985) and
Singh and Saran (1987).

Itis concluded that 90 kg N and 30 kg S
per hectare would be the optimum dose for
realising the best growth of plant, seed yield
and oil and protein content of mustard crop
under irrigated conditions with deep Vertisol

in Tawa Command Area of Central Narmada
valley.
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EFFECT OF WATER STRESS AND IRRIGATION SCHEDULE ON
PERFORMANCE OF SUMMER SOYBEAN(GLYCINE MAX Merrill)

$.S. TUTEJA and R.S. TRIPATHI .
Department of Agronomy, College of Agriculture, Indira Gandhi Krishi Vishwa Vidyalaya
Raipur, (M.P.) 492 012, India.

ABSTRACT

A field experiment was conducted during summer seasons of 1989 and 1991 at the Research Farm of
Indira Gandhi Krishi Vishwa Vidyalaya, Raipur to find out the suvitable irrigation schedule and critical
stages for moisture stress, Irrigation scheduled at 0.9 IW/CPE ratio throughout the crop period
produced the maximum number of pods and seeds/plant, seed and straw yield as well as protein content,
Water requirement and water use efficiency were also maximum under 0.9 IW/CPE ratio. Moisture
stress for 15 days at podding or seed filling stage was found to be more detrimental to crop yield than

stress at blooming stage-

Key words : Waler stress; [rrigation; IW/CPE ratio; Water use efficlency; Water requirement; Soybean. -

INTRODUCTION

Madhya Pradesh is the leading state in the
country in respect of area and production of
soybean during kharif. However, little work has
!)een done to explore the possibilitics of grow-
ing soybean in rabi and summer secason, The
soil moisture becomes a limiting factor in these
seasons. In the absence of rains, the effect of
water deficit and scheduling of irrigation at
specific or different growth stages of soybean
has not been well documented, specially for
Summer season. The research work done else-
Where revealed that flowering (Singh and
Tripathi, 1972), pod filling (Healtherly, 1983)
and mid flowering and/or rapid pod filling
Stage ( Pahatwan and Tripahti, 1984) were the
:trrmcaj stages for moisture stress, and moisture
yieEI:cSIS at thf‘-Se stages adversely affected seed
aboveand yield components. In the light of the
i denti;‘yat hﬁeld' experiment was conducted to
yield ¢ € Critical gr-owth stage, and also the
Wate 0ml’t_onent.s which are most sensitive to
t deficiy during summer season.

MATERIALS AND METHODS

- The experiment was carried out during sum-

mer seasons of 1989 and 1991 at Research farm
of Indira Gandhi Krishi Vishwa Vidyalaya,
Raipur. The soil of experimental site was clayey
having pH 6.9 low in available nitrogen (169 kg
N/ha), high in available phosphorus (23 kg
P/ha) and available potash (336 kg K/ha). The
moisture contents at field capacity and per-
manent wilting point were 27.7 and 18.3 per-
cent, respectively at 0-90 cm soil depth. The
bulk density was 1.36 g/ce. Qut of different
possible combinations of four IW/CPE ratio
viz.,0.3,0.5,0.7 and 0.9 TW/CPE ratio and three
growth stages viz, vegetative (germination to
flower initiation), flowering (flower initiation
to pod initiation) and podding (pod initiation
to maturity). Guly seven treatment combina-
tions were selected. The notation used for dif-
ferent irrigation schedules consisted of three
ratios of 'W/CPE adopted during three growth
stages of soybean for instance R 579 represent
as irrigation schedules at 0.5 IW/CPE during
the vegetative growth, 0.7 IW/CPE during the

Rece; -
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flowering and 0.9 TW/CPE during the podding
stage.

Three treatments of moisture stress were also
studied where irrigation was applied at 0.9
IW/CPE and was maintained throughout the
growth period except withholding of irrigation
for 15 days at bloom (R.9sb), podding (R.9sp),
or sced Mg stage (R.9ssf). In all, ten ireat-
ments were laid out in Randomized Block
Design with three replications. Medium dura-
tion dwarf soybean variety Gaurav (JS 72-44)
was sown on January 29, 1989 and Feburary 1,
1991. The crop was fertilized with uniform
basal dose of 30 kg N, 60 kg P20s and 20 kg
KzO/ha. Cumulative pan evaporation under
different treatments was computed using
evaporation data obtained from standard US
Weather Bureau class ‘A’ open pan, The depth
of water for cach irrigation was 6cm in all the
treatments. The water requirement was calcu-
lated based on irrigation requirement and rain-
falt as the stored soil moisture before sowing
and after the harvest of the crop was below the
permanent wilting point. In general the irriga-
tion were stopped 10 days before harvest.

RESULTS AND HSCUSSION
Yield and yield attributes

Irrigation scheduled at R.999 resulted in sub-
stantially higher number of pods and
seeds/plant, grain and straw yield over rest of
the treatments (Table 1}. This is done due to
high frequency of irrigation which maintained
proper nutrient and moisture supply and
helped in better partitioning of photosynthates
into different yield components. However, be-
sides saving two or three irrigations a com-
parable yield was obtained with irrigation
schedule of R.777, R.579 and R. 597 during
both the years but it was significantly lower
than R, 999, The irrigation scheduled at 0.9
IW/CPE ratio throughout the crop period ex-
cept stress for 15 days at bloom (R.9sb) stage
significantly reduced the number of pods and
sceds/plant as compared with R, 999, Soybean
being an indeterminate type of crop, the stress
given at bloom affects seeds/plant due to mois-
ture stress (Laing, 1966). Pahalwan and
Tripathi (1984) also observed that seed yield
and yield components of field grown soybean
were most adversely affected by soil moisture

Table 2. Waler requirement, waler use efficlency and protein content of soybean as influenced by different
irrigation schedules in summer

Treatmenis Water requitement (cm) 5 Water use efficiency protein content of grain (%)

(kg/ha/em)

Crop growth stage 1989 1991 1989 1991 1989 1991

\i E b3

RS 5 5 44.46 3208 13.80 26,49 41.50 4073

RS 7 9 62.46 44.08 283 2958 41.52 40.92

RS 9 3 50.46 38.08 20.41 25.44 40.32 40,47

RS 9 7 62.46 44.08 2219 30.53 41.76 4145

R7 3 R 62.46 33.08 17.03 25.94 4044 40.18

R7 7 7 62.46 44.08 22.86 36.42 4207 4149

RY 9 9 8046 S6.08 23.20 356 24,601 44.00

R.9sb (15 days) 4845 4408 20.68 2971 41.72 4147

R.9sp (15 days) 6246 44.08 1743 24.54 4152 41.68

R.9ss{ (15 days) 6246 33.08 17.03 24.21 3953 40.16
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stress imposed at mid flowering stage andfor
pod filling stage. Irrigation scheduled at R. 739
also reduced the grain yield, indicating that
- moisture stress at flowering reduced the yield
significantly by seducing the number of pods
and seeds/plant. Significant reduction in grain
and straw yield was recorded when stress was
given at podding (R. 9sp) and seed Hilling stage
(R.9ssf). Moisture stress during seed filling
stage might have reduced the supply of cas-
bohydraie and other metabalities to the
developing sink and resulted in poor or no
development of pods andfor seeds/plant and
thus resulted in poor yield. This is also con-
firmed with the treatment of R. 593 where
stress  was given at seed filling stage which
reduced the grain yield,

Water requirement and water use efficiency

The maximum water requirement and water
use efficiency was obtained with the irrigation
schedule of R. 999 under the agroclimatic con-
ditions of Raipur during summer which was
closely followed by the irngation schedule of R.
777, R. 579 and R. 597. In the present experi-

ment, both water reguirement and water use
elficiency was maximum under frequent irriga-
tion scheduling mainly because of high
evaporation demand in the region where
temperature is very high and humidity is very
low. The increased water use effliciency was
mainly due to increase in seed yield in propor-
tion to the guantity of water used.
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EFFECT OF INTERCROPPING ON YIELD AND ECONOMICS OF - |
SESAME AND MUNG

R. C. SAMUI, 8. SENGUPTA and B. ROY
Department of Agronomy, Bidhan Chandra Krishi Viswavidyalaya, Mohanpura
Nadia, W.B. 741 236,

ABSTRACT

A field experiment involving different combinations of sesame with mung was conducted at the BCKV
farm from 1987 ta 1989 to find out suitable combination of sesame and mung in sandy foam soil of West
Bengal in pre-kharif sesame. Intercropping system significantly infTuenced the yield and yield aitributes
of sesame and mung. Yield attributes like number of capsules/plant was significantly higher in intercrops
over sofe crop whereas the number of seeds/capsule was higher in sole crop, In mung also there was
beaeficiat alfect of intercropping on yield attributes. sole crop of sesame and mung significantly out
yielded intererops both in seed and stalk yield. There was definite intercropping advantage in intercrops
over sole crops. Higher intercropping advantage in respect to seed yield (LER 1.66) and stalk yield
(LER 1.11) was recorded in sesame + mung (2:1) and sesame + mung (1:3) treatments respectively.
There was 50%, 48%, 47% and 399 yield advantages in sesame + mung 3:4), sesame + mung (1:1),
sesamie + mung (2:2) and sesame + mung (3:3) treatments, respectively, Highest net profit of Rs.

2401/ha was found in scsame + mung (2:1).
Key words : Intercroppiug; Sesame; Mung; LER

INTRCDUCTION

Intercropping involves growing two or more
crops having different growth habits on the
same piece of land with the objective that they
could utilize the natural resources in a better
way resulting in higher production per unit
area. This system of crapping also gave better
‘nsurance against (otal crop failurc during
aberrant weather conditions. In West Bengal,
the farmers usually grow mung and sesame as
;ﬁ:ﬂ;:c} cmp{i In this experiment, an attempt
bt »‘nlma ¢ to studykwhclher there is any
. deﬁa'a ellect of growing sesame and mung
bt © (r)utc oW ‘::rra.ngement and to select the
crop }W tombination, Aiivantages of inter-
gmur?dng 1 potato with oilseeds and

WL with other oilsceds has been

feported by Singh 1) i
R gh et al., 1989 and Samui and
Oy 1990 respectivcly.

MATERIALS AND METHODS

A field experiment on intercropping of sesame
with mung was conducted at the University
farm, Kalyani, West Bengal during pre- kharif
seasons of 1987-88 and 1988-89. The soil of the
experimental field was sandy loam having total
N 90 kg/ha, available Pz0s 48 kg/ha, available
K20 109 kg/ha and pH 7.1. The experiment was
lald out in Fuctorial Randomived Block Design
with three replications and there were 12 crop
combinations including sole crops (Table 1).
The crops were sown on 20th and 28th
February during 1987-88 and 1988-89. Mung
was harvesied on 25th Apeil and 2nd May and
sesame on 23rd May and 30th May respectively
during 1987-88 and 1988-89 seasons.

The variety used was B 67 (Tilotioma)
and B 105 (Panna} in sesamd and mung respec-
tively. A fixed spacing of 25 cm between rows
of sesame and mung adopted in all treatments,

Recej :
¢cewved for publication on February 28, 1992
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Table 1. Effect of intercrepping on growth and yield attributes of sesame und mung (Pooled value of 1987.85 ypg
1983-89)
Treatment sEsame Mung
Plant  |No.of  |No.of |1000sced |Plamt  |No.of  |No.of  |1000sced
heightat |capsules |seeds per |weight (g) |heightat |capsules [seeds per |weight (g)
harvest perplant  [capsule harvest perplant  [capsule
‘ (em) (cm)
Sole sesame 58.3 179 58.7 1.24 - - - -
Sole mung - v - - 435 16.23 975 36,81
Scsame +mung 1l 58.7 212 527 127 35.7 20.56 9.98 DA
Sesame +mung 12 603 226 537 13 375 pASer] 10.00 38.56
Sesame + mung 13 67.7 25 491 - 127 389 23.03 2.18 3482
Sesame + mung 1:4 64.6 26.7 56.0 1.18 410 25.68 10.55 3598
Sesame +mung 2:1 69.8 243 43.8 1.18 382 29.00 1168 36.30
Sesame +mung2:2 615 270 518 1.37 42.5 20.93 9.65 3986
Sesame +mung 2:3 66.0 226 50.1 1.22 36.2 2843 10.85 30
Sesame +mung 2:4 629 298 48.1 1.18 379 3216 10.65 nn
Sesame +mung 3:3 693 59 562 122 411 2513 12.05 3575
Sesame +mung 34 643 241 56.8 1.26 381 2790 11.36 3807
SEm x 28 14 P 0.1 28 18 098 146
CDat5 % 8.1 40 63 NS S8 52 2.82 41

The crops received 20 kg, 40 kg P20s and 20 kg
K2O/ha in the form of urea, single super phos-
phate and muriate of potash respectively, A
dose of 20 kg N/ha was top dressed at 21 days
alter sowing in sesame rows. Irrigation, inter-
culture and plant protection measures were
undertaken as and when needed.

RESULTS AND DISCUSSION
Growth and yield attributes of sesame

Effect of intercropping system on growth and
yield aftributes of sesame and mung has been
presented in Table 1. Plant height of sesame at
harvest was significantly higher in sesame +
mung (2:1), sesame + mung (3:1) and sesame
+ mung (1:3) over sole sesame and sesame +
mung (1:1}. Mumber of capsules per plant in
sesame was significantly higher in sesame +
mung (2:4, 2:2, 1:4 and 3:3) over sole and L:1.
Highest number of seeds/capsule was recorded

in sole sesame followed by sesame + mung
(3:4, 3.3 and 1:4). Therc was no significant
difference in 1000 seed weight among treal
ments.

Yield of sesame

Sced and stalk yields of sesame were sig
nificantly influenced by different crop com-
binations (Table 2). Sole crop of sesame gave
higher seed and stalk vields as compared 0
intercrops in both years. The result is in co
formity with the findings of Desai and Goydl
(1980). Higher seed yicld in intercrops wa
recorded when two rows of sesame was altef!
nated with one row of mung (2:1) in both years:
This might be attributed to improvement @

yield components like number of ¢3f
sules/plant, in intercrop over sole crop. 5¢¢

yield was comparatively less in sesame + mUng
(1:3). Stalk yield was higher when two rows of
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sesame was alternated with one row of mung in
both years. This might be due to higher plant
height which led to higher dry matter produc-
tion.

Growth and yield attribates of mung

Intercropping system significantly influenced
the plant height at harvest (Table 1). Sole mung
crop had highest plant height whereas height
was lower in sesame + mung (1:1), Sesame +
mung (2:2) gave higher plant height among
intercrops. Number of pods/plant in mung was
significantly higher in sesame + mung (2:4, 2:1
and 2:3) as compared to sole mung and sesame
+ mung (2:2, 1:1, 1:2, 1:3). Significantly higher
number of seeds/pod was observed in sesame
+ mung (3:3} over sesame + mung (1:3).
Thousand seed weight in sesame + mung (2:2)
was significantly higher aver sesame + mung
(1:1,2:4, 1:3 and 3:4).

Yield of mung

Intercropping had significant influence on
seed and stalk vield of mung (Table 2). Sole
mung gave significantly higher vield over inter-
Table 3.

23

crops except sesame + mung (1:1 and 3:4),
Higher seed yield of mung was found in sesame
+ mung (1:1, 3:4, 1:4) among intercrops. The
higher seed yield might be due toimprovement
of yield components like number of pods and
number of sceds. Seed yield was lower in
sesame + mung (1:2). Stalk yicld of mung was
higher when one row of sesame was alternated
with 3-4 rows of mung. This might be due to
more plant population of mung,

Land equivalent ratio (LER)

There was definite advantage of intercropping
of sesame with mung in respect to seed yield
(Table 3). Highest yield advantage was
recorded when two rows of sesame was alter-
nated with one row of mung (2:1). The results
corroborate the findings of De (1980). Thorat
et al., (1986) and Samui and Roy (1990). The
yield advantage was higher in intercrop treat-
ments because the yield attributing characters
were found better in intercrops then in sole
crops. In case of stalk yield, there was also
definite intercropping advantages though of
lower magnitude (Table 4). The stalk yield ad-

Land equivalent ratio (LER) of seed and staik yield {Mean value of 1987-88 & 1985.39)

Treatments Seed yield Stalk yield
Partial LER of Total Partial LER of Total

— Sesame Mung Sesame Mung

Sale Sesame e - 1.00 1.00 - 1.00
Sale Mung - 1.00 100 - L0 1.00
Sesame +mung 111 053 095 148 456 0.50 006
Sesame +mung 1:2 047 | Q.77 124 236 072 108
Sesame +mung 1.3 043 - 088 L28 031 0.80 Lit
Sesame +mung 1:4 051 087 138 6.21 0.77 0.98
Sesame + mung 2:1 682 0.84 1.66 0.66 0.29 0.95
Sesame + mung2:2 0.8 0.79 1.47 046 047 0.93
Sesame + mung 23 057 083 134 047 0.62 L9
Sesame +mung 24 047 0.79 1.26 0.39 0.64 103
Sesame +mung 33 059 0.80 139 051 0.45 096
Sesame + mung3:4 034 0.96 1.50 036 054 0.90
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vantage was highest (LER 1.11) when one row

of sesame was alternated with three rows of

mung. Similar results were reported by Samui
et al,, (1986). Therefore, it may be concluded
that intercropping of scsame with mung in the
ratio of 25:1M, 35:4M, 15:1M or 25:2M may be

Table 4.  Economics of intercropping systems

Treatments Net return Net profit over
(Rs.) sole cropping

(Rs

Sole sesame 4458 -

Sole mung 30 -

Sesame + mung1:1 5474 1545

Sesame + mung 12 4565 636

Sesame + mung1:3 4876 . %47

Sesame + mungid4 5084 1155

Sesame + mung21 6330 2401

Sesame + mung22 5597 1668

Sesame + mung2:3 4757 828

Sesame + mung2:4 4639 7o

Sesame + mung 33 5222 1293

Sesame + mung 34 5518 1589

practised for ‘higher production of mung and
sesame.

1t is seen from Table 4 that highest net profit
{Rs. 2401) was observed in Sesame + mung
{2:1), followed by 2:2 (Rs. 1668).
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EFFECT OF CO; FERTILIZATION, LIGHT ENRICAMENT AND
TRIACONTANOL SPRAYS IN SUNFLOWER-SOYBEAN
INTERCROPPING

G.SSHIVARAMU, K. SHIVASHANKAR and M, UDAYKUMAR
University of Agricultural Sciences, GKVK campus, Bangalore 360 065, India,

. ABSTRACT

| A field experiment was conducted during kharif seasons of 1988 and °89 at Maltt Research Station,
University of Agricultural Sciences, Bangalore to study the effect of COg, iRt earichment and
triacontanod sprays in and intercropping sysiem of sunfiower and soybean. The jeafl area index and dry
matier of sunflower improved, whereas the sced filling per cent and harvest index decreased due 10
reduced duration of sunftower by about 5 days by CO2 fertilization which consequenily brought no
changes in seed yields compared with controls. Light enrichment increased the s¢¢d yield by 1.3 g/ha
due to increased dry matter and seed filling per cent. Triacontanol sprays also improved the seed yield
by abaut 0.66 g/ha over no sprays due to increased chlorophyll content, dry matte and seed filling per
cent. The seed yield of soybean enhanced due to COz fertilization by about 2.25 d Per ha. Higher leaf
area index and total dry mateer resulted in increased sumber of pods and hence ¢he harvest index and
seed yield. Neither light enrichment nor triacontanol influenced the seed yield of 597""“‘“- However,
triacontano! significantly enhanced the chlorophyll content of leaves and crude protein content of seed
in sunflower and soybean. The gross income from intercropping increased by ingividual effects of CO2
fertilization (by Rs. 1026 / ha), light enrichment (by Rs.681 / ha) and triacontanol apPlication (by Rs.450
/ ha), over the two years study due to enhanced total Jeaf area index, total biomass production, seed

yield of intercrops and the total oil yieid.

Key Words : COx Light; Triacontanol; Sunilower; Soybean; Intercropping

WTRALDPOTTION

Intercropping of sunflower and soybean was
foungd promising in terms of higher seed and oil
yield and greater stability in its performance
over different seasons (Shivaramu, 1990).
However in sunflower, one of (he major
problems is secd filling although nutrition,
hand pollination and growth regulators spray
were found marginatly effective (Krishnegow-
da, 1983). In addition, in high density cropping
such as intercropping systems, inadequaie light
at the middle and lower strata of the canopy
greatly afiects the productivity of soybean and
it is further aggravated during kiarif season
which is characterized by several cloudy rainy
days. As there is a dearth of information on the
effects of light intensity, CO2 concentration
and Triacontano! on the seed filling of
sunflower and the yield of soybean, the present

mvesiigation was Yaxeh Up ‘th s sinflowe-
soybean intercropping System.

MATERIALS AND METHODS

A ficld experiment wa$ conducted at main re-

scarch station of the University of Agricultural

Sciences, Hebbal, Bangalore on a red sandy
loam soil during kharif 1988 and 1989. Eight’
treatment combinations from out of three fac-

tors of two levels each viz., CO2 (ambient CO2

and approximately 8o ppm CO2), light (nor-

mal suntight and light enrichment with 25%

more than normat) and Triacontanol (no Tri2

and 3 sprays of Tria) were compared in Ran-

domised Block Design With three replications.

Sunflower was grown in uniform rows of 75 cm

x 16 cm with 0.83 lakps plants per ha and two

rows of soybean having 2.67 lakh plants per ha

at 10 cm between the plants were introduced 1

between the sunflowey TOWS.

Part of Ph.D., Thesis submitted by the sentor author to UAS, Bangalore-
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For CO2 enrichment, the technique as
followed by Shivashankar and Vlassak (1978)
was adopted in the present study. About 800
ppm of COz was maintaincd in the chambers
during sunshine hours from 8.30 am. to 5.00
p.m. for 60 days from 30th day after sowing
(DAS). The CO;z concentration was measured
by using COz analyser (ADC, LCA2-10009).
Light enrichment to respective plots was made
through reflection of sunlight by aluminium
sheets measuring 3 m length and 1.25 m width,
inclined at 30° to the vertical plane or around
53%to the sun rays at 12 noon, The sheets were
kept parallel tothe crop rows (i.e.,in East-West
direction). The light enrichment was done
during the same period as of COz fertilization.
The light intensity was measured using tube
solarimeter and it was around 25 per cent
higher in light enriched plots than control.

Triacontanol is the trade nmame of
‘GRINIT’ was sprayed to the respective treat-
ments three times viz., button stage (40 DAS),
at mid flowering (55 DAS) and at mid seed
ﬁH_ing (75 DAS) stages of sunflower at 0.05 ppm
Using 500 litres of spray mixture per ha.

Leaf arca index (LAI) of individual in-
tetcrops, and dry matter (DM) per plant at
Maturity were estimated. The combined LAI
and total biomass yield of the intercropping
S¥stem was also estimated. The chlorophyll
c‘f)nt_ent of leaves was estimated by the method
0 Hfscox and Isrealstam (1979). The seed vicld
i::fiis parameters viz., seed {illing per cent in
sogb é}wer, the number of pods per plant in

o d:n and harvest index were recorded.
Dbtaine];rgtcmc{-mte-m of‘ soybean seeds was
afactor ofg ;mlt'_plymg nitrogen content with
Mined 4 'NS' Oil content in seeds was deter-
Spectr Y Nuclear Magnetic Resonance

.~ Ometer and oil yield was calculated

Slllg oil Per cent 1
. t1n 1 -
talnel t ha. n seed and seed yleld ob

Journal of Qilseeds Research

RESULTS AND DISCUSSION

1, Response of sunflower and soybean to CO2
fertilization

The LAI of sunflower (Table 1) at 68 DAS was
significantly improved by COz fertilization and
consequently the total dry matter production
at maturity also improved, while the seed filling
was significantly lower resulting in no increase
in seed yield. Further, the duration of
sunflower was shortened by 5 days and the
maturity was abruptly hastened when CO2 was
provided. Reduction in duration of sole
sunflower by 10 days due to CO; fertilization
was observed by Mauney ef al., (1978} who
opined that this phenomenon was common in
determinate types where the entire stem apex
is ended with an inflorescence unlike indeter-
minate types like soybean. Yet another cause
of a low response of sunflower to €O; enrich-
ment might be because of the nature of COy
trying to sink to the ground level, being heavier
than air. Thus it is the component crop of
soybean which made use of this additional CO2
better for its growth and development.

In contrast to improved growth and no
yicld response to COz in the base crop of
sunflower, soybean responded well in terms of *
growth and vield attributes to CO3 enrichment
at around 800 % 75 ppm in the intercropping
system (Table 2). There was an improvement in
LAIL, DM production, number of pods per
plant and harvest index as compared to no CO2
fertilization. All these finally resulted in in-
creascd seed yield of soybean which, being a
legume, is knowa to respond to COz by im-
provements in growth, nodulation and yield
(Shivashankar and Vlassak, 1978).

With regard to intercropping system as
a whole, the combined LAI of sunflower and
soybean was improved besides total biomass
yield. The oil yield was also improved (Table 4).
The gross income realised from intercropping
was thus substantial with a rise of Rs. 703 per
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Table 2. Leal area index, tolal dry maiter, number of pods, sced yield, harvest index of soybean as influenced by
CO2 fertilization, light enrichment and Triacontanol sprays in sunflower-soybean inlercropping system
Treatmenis LAI at 68 DAS | TDM at maturity | No. of pods/plant | Seed yield {g/ha) | Harvest Index
{(g/plant)
1988 1989 1988 1989 1988 1989 1988 1989 1988 1989
1, CO2
Control 218 1.54 11.22 8.09 16.3 15.0 9.42 754 0475 0518
+ CO2 2.61 185 13.54 9.86 19.9 182 11.46 10,00 0502 0.545
P test . . s s . . s . . NS
2 Light
Control 2.31 165 1212 8.60 17.6 16.0 10.18 8.50 0484 0531
+ light 2.43 1.75 12.63 935 186 17.3 10.75 9.04 G494 0.532
‘F test NS NS b * * NS NS NS NS NS
3 Triacontanol
Control 2.30 1.63 12.16 8.80 17.7 16.3 10.09 858 0492 0532
+ Tria 249 176 12.59 9.35 18.6 17.0 1084 8.96 0.486 0531
' test e . NS ** =+ NS NS NS NS NS
SEm + 0.03 0.04 019 0.10 0.2 0.2 025 0.20 8.006 0.10
LD at 5% 0.09 0.12 657 - (.29 0.6 0.8 0.74 .61 0.016 -
V%) 44 8.3 5.3 37 39 53 81 7.9 37 6.1

* Significant ar 5%; ** Significant at 1%

haiin first year and Rs. 950 per ha in the second
year,

2. Response of sunflower and soybean to light
enrichment

In k}:u_n':f season under the prevailing low light
Inlensities and duration, the effect of enhanced
t'g'hl through reflections offered by aluminium
oils at the borders of the plots have been con-
Sl;‘crable as is seen from the growth and yield
;’na:lllnﬁowcr component (Table 1). The dry
ﬁllincrdpc‘r plant was enhanced besides seed
memg Tl;\rmg both the years due to light enrich-
!ﬂdi:; efse results are in agreement with the
s uglst(‘) Rawson.et al.,(1984). The seed yield
indm 1m:tely increased. Rawson and
results f;_rhs (1983) ?lso reported similar
Signiﬁ(;ante effect of light enrichment was not
had s on seed yield of soybean although it
gnificant effect on the number of pods

per plant (Table 2). The growth parameters
also showed no response to light enrichment
except in the second year, where the dry matter
per plant was enhanced significantly. Sup-
plemental light was equally beneficial as that of
CO; in improving the combined LAI toial
biomass, total oil yield and finally the gross
income (Table 4).

3. Response of sponflower and soybean to Tri-
acontanol applications

Triacontanol sprays at three crop growth
stages of sunflower brought significant im-
provement in the seed yields (Table 4). Im-
provement in chlorophyll content of leaves
(Table 3), total DM and seed filling per cent
(Table 1) were responsible for increased seed
yield of sunflower. These results corroborate
the findings of Prasanna (1987).

V-
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Table 4. Total leaf area index, fotal bjomass and oil yleld and gross income from sunflower-soybean intercropping

system as influenced by CO? fertilization, light enrichment and Triacontanol application

Treatments Total LAI Total biomass yield "Total oil yield Gross income
{g/ha) {g/nz) {Rs. /ha}
1988 1989 1983 1989 1988 1989 1988 1989
L CO2
Control 325 3.30 4?27 520 6.67 5.02 6631 8126
+ COy 379 3584 482 59.6 719 541 33 9076
P test - . . - s . “a e
2. Light
Control 345 344 134 5.1 6.63 4.89 6640 8287
+ Light 3.60 3N 475 57.6 7.24 5.53 7325 8915
st . . . - . . » s
3. Triacontano}
Control 340 3.30 40 548 675 5.04 6757 8427
+ Tria 388 i 469 68 73 ., 539 TR £778
|F’ test »r LR ok L] ¥ ¥ & * *
SEm + 0.04 0.08 05 06 006 006 135 18
CD at 5% 0.13 0.25 1.7 19 ‘ 0.20 | 017 410 358
CV {%) 4.3 8.0 4.2 39 32 3.6 6.7 4.7

* Significant at 5%; ** Significant at 1%
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Table 3. Effect of Triacontanol on leaf chilorophyHl content of sunflower and soybean (in 1989) and crude protein
conlent of soybean seeds :
Treatments Chlorophyll in sunflower Chlorophyll in soybean Crude protein in soybean
{mg/g fresh leal)} {mg/g fresh leaf) (%)
Total Chlb Total Chlb 1988 1989
Control 218 059 4.07 l.64 44.62 44.90
+ Tria 229 0.63 4.34 1.7 4570 45.95
IP tCSt rr NS LR s E2 %
SEm * 0.01 0.01 0.4 .03 a.12 0.18
CD at 5% 0.04 - 0.11 0.01 0.57 053
CV (%) 18 6.3 3.0 22 14 13

* Significant at 5%; ** Significant at 1%

Spraying Triacontanol to soybean inter-
crop at three stages significantly enhanced the
LAIL, DM production (Table 2), chlorophyil
content (Table 3) and the number of pods per
plant (Table 1). However, the effect of Triacon-
tanol on the above parameters was marginal
and inconsistent over two years resulting in
non-significant sced yield (Table 2). In studies
by Jourdan and Oplinger (1983), no response
of soybcan has been reported. It is probably
that Triacontonal would fare better in pure
soybc.an with no limitation of light. The effect
of Triacontanol was significant in producing
total LAT and total biomass yield (Table 4) but
to a slightly lesser extent than the other two

factors. The oi! vield and gross income were
Improved,

_ Thus, these results lend support to the

Practcal considerations of augumenting the

:):crall productivity of sunflower-soybean in-

m“’mppmg through CO; and light enrich-
ents and use of Triacontanol sprays.
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EFFECT OF IRRIGATION AND FERTILIZATION ON GROWTH
AND YIELD IN SESAME :

V.PRAVEEN RAQ and S.V, RAIKHELKAR
Marathwada Agricultural University, Parbhani - 431 402, India.

ABSTRACT

Field experiments were conducted during summer 1988 and 1989 to analyse the growth and yield of
sesame (var. Rajeshwari) in relation to irrigation (0.6, 0.9 and 1.2 irrigation water depth/ cumulative
pan evaporation ratio), N (0, 40 and 80 kg/baj and P (0,13 and 26 kg/na) fertilization. Scheduling of
irrigations at 0.9 ID/CPE ratio showed significantly positive effects on dry matter production, leaf area

N index, leaf arca duration, crop growth rate, capsules and seeds/plant and test weight, which in turn

: contributed to more sced yield/ptant. On the other hand irrigation either at 0.6 or 1.2 ID/CPE showed
significant adverse effects on growth and vield when compared to 0.9 ID/CPE ratio. Increasing N and
P levels significantly increased the seed yield, This improvement was primarily due (o increase in
capsules/ plant, seeds/ plant and test weight. However, the response to increasing levels of N was more
pronounced when compared to P application owing to variations in inherent fertility,

Key words: Sesanye; Growth analysis; Irrigation; Nitrogen; Phosphorus.

Sesamum indicum L. popularly known as
sesame is widely grown in the irrigation dis-
tricts of peninsular India during summer be-
cause it is commercially viable, matures within
BO-85 days, fits well in the existing turmeric, ricc
and groundnut based cropping systems and
also ensures timely sowing of succeeding mon-
soon crop. Although some studies have shown
that limited water supply to sesame imposes
restriction on canopy development throngh
various physiological process (Vyas ef al.,
1987), no field studics have been reporied on
the detailed growth analysis in relation to ir-
rigation, N and P. The present paper deals with
the effect of irrigation, N and P fertilization on
dry multer production and seed yield of
scsame.

MATERIALS AND METHODS

Field experiments were conducted during
summer 1988 and 1989 at Agricultural College
Farm, Marathwada Agricultural University,
Parbhani, India (19° 16° N-latitude, 76° 47°
E-longitude and and 409 m altitude). The ex-
perimental soil was vertisol, slightly alkaline in
. reaction (pH 8.1) and low in N and P and high

in K. The s0il moisture retentivity at -0,033 and
1.5 MPa_ were o0.456cm/om’ and
0.206cm>/car, respectively; its bulk density was
13 g/cm3.

The treatments three levels of irrigation
viz,, 0.6, 0.9 and 1.2 ID/CPE ratio, in combina-
tion with 0,40 and 80 kg N/ha and 0,13 and 26
kg P/ba were tested in 33 (3 X3 x3) partially
confounded design in two replications with
block size of nine plots cach. Sccond order
interaction was confounded with the block.
The measured quantity of iriigation water was

delivered in each plot with a 50mm water meter *

attached to the main water source. The irriga-
tion water depth was 6.0cm and CPE was
measured from USWB pan evaporimeter. The
crop was sown on 26 and 29 January in 1988 and
1989, respectively at 45cm x 15¢m spacing using
1.0 kg seed rate/ha to achieve a desired plant
population of 1.48 lakh/ha. The crop in all the
experimental units received 24.9 kg Kr/ha as
basal application. Other recommended
agronomic and plant protectinn measures were
adhered to. Relative leaf water content was
measured in cach treatment prior to and one

Received for publication on March 11, 1992
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day after each irrigation (Delvin and Witham,
1986).

Five plants in each plot were randomly
selected and uprooted at 30, 45, 60 and 75 DAS
for determining dry matter and leaf area/plant.
From these data leaf area index (LAI), net
assimilation rate (NAR, g/m¥/ day), crop
growth rate (CGR, g/day), leaf area duration
(LAD, dm*“/day} were computed according to
the procedure described by Hunt (1978). The
effect of various treatments on capsules/plant,
seeds/plant, test weight (g), harvest index and
seed yield/plant was also recorded.

RESULTS AND DISCUSSION

Dry matter/plant, LAT and LAD followed a
sigmoid pattern with crop ontogeny (Table 1
and 2). Irrigations scheduled at 0.9 ID/CPE
ratio produced significantly higher dry mat-
ter/plant, LAT and LAD when compared to
either 0.6 or 1.2 ID/CPE ratio in both the
seasons. Likewise the rate ¢f dry matter ac-
cumulation (CGR) was also significantly
higher with 0.9 ID/CPE ratio. The higher LAl
and LAD in the 0.9 ID/CPE ratio were due to
favourable plant water balance as reflected by
the RWC, which were 81.4, 81.0 and 81.7 per
cent al vegetative, flowering and seed filling
Stages, respectively contributing to more CGR
and dry matter/plant. The corresponding
values of RWC under 0.6 1D/CPE ratio were
7_6.1, 75.6 and 75.4 per cent (Vyas et gf, 1987),
Gn th‘c‘nti}cr hand lower vulues for LA LAD
an CGR in 1.2 ID/CPE ratio might have been
buc lo rcduc.cd aeration in the crop root zone
: “cause of high frequency irrigation, interfer-
"¢ With the plant water uptake (RWC < 75
f:;lceny at all th‘c crop growth phases) since
i coa‘;tlvlty requires encrgy. These results are
Eachﬂh?r;mty with the ﬁqdiqgs of Hack (1980).
the LAIgLi\rIéC‘gl of N significantly enhanced
its Pfﬁce’din . GR and dry matter/plant over
andink lhg evel at all th‘e crop growth phases
sive 4 oth the seasons. Similarly each succes-

08¢ of P significantly improved the LAI

and dry matter/plant except that the difference
between dry matter recorded at no Pand 13 kg
P/ha at 30 DAS in 1988 and 1989 was not
significant. With regard to LAD, application of
13 and 16 kg P/ha were equally effective and
significant over no P at all the stages in both the
seasons. Although there was a clear trend of
significant increase in the CGR with increase
in the level of P from O to 26 kg P/ha, the
difference between no P and 13 kg P/ha at 0-30
DAS (1988) and 45-60 and 60-75 DAS (1989)
and that between 13 and 26 kg P/ha at all the
stages except 30-45 DAS were not significant.
The beneficial effect of N ard P application on
LAI, LAD and CGR and dry matter/plant
were also reported by Chakraborty et al.,
{1984) and Deshmukh (1988).

Similar values for NAR in all the treat-
ments {irrigation, N and P) during both the
seasons suggested that the LAT limited the
CGR and dry matter accumulation in .6 and
1.2ID/CPE ratio. Thus it can be concluded that
the Ieaf development {LAT and LAD) and not
the photosynthetic efficiency limits sesame dry
matter production under soil water and
nutrient stresses. Similarly, the irrigation, N
and P treatments did not exhibit any significant
cffect on CGR at all the stages and in both the
SCasons.

The capsules/plant, secds/plant, test
weight and harvest index (HT) were significant-
ly more when irrigations were scheduled at 0.9
ID/CPE ratio as cotupared to cither 0.6 or 1.2
ID/CPE (Vyas et al., 1987). On the other hand
there was significant increase in cap-
sules/plant, seceds/plant and test weight with
successive dose of N and P in both the scasons
(Table 3). However, the differences between
test weight recorded at 40 and 80 kg N/ha in
1988 and that between capsules/plant {1989}
and test weight (1988) recorded at 13-26 kg
P/ha were not significant. The linear increase
in yicld attributes with N fertilization was due
to adequale supply of photosynthates and part-
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Table'l, Dry matier accumulation and leaf area index in relation to irrigation and fertilization

Days after sowing

Treatments 3¢ 45 60 s

1988 1989 1988 1989 1988 1989 1988 198%

Dry suatter accumulation (g)
ID/CPE ratio (T)
06 0.25 0.23 6.95 897 15.24 17.16 18.43 20.78
0.9 0.30 (.38 9.2} 12.17 18.30 219 2259 2445
12 0.22 0.18 443 6.39 857 13.23 1203 17.78
N (kg/ha)
0 " 0.21 0.21 4.32 6.51 893 1247 11.83 15.26
40 0.26 .26 6.94 9.27 14.45 1793 18.50 2119
80 ‘ 0.31 031 933 11.71 08.72 21.95 2299 26.57
P (kg/ha)
0 0.24 025 5.77 843 12.14 16.41 15.62 19.87
13 ’ 0.26 0.26 6.89 9.21 1393 17.47 17.99 21.00
26 0.27 0.27 1.92 9289 16.02 1846 19.99 2215
CD(P =005} for  0.037 0.017 0.39 0.55 130 0.75 100 089
lorNorP
Leaf aren index

ID/CPE ratio
06 0.671 0.087 0.886 0.764 1543 1.849 1.930 233
a9 0.092 6.102 1.209 1.083 1.89%4 2.068 2893 2.603
1.2 0.059 0.061 0.697 0.626 1350 1.606 1.812 2044
N (kg/ha}
0 0.060 0.068 0.688 0.587 1321 1.464 1.754 1.863
40 0.0m7 0.083 0.969 0.821 1.642 1.882 207 237
0 - 0.085 0.098 1.136 1.065 1824 2077 227 22747
P (kg/a)
0 0.069 0.07y 0.811 0.758 1.467 0,765 1914 2245
i3 0.073 0.084 0.950 0.833 1.600 1.848 240 2333
26 . 0.080 0.086 1.032 0.882 0.719 1.911 2148 2402
CD(P = 0.05)for 6.003 0.000 0.044 0.019 0.063 0.050 0.045 6.050

forNocP
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Table 2, Leal area duration and crop growih rates in relation to irrigation and fertilization

Days afier sowing
[reatments 0-30 3045 4560 60-75
1988 1989 1988 1989 1988 1989 1988 1989
Leal area duration (dmzd)
ID/CPE ratio (1)
0.6 7.2 8.8 485 430 123.1 1322 175.8 2117
0.9 9.4 103 65.9 60.0 157.1 159.5 2153 2365
12 60 62 383 U8 1036 1131 160.1 184.8
N (kg/ha)
a 6.1 70 378 32 1017 1039 155.7 168.4
40 78 8.4 52.9 45.8 1321 136.9 188.2 2153
80 8.6 100 - 618 58.9 1498 164.1 2073 2493
P (kg/ha) .
0 70 80 45 24 1153 127.7 1712 203.0
13 14 85 518 464 129.1 135.8 184.3 211.7
26 8.1 8.7 563 49.0 1393 1414 195.7 2184
CD(F = 008)for 0.7 06 5.2 37 1.1 77 125 11.0
forNorpP
Crop growth rate (g/dny)
ID/CPE ratio
a6 0.008 0.007 0.446 0.583 0552 8.545 0.212 a.241
09 0.010 0012 0.593 0.786 0.605 0.652 0.304 0.165
12 0.007 0.006 0.280 0410 0276 0.459 0.231 0.303
N (kg'ha)
8 0007 0007 0273 0419 0307 0397 0.193 0.185
40 0.008 0005 D445 059 0.500 0577 4.270 0.217
80 0.0 0.010 0.601 0.760 0625 0.682 0.284 0.308
P (kgmha)
Y 0.008 0.008 0.368 0.544 0.425 0532 0.231 0.229
13 0.008 0.009 0.442 0.59% 0.469 0550 0.251 0234
% _ WS D009 0510 D68 053 . DSM - 0264 0245
CD(P=005)for 00009 00009 0060 003 003 . 0025 0.011 0012

lorNorp
e S
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Tabie 1. Yield and yield components of sesame as influenced by irvigation and lertilization

Treatments |  Capsules/plant Seeds/plant Test weight (g) Harvess index Seed yield/plam

1983 1989 1988 1989 1988 1989 1988 1989 1988 1989

.

ID/CPE ratio (T)

66 0 SL 2546 249 335 3274 0454 0502 824 9m
09 57 64 MmM2 AL 3540 3530 0479 0540 146 12
12 7 42 . 1839 1T 8BTS 2835 0462 0438 548 &M
N (kg/ha)

) ¥ 4 20 238 290 287 0501 0507 S8 661
0 47 S5 2619 3181 3278 3299 0462 0506 856 1044
85 ST @ 297 3666 3397 3466 0432 048 981  ILES
P (kg/ha) "

0 & s 2319 W 05T 0IM 0470 0493 T 84
13 6 S 257 3061 3211 3211 0475 0498 Bi7T 9SS
26 .49 S5 2773 m23 3312 3294 0450 0489 882 1021
D 26 26 - W3 . T 0120 0052 0014 00M 064 033
(P = 0.05)

foriorNor

P
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ly due to poor N status of experimental soil.
While the variable response to P application
could be traced to similar variation in LAI,
LAD, CGR and medium P status of ex-
perimental soil. As expected, each higher level
of N and P significantly reduced the HI except
with P in 1989.

All these yield attributes reflected on

seed yield and the effect of irrigation, N and P
was well marked (Table 3). Average seed yield
was significantly highest with 0.9 ID/CPE as
compared to 0.6 and 1.2 ID/CPE. The 0.9
ID/CPE facilitated favourable plant water
balance (RWC) resulting in optimum
photosythetic surface with high CGR. These
1 conjunction with prevailing high tempera-
lure and long photoperiods (Narayanan and
Narayan, 1987) were responsible for more cap-
sule sct with heavier seeds in greater number
contributing to more partitioning coelficient
HI), conszquently more yield with0.9 ID/CPE
reatment. The significantly more seed
;q;;d/ Plant with successive dose of N and P was
o l;ecfcansequcncc ol betier growth and yieid
ool Ponents such as LAI, LAD, CGR, cap-

©s and seed/plant, and test weight.
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Table . Yield and yield components of sesame as influenced by Irvigation and lertilization

Treatments | Capsules/plant Seeds/plant Test weight (g) Harvest index Seed yield/plam

1988 1989 1988 1989 1988 1989 1988 1989 1988 1989

.

1D/CPE ratio (I)

06 @ St 2546 249 335 3274 0454 0502 824 9
09 ST 64 382 34T 3540 3530 04M 0540 146 1224
12 3 4 . 1839 237 BTS 2835 0462 043 548 67
N (kgha)

) ™ 4 20m 238 290 28 0501 0507 S&8 66
P 4T S5 2619 3181 3278 3299 0462 0506 850 10.44
80 2 & 97 %66 337 3466 0432 0468 981 118
P (kg/ha) |

0 G % 319 W AT 0IM 047 0493 1 854
13 46 5 257 3061 321 3211 0475 0498 BT 955
% .4 S5 2773 B3 3312 3294 0450 0489 882 102
cD 26 26 . 13t . 7 0120 0052 004 003 064 03
(® = 005)

for{orNor
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toria in order to save time and to sce that the
sowing of wheat is not delayed.

In the first year rice crop was taken as
the base crop and after its harvesting toria crop
was sown using split plot design with three
replications and the gross plot size was 4.5 x 4
m. The treatments for toria involved combina-
tions of three fertilizer levels (60:45:45,
40:30:30 and 26:15:15 kg N + P20s + KaO/ha)
and the two levels of irrigation {no irrigation
and one irrigation at flowering) in main plots
and combinations of two toria varieties (T.9 and
TL-15) and two levels of insecticide (B.H.C
and BH.C + Oxydemeton methyl) in sub
plots. The same lay-out plan was adopted for
the succeeding wheat and rice crops to com-
plete the sequence and to see the treatment
effects on succeeding crops. In toria, fertilizer
was applied according to the treatment,
whereas rice and wheat crops were fertilized
with 120 kg N + 60 Kg P20s + 60 Kg K»O/ha.
Irrigation to toria crop was applied according
to irrigation schedule of the treatment, In plot
receiving irrigation , 70 mm of water was ap-
plied to bring the effective root zone to ficld
capacity. The consumptive use of water was
worked out according to the method advocated
by Dastane (1967),

In toria, according to treatment B.H.C.
5% dust @ 25 kg/hawas applicd at 20 days crop
stage to control mustard sawfly. However, in
Plots receiving precautionary treatment
. agamnst mustard aphid, Oxydemeton methyl 25
E.C. (@ 0.1%) was spraycd at mass flowering
and seed formation stages. Observations on
mustard sawfly tarvac, before and after B.H.C
application, and yield attributing characters
Wwererecorded on five randomly selected plants
from net plot area of each plot.

RESULTS AND DISCUSSION

In general, the performance of all the three
Crops in the sequence was better during the
first year of the present investigation, In the

second year the rice crop during the initial
stages of its growth suffered a severe drought
condition (Table 2); wheat crop also received
very little precipitation (11.2 mm). On the
other hand, an unexpected rainfall of 48 mm in
early November (1982) coincided with the
mass flowering stage of toria causing shedding
of flowers and young fruits. Consequently the
overall performance was poor in case of all the
three crops during the second year.

Among the various treatments, the two
levels of insecticide did not differ significantly
in respect of yield, moisture use and moisture
usc efficiency. Therefore, the data on the effect
of insecticides on these characters are not
presented. Mustard sawfly attacked the toria
crop at seedling stage in both the years and the

-application of B.H.C, 5% dust @ 25 kg/ha was

found highly effective (data not reported).
However, the use of Oxydemeton methyf
proved superfluous because aphids, did not
appear on toria crop during both the years and
hence the observed trend.

Yield attributing characters and yield.

The data presented in Table 1 indicate that all
the yield attributing characters studied viz. sili-
quae/plant, sifiquae on main shoot, seeds/sili-
qua and test weight were favourably inffuenced
by increasing levels of fertilizer application in
both the years. Similarly the increasing lovels of
fertilizer application significantly increased the
seed and stover yield of toria (Table 2). Mud-
holkar and Ahlawat, 1981 and Saini et al., 1989
have reported similar results.

As compared to control, one irrigation
at flowering increased the siliquac/plant and
siliguae on main shoot (Table 1). Seed and
stover yield were also improved with irrigation
(Table 2), However, the differences were sig-
nificant only during 1981 as the treatment ef-
fect was vitiated by winter rains of November

during the year 1982. The beneficial effect of
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Table 1. Elfect of various treatments on yield attributing characters of toria

Treatments Siliquae/plans Siliquae on main shoot Seeds/siliqua Thousand sced weight

1981 1982 1981 1982 1981 1982 1981 1982

Fertilizer levels

{N: P20s : K20 kg/ha)

60:45: 45 174 153 51 47 155 15.3 34 i3
40:30:30 150 136 47 43 15.2 153 3.2 32
20:15: 15 120 109 37 38 14.0 14.0 0 30
CD 5% B.3 53 29 1.7 077 0.39 0.08 0.04
Irrigation levels

No irrigation 139 131 43 . 42 4.7 148 31 31
One irtigation 156 135 N4 @ 151 150 32 32
CD 5% 68 NS 13 NS NS NS NS NS
Variefies

T9 149 122 42 L 144 144 al 30
TL.13 146 137 48 46 154 154 33 33
CD 5% NS 6.1 i9 18 (.78 0.06 0.10

NS : Not significant

031

Table 2 Effect of various treatments on yield (g/ha), consumpiive water use and water use efficiency of toria
Treatments Seed yield (g/ha) Straw yield {q/ha) Consumptive water | Waier use efficiency
use {(mm) (kg/mm/ha)
1981 1982 1981 1982 1981 1982 1981 1982

Fertilizer levels

{N: P:0s: K20 kp/ha)

60:45: 45 114 104 374 346 163 175 7.0 59
40:30:30 92 © 85 . 316 296 157 167 5.9 5.1
20:15:15 6.6 62 4.0 230 i48 160 44 e
CDh 5% 0.45 0.55 175 1.20 - - - .
Lrrigation Jevels

No issigation 83 82 29.1 288 141 158 59 2
One irrigation 929 85 328 294 it 176 58 g
CD 5% 0.36 NS 143 NS - - . -
Varietics .
T9 g4 75 287 26.T . 155 165 54 46
TL.15 98 %2 333 314 157 169 6.2 54
Ch 5% 0.33 0.33 1.51 0.77 - - -

NS : Not significant
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irrigation on toria yield has also been reported
by wankhede et al., 1970.

Toria variety TL-15 recorded sig-
nificantly higher test weight and because of its
long central axis, bore significantly more sili-
quae on main shoot than T.9 in both the years
(Table 1). Consequently, TL.15 excelled T.9 by
margins of 17% and 22% in 1981 and 1982,
respectively, Barthakur et al., (1983) also
reported similar results,

Fertilizer and irrigation treatments in-
teracted significantly ininfluencing the number
of siliquae/plant and seed yield during 1981
(Table 3). Without irrigation, the response to
fertilizer application was very low but when the
fertilizer application was supplemented with
one irrigation the response became distinctly
high. The toria plants under irrigated condi-
tions might have utilized the applied nutricnts
more ¢fficiently than under unirrigated condi-
tions (Bhan, 1974).

Muisture use and moisture use efficiency

The seasonal value of consumptive use of water
by toria crop was slightly higher during 1982
than in 1981 (Table 2). This could be attributed

tl(l,)) gl;c higher amount of rainfall received during

~ The consumptive waler use increased
with increasing fertilizer levels, The highest
fertilizer level resulted in increased moisture
use to the extent of 7.2 and 15.4 mm more of
Fvate_r-use as compared to the other treatments
Teceiving medium and lowest fertilizer levels,
_Fespectively, Similarly, the moisture use cf-
ficiency of toria was improved with increasing
levels of fertilizer application during both the
years, thereby indicating that at higher fer-
ulizer level, the plants have utilized moisture
more efficiently for seed production.

Application of irrigation to toria in-
Creased the consumptive use of water. How-
ever, the moisture use cfficiency decreased

under irrigated conditions to that of unir-

 rigated. It means that plant used water more

economically under moisture stress by closing
their stomata for longer periods, and dispel a
greater proportion of absorbed radiant energy
through convection (Kramer, 1972).

Asregards varietal differences, toria var
: TL-15 owing to its better growth charac-
teristics utilized slightly more moisture than
the other variety T.9 during both the years.
Moreover, the high yvielding ability of TL-15
also enabled it to utilize water more efficiently
than T9.

Rice and Wheat

It may be noted from Table 4 that various
treatments applied to loria crop did not exert
any significant effect on the grain yield of suc-
cecding wheat and rice crops. This could be
ascribed to the high dose of fertilizer (120 kg N
+ 60 kg P20s + 60 kg K20/ha) applied to
these crops, which might have maintained op-
timum fertility in all the plots.

Benefit cost ratio

In general the rice-toria-wheat sequence
proved profitable during both the years. How-
ever, the favourable weather conditions during
1981-82 resulied in better yicld levels,of all the
three crops in the sequence and recorded
higher benefit cost ratio, than during 1982-83.

The benefit cost ratio increased with
increasing levels of fertilizer application in
both the years. However, the differences were
sipnificant only belween the highest and towest
fertilizer levels, thereby suggesting that the
middle level of 40:30:30 kg/ha of NPK, would
be sufficient for raising a successful crop of
toria in the rice fallows.

Application of one irrigation to toria
improved the benefit cost ratio of rice-toria-
wheat sequence in both the years. However, the
difference was significant during first year only.
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Tabled.  Siliquae/plant and seed yield as influenced by interaction between fertilizer and irrigation levels during

1981

Treatments Siliquae/ptant Seed yield(g/ha)
No irrigation lOne irrigation] Mean No irtigation lOne irrigationT Mean

60:45:45 161 186 174 10.24 12.62 11.43
40:30:30 139 160 149 858 9.89 V 9.24
20:15:15 1w I 120 6.05 7.08 657
Mean 139 ) 156 - 8.29 9.86 -
CD 5% 118 0.64

Tabled.  Effect of various trealments on grain yield of rice and wheat and on beneflt cost ratic of rice-lorla-wheat

sefquence
Treatments Rice grain yield (g/ha) Wheat grain yield {g/ha) B: Cratio’
1981 1982 1981-82 1982-83 1981-82 1982-83
7 Fertility levels
(N« P20s5: K20 kgrha)
60:45:45 4118 38.39 3245 3114 253 235
40:30:30 : 4118 3852 3236 30.87 - 42 . 223
20:15:15 4118 3843 3213 3050 2.29 214
CD 5% - NS NS NS 0.18 0.14
Irrigation levels ‘
No irrigation . 4118 38.56 3243 30.90 i) s
One irrigation . 4118 - 856 2 36.77 25t 221
CD 5% - NS NS NS 0.14 NS
Varleties ' o
T9 © 4138 38.86 3259 3094 T 216
TL15 S 4118 B.05 32.04 50,74 252 235

. CP3% - NS NS NS 0.12 0.11

Gross rerurn

* Benelit Cost ratio = m

; NS : Not significant
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Among the two toria varieties TL-15; owing to
its higher seed yield, significantly enhanced the
benefit-cost ratio of rice-toria-wheat sequence
during both the years.

Thus the present study shows that in
rice-toria-wheat sequence both the toria
varieties responded well to fertilizer applica-
tion and recorded economicresponses at 40 kg
N + 30 kg P20s +30 kg K2O/ha and to one
irrigation at flowering. B.H.C. 5% dust applied
at 25 kg/ha effectively controlled the mustard
sawlly. Toria variety TL-15 performed better
than T9.
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ESTIMATES OF ASSOCIATION BETWEEN YIELD AND QUALITY
CHARACTERS OVER ENVIRONMENTS IN LINSEED

V.K. Mishra and M. Rai’
Department of Agricultural Botany, Janata Mahavidyalaya
Ajitmal, Etawah - 206 121, India

ABSTRACT

The pooled data generated over four environments were used and estimates of genotypic and
phenotypic correlation coefficients were made for 10 parents and their 45 Fis for seed yield and quality
characters in linseed, Seed index was found 10 have high positive correlation with seed length and seed
breadth. Iodine value had high positive correlation with linolenic acid. Significant and negative associa-
tion was observed between seed index and linolenic acid; palmitic, stearic and oleic acid with iodine
value; stearic acid with linoleic acid and linoleic acid with linolenic acid. Negative association of linolenic
acid with seed yield, seed length, seed breadth and seed index was apparent. Oil and protein content
did not show significant association with any of the fatty acids.

Key words : Correlation coefficient; Seed yleld; Quality characters; Linseed.

INTRODUCTION

Fatty acid composition hasbeen observed tobe
greatly affected by environmental factors
(Marquard et al., 1978). Dybing (1964) noticed
that oil content and iodine value were sig-
nificantly reduced by application of nitrogen in
ficld as well as under controlled environments,
Alessi and Power (1970) reported the in-
fluence of irrigation on oil content and iodine
value in linseed. Considering reported sen-
sitivity of quality components of linseed to en-
vironmental {actors, it was felt necessary to
study correlation of traits based on data pooled
over environments, so as to obtain a realistic
base for understanding the likely implication of
selection in its improvement programme.

MATERIALS AND METHODS

Ten diverse varieties of linsced were crossed in
all possible combinations excluding recipro-
cals. Parents and their 45 Fis were sown during
rabi 1987-88 under irrigated as well 4y ruinfed
conditions at two locations cach Lo, Ajitmal
and Kanpur in a Randomized Block Design
with three replications, keeping single row of
genotypes with inter and intra row distance

maintained at 25 cm and 5 cm respectively. In
the first instance randomly selected five com-
petitive plants were tagged. The data were
recorded for seed yield/ plant, seed length,
sced breadth, seed index, protein content, oil
content, iodine value, palmitic acid, stearic
acid, oleic acid, linoleic acid and linolenic acid.

Biochemical analysis was done using
Soxhlet procedure for oil content, micro-kjel-
dahl method for protein content and
transestrification and gas liquid chromatog-
raphy for fatty acids. Correlations were worked
out according to the formula giver by Robinson
et al,, (1951).

RESULTS AND DISCUSSIONS

In the present investigation genotypic,
phenotypic and environmental correlation
coeflicient were estimated to assess the degree
of association among 12 characters (Tuble 1)

As could be seen in this tuble, the
gonviypie correlation coefficient, in general,
were grealer than the corresponding
phenotypic ones. Out of 66 combinations, 11
were significant. Seed yield/plant could not ex-

* Indian Council of Agricultural Research, Krishi Bhavan, New Delhi - 110 001
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ress significant association with any of the
character at phenotypic level, pointing the
major role of environment in expression of the
character. Correlation cocfficient between
seed yield and oil content was positive but
magnitude at genotypic level was quite low,
thus indicating that these characters are not
correlated to each other. Seed length and seed
breadth showed strong positive and significant
correlation with seed index. It was further in-
teresting to note that seed yield, seed length,
seed breadth and seed index showed negative
correlation with linolenic acid which is a
predominant fatty acid in linseed oil. Out of
these, only the negative correlation of seed
index with linolenic acid was significant. Thus,
it could be concluded that smaller seed size as
determined by seed length and seed breadth
could be an important factor in considering the
selection strategy for the improvement of lin-
seed oil for breeding varieties for edible pur-
poses. Nevertheless, the fact remains that no
variety as yet is commercially released for cul-
tivation for edible purposes any where in the
world, it would be desirable to obtain and study
the experimental lines to provide a concrete
base for the improvement of the crop from
quality point of view.

. The coefficient of correlation between
oil content and protein content was observed
to be negative at all the levels. As such, it would
be desirable to look for an optimum balance of
these two traits or to devise selection strategy
depending on the cconomic importance of
trails under considcration. The seed com-
ponents viz., 0il and protcin were not sig-
nificantly correlated with any of the quality

CO_lIllponents of oil, i.e., 1odine value and fatty
acids,

) fodine value showed negative and sig-
nificant correlation with palmitic, stearic and
o}mg acids but its association was positive and
Significant with linolenic acid. Iodine value
Wwhich indirectly indicates the degree of un-
Saturation of the oil determines the quality of
the oil for technical purposes. A positive as-

sociation between iodine value and finolenic
acid was also observed by Sekhon er o, (1973)
and Naqvi et al., (1987). None of the fatty acids
showed positive and significant correlation
among themselves. Negative and significant
correlation appeared between stearic and
linoleic acid, oleic and linolenic acid and
linoleic acid and linolenic acid. The present
findings are in agreement with those reported
by Yarosh and Ermakov {1986) and Nagviet al.,
(1987).

On the basis of the present study, it can
be concluded that there is a good scope to
develop varieties high in linolenic acid for tech-
nical purposes and considering probable use of
linseed oil for human dict, developing varieties
low (i.e, less than 3%) in linolenic acid by
means of biparental mating in the segregating
population involving suitable parents,
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COMBINING ABILITY AND HETEROSIS FOR YIELD ANDJTS
COMPONENTS IN SESAME ._

Y.M. SHINDE, N.P, DESHMUKH and P.L. BADHE -
Oilseeds Research Station, Mahatma Phule Krishi Vidyapeeth, Jalgaon, 425001, India

ABSTRACT

Line x tester analysis using 4 females x 6 males, was carried out to study the heterosis and combining
ability for yicld and its attributes. The estimated components of general and specific combining ability
(gea and sca) variance showed major contribution of additive gene action for plant height, number of
capsule/plant and days to maturity and a dominance gene action for rest of the characters. The female
JLSC-1 was the best general combiner for earliness. JLT-26 was good general combiner for plant height,
number of capsule/plant and days to maturity. Highest magnitude of standard heterosis (usable
heterosis) was recorded in the cross 31.T-26 x TC-326. Other promising crosses for high yield were
JLT-26 x AT-18, Tapix B- 14, Tapi x RT-46 and JLT-26 x RT-46. The practical implications of heterosis
and combining ability study in sesamum breeding have been discussed.

Key words : Sesamum; Combining abilily; Heterosis; Standard helerosis.

INTRODUCTION

The usual breeding procedure involves direct
selection or hybridization followed by sclec-
tion. The combining ability study is an aid in
selecting parents which in combination would
provide more desirable segregants. The
present investigation was undertaken to know
the genetic architecture of lines having high per
se performance and to make use of these lines
fo generate new recombinants for selecting
high yiclding lines.

MATERIAL AND METHODS

Four female (JLT-26, Tapi, PDP-1-2 and
JLSC-1) and six males (RT- 46, OMT-11-6-5,
TC-326, B-14, AT-18 and HT-24) were used.
The resuiting 24 hybrids were grown in Ran-
domized Block Design and the parents were
grown in a Randomized Block Design in a
confignous plot with three replications at the
Oilseeds Rescarch Station, Jalgaon during
1988. All recommended practices were fol-
lowed to raise a healthy crop. Observations
were recorded on five randomly selected plants
for days to first flower, days to 50% flowering,
Plant height, number of branches/plant, num-

ber of capsule/plant, days to maturity and yield,
Line x tester analysis for combining ability was
carried out, following Kempthorne (1969) and
Arunachalam (1974).

Heterosis over mid parental value and
better parental value was calculated as the
deviation of Fy over check variety Tapi (JLT-7)
and expressed as a percentage increase over it.

RESULTS AND DISCUSSION

Analysis of variance for combining ability is
given in Table 1. Crosses, males, females, male
x female differed significantly for all the char-
acters except female for days to 50% flowering
and male x female for plant height, number of
capsule/plant and days to maturity indicating
thercby crosses differed genctically. Sig-
nificance of male and female variances indi-
cated presence of additive gene action
whereas, dominance was also involved to play
role for controlling the inheritance of these
characters. Similar resulis in sesamum bhave
been reported by Chaudhari et al., (1984).
Non- significance variance male x female in
case of plant height, number of capsule/plant
and days to maturity observed in the study gave

Received for publication on April 27, 1992
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- Table k.  Analysis of variance for comblining ability
Source DF Mean sum of squares
Daysto Days to Plant No. of No. of Daysto  Grain yielg
fliowering 3% height branches capsuvies per maturity  perplant
flowering cm per plant plant (3]
Crosses 23 475 23.14" 62132 0683 7253 S300° 805"
Males 5 1873 96.54 810.92 157127 21080"% 1652 3.068™
Females 3 542" 10833 293739 0229 o9365T 35633 25.06"
Ll L 1] (rd L]
Mates X 15 5392 1061 99" a7 16024%  a.50™ 7618
Females
Error 46 218 1.722 105.81 01867 - 113.95 3.1 339
o (scd) . 17.264 320 . 0103 - - 134
02 gea {maie) 1.38% 7801 58.759 0.117 - 1.065 -
ot ga 2932 - 15731 - 45.70 19.58 1.192
{female)

*, ** Significant at 0.05 and 0.01 {evels respectively. NS = Non-sigaificant.

an indication of additive variance to be very
important for these characters. Similar con-
clusions have also been reported by Fatteh er
al., (1982). Shinde et af., (1991) reported addi-
tive gene action for plant height and non-addi-
tive gene action for seed yield/plant and
number of capsule/plant.

General combining ability (gea) effects
are given in Table 2. JLSC-1 was found to be
best general combiner for maximum vumber of
characters. However, for earliness and dwarf-
ness, negative significant gea for number of
capsule/plant is better, but for yield/plant it is
not desirable. It was the parent maturing most
early (66 days) and was fess vielder. However,
it is a very good source of earliness for use in
hybridization. Positive and higher gea was ob-
served for yield/plant in JLT-26 and Tapi (JLT-
7) which are released varieties and known for
their performance. JLT-26 was good general
combiner for plant height, nomber of cap-
sules/plant and days to maturity where Tapi
poted its good general combining ability for
days to 50% flowering, plant height and
maturily. All these above characters are very
important. B-14 was good general combiner
for as many as five characters but is black

seeded and therefore, is not desirable for the
sesamum growing areas of Maharashtra. Other
pareats were poor general combiners for many
characters.

Table 3 depicted the specific combining
abitity (sca) effects. Significant sca for days to
flowering was noted for ¢rosses JLT-26 x B-14,
JLT-26 x AT-18 {negative), Tapi x TC-326
{negative}, Tapt x HT-24, JLSC-1 x RT-46 and
JLSC-1 x B-14 (negative). In none of the com-
binations significant sca effect was observed
for plant height. Only five crosses exhibited
significant sca elfects for number of
branches/plant and positive significant sca ef-
fect was observed in combinations JLT-26 x RT-
46 and JLSC-1 x OMT-11-6-5. JLT-26 x OMT-
11-6-5 combination only had negative sig-
nificant sca ellects for number of
capsule/plant. None of combinations was sig-
nificant in case of days to maturity. Out of the
twenty four crosses, only 10 combinations
showed positive sca cffects for grain
vield/plant. Positively significant and maximum
sca effect was observed in the cross JLSC-1 x
OMT-11-6-5. Interestingly, significantly nega-
vive scg effect was observed in JLT-26 x OMT
11-6-5. In both the cases OMT-11-6-5 was the



Table 2. General combining ability effects of parents
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Parents Daysto  Daysto50% Plant height No. of No. of Daysto  Grainyield
flowering flowering (cm) branches per capsules per  maturity - per plant
plant plant (g
Males
RT46 1.083" 0972 0.487 £0.106 -2.646 -ar’ 0.075
OMT-11-6-5 0.750 0.639 8979 0527 5.846 £0.194 0,725
TC-326 0833 0556 5912 £0.181 457 -1.028 0.642
B4 147" 1.444™ 14.854" 0373 4.129 1.889" 0.325
AT-18 18337 0278 -1.037 0365 0.196 0.889 -0.142
HT-24 0.083 0.444 0.587 0.248" -2.950 0444 0.458
SE(g)) 0.421 0378 2.969 0.118 3.081 0.558 0.547
Female
JLT-26 0.500 0.100 6.143" 012/ 7am” 228" 0864
Tapi 0.667 0833" 6973 0116 . 1124 2444 0719
PDP-12 1389 2500 6.036 £0.103 1.724 1944" 0.119
ILSCA 2556 3337 asas” 0,065 10021”6667 1703
SE(gj) 0.143 0309 2424 0.965 2516 0456 0447
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Table3.  Specific combining ability eMects of the crosses

Crosses Daysto  Days1a50% Plantheight  No. of No.of  Dayio  Grainyiel
flowering flowering (cm) branches  capsule per maturity per plant
per plant plant ()
JLT-26 x RT46 0250 0417 1.090 0.523 7.518 0.556 0.369
gﬁ’fzﬁ :-6.5 0417 £.750 | £.443 0223 - -14.407 00628 2.690
ILT26xTC36 0333 0,167 1.824 £.135 1524 1.138 1.869
JLT-26x B-14 120" 500" g o o6 9.576 -1.778 D614
ILT26xAT-18 1667 4000 sgis 0.048 5510 0444 1769
ILT26xHT-4 0750 £.167 0410 0,035 7074 0556 0.697
Tapi x RT-46 £0.750 0.750 2590 0.041 0132 1.056 1514
g\.;}rix. oy 0417 1917 1007 0541 3043 -1.194 0.753
Tapi x TC-326 2167 -1333 259 0134 £.140 1694 . 1386
Tapix B-14 0.083 1667 6357 0.397 1626 172 1.264
Tapi x AT-18 0833 0500 -L151 0.051 -1507 0389 -1353
Tapi x HT-24 1583 1333 0310 0.001 570 0278 0714
PDP-1-2xRT-46  -0.806 0.750 0,999 0.178 019 D444 1219
g%}iiz_s 0639 0750 2201 0255 2.643 £0.029 0514
PDP-L2xTC326 11t 1.000 2201 0253 6593 0806 0186
PDP-1-2x B-14 0.361 0.667 4999 0.033 -5.040 0111 0.603
PDP-1-2xAT-18 0779 33677 138 0.037 Nk S B 1 0.847
PDP-1-2xHT-24 0806 0.000 -4.140 0247 -2.290 0.889 0.647
JLSC-1xRT46  1.806" -1.08) 2682 0660 | 6987 1167 | 0664
'(I)L»ig{: X 0.639 1917 9.318 0573 87 1250 . 2936
JLSC-1xTC-326 0.7 0500 ' 0585 0252 1071 £.250 £.297
JSC-1xB-M a6 0167 gas 0,194 6162 0.167 0.047
JLSC-1x AT-18 0.056 0.333 0524 0.135 0.296 1167 -1.264
JLSC-1 x HT-24 -1.528 -L167T - gagp 6.281 1,654 1.167 0.664

SE (sij) = 08423 0.757 5919 0232 6.1631 L 1.0953
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common parent. It had positive gea effects for
yield/plant but significantly negative gea effects
for plant height. JLT-26 however, had sig-
nificantly positive gca effects for plant height.
Therefore, consideration of only gca or sca
effects may not give exact picture of genetic
architecture of genotype and further study in
peterobeltiosis, standard heterosis (useful
heterosis) is described below.

Heterosis, however, has already been
reported by various workers, Murthy (1975),
Chaudhari et al, (1984), Krishnaswami and
Appadurai (1984), Bhagwandora and Kamala
(1986) and Osman (1986).

Theheterosis (H1), heterobeltiosis (Hz)
and useful heterosis (H3) are given in Table 4.
The range of heterosis for days to flowering was
-18.66 to 12.50 over mid-parent (H1), -19.34 to
8.33 over better parent (Hz) and useful
heterosis was -19.33 to 5.83 over best parent
(H3). It appears that Hy was more than Hz and
H3. H3 heterosis was least suggesting thereby
that days to flowering will not fluctuate much
w the material under study. Earliness could be
brought using JLSC-1 as one of the parents as
the maximum negative values were observed
whenever JLSC-1 was used as one of the

~ Journal of Qilseeds Research

There was no considerable heterotic ef-
fect in respect of plant height. The maximum
was 45.27 over mid parent and only 16.321 over
the best parent. This means that the heterotic
effect was not manifested in vegetative phase
but would have got diverted to reproductive
phase which finally connected to yield.

The heterotic effect for yield/plant over
mid-parent ranged between 5.61 to 232.14, the
minimum was in cross JLT-26 x OMT-11- 6-5!
and the maximum was recorded in cross JLSC-
1 x OMT -11-6-5. The range of heterosis over
better parent was -6.500 to 189.30 recorded in
crosses JLSC-1 x AT-18 and JLT-26 x TC-326
respectively. Heterosis up to 102.80 per cent
over best check was observed in cross JLT-26 x
TC-326. Considerable amount of significant
heterosis (189.362) was recorded in the same
cross (JLT-26 x TC-326). JLT-26 was good
general combiner for number of capsule/plant,
days to maturity and yield/plant where positive
gea effect was noted in TC-326. It was poor
combiner for capsule/plant. So it is not neces-
sary that both parents must have high gca effect
for high heterosis effect. On the contrary, con-
trasting diverse parent many a times may ex-
hibit good heterosis effect.

First five good crosses are depicted in
Table 5 where it is indicated that if gca effects
are considered average x average combination
should throw good heterotic effect or average
x poor may be a good combination. Useful
heterosis ranged from 56.59 to 102.90 per cent

parents, More or less similar trend was ob-
served for days to 50% flowering. Least
amount of heterosis was noted for days to
maturity. It indicated that the maturity period
neither could be brought towards very earli-
ness nor towards late maturity in the materials

under study. giving hopes for use of heterosis in this crop.
Table 5, Selecled crosses and their performance in some selecled parameters for yield

Crosses Yicld per plant  Heterosis (%) Useful Gea effect of parent Sca effect
— ® Heterosis (%) P1 P2
ILT26xTC326 907 189.36 10290 A A 1.86
ILT-26xAT-18 847 173.00" £9.48" A P 1.76
TapixB-14 8.00 11052 897" A A 1.26
Tapi x RT-46 8.00 9%.72" 7897 A A 1.51
ILT2RT46 700 105.88" 56.59" A A 0.369

** = Significant at 19; A = Average; P = Poor
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TFable 4. Heterosls {1}, Heterobelliosls (12) and eseful haterosis (H3) for different characters

Crosses Daysto  Daysto  Plant height No.of No. of Paysto  Grain yield
Rowering  50% (cm) branches  capsules ~ maturity  perplant
flowering perplant  per plant ®
JLT-26XRT46 Hr 12500 6464”7 32891 49254 72008 2725 105882
Hz 831" 829"  2827m”  4708%9" S04 1660 90.909"
H 477 818" a7 " nw” 27T 5659
JLT-26x H -1333 s35" m7 st 42358 1863 5.618"
Om.ll‘s-s ] - ] -t ]
Hy 5128 4818 16774 43.649 30140 0405 0.00
H3 4200 5818 1606 5751 - 238 -
JLT-26xTC-326 My 1802 -1.186 689" 200007 sean”  ase”  1s93e2”
H2 0877 2344 30484”18187 sa1a0” 2490 189.362
Wy 4200" 4547 62 1nss” 269 - 198 102.90"
LT26x8-M4  H 1333 606" 4s2r’ 9see” w41 a132 100.00"
H: 2564 w84 mesiT o0 e 1646 100.00"
H 4200 4818”86 us” T as 4026
JLT-26xAT-18 i 3139 155" a0 223" suis 3333 173.00"
M DBHO o™ 41210 1mas” esess” 1639 170.213"
H3  -1.68 6818”1504 158" 2znt ass 89.48"
JLT26xHT-24 4464”1158 83 aon” aasys” 2T 95.181"
Hr 086 ° 229 24500”19697 366807 0000 M
H: -168 227 249 1287 -5.64 198 2080"

Contd..
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Table 4. Contd..

" Journal of Oilseeds Research -

Crosses Days to Days to Plant height No. of No. of Days o Grain yicld
flowering  50% {cm) branches  capsules maturity  per plant
flowering perplant  perplant ®
Tapi x RT-46 H:  38920p*= -3.371* 14.042 14.493** 3.761 0.203 96.731**
H: 2655 4444 . 0754 12.857** -4.385 -1.984 79.104%*
Hs 420> 22 0.756 12.87** 437 -1.98 897>
Tapi x H: 087 -7.576%* -2.968 15278 39.384*¢ 2605 35.780**
OMT-11-6-5
Hy 2564 -1.576** -18.493**  12.162** 21641 -3571* 10.448°*
H: -11.77 £.818%* -18.49*~ 18.45°** -16.54 -3.571* 10.29**
TapixTC-326 Hi  -6.608** -3.502* 15.228* 22.388** -3.905 -3.043* 49.153‘ *
Ha 7018 £.061** -4.912 17.143** -19.943 -5.159** 26.866**
Hy 677+ -6.818** -4.809 15.87** -19.94* -5.15* 26.84**
Tapix B-14 Hy 3478 3731 31.158** 42.000* 25.851* 4.242%* 110.526**
Hy -5.128*~ 2.206"* 16.522** 33.125% 14.993 2.381 TI104**
Hy 335 4.54** 16.521** 54.50%* 15.00 2.380 7897
Tapix A-18 H; 7895+ 1.176 14.206* 21.31 17" 8.147 1.210 38.053*"
H: 6957+ -2.273*" -3.826 5.714** -4.243 0,397 16.418**
Hy 083 227 434 7.29** '4'24. 0.39 16.33*
Tapi x HT-24 Hi  4.803+= 2.662* 10.273 31.034*~ 28536** -1.804 94.175**
H2 3448+ 2.273 -1.681 8.571** 8.628 -2.7T78 49254
Hy -168 -16.78 B58** 8.63 277 0 4921

221

Contd..
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Table 4. Contd.
Crosses Days to Days to Plant height No. of No. of Days to Grain yield
flowering  50% (cm) branches  capsules maturity  per plant
flowering perplant  per plant (®)

POP-1-2xRT46 H1  7.763 «0.372 8.231 22.388** {1415 -1.833 33.333*

H: 0840 0.741 5275 20.588** 6.994 -3.600* 27273+

Hy 420 227" I -3.191 1587+ -1973 4.36°* 447
PDP-1-2x Hi  4.237* 1.504 12.466 25714 46.894** -1.408 82.609%*
OMT-11-6-5

H2z  -5042** Q.746 6.353 18.919** 33.179** -2.000 68.000**

Hy -168 227 428 2446 22.06* 27 2521
PDP-1-2x Hi 1288 5.019** 4.848 26.154** 36.908** 0.204 93.814**
TC-326

H:z 0840 1493 -14.124* 24.242* 18.210 -2.000 83.000**

Hs  4.20** 227 -12.23* 1587** 835 -2.77 40.26°*
PDP-1-2xB-14 1 -3.39%0°* 4.444°* 24267 26.027°* 17.113 1.826 71.134**

H2  4.202* 3676 9359 15.000** 11.42 0.400 66.000**

Hi 587+ ~ 6818** 11.76* 33.04%* 212 039, 23.71*
PDP-1-2xAT-18 Hi  6838** ' -1946 8807 18.644°" 19.531° 0.810 112500**

H2  5.042** -5.970** 9246 6.061* 10.031 -2.000 104.000**

Hiy 420" 454 1.4 -1.28** 0.848 =277 52.12+*
PDP-1-2x Hi -2128° 2642° 9377 16.071%*  15.669 0.604 109 302°*
HT-M

Hz 3361 1493 -3.403 -1515** 1.389 -1.200 80.000**

i3 -1.68 227 -1.27 S5 -7.06 -1.98 34.22¢°

Contd..
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Table 4. Contd..
Crosses Days to Days to Plant height No. of No.of Days to Grain yield
flowering  50% {cm) branches  capsules maturity  per plant
flowering perplant  per plant ®
E-l xRT46 Hi  4110*° -10.843** 12233 -21.622**  .10.657 -2.961* 47.826**
Hz 4.202** -17.778** 4233 -27.500*  -30.369**  -11.618 -7.273* |
Hs  -107** -15.90** «26.54** -18.45°* 41.29** -15.47** -
JLSC-1x Hi  -10.017** 1626 23.814**  48.052**  B80930** 0225 232143
OMT-11-6-5
H: -11.765**  -8.333** 11253 42500** 42.628%* s 121.429%*
Hs»  -1L77* 9.090** 24,34 63.09** 1005 . -11.51%* 38.70"*
JLSC-1x Hi1 9871 -2.092 18.447+ -5.556* 26.119* -1.595 1131154
e H2  -11.765**  6400*" 8444 -15.000°* 7643 -10.373**  38.208*
H3  -19.33** -11.36%* 2927 -1.28* 2828 -1428%* -
ASC-1xB-14 I -18644"* -2406° 25.538*" 22300"‘ 15.251 2494+ 108.836**
Hz -19328** -10.294**  6.667 22.800** -8.573 -0.996** 36.170°"
H: 573 £.118** -16.93% 41.63** 2516 -10.32** -
il'.rSC-l x Hy -5128* -1.266 20.823** .00 27.107* 2.262% 43.333**
- H: -6793" 4878+ 8.362 -17.800** 2238 137" £522*
Hi  -14.29"" -11.367 -26.08* S57* -21.00* 10327 -
JLSCIxHT-24 Hi  -14043**  6a2°* 13.998 30.159** 3B.855** 3371 T2.000**
Hz 15126** -12214** 3553 2500+ 16.803 12955%%  19.444%
T L1177 DR b ZLaaTe 15570 14937 1467 .
SE(H) = 1.031 0.927 127 0.288 ]:).67 ) ’1—.-3;_ 1.33 |
SE (Hz) and (m) t LI9 107 593 0333 8715 157 154
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The supporting ptus points of this crop like (1)
many seeds in single pollination and (2} an ease
in pollination are very important to exploit
heterosis in sesamum.
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ESTIMATION OF CROP EVAPOTRANSPIRATION AND CROP
COEFFICIENTS (Kc values) IN SUMMER GROUNDNUT

B.K. RAMACHANDRAPPA and K.R. KULKARNI
Department of Agronomy, College of Agriculture, GKVK, Bangalore - 560 065, India.

ABSTRACT

The results of the two years study on summer groundnut revealed that the crop evapotranspiration
predicied based on the modified Penman method (603.2 to 614.78 mm) were nearer to the actual values
determined by field method (597.3 to 695.7 mm) in different irrigation schedules. In the absence of
actual crop evapotranspiration based on the field experimentation, computed ET crop based on
modified Penman method could be used for crop water planning to make efficient use of available
irrigation water. Pan evaporation method predicted 22 per cent less ET crop than modified Penman
methad. Actual crop coeflicients vary depending on the irrigation schedule (0.37t0 0.96} and interfering
rains. Pod development stages (70 days to harvest) [ollowed by flowering and pegging stages (40 ta 70
days) are moisture sensitive stages requiring more irrigation.

Key words : Groundnut; Crop evapofranspiration; Crop coefficients; Prediction methods.

INTRODUCTION

Crop water requirements depends mostly on
evapotranspirational demands. Estimation of
evapotranspiration or consumptive use of a
crop is of immense use for efficient use of
available water. Several methods, direct and
indirect have been used to estimate
evapotranspiration. Use of empirical for-
mulae for predicting the crop evapotranspira-
lon is considered to be easier and quicker
mpared to field experimental methods.
Among the different methods, Blaney-Criddle,
Radiation, Pan evaporation and modificd Pen-
[ nan methods were found to give closer es-
E‘mates to actual crop evapotranspiration
ased on field experiments. An attempt was
made to compute cvapotranspiration of
groundnut for Bangalore region based on two
brediction methods viz., modificd Penman
method and Pan evaporation methods recom-
mended by FAO group of scientists (Dooren-
bos and Pruitt, 1977). Crop evapotranspiration
Was also estimated by field method and the

values were compared with the prediction
methods,

MATERIALS AND METHODS

A field experiment involving five irrigation
schedules (Table 1) was conducted at Main
Research, Station, Hcbbal, Bangalore, on
sandy loam soils for two season (summer 1989
and 1990). The experiment was laid out in 16.8
m “ plots replicated four times in Randomized
Block Design. Each plot was separated by a
polythene barrier burried to a depth of 60 cm
to prevent the lateral movement of water from
one plot to another plot. Two common irriga-
tions; one before sowing (50 mm) and other on
Oth day after sowing (20 mm) were given, This
was accounted for computing total
evapotranspiration. At each irrigation 40 mm
depth of water measured through Parshall
flume was given. Soil samples were taken from
three replicates before cach irrigation and 24
hours after irrigation and soif moisture content
was determined gravimetrically. Short period
consumptive use was worked as per the for-
mula suggested by Dastane (1972). The actual
Kc values were estimated as follows :

ET

KC=ETO'

Received for publication on June 10, 1992
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During the crop growth 47.9 and 79.0
mm of effective rainfall was received and this
was accounted in computation process.

Predicted ET crop and selected crop
cocfficients (K¢ values) were as per the
guidelines given by Doorenbos and Pruitt
{(1977). The two predictions methods followed
were modified Penman method and Pan
evaporation method as indicated below.

The prediction equation of the modified Pen-
man method is :

ETo = C[W,Rn + (1-W) f(u) (ea-ed))

Radiation
term

ETcrop = ETpx Kc

Aerodynamic
term

The data on different weather
parameters were collected for the correspond-
g period and predictions were done.

Predicted and actual evapotranspira-
tion of groundnut and also crop cfficient values
were comparcd-at different stage toidentify the
peak period of water use and to know the
validity of prediction methods.

RESULTS AND DISCUSSION
Crop evapotranspiration

Results on predicted evapotranspiration
(Table 1) indicated 22 per cent higher ETcrop
with modificd Penman method than Pan
evaporation method during both the years.
High ETcrop with modified Penman method
compared to Pan evapotranspiration method
can be attributed to the fact that it takes into
account almost all the weather parameters in-
fluencing the ETcrop (Ramachandra Reddy ef
al., 1984 and Seshagiri Rao ef al., 1983). The
actual crop evapotranspiration varied in dif-
ferent irrigation schedules. Scheduling irriga-
tion uniformly at 0.75 IW/CPE ratio
throughout (Is} caused maximum crop

evapotranspiration during both the years, fol-
lowed by Iy, Is and Iy irrigation schedules
during 1989 and I1, Iz and I3 irrigation
schedules during 1990, Irrigation schedule at
0.5TW/CPE ratio throughout caused minimum -
crop evapoltranspiration. However, the actual
crop evapotranspiration based on field method
was hipher in all the five irrigation schedulcs
except in 14 during 1990 compared to both the
prediction methods, but the estimated values
by modilied Penman method were nearer to
the actual values.

The methods presented on ET crop as-
sume soil water in ample supply. After irriga-
tion, the soil water content will be reduced
primarily by evapotranspiration. As the soil
dries the rate of water transmitted through the
soil will reduce. When the rate of flow falls
below the rate needed to meet ET crop, ET
cropwill fall belowits predicted level (Dooren-
bos and Pruitt, 1977). This phenomenon was
noticed in 14 irrigation schedule during 1990.
While in the other irrigation schedules due to
47.9 and 79.0 mm of effective rainfall received
during the crop growth increased the crop ET
more than the predicted ET crop by modified
PENMAN method.

In all the three methods crop
evapotranspiration was less in the flowering
stage (10 to 40 days) and i increased wiih
advancement in growth attaining peak at pod
development stage (70 days to harvest). This
clearly indicates that pod development stage
fullowed by flowering and pegging stages were
mOolsture sensitive slages requiring more irriga-
tion. These results also conlirm the lindings of
Ramachandra Reddy (1988). Hence in the ab-
sence of actual crop evapotranspiration based
on field experimentation, computed ET crop
based on modified Penman method can be
used for predicting the crop evapotranspira-
tion for efficient use of available irrigation
water. o



" Ramachandrappa and Kulkarni

96°0 060 +90 LED 8L'O R0 0.0 0 SLD SL0 Y B |
060 yLQ S50 €20 £8°0 SLO 150 LE0 <0 S0 so "
060 L0 90 €20 €80 SL0 L0 LE0 $0 SLO SO0 9
96°0 60 £€0 €20 BLO 80 150 LEQ SLo 0 g0 1
960 60 ¥90 €20 BLD 80 Lo LE0 SL0 SLG so0 U
J8anley

o) shep sdep

. skep g/ oL-0b o0t
(ones 2d/MI)
v SaINpAYST UONERISY
POYIRIN PRI
Q- 0T L90 80 0 SO'1 9o LED poipauz uoretodeas ueg
90 SO'L €90 j2a) 90 501 0 €0 POYIdi BRIIUI PRLIPOIN

sep skep skep shep shep sfep skep slep
OEY 01 86 L6 0169 89k Ty o101 LEE 0L LG 96 0159 oY 0y 010t

SPOYISW
0661 6861 sadeig

0661 Pue 6861 Supnp yeupanod samuns fo 53381 yuasagyp 18 (sanfea 33) SIEILJ200 dodd [Emew pant papaes ‘7 AR,



60 Journal of Qilseeds Research

Crop coefTicients (Kc values)

selected crop coeflicients were almost same in
both the prediction methods except the first
and second stages where it varied slightly due
to variation in the estimated ETo in both the
methods. Kc values were less in the beginning
and increased with advancement in crop

owth and tended to decrease later revealing
a bell shaped crop coefficient curve (Table 2).

Actual Ke values in the carly stages of
crop growth (10-40 days) ranged from 0.37 to
0.54in 1989 and 0.23 t0 0.37 in 1990 in different
irrigation schedules (Table 2). With the advan-
cement in crop growth in maximum canopy and
root system around 100 days the crop coeffi-
cients attained the maximum. Later ratios
tended to decrease in 1989 except in I3 and 13
but the increasing trend was noticed in 1990
comsequent to the occurrence of rains before
harvest which caused increase in the ratio (Fig.
1). The value of Kc largely depended on the
frequency with which the soil is wetted by ir-
rigation and/or rain (Doorenbos and Pruitt,
1977). In general, scheduling irrigation at 0.75
IW/CPE ratio at one stage or the other resulted
in higher crop coefficicnt vatues while the Ke
values were lower when irrigations were
scheduled at 0.5 IW/CPE ratio at any stage .
Sharp increase in Ke values just following ir-
rigation with a less sharp bul marked decline
afterwards until the next irrigation was probab-
ly the cause for the variation in Kc values in
different irrigation schedules.

Thus, it can be concluded that in the
abscnce of actual erop evapolranspiration
based on the field gxperimentation, computing
.ET crop based on modified Penman method
could be used for crop water planning,
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EFFECT OF TILLAGE ON CLOD SIZE DISTRIBUTION, PENETRATION |
RESISTANCE AND YIELD OF GROUNDNUT IN RICE BASED '
CROPPING SYSTEM AFTER PUDDLED RICE

P. PRABHU PRASADINI, C. NAGENDRA RAQ, M. SINGA RAQ and S. RAMARAQ’
Soil Physical Conditions Improvement Project, Agricultural Research Institute
Andhra Pradesh Agricultural University, Hyderabad, India.

ABSTRACT

Field experiments were conducied on a sandy loam soil to study the effect of tillage on irrigated
groundnut crop after wet season puddled rice during 1988 - B9 and 1989 - 90. Tillage methods tried were:
ploughing twice with bullock drawn country plough ; country ploughing twice followed by bullock drawn
disc harrow twice; country ploughing twice follwed by bullock drawn disc harrow 4 times; country
ploughing twice followed buy power tiller operate rotavator twice and disc plough once plus disc harrow
once, both tractor drawn. Higher proportion of finer clods were obtained with rotavator and soil
pencetration resistance was significantly reduced. Tillage had no significant effect on bulk density.
Germination of groundnut was highest in rotavator treatment. Yields in rotavator and fractor drawn
treatments were higher compared to bullock drawn treatments.

Key Words: Tillage; Clod size distribution; Penelralion resistance; Germination; Yield.

INTRODUCTION

Oilseeds and pulses are grown after wet season
puddled rice in Andhra Pradesh, and one of
the factors responsible for their low yieldsis the
entirely different soil physical environmental
requirements of these crops compared to rice
crop. Puddling is done for sowing rice crop
which resulls in destruction of sail structure,
thereby reducing percolation losses of irriga-
tion water and also reduce weed growth. After
harvest of rice crop the puddled soils become
hard on' drying thus making seed bed prepara-
tion difficult for upiand crops lollowing rice.
For growing a successful crop of groundaut
after puddied rice the limitations are poor ger-
mination resulting in low crop stand, restricted
root growth, poor nodulation, resistance to peg
Penetration and pod development. In view of
these limitations potential yields are not
achicved even with assured irrigation and fer-
tilizer application in Andhra Pradesh. It is es-
sential to develop economically viable and

easiiy adoptable tillage practices to increase
the yields of groundnut crop in rice - based
cropping system after puddied rice.

MATERIALS AND METHODS

A field experiment was conducted at the
Agricultural College Farm, Rajendranagar,
A.P. Agricultural University, Hyderabad,
during rabi 1988-89 and 1989-90. During kharif
season puddled rice was taken up in both the
years, and after the harvest of kharif rice the
study was taken up with groundnut crop. The
soil was sandy loam {Alfisol). Land was
prepared for groundout crop by imposing five
lillage treatmenis at optimum soil molsture
conditions. The tillage treatments were :

Ti: Ploughing twice with the bullock drawn
country plough, '

T>: T1 + Bullock drawn disc harrow twice.

T3: T1 + Bullock drawn disc harrow four
times.

* Since diseased
Received for publication on June 14, 1992
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T4: T1 + power tiller operated rotavator
twice.

T5: Disc plough once + disc harrow once,
both tractor drawn.

The treatments were replicated four
times in Randomized Block Design. After the
tillage treatments were imposed, groundnut
seed {TMV-2) was hand-dibbled at a spacing
of 30x10 ¢cm. Recommended fertilizer doses
were given, Irrigation was given immediately
after sowing and whenever required during
crop growth period.

Depth of tillage was measured and soil
samples were collected from the tilled layer
from 0.5 m“area before sowing. Clod size dis-
tribution was measured by dry sieving method
and mean weight diameter (M.W.D.) was cal-
culated (Black, 1965). Penetration resistance
of soil at peg penetration stage was measured
using cone penectrometer. Soil moisture was
estimated gravimetrically, Bulk density was
measured on core samples. Data on per cent
germination and yield were collected.

. 42

Ory cggregates (V)

RESULTS AND DISCUSSION
Clod size distribution

Tillage had significantly influenced the clod
size distribution (Fig.). Big clods of >10cm
diameter were found only in country ploughing
treatment (T1). Clods of > Scm diameter were
highest {43.3%) in T1 and lowest {7.7%) i
rotavator treatment, Medium size aggregates
{z 0.5cm and <2cm diameter) were more in
rotavator, followed by bullock drawn disc har-
rowing, tractor drawn and country ploughing
treatments. Aggregates of 5-10 em diameter
were lowest (9.79} in tractor drawn treatment
{T3). Relatively uniform size distribution and
highest proportion of finer aggregates were
obtained with rotavator (T4) which might be
due to the pulverising effect of rotavator,

Mean weight diameter

The mean weight diameter (M.W.D) of dry
aggregates was highest in T1{4.37 and 4.57 cm
respectively, during the two years). It was al-
most the same in tractor drawn and two times
disc harrowing treatments, followed by four

Coeex Ty
—a T
o—a T3 . \
s—a Ty

N, d—a TS

10 20 30 ) 59

80 70 86 %0 100
& >100

Average diameter{mmlof aggregates

Fig. Dry aggregate size distribution of soil ofter puddited Rice as inHuenced by tillage
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times disc harrowing, and was the lowest ( 1.90
and 1.30 cm i twO YEAIs, respectively) in
rotavator treatment. The lowest M._W.D. was
d(ine to the presence of more small sized clods

obtained with rotavator.

Rulk density

o 3o different tillage treatments
Bulkec(ii el;lt:ttgeéz 1.52 and 1.57 g/cc (Table).
;g(r)l&ever there werc no significant differences

in buik density due [0 tillage.

Germination

cromination {Table) revealed
Btztta E?Iggé ijnfE:%:s germination, Rotavator
treatment (T4) resulted in highest gesmination
(66.8 and 47.3% in (w0 years respectively),
followed by tractors drawn treatment _(66.4 and
43.99), bullock drawn filSC harrowing treat-
ment. and was lowest in country ploughing
treatment (53.7 and 40.5% mtwoyears, respec-

inati ccnt showed a2 more
tively). Germination pet
or lczs mverse relation withM.W.D. Good ger-

ntination in rotavator treatment might be dlu(;
to higher proportion of finer aggregate?,'re a-
tively uniform clod size distribution resulting in
closer sced - soil contacl. Padm;r aju, ;’_ eported
that poor germination of groundaut, alter pud_i
dled rice is due to lack of proper seed - soi
contact, (unpublished data)-

Penetration resistance

Penetration resistance of soil was geasureq at
flowering and pegging Stages. renctration
resistance in rotavator was on par with tractor
drawn treatment in first year and was lowest
I e oil 4l pegging stage.
{301 kp/em™ ) I seeond yoar at P g stage.
This has sienificance from the puint of view o
peg penetration.
Soil moisture

There was significant effect of tillage on soil
moisture content during the second year, par-
ticularly at early stages of crop growt;:. It wlalls
higher in rotavator trcatment throughout the

crop growth.

Yield

The haulm and pod yields were significantly
influenced by tillage in both the years (Table
1). In the year 1988-89, haulm and pod yields
were highest in tractor drawn treatment {36.29
and 19.56 g/ha respectively) closely followed by
rotavator treatment. During 1989-90, highest
yields of haulm and pods were recorded in
rolavator treatment (29.60 and 21.64 g/ha,
respectively) closely followed by tractor drawn
treatment. However, in both the years, the dif-
ference between the two treatments was not
statistically significant.

Higher yields in rotavator treatment
could be due to uniform clod size distribution
with more of finer clods, higher germination
(crop stand), higher moisture content and also
less soil resistance to peg penetration, Higher
yields in tractor drawn treatment could be due
to higher depth of ploughing resulting inbreak-
ing of sub-soil hard layer which might have
helpedinbetter development of crop and pods.

CONCLUSION

Based on the above results, it is suggested that
power tiller operated rotavator tillage is
beneficial for growing groundnut after pud-
dled rice in light textured soils of Andhra
Pradesh, because of relative case of opcration,
low cost and higher yiclds.

It may be concluded that the tillage,
which results in smaller clod size and relatively
deep ploughing to break the sub-soil hupd fuyer
are essential for groundnut when taken up in
puddled rice soils for obtaining higher yields.
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CHEMODIAGNOSIS OF PHYLLODY MLO INFECTION IN SESAME
(SESAMUM INDICUM L.)

B. SRINIVASULU' and P. NARAYANASAMY
Department of Plant Pathology Tamilnadu Agricuitural University
Coimbatore - 641 003, India.

ABSTRACT

Phyllody MLO (SPD MLO) infection in sesame could be detected using Diencs’ stain at 0.5 per cent
cancentration and staining period of 15 min. Apical stem tissue was found to be the most suitable tissue
for detecting SPTY MLO infection. Infection could be detected in 6-10 days pnor to the expression of

visible symptoms.

Key words : Mollicutes; Chemodiagnosis; Phylledy.

INTRODUCTION

The application of diagnostic tests for inden-
tifying the virus/MLO- infected plants has been
found to be uscful either in eliminating sources
of inoculum in the field or obtaining virus/
MLO- free seed material. Such tests are based
on differential colour reactions of infected tis-
sues (Linder, 1961) or serolog:cal tests. Sesame
phyllody disease (SPD) is the most destructive
discase of sesame and can cause losses as high
as 99 per cent in yield (Marimuthu ef ol., 1973).
Several methods have been tested by re-
scarchers. I the method is simple, it is ikely to
be adopted in large scale provided the detec-
tion of MLO infection can be done with
reasonable accuracy. With this aim in view,
many chemicals have been tested for their use-
fulness in detecting phyllody MLO infection in
sesame,

MATERIALS AND METHODS

Sesame (Sesamum indicum L.} plants showing
symptoms of phyllody infection were marked
in the fields of oilsceds breeding station, Tamil-
nadu Agricultural University, Coimbatore.
Transmission of SPD MLO was made by using

insect vector, Crosius albicinctus, Distant to
healthy sesame (TMV 3) plants. Plants show-
ing typical phyllody symptoms were used inthe
study.

Diagnostic tests

Plant tissues from sixty days old TMV 3 sesame
plants inoculated at 15 DAS were used for all
the studies, unless until specificd.

Effect of different concentrations of Dienes’
stain on sesame phyllody disease detection

Dicnes” stain was used to detect the sesame
phyllody discase infcction in the plants as per
the procedure described by Declay et a/., 1979.

Free hand cross sections of healthy and
diseased stem were taken and transferred to
stain solutions at different concentrations for
different staining periods viz., 15,30, 45 and 60
min. Then the sections were placed in distilled
water for 30 min. After washing in distilled
water, the sections were mounted in water on
a microscope slide and examined. For cach
concentration 25 sections from five plants were
examined.

1. Arid Horticultural Research Station, Mallepally

Received for publication on June 15, 1992
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Reaction of various plant parts of sesame with
dienes’ stain

Free hand cross sections of healthy and dis-
eased stems, leaf petiols and flower pedicle
were subjected to Dienes’ stain. Sections were
observed under microscope for their reaction
to stain.

Early detection of sesame phyllody infection
with dienes’ stain

Fifteen days old TMV 3 seedlings were inocu-
lated. They were used to detect sesame phyt-
lody infection by Dienes’ stain (0.5 per cent
concentration) at different intervals viz, 5, 8,
11, 14, 17, 20, 23, 26, 29, 32 and 35 days after
inoculations. Stem sections of five plants at
each interval of testing (10 sections) were ex-
amined. Number of plants showing positive
reaction with stain was recorded. Sections of
comparable tissues from uninoculated TMV 3
plants served as conirol,

Detection of sesame phylfody disease with 2, 3,
5-triphenyl tetrazolium chloride and
phioroglocinol

2, 3, 5-Triphenyl tetrazolinm chbloride (SISCO
Research Lab. Maharaj Bhavan, Bombay) was
used to detect sesame phyllody disease as per
the procedure described by Sharma (1988).
Phloroglucinol (SISCO Research Lab,
Maharaj Bhavan, Bombay) was wsed in these
studies and the method of Narayanasamy and
Natarajan {1974) was followed.

Flourescence test

Ten gram leaf samples cuch from heulthy and
phyllody infected sesame plants were tuken in
test tube and 20 m} of distilled water was added.
Samples were autoclaved at 15 1b pressure for
15 min. To the supernautant, equal volume on
n-butanol was added and the mixture was
shaken well. A drop of one percent ammonium
hydroxide was added to the mixture and ob-
served for omission of flourescence.

Detection of sesame phyllody disease with
DAPI

A DNA specific flourochrome, 4,6-diamidng.
2-phenyt indole 2Hcl (DAPIL, Fluka chemie,
Switzerland) was used to detect sesame phyl.
lody disease following the method of Hiruki
{1986). Transverse sections were band cut with
razor blade from stem, leaf petiole and Hower
pedicle of healthy and diseased plants. These
sections were fixed in five per cent glateral-
dehyde in 0.1 M phosphate buffer (pH 7.0) at
4°C for 2h. The sections were washed in same
buffer and staincd in DAPI (1 ug/mi) for 30 min
and mounted in a drop of DAPT and observed
under Nikon Microphot FX-35 microscope
with flourescence attachment using exciter fil-
ter U and barrier filter BA 420. Twenty five
sections for five plants were examined for each
set of treatment.

RESULTS AND DISCUSSION

In the present investigations using Dienes’
stain at 0.5 per cent concentration with a stain-
ing period for 15 min, it was possible to distin-
guish the SPD MLO infected tissues, as the -
blue colour was retained in phloem tissue of
infected plants only, Detection of MLO infec-
tions was reported for RYD in rice by
Srinivasan (1982) and for grassy shoot of sugar-
cane by Bhanasali and Shukla (1985).

Apical stem tissue was found to be the
most suitable tissue for detecting sesame phyl-
lody infection, as revealed by the intense dark
blue colour of phlocm tissue {Table 13,

lnfvetion of sesumwe plants with SPD
MLO could be detected using Dienes’ stains
6-10 days before the expression of visible
symptoms (Table 2). All the infected plants
could be detected at 29 days after inoculation
when none of the infected plants showed any
visible symptoms. This indicates that the dif-
ferential host tissue response Lo the presence
of SPD MLO might be observed much easlier
as reflected by the reaction with Dienes’ stam,
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Tablel.  Reaction of tissues of diflerent plant parts
of sesame to Dienes’ stain (0.5%)
Healthy Diseased
Plant part 15Smin.  30min. | 15 min. 30 min.
Stem 0 0 25* 25
(+++) (+++)
Flower 0 0 14(+) 17(+)
pedicie
Leaf petiole [t] 0 0 0

* Number of sections showing positive reaction out of 25
tested

-: No reaction; + : Low

++ : Moderate; + + + : High

than the expression of visible symptoms, which
possibly depend on much higher pathogen con-
centration to be reached after long period of
infection. Several workers have suggested the
use of Dienes’ stain as a simple and quick
method of detecting MLO infections in corn
stunt, sandal spike, brinjal little leaf, clover
phyllody rubbery wood of apple citrus stub-
born (Declayet al., 1979, Srinivasan, 1982) little
Ieaf of eucalyptus (Ali, et al., 1986), Sugarcane
grassy shoot (Bhansali and Shukla, 1985), mul-
berry dwarf in Catharanthus roseus, red clover
and Astragalus sinicus (Kim et al.,, 1985).

2, 3, 5-Triphenyl tetrazolium chloride at
One per cent concentration failed to detect the
Table 2, Early detection of sesume phyHody lnfection

with Dienes' stain

Days after| No. of plants Sesamum phyllody
inocula- reacting infection (%)
lion positively Plants PFlanis
out of five showing showing
positive external
reaction with | symptoms
stain ]
20 0 0 0
3 1 206 . 0
26 3 60 7 a
29 5 . 100 20
31 5 100 80
3 5 160 %0
¥ 5 100 100

phyllody infection in sesame. The
phloroghlucinol test has been applied to detect
bud blight infection in groundaut
(Narayanasamy and Natarajan, 1974) execortis
viroid in Poincirus trifoliata raf, (Childs ef ai.,
1958) and leaf roll infection in potato, (Shef-
field, 1943). However, under present investiga-
tion, this test did not yield positive resuits with
infected tissues from phyllody affected sesame
plants.

Flourescence of an extract of carnation
plants appears to be a valuable diagnostic aid
for carnation mosaic (Thomas ef gf, 1951). In
the present study, consistent results were not
obtained with leaf and stem tissues from phyl-
lody affected sesame plants when this test was
employed. 4, 6-diamidino-2 phenyl indole-2
HC (DAPI) was first successfully used for -
rapid detection of mycoplasmal contamination
in animal tissue culture system (Russel et al.,
1975). However, this DNA specific
flourochrome at 1. Qug- /mi. concentration
failed to distinguish the phyllody infected
plants from healthy sesame, when sections
from stem, leaf petiole and flower pedicle tis-
sue were tested. It is possible that the slimy
nature of sesame tissue due to presence of
muscilage glands and oil glands on stem,
petiole and leaf (Solerder, 1908) may interfere
with the stain.
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CONCEPTS OF BREEDING DERIVED FROM EXPERIMENTS ON
PEANUTS (ARACHIS HYPOGAEA L.) o

V. ARUNACHALAM .
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ABSTRACT

The initial step of a breeding programme is as vital as the final improved yield desired by a brgeder. An
analysis of experimental evidence in the light of underlying genelic concepts suggesisa choice of pareats on
genetic divergence given by a multivariate measure. Breeding programmes initiated from heterotic Fr's
envisage a greater probability of success in further generations compared to programmes initiated from any
Fiincluding non-heterotic ones. Limits to parental diverge nce are therefore set to realise Fi heterogis. Large
Fzpopulations of heterotic F's need an ordering process to locate productive recombinants. A method of
forming a ranked F» distribution is suggested using values of a selection index based on phys_lo]ggical and
yield components. Selection intensity of the order of 25% is most often adequate to derive desirable

selections in Fa and superior lines in Fs.

Key words : Groundnut; Genetic divergence; Breeding; Selection ; Recombination; Helerosisy Sglection

intensity.
INTRODUCTION

Experiments bearing on the utility of various
breeding techniques have been widely
reported in all crops. Most of them utilize a
limited number of genotypes and a limited
fiumber of environments. Consequently most
of the results are specific and hardly admit
generalisation.

A national project on fundamental genetic
studies on enhancing productivity in groundnut
was conceived in this background during 1978.
It was supported by Indian Council of Agricul-
tural Rescarch -and was in operation at the
Indian Agricultural Rescarch Institute,
Hydcrabud and New Delhi during 1978-199().
The main aim of the project was to explore a
genetic basis of breeding for high productivity
in peanuts. Experiments were therefore formu-
lated 10 provide continuity of breeding material
and to simultaneously uncover or discover
genctic concepts of breeding capable of yield-
ing dividends with a high probability. Concep-
tual results of application potential sifted from
the research experiments conducted over a
decade are presented in this paper.

1. Parental divergence

Breeding programmes are, in general, initiated
from crosses made between diverse parents.
The diversi[y most often is for th(},ir gcographic
origin or for specific attributeg concerning
resistance to biotic and abiotic stresses, food or
oil quality, maturity, plant type and the like.
Therefore, the improvement anticipated in
successive generations is, most often, for the
attribute deciding diversity. I the improve-
ment for such an attribute is accompanied by a
correlated response in others including yiclds,
an overall improved strain or variety results as
a final product. In other cases, positive im-
provements registered in one aeribute gets
dituted by negative or negligible impmvcmcnls
in others forcing the breeding Programmes {0
branch back to initial steps.

Under such circumstances, it is desirable to
base the measure of divergence op a number of
component characters that have a direct or
indirect bearing on the desired final prOdUCLS,
most often, yield. Past experience tends to sug-
gest that a profitable choice can be the com-
ponent characters having a bearing on the

Received for publication on July 27, 1992
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fitness of the genotype under natural selection
(Murty and Arunachalam, 1966). A convenient
measure of the divergence based on a number
of traits is then provided by the Mahalanobis’
D*- statistic (Rao, 1952). It must be noted that
the choice of the basic set of characters
measuring genetic divergence is crucial. No
definite criteria can be set for its choice; this
must depend on the brecder’s experience and
the nature of the crop. Pilot runs of divergence
patterns of known material may provide clues.

2. Parental divergence vis-a-vis heterosis

Genetic divergence, as one of the critena of
selection of parents is, in general, considered
in plant breeding as a means to generate cros-
ses which segregate in later generations into
genotypes transgressing the performance of
the betier parent (Murty ef af,, 1962; Timothy,
1963). Further Fi heterosis which is of direct
interest for developing hybrids in cross-pol-
linated crops, is also of importance in self-pol-
linated crops. Such heterotic crosses may
produce desirable transgressive segregants in
advanced generations. It is increasingly
realised that crosses between divergent parents
usually produced greater heterosis than those
between closely related ones as was pointed out
long time ago by East and Hayes (1912) and
Hayes and Johnson (1939). In practical situa-
tions, it can be reasoned that heterosis occurs
because of parental divergence. But when
divergent parents are crossed, heterosis is not
bound to occur always (Cress, 1966; Matzinger
and Wernaman, 1967; Busbice and Ruwlings,
1974). It 15 cascatial therelore, 1o explore the
possible limits to parental divergence within
which there would reasonably be high chances
for the oceurrence of heterosis.

3. Limits to parental divergence {or hetvrosis

Information of parcntal divergence and Fi
heterosis for a few important characters was
hence examified in 2 diallel crosses with
reciprocals in peanut - one with 15 and the

other with 10 parents, and the second, a set of
crosses made to a line x tester design with 1)
female and 6 male parents in rapeseed {Bras-
sica campestris) (Arunachalam and Ban-
dvopadhyay, 1984). The F; crosses were
evaluated in Randomized Block Design for
component characters. The genetic divgrgence
among the parents was measured by D statis.
tic.

Three important yield components were
considered on each ¢rop - pod yield, 100- ker-
nel weight and shelling percentage in
groundnut and length of main axis, number of
siliguae on main axis and number of sceds per
siliquae in rapeseed. Heterosis was calculated
in all the experiments as the per cent improve-
ment of Fy over better parent for every charac-
fer.

A method was devised to delineate parental
divergence on four divergence classes (DC).
To take into account the variable magnitude of
variation in parental divergence in various ex-
periments, the mean (m) and standard devia-
tion (s) of the values of divergence classes were
defined as {ollows:

DC1:D? 2 (m+5)

DC2:D? < {m+s)and 2 m
DC3:D* 2z (m-s)and < m
DC4:D?* < (m-s)

It may be noted that in this set up. DC1 and
D(4 are extremely divergent classes in either
direction, This method was found 1o be the best
of the various methods tried.

For cach cross, the divergence cluss (o
which the D? valuc between their parents
belonged was established. The number of cros-
ses {n) falling in cach divergence class, the
proportion of crosses showing positive values
of heterosis (p) and the mean for each charac-
ter over such crosses (x) were computed.
Since, in this process even a very low positive
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value of heterosis which may not be of great
importance would get included, it was decided
to set a norm for heterosis and obtain frequen-
cies of crosses showing heterosis greater than
or equal to the norm. The norm (k) was taken
to be the mean heterosis value of these crosses
with positive value of heterosis for that charac-
ter. The proportion of crosses (gq) showing a
heterosis value greater than or equal to K and
the mean (y) for each character over such cros-
ses were also worked out.

The divergence classes were ranked for
their relative order of importance on the basis
of the values of p, X, g and y separately. How-
ever, the relative order could vary in each case,
alsoin each experiment and for each character.
In order to come to a final conclusion jointly on
the ranking based on p, x, q and y a scoring
process was adopted. The divergence class
which gave the highest value of p was allotted
a score 1, the next best a score 2 and so on.
Whenever there was a tie, the classes involved
in the tie received the same score. The scores
over p and x were added across the three char-
ARTs 10 Ootain a finad score for each dwver-
gence class. Similar procedure was adopted for
q and y. It must be noted that the divergence
class with the lowest total score will be the most
desirable one with a high frequency of
heterotic crosses and high average magnitude
of heterosis.

The experimental evidence thus provided
by the two crops bas suggested a consistent
relationship between parental divergence and
Fy heterosis. The relationship was arrived at by
?clhods providing precautions to avoid any

ias.

4. Divergence classes and heterosis

The results brought out the consistent supe-
riority of DX2 and DC3 over DC1 or DC4 as
far as the occurrence of a high proportion of
heterotic crosses (p and x) or of a high value of
heterosis (q and y) was concerned (Table 1),

Studies on triticale (Srivastava and
Arunachalam, 1977) supported those results,
though the delineation of divergence classes
was not made there as precisely s in this study.
The concept that there are limits to parental
divergence for optimum expression of
heterosis gained strength cven from studies
made in the past - for example, the perfor-
mance of crosses among divergent geographic
races in maize (Moll, Lonnqvist, Fortuno and
Johnson, 1965).Our studies (Arunachalam and
Bandyopadhyay, 1984; Arunachalam et al.,
1984) cited above, provide experimental con-
ception to those limits and for the hypothesis
in general that -- if m and s are thc mean and
standard deviation of the values of divergence
(given by D? ) among parents, the chances for
the occurrence of a high frequency of heterotic
crosses and with high values of heterosis are
more when the parents are chosen to have their
divergence in the interval (m-s, m+s) com-
pared to the crosses between parents whose
divergence falls outside that interval.

5, Combining ability and heterosis

F1 heterosis is also related to the parental
general combining ability effects (gca). The gea
is a direct measure of the breeding value (or
additive valuer) of parents. The data of the 2
diallel crosses with 15 and 10 parents in peanut
mentioned earlier were utilised 10 examine the
relationship between gea and helerosis.

Plot means were analysed for components
of combining ability using method 1 and model
1 of Griffing (1956). The status of the parental
genotypes were assessed as High (H) or Low
(L), based on their overall general combining
ability cifects over the 15 characters, following
the procedure outlined by Arunachalam and
Bandyopadhyay (1979). This procedure con-
sisted essentially of the following steps:

a) the gea effects were tested for their statis-
tical significance from the null value for each
character, . ‘
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Table 1.  Heterosis observed {n four divergence classes
Divergence Peanug Rapeseed Overall
class (DC) a b $ a b s a b s
1 67 67 134 17 15 32 84 82 166
2 5z 4 96 15 13 8 67 57 124
3 - 54 57 111 12 10 22 66 67 133
4 67 68 135 12 13 5 79 81 160

* = Haunded on scores across characters; a = Scores based on p %; b = Scores based on q %;
for explanation, see iext {Adapied from Arunachalam and Bandyopadhyay, 1584)

b} the mean of the significant gea effects was
taken as the norm. The parents, whose gca
effects were equal to or above the norm, were
given a H status and a score of + 1 and those
below, a L status and a score - 1. Others
received a zero score.

c) this process was repeated for each char-
acter and a total score was computed over the
characters for each parent. Based on the mean
of the total scores as norm, the final H or L
status was assigned to each parent in a manner
similar to that in (b).

Genetic divergence among the parents of
dialiel sets was estimated by D statistic and
the parents were grouped based on genetic
divergence following the detailed procedures
outlined by Rao (1952). Heterosis was calcu-
lated both for direct and reciprocal crosses
when the cross mean differed significantly at
the 5% level from the superior parent mean in
the desired direction. In the rest of the crosses
it was taken 1o be absent.

Out of the 210 and 90 crosses from 15 and

10 parent diallel, 89 and 65 were heterotic for
one character or more in the desired direction,
Of the 89 heieratic crosses, 46 (329 oceurred
inihe gea class, HL followed by HH (274%) and
by LL (20%) in the 15 parent diallel. Similar
were the results in the 10-parent dialiel and
over both of them (Table 2). Earlier work on
Brassica campestris, triticale and pearl millet
gave confirmatory evidence to the higher
heterotic potential of High x Low gca crosses
- as compared to the High x High or Lowx Low

categories (Table 3). An elegant genetic basis
of this result was first provided by Langham,

(1961) (see also Arunachalarm, 1980}.

Table2.  Frequency of helerosis in various classes
defined by parental gca In peanut
'
Diallel Parental gea classes Total No. of
HH HL 1L heterotic

Crosses
15-parent u a6 19 89
10-parent 18 33 14 65
Total 42 7% 33 154

* = No. of heterotic crosses (adapted from Arunachalam

etal, 1982)

Table 3.  Distribution of heferatic crosses in varioos
classes defined by pareninl gca in some
crops

Crop Typc[ Parental gca___|Reference
of HM [HL {LL
Cross

Brassica SC 29 57 14 Arunachalam e

Cammpestris TC 33 S8 9 al, 1985
MC 19 S50 3

Triticale SC 31 56 13  Arunachalam
TC 2 50 13 and Srivastava.

1980

Paari SO 20 56 23 Reddy and

millet TS} € 13 Arunachalam,
- 1981
FC 14 2 H Arunachalam

and Reddy, 1981

* Values represent percentage of heterotic crosses
(defined heterotic based on a norm, se€ references cited)
falling in the class; SC = Single cross; TC = Three-way
erass; FC = Four-way crass; MC = Multiple cross
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6. Varietal divergence and heterosis

Sudies were made earlier on the pattern of
accessions randomly selected from a world col-
Jection of peanuts maintained at ICRISAT,
pear Hyderabad. The 160 accessions repre-
sented the four varietal groups, Spanish,
Valencia, Virginia bunch and Virginia runner
(each represented by 40 accessions). The
Spanish and Valencia groups represented
bunch types while Virginia bunch represented
semi-spreading and Virginia runner, spreading
types. An analysis of genetic divergence among
the 160 accessions (Durga Prasad et af., 1985)
showed a clear separation of bunch and runner
(also including semi-runner) types. There was
pccasional overlap of varieties between
Spanish and Valencia groups as well as Vir-
ginia bunch and runner groups. But the diver-
sity within bunch and within runner types was
quite substantial. This supgested that intra-
bunch (especially Spanish x Valencia) crosses,
usually allotted a low priority by breeders for
the obvious lack of phenotypic diversity, would
be potential, particularly in the context of
breeding for early maturity and yield. This
hypothesis (Arunachalam et al., 1980) was con-
firmed in the studies relating heterosis to
parental divergence {Arunachalam et al.,
1982). A review on peanut breeding (wynne
and Gregory, 1981) suggested additive genetic
variance 1o be of prime importance in intra-
bunch crosses while non-additive variance
could be predominant in bunch x runner cros-
ses, usually attempted by breeders. In-depth
genetic divergence studics can thus be of spe-
cialvalue not only inlocating broad, phenotypi-
cally distinct and genetically divergent groups
but also in discovering the utility of intra-group
(inter-varietal) crosses. A parallel can be
drawn form sorghum where tropical x
temperate crosses have been exploited much
more in comparison to intra-group crosses
(Rao, 1982) to increase productivity.

7. E2 selection

When and how to select for canalising produc-
tive derivatives in segregating generations is
still an open topic it ¢crop breeding. There are
both reports advocating eatly selection (Cof-
felt and Hommans, 1974; Kolesnikov, 1979;
Kibite, 1981; Gebre-Mariam, 1982) and against
(Wynne 1976; McNeal ef al., 1978; Whan et af,
1981, 1982). The theoretical studies at
Yonezawa and Yamagata (1981) support early
generation selection as a cost and time efficient
breeding strategy. Experimental evidence in
groundnut based on extensive evaluation of Fi
to Fs gencrations (Pungle, 1983; Koteswara
Rao, 1984) has further shown that selection of
heterotic Fi’s followed by index selection in Fa
are valuable components of a resource-effi-
cient breeding strategy. Therefore, a study was
conducted with the F2 generation of the two
sets - single and three-way-of crosses in peanut
(Bandyopadhyay ef af., 1985). The F3 popula- -
tion was made of F2 generation of 50 single
crosses (SC) in one sct and of 49 three-way
crosses (TC, in the second.

Observations were recorded on samples of
approximately 10 plants (depending on the sur-
vival of plants on maturity) per cross. Two sets
of planis were marked in each cross. Yield
components and some physiological attributes
were obscrved on one set and yield com-
ponents alone on the other. The twa respective
sets of SC were denoted as set T (212 plants)
and I (256 plants) and of TC as set {11 {371
plants) and IV (385 plants).

Characters on which observations were made
WCIC !

A. Physiological (measured at first flowering) :
Height of main axis in cm (SH), number of
primary branches (PB), leaf area of 5 fully
opened leaves sampled at random in each plant
in sq cm (LA}, leaf dry weight in g (LW);
specific leaf weight (SL).
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B. Yicld components : Number of mature
pods (NM}; number of immature pods (IM);
number of aerial pegs (AP); weight of mature
pods in g (WM); weight of immature podsing
(W1); number of kernels (NK); kernel yield in
g {KW); 100-kernel weight in g (TW); percent
mature pods [NM/(NM + IM) x 100 (MP};
shelling percentage (SP) and recovery percent-
age (NM + IM + AP) x 100 (RP).

Only two physiological traits, PB and SL
were observed in set | and four, SH, LA, LW
and SL in set III in addition, NK was not
measured in sets I and 11,

A selection index was set up for each set of
F» plants using a regression equation. A fair
evaluation of Fz potential across crosses would
demand comytarable values for various charac-
ters of the F2 plants. These values, however,
would be governed to a large extent by the
potential of their corresponding parents of the
Fi cross. Hence the F2 values were expressed
as the percentage improvement over the valie
of the better parent in thetr Fy cross. No dif-
ference should occur between the analysis
based on individuai F; values and that based on
the per cent improvement, if one deals with F2
of only one cross. The differences would be
substantial when more than one cross is dealt
with. In this part, we therefore mean by Fa value
of such variables as kerne! yield, KW percent-
age improvement over their betier parent,

KW was the dependant variable in the mul-
tiple regression equation. The expected values
of KW obtained from the equation were ranked
in descending order to provide the ranked 2
distribution (FRD). It was divided into four
equal parts: the top 25% was denoted by Tas,
26-50% by Tso, 51-75% by T75 and 76-100%
{bottom) by T1go.

8. F3 performance vis-a-vis Iz selection

The Fs familics of F2 plants that survived to
maturity were raised on a plant to progeny row
basis during the rainy season of 1982 in a man-

ner similar to the F2. In each F3 progeny row,
selection was made on the most easily.
measured trait, pod number, at harvest. Only
those plants which yiclded more pods than the
national check, Robut 33-1 were selected.
Based on the number of pods in excess of the
check, five types of selection, A to E were
made.

A-Plants exceeding pod number of the check
by 1to 10.

B-Plants exceeding pod number of the check
by1ito20

C-Plants exceeding pod number of the check
by 21 to 30

D-Plants exceeding pod number of the check
by31to 40

E-Flants ¢xceeding pod number of the check
by more than 40 ,

The potential of the F2 groups, Tas to Tioo
was assessed by a selection score, WS, defined
as

I3
WS = Y Wi P; where

i=h

W; = score for selection type, 1 for A, 2 for B,
3forC,4forDand Sfor E.

Pi = percentage of plants in selection types A
toE

n = number of selection types available in any
group under consideration.

Most of the sclections in F3 were found ip
the progeny of F plants from the segments T25
and Tsoof the FRD, in all the sets [ to IV (Table
4), Similarly, selection score (WS) which is a
joint measure of the {requency of superior
sclections of the type A and E was, in general,
much higher in top segmenis T2s and Tsp than
in the botiom ones, T7s and T1pg, Further, in
comparison to the 16.0% of selections (from
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Tabled.  Frequency of selections in F3with respect to ranked F2 distribution

Cross Sat F2 stratum Se¢lections in F3 ws
n P

Single 1 Tas 5 9.1 9.1

. Tso 4 . 82 o3

' T 2 41 41

Ty0 1 35 25

) Totat 12 ’ 6.2 73

o | Tas I U 103 10.3

| Tso 2 ' 24 24

T o s a6 . 5.7

Two 1 13 B 13

~ Total 17 - 49 52

Thtee-way om T 2 By s

Tso _ 27 : 231 : 317

T . 13 EREY R 148

Tio0 ' 9 no 146

Totag 9 218 _ 304

v T 41 308 412

Ty 25 215 300

T 21 ' 188 | 215

T & 6.0 132

Total 95 _ 211 278

1+ 101 _ o . 03 169 2.1

W+ v : 112 ‘ 14.1 ‘ 17.9 .

% = number of plants; p = as percentage of total number of plants; ws = selection score; 1, IIT = Based on physiological
a0d yield components; IL, IV = Based on yieid components only (Adapted fromm Bandyopadhyay ef al., 1985)
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611 plants) in set T and III put together, only
14.1% of selections (from 795 piants) was ob-
tained in set 1I and IV. This indicated that
selection indices based on key physiological
and vield components could locate potential
recombinants in Fz capable of yielding produc-
tive selections in F3 much more efficiently than
the selection indices based on yield com-
pouents alone,

9. Selection intensity in F2 and role of select
physiological traiis

The study helped, in a broad sense, to under-
stand the intensity of selection in F> that would
be adequate to realise selection advance in Fa,
The top 25% of ranked Fz distribution was
found to provide most of the selections in F3. If
the number of Fz plants is not adequate, it is
possible to reduce the intensity of selection to
50%. Evidence was robust, however, that the
advantages to be gained by reducing selection
intensity further would be meagre, if at afl. The
observation was based on the results of apply-
ing four different selection intensities on a
ranked F2 distribution. Two regression indices
of selection onc based on physiological and
yield attributes and the other only on yield
components, were used to sct up the Fa dis-
tributions. The former index scored bigh over
the latter in detecting desirable F4 selections.
This result is of value (o plant breeders who
psually place more emphasis on selection
based on yield and a few of its direct com-
ponents. The index employed inthe F; of three-
way crosses nsed four physiological characters
compared to two in the Fy of single crosses. The
results showed a substantial gain in the fre-
quency of selection in the former. Further, the
high genetic variability entailed in three-way
crosses might also be a cause for such a result.

The need to utilise physiological attributes
in selection will gain further ground when we
note that early vigour (Bains and Sood, 1980 in

soybean; Gupta and Ahmed, 1982 in wheat),
height of main axis and leaf area (Venkates.
waran, 1980 in groundnut} were reported o
have increased the efficiency of selection in-
dices. A stepwise multiple regression index
constructed with a large number of physiolog-
cal and yield attributes in F2 indentified 24 of
the 53 high yielding Fa bulks in wheat at 15%
selection intensity (McVetty and Evans, 1980},
A possible reason appears to be that a large
number of characters, including physiological,
morphological and yield attributes, measured
from seedling to harvest stage, can differentiate
between genotypes much better than vield
components measured only at harvest. Further,
an index using a large number of characters
would avoid the need to attach arbitrary
weights to them (Sneath and Sokal, 1973). Itis
known that physiological characters are highly
but unequally correlated with yield. The cost of
measuring alarge number of charactersis more
than offset by the substantial advantage o raise
only the top 25% to the next generation to
locate potential derivatives. It is possible io
effect economy in the number of characters to
be measured, if a few important physiclogical
and yield components are located in the par-
ticular crop using stepwise regression analysis
{Draper and Smith, 1981} on extensive data.

The above concepts were confirmed by ex-
tensive studies in peanut using large Fa popula-
tions from six divergent single crosses
(Koteswara Rao, 1984; Arunachalam et al.,
1991). Selection index based on physiological
and yield componeats was used in 428 F plants
(set A) and on yicld compongents along in 1259
F; plants (sct B}. Identical results, as enun-
ciated earlicr, were obtained. The material
from sets A and B was advanced without
elimination to F3 and very large proportion up
to Fs. Qut of a total of 63 lines found to be
superior to a national check in Fs, 66% was
found to be derived from the top 40% of the
ranked F3 distribution,
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10. Concepts on genetic basis of breeding

The results presented and discussed so far pro-

vide the following general concepts for a

genetic basis of breeding:

a) Parental choice to obtain Fy hetcrosis is
acrucial step. A multivariale measure of diver-
gence based on important component charac-
ters (provided by D? statistic) is most desirable
for measuring parental genetic divergence.

b) Limits to genctic divergence to realise F1
heterosis should be recognised. Most of the
heterotic crosses are traced to intermediate
(than extreme) divergent classes. It is
profitable to choose parents whose divergence
value (Dz) falls in the interval (m-s, m+s)
where m is the mean and s, the standard devia-
tion of all D? values.

¢) The probability of occurrence of a high
frequency of productive recombinants is high
with large F2 populations. A selection index
based on key physiological and yield com-
ponents can be used to compute and index
value for every F; plant. The index values are
arranged in descending arder of magnitude so
form a ranked F2 distribution (FRD). The
FRD is partitioned into four equal segments
each containing 25% of plants. Productive
selections in F3 and superior lines in Fs are
Lraceable to the top 25% (or up to tap 3G90} of
FRD. These limits to selection inlensity are
profitable clues to a breeder in search of a cost,
resoprce and time efficient strategy.

Once praductive Fy familics are thus bred,
known sclection techniques based oaintra and
inter family variance can be used to select and
advance the material further. A large number
of options to characterise F3 and advance it
further to obtain commensurate yield gains
would be available. They are beyond the scope
of this paper. But the concepts postulated from
experimental evidence need lesting on a wider
scale and on a wide range of self and cross

pollinated crops to establish thejr unequivocal
applicability.
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SOIL PHYSICAL FACTORS AND POD YIELD OF SUMMER
GROUNDNUT AS INFLUENCED BY IRRIGATION SCHEDULES AND
EARTHING UP

B.X. RAMACHANDRAPPA, KR. KULKARNI and FL.V. NANJAFPA
Pepartment of Agronomy, College of Agriculture, GKVK Bangalore - 560 065, India.

ABSTRACT

Field experiments conducted for two years at the University of Agricoltural Stiences, Bangalore, have
revealed that irrigation at 0. 5 IW/CPE ratio during 10 to 40 DAS and 0.75 IW/CPE ratio from 40 days
onwards recorded higher pod yicld, Delayed irrigations at 0.5 IW/CPE ratio either from 70 days to
harvest or from 40 days to 70 days reduced yield. Earthing up at 45 DAS recorded higher vield and it
reduced the bulk density and soil peneiration resistance as compared to no earthing up. There was
significant reduction in ratio of pegs with immature pods to total pegs due to earthing up.

Key words : Irrigation schedule; Earthing up; Bulk deunsity; Soil penetralion resistance; Available

moisture,

INTRODUCTION

Groundnut flowers are fertilized above
ground, but the peg containing the fertilized
ovary must penetrate the soil surface before
pod development takes place. Thus, pepging
process 1s vulnerable to unfavourable physical
conditions of the soil. The physical factors
which are of much importance in groundnut
production are soil penetration resistance
{Underwood et al., 1971), bulk density
(Venkaiah, 1985}, available soil moisture in the
top soil (Saini ef al,, 1973). Hence, the inves-
tigation on effect of irrigation schedules and
carthing up on soil physical laclors and pod
vield of summer groundnut was undertaken.

MATERIAL AND METHODS

A field experiment was conducted at the
Agronomy f{icld unit, M.R.S. Hebbal, Ban-
galore, for two years during 1989 and 1990
summer seasons. There were ten treatments
comprising five irrigation schedules and two
fand management practices {Table 1). The ex-

periment was laid out in Factorial Randomized
Block Design with four replications with plot
size of 4.8 m % 3.5 m. Precautions were takento
prevent laieral movement of water between
plots by means of putting vertical polythene
barriers and buffer canals.

Irrigation water (40 mm depth) was
measured through Parshall flume. Earthing up
was done at 45 DAS by forming a high ridge and
furrow. This was done after three intercultiva-
tions at 15, 30 and 45 DAS. The soil was sandy
loam type with 53.10, 27.15, 8.25 and 11.50 per
cent eoarse sand, fine sand, silt and clay respec-
tively. The available water was 0.73, 1.29, 204
and 3.48 cm in 0-15, 15-30, 30-60 and 60-90 cm |
soil layers respectively, TMV-2 variety was.
wsed in this study. Nitrogen, phosphorus and:
potassium were applicd at 25:75:37.5 kg'a in
the form of urea, single superphosphate and
murialc of potash. The crop was sown in 30 ¢t
tows at 10 cm apart on January 9th and 11th
during 1989 and 1990 respectively and was bar-
vested on 25th May in 1989 and 28th May 18
1990.

* Part of Ph.D., Thesis submitted by the senior author to the University of Agricultural Sciences:

Bangalore -560 065.
Received for publication on August 4,1992
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Soil penetration resistance was
. measured by Hand penetrometer at five ran-
dom spots in each plot and the average of four
_.replications was worked out and expressed in
kg per cm”. Bulk density (g/cc) in the top 12 cm

. soil layer was estimated by using core sampler
- as suggested by Pipef (1966). Available soil
moisture per cent before irrigation was calcu-
lated by gravimetric method as

Available moisture per cent :
_  100(Field capacity—Aciual moisturey [ .
= {Ficld capacity—permanent willing point) |

Soil moisture tension {bars) before ir-
rigation was estimated from available soil mois-
ture characteristic curve for the experimental
area.

RESULTS AND DISCUSSION

Effect of irrigation schedules : Scheduling ir-
rigation at 0.5 IW/CPE ratio from 10-40 DAS
and later at 0.75 IW/CPE ratio (Iy) registered
significantly higher pod yield (59.02 q/ha) over
rest of the treatments except 0.75 IW/CPE
ratio , Is (57.45 g/ha) throughout the crop
growth. These two irrigation schedules were
significantly superior over I3 (46.51 g/ha) and
In (42.45 g/ha) treatments (Table 1), The
higher yield may be attributed to the better
available soil moisture status and lower soil
moisture tension and soil penetration resis-
tance. This was cvident from more than 30 per
cent available moisture maintained in U-30 cin
depth soil layer at 0.7 to 0.9 bar teiision before
irrigation from 40 days onwards in I3 during
both the years (Table 3). Scheduiing irrigation
at 0.5 IW/CPE ratio ¢ither from 40 10 70 DAS
(I2) or from 70 days to harvest (T3} or from 10
days to harvest (I4) recorded less than 50 per
cent moisture in 0-30 cm soil layers and caused
reduction in pod yield (55.0, 46.51 and 42.45
g/ha respectively). There was higher ratio
(0.61) of mature pods to total peps In I as
compared to 0.49 in I3 and 0.50 in 14 irrigation
treatments (Table 1). Further, soil penetration

resistance at 52 and 62 DAS was least (1.7 and
2.06 k%/cmz) in I followed by Is (2.08 and 2.13
kg/cm®) irrigation trecatments indicating
favourable conditions for better peg penetra-
tion. Soil water available'in the top layer of the
soil profile is of critical importance for peg and
pod development. Soil water deficit during the
pod filling stage reduce both initiation and
development of pods (Boote ef al., 1976 and
Pallas ef al,, 1979). There was hinderance {or
the pegs to penetrate due to increased penetra-
tion resistance of 2.39 and 3.79 kg/cm2 on 52
and 62 DAS in I irrigation schedule causing
significantly less ratio of mature pods to total
pegs per plant (0.5) resulting in greatest reduc-
tion in yield.

Effect of earthing up : Earthing up gave sig-
nificantly more pod yield (33.97 g/ha) thanna
garthing up (50.21 q/ha) (Table 1), which can
be attributed to the more favourable soil physi-
cal conditions for peg penetration and pod
development. There was significant difference
in soil penetration resistance at 52, 62 and 72
DAS due to earthing up. Soil penetration resis-
tance was significantly reduced at 52 (1.08
ke/cm?), 62 (2.39 kg/cm?) and 72 (2.01 kg/ent®)
days after sowing in earthing up as compared
to no earthing up (Table 1). Further, the rate
of increase in soil penctration resistance was
gradual due to earthing up while it was rapid
and crossed 5.0 kg/em® on 7th day after irriga-
tion in uncarthed treatment (Table 2) indicat-
ing more favourable soil condition for peg
penetration due to earthing up.

The results on bulk density showed sig-
nificantly lesser values in carthing up treatme:
at 52, 62 and 72 DAS (Table 2) indicating less
compact soil physical conditions which in turn
has favoured easy access for peg penetrations
and pod development. Significantly less rali®
of immature pods to total pegs (0.33) and more
of ratio of pegs with mature pods to total pegs
{0.57) due to carthing up resulting 10 sig
nificantly more pod yield than no carthing.
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Table 2. Seil penetration resistance (Icg/cm2 ) during one irrigation cycle with 0.5 IW/CPE ratio and bulk density
(g/cc) as inflluenced by land management practice in summer groundaout (pocled data of 1982 and 1990)

Soil penctration resistance (kg/cm® )

Days after irrigation
Treatment
1 3 4 5 6 7
§1: Barthing up 0.54 0.68 097 238 337 447
$2: No Earthing up 0.86 0.94 1.52 282 4.04 5.00
Bulk Density (g/cc)
62 DAS TLDAS
81: Earthing up 157 144
§2: No earthing up 1.62 148
SEm + 0.007 0.005
CDat5% 0.01 0.01

Thus, it can be concluded that adequate  Piper, C. §.1966. Soil and plant analysis. Academic Press,
and favourable physical conditions in the fruit- New York. ,
ing zone of soil are essential for higher yield of  gajni, 1. 5., Tripathi, HLP. and Cheema, S.8. 1973. Effect

groundnut,
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RESPONSE OF SUNFLOWER TO THE INOCULATION OF
VA MYCORRHIZA AND / OR PHOSPHATE SOLUBILIZING
BACTERIA IN BLACK CLAYEY SOIL

P. JONES NIRMALNATH and M.N, SREENIVASA
Department of Agricultural Microbiology, University of Agricultural Sciences,
Dharwad - 580005, India.

ABSTRACT

The response of sunflower (Helianthus annuus L) to the inoculation of Glomus fasciculatum and for
Pseudomonas striata at four levels of two {orms of P was studied in P-deficient black clayey soils.
Combined inoculation of G.fasciculatum and P striata significantly increased plant height, dry biomass,
seed yield, oil content and shoot P concentration. Though all these parameters in¢reased with increase-
in the level of P in both the forms, super phosphate was proved to be superior to rock phosphate.

Key words : Glomus fasciculatum; Pseadomonas strinta; Phosphorus levels; Sunflower,

INTRODUCTION

Vesicular-arbuscular mycorrhizal (VAM)
fungi are inoculated to crop plants to study the
possibility of saving phosphatic fertilizers and
improving plant growth and yield (Jeffreis,
1987). Phosphorus (P) is usually considered to
be the major problem when VAM mycorrhizal
infection and responses are proor, High P
levels in soil or P-additions are known to
reduce VAM colonization of roots and
sporulation {Sreenivasa and Bagyaraj 1989).
Several studics indicated that addition of an
€xcess readily available P eliminate beneficial
mycorrhizal effect (Sreenivas et al, 1992). At
the same time use of insoluble forms of P had
fittle or no effect when inoculated with VAM
fungi (Graham and Timmer, 1985), Hence the
Present study was undertaken to know the
Iesponse of sunflower {(Helianthus annuus 1.)
10 the inoculation of VAM fungus, Glomus
fasciculatum and /or phosphate solubilizing

acterium, Pseudomonas striata at four levels
of two forms of P in black clayey soil.

MATERYAL AND METHODS

ﬁ Pot trial was conducted using P-deficient
lack clayey soil with pH 7.9 and available P205
—_

18.2kg ha” (NH4F+HCI extractable). Ear-
then pots of 12" diameter were filled with 10kg
unsterile field soil. The initial population of
phosphate solubilizing bacterig in the field soil
was 1.4x10%/g soil while initial VAM spore
count was 38/50g soil. Fertilizer N and K were
given at the recommended level (62.5kg each)
while P was given as rock phosphate (18%P) or
super phosphate (16%P) at G, 35, 50, or 100 per
cent of the recommended dose ve. 0, 521, 1042
or 2084 mg/pot of rock super phosphate (RP)
or 0, 586, 1172 or 2344 mg/pot of super phos-
phate (SP) respectively, Pols were inoculated
with VAM fungus, Glomus fasciculanim main-
tained in Chloris gayana kunth (Sreenivasa and
Bagyaraj, 1988) @ 50 g/pot having inoculum
potential of 0.19 X 10°/g and/or phosphate
solubilizing bacterium, Pseudomonay striata @
10 ml/pot with cell density of 3x10°/mi. com-
parablc uninoculated control pots were main-
tained. Pots were sown by dibbling three seeds
per pot and one healthy seedling was main-
tained throughout experimentation. There
were four replications in each treatment.

Crop was harvested on 83rd day after
sowing, plant height dry biomass and seed yield
were recorded. The per cent mycorrhizal

Received for publication on August 4, 1992
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colonization of roots was determined after
clearing roots in KOH and staining with 0.05%
trypan blue and, 100 root bits of one cm each
were observed for infection in gach replicate
sample (Phillips and Hayman, 1970). Chal-
mydospore count in 50g soil was done by wet
sieving and decanting technique in each repli-
cate pot (Gerdemann and Nicolson, 1963).
Shoot P concentration was estimated by
Vanadomolybdate phosphoric yellow colour
method (Jackson, 1967) and oil content in
seeds was determined by using Nuclear Mag-
netic Resonance Spectrophotometer {Oxford
2000 Model).

RESULTS AND DISCUSSION

Sunflower plants responded well to the in-
oculation of G.fasciculatum and/or P.striata.
Percentage root colonization and chal-
mydospore count increased with increase in P
level upto 50 per cent of the recommended
dose in both the forms of P and later they
decreased (Table 1). Dual inoculation of G.
fasciculatum  and Pustrigta produced sig-
nificanily highest root colonization and
sporulation compared to inoculations with
either of them or control. SP was found more
inhibitory on VAM fungi compared to RP
{Table 1). Plant height, plant dry-biomass, seed
yield and oil content increased with increase in
P levels in both the form of P but there was no
significant difference between 50 and 100 per
cent of P. Among the twa forms, SP showed its
superiority compared to RP in causing maxi-
wmum responscs which were observed in plants
inoculated with both the organisms (Table 2
and3). The least was recorded in uninoculated
control plants. Higher shoot P concentration
was recorded in mycorrhizal plants given SP
and it was significantly highest at the recom-
mended dose in the combined inoculations
(Table 4).

The principal way in which VAM fungi
improves piant growth is through P nutrition.
VAM associations have been reported in oil-

L1}

seed crops viz., castor and safflower in whigy
the number of spores were directly correlueg
with bost age (Sulochana and Manoharachary,
1989). Cabellow (1987) abserved that the nyn.
ber of endogonaceous spores in soil samples
from a sunflower field increased during crop
growth and per cent root colonization also in-
creased up to flowering. However, roof
colonization and sporulation of VAM fungi will
be inhibited at higher levels of readily available
P (Sreenivasa and Bagyaraj, 1989). In this study
RP produced highest root colonization and
sporulation compared to SP. When plants were
inoculated with VAM fungi, both these charac-
ters were higher compared to those produced
by native endophytes in non-inoculated plants.
Further these characters were stimulated by
PBstriata in the dual inoculated plants (Table 1).

Plant height, dry biomass, seed yield and
oil content increased with increase in P level
and were found highest in the plants inoculated
with both the organisms (Table 2 and 3). How-
ever these characters did not differ significant-
ly between 50 and 100 per cent of the
recommended dose suggesting that the ap-
plication of phosphate fertilizer could be
reduced through inoculation with VAM fungt
and phosphate solubilizing microorganisms
(Sreenivasa ef al,, 1992). Possible synergisiic
interactions between these two organisims has
been studied by Azcon et al., (1976) who found
that lavender plants treated with VAM fungus
and P-solubilizing bacteria recorded increased
plant drybiomass and P-uptake. Such synergis|
tic interactions have becu reported between
G fasciculatum and Aspergillus niger or Penicil-
lium funiculosuny with cach organism stimulat
ing the growtlh of other resulting 10
conseguentia) improvement in plant gl"_()‘i‘f_Lh
and P uptake (Gopalakrishna, 1980). Earlier
this study increase in the population of Pstriald
in the inoculated plants was observed up t© 60
days and there was slight reduction thereafter.
This was maximum in the dual inoculated
plants (Jones and Sreenivasa, 1992). In one of
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Table 4. Effect of Inoculation of G fasciculatum andior P.Striate at different forms and levels of P on shoot p
conceniration (per cent) in sunflower
Treatment Levell of P (9% recommended dose ) Level of P (% recommended dose)
0 25 50 100 0 25 50 100
Glomus 0.09 0.12 0.14 0.16 0.09 0.10 0.12 012
Jascictlanim
Pst:'udorrwnas 0.09 0.10 0.11 0.12 0.05 0.09 0.10 0.10
siriataq
G fasciculatum + 012 Q.14 0.22 0.27 0.13 0.19 0.20 0.3
P.striata
Control - 0.02 0.05 0.09 0.13 0.02 0.02 0.04 0.07
Sources SEm LSD at P = 0.05
Organisms (A) 0.003 0.008
P - forms (B) 0.002 0.005
.P-Levels (C) 0.003 0.008
AxB 0.004 NS
AxC 0.006 0.015
BxC 0.004 0.011
AxBxC 0.008 N&

the studies on chillies it was observed that dual
inoculation of G. fasciculatum and P, striata to
be best which significantly increased uptake of
F, Zn, Cu, Mn and Fe, and plant dry biomass
{Sreenivasa and Krishnaraj, 1992). In this study
also shoot P concentration increased with in-
crease in P-level in the combined inoculations
(Table 4). The activity of Ca®* in soil solution
is known to be high in black clayey soils. It is
evident from our studies that phosphate
solubilizing bacteria rendered more P soluble
while mycorrhiza ¢nhanced P ouptake. Thus
with the combined inocuiation there was a
synergistic effect on P-supply, uptake and plant
dry biomass production. Phosphorus has an
influence on seed yield and oil content.
Gururaja (1983} reported higher oil content in
sunflower inoculated with Glomus fas-
ciculatum, Pencillium glaucum and Azotobacter
chroococcum. Our study clearly brought out
that dual inoculation of G. fasciculanun and £
strigta to be best in efficient utilization of P and

in turn, increased P uptake, yicld and oil cos-
tent.
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EFFECT OF PRE-MONSQON SOWING ON GROWTH AND
PRODUCTIVITY IN GROUNDNUT ARACHIS HYPOGAEA 1.}

Y.A NANIAREDDY, M. UDAYKUMAR | and T.G. PRASAD
Department of Crop Physiology, GKVK, UAS Bangalore - 500 063, India.

ABSTRACT

The influence of pre-monsoon sowings on growth and productivity of groundnut and the relationships

- between growth and yicld parameters were examined at the GKVK farm, UAS, Bangatore. Pre-
monsoon sowings resulted in higher leaf area index (LAI) and leaf area duration {LAD]} pasticularly
during later stages of crop growth. Early Pre-monsoon sowing (D1) and Pre-monsoon sowing (Dz)
resulted in maximum LAT at 90th day after sowing (DAS). Genotype ICG 1697 had significantly higher
LAI and LAD at later stages of the crop growth. Net assimilation rate (NAR) was decreased with
increase in age of the crop. However, Dy and Regular monsoon sowing (D3) maintained same NAR
both at 90 and 120th DAS. Crop growth rates (CGR) decreased after 90th DAS in all the (reatments
excepting Dt and which had a significantly higher CGR between 90 and 120th DAS. Dry matter
accumulation {DMA) were more in Dy sowing. Early sowings (D1 and Dz) produced higher pod and
seed yields.

Correlation studies indicated a highly significant and positive correlation between LA LAD, DMA,
CGR and pod yields, Diy matier production was highly dependent on LA, LAD and CGR and in turn
DMA had positive effect on pod yield, Net assimilation rate was negatively refated wiih all parameters
excepting a non- significant positive correlation with CGR. These results indicate the importance of
LATand LAD than that of NAR in achieving higher DMA and pod yields in groundnut.

Key words Grmmmﬂ; Growih parawmieters; Productivity

INTRODUCTION

Productivity of a genotype depends on inter-
ception of the photosynthetically active radia-
tion and partitioning of assimilates to the
reproductive organs. The leaf area develop-
ment and its duration are the major contribut-
ing factors for the radiation interception. In
groundnut the differences in crop growth rates
and biomass production in achieving higher
pod yields were due to differences in leaf area
development and the retention of higher leal
area duration (LAD) specially during
reproductive phase under ficld conditions
(Sustry e af., 1980, Choudhari, 1982). How-
ever, LAD and biomass of grounduout is highly
dependent on the time of the sowing of the crop
(Chhonkar and Arvind Kumar, 1985).
Groundnut is being predominantly grown
poder rainfed conditions, unpredictable mois-

ture fluctuation is commonly met-with where,
the amount of rainfall and its periodicity con-
tributes significantly towards the productivity
of erop (Thorat ef al., 1984). Thus maximum
utitization of precipitation all along the crop
growth period is a pre-requisite to achieve
higher pod yields under these conditions.

Southern parts of Karnataka (India)
have a bimodal pattern of rainfall with 121 mm
during pre - monsoon period (April - May) and
686 mm during monsoon (July-November). 18
such sifuations, maximum, utilisation of
precipitation can be accomplished by means of
sowing long duration genotypes. Sowing such
genotypes during the pre-monsoon showers
can prolong the crop duration and maximise
the resource utilisation. Present study was coft
ducted to assess the effect of pre-monsoos
sowing on growth and productivity of

Received for publication on October 25, 1992
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groundnut genotypes under south Karnataka
conditions.

MATERIALS AND METHODS

The experiment was conducted during wet
season from May to November of the year 1985
at the experimental farm of G K. VK, UAS.
Bangalore on red loamy scils in a split-plot
design with three sowing dates (Main plot) and
four genotypes viz., ICG 1697, DH-3-30, ICG
799 and 1CG 4507 (Sub-plots} replicated four
times. The seceds were sown in 30 x 10 cm
spacing on 9th May (Early pre-monsoon =
D1}, 30th May (Pre-monsoon = D) and 16th
July (Monsoon = D3) using irrigation and then
left for rains to support crop growth. All
agronomic practices were followed according
to package of practices for groundnut. The
crops as they reached maturity were harvested
on 25th October (Dy), 29th October (D2) and
28th November {D3) 1985.

Leaf area and dry matter accumulation
(DMA) on 30, 60, 90, and 120th day after
sowing (DAS) were recorded on five plants
selected at random from each plot and the leaf
area index (Watson. 1947), leaf area duration
(LAD) (Powar e of, 1967), net assimilation
rate (NAR) (Gregory, 1926) and crop growth
rate (CGR) {Watson, 1952) were computed.
The data were analysed for the relationship
between yield and different growth com-
ponents,

RESULTS AND DISCUSSION

The total number of leaves per plant in
groundaut increases exponentially from third
week 10 90-100 days afier sowing (Enyi, 1977,
Murthy et af., 1983). LAI increased upto %
DAS in all the treatments and then declined by
120 DAS (Table 1) due to leaf spot and rust
diseases which are predominant during
teproductive growth phase. The early pre-
monsoon sowing (D1} however, maintained
significantly more LAl during 90-120th DAS.
High LAI in ICG 1697 might be due to its
intrinsic ability to tolerate foliar diseases.

The leaf area duration (LAD) in early
sown treatments were significantly more than

- that of regular monsoon crop (Dj3). In crop

sown during normal monsoon (D3) there was
inadequate leaf area development after 60th
day. Among the genotypes, ICG 1697 main-
tained markedly higher LAD especially during
later stages.

Net assimilation rates (NAR} in (D2)
and (D3} were more (Table 2) because the late
sowings were found to have higher NAR than
carly sowings (Ishag, 1982). NAR gradually
reduced as pod initiation and development
proceeds (Janamatti, 1979). However, higher
NAR in D1 and Dj at 120th DAS as observed
in the present situation can be pertained to
higher absolute growth rates between 90 and
120th DAS.

Crop growth rates {CGR) were in-
creased upto 90th DAS because of higher LAI
and relatively higher NAR (Janamatti, 1979).
The CGR decreased during 90-120th DAS in
Dy, D3 and all genotypes (Table 2) except D1.

Significantly higher dry matter ac-
cumulation (DMAY) in early pre- monsoon
sowing and in genotype 1CG 1967 compared to
other treatments (Table 3) were attributed at
bigh LAD and CGR. This suggests the depend-
ence of DMA on LAD than that of NAR since
no marked variations in NAR were observed
between the treatments though it was found
significant (Table 2). However, maintenance of
higher NAR for a longer period during
reproductive phase as it was found by 120 DAS
in D1 is nevertheless useful for higher produc-
tivity (Narayanan ef al, 1981).

Early sowings scem to favour the leaf
growth and maintains higher LAD is a primary
factor contributing to DMA and pod yield
{Chhonkar and Arvind Kumar, 1985). Thus the
pod yield recorded in Dy and D; were 49 and
46 per cent more compared to D3 (Table 3)
indicating a significant yield advantage if crop-
was SOWN In pre-monsoon seasons. The low
yields of D3 is attributed to lower leaf area at
later stages (Sharma and Shrimali 1981), Ker-
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Tablel.  Effect of pre-monsoon sowing on Jeaf area Index and leaf area duration in four groundnul genolypes

Dates/Genotypes Leaf area index (LLAI) (at DAS)

34 60 90 120
D-1 : » 7. 0.99 240 3.88 4.76
D2 0.48 1.54 3.85 340
D-3 0.58 149 218 0.68
1CG 1697 0.34 225 4.08 376
DH-3-30 0.70 1.66 299 230
1CG 799 0.59 1.64 3.01 285
ICG 4507 062 1.69 316 289
CD (P = 0.05)
Dates 0.05 013 0.25 015
Genotypes 0.04 0.13 0.20 0.19

Leaf area duration (LAD) between DAS
0-30 30-60 60-50 90-120

D-1 149 65.9 155.7 289.4
D-2 73 377 1186 2274
D-3 8.7 393 4.9 1379
ICG 1697 12.6 59.1 154.1 2715
DH-3-30 105 459 115.0 1943
G 7199 L 422 118 199.6
ICG 4507 93 . 439 © 1167 2074
CD (P = 005)
Dates 0.82 1.09 147 313
Genotypes 0.56 143 227 258
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Table 2. Effect of pre-monsoon sowings on net assimilalion rale and crop growth rates in four groundnut

genotypes
Dates/Genotypes Net assimilation rate_iNAR)_ lbc.twe.en DAS
(g-dm™ week
0-30 30-60 60-90 90-120
D-1 1% 0.40 0.30 031
D2 147 | 0.46 048 -~ 013
D-3 ‘ 152 0.51 " 039 0.40
1CG 1697 ' ' 146 _ 045 B | 0.40 . 026
DH330 - 143 043 ¢ . 0% 025
1CG 79 o 140 048 ' 040 - 0.35
ICG4s07 e ‘ 047 0.39 027
CD (P = 0.05) | ‘ i
Dates - : 0.031 C o022 0015 0.056
Genotypes - oo 0.015 NS 0.053
. Crop growth rate (g dm® week !
D1 o 213 65.2 934 1346
D-2 BT 425 1219 515
D3 : 159 - 488 709 49.3
cG167 s &s . ws 9.4
DH-3-30 17.1 468 R6.4 537
1CG 799 145 481 86.4 88.4
G457 153 - 48 : 913 728
CD (P = 0.05) . |
Dates 053  O0m a® 128

Genotypes . 0.47 0.99 4.7 ] 1.84
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Tabled.  Effect of pre-monsoon sewings on dry matier accumulation and yield parameters at hasrvest in fvur

groundnul genolypes
Dates/Genotypes D1y matter accumulation (g/plant) on DAS
0 60 %0 120
D-1 4.12 167 4.7 605
D2 355 _ 118 341 33
D-3 , 3.08 125 262 358
ICG 1697 3.93 | 166 9.2 584
DH-3-30 3t 123 287 39.0
ICG 799 2.81 121 ' 288 45.8
1CG 4507 296 123 29.9 438
CD (P = 005} |
Dates 0.24 0.96 . 267 268
Genotypes - or7 0.89 179 29
Pod yield (Kg/ha) seed yield (Kg/ha) Shelling percentage
D-1 1721 1167 658 (56.0)
D-2 . 1690 _ 1175 : _ . 696(56.6)
D-3 7 o 1157 ' &GS (9.8(56.7)
1CG 1697 R _ 53 . 658(42)
DH330 . ',F}" us . 103 O 2(569)
ICG 799 ’ 1382 o 7.4 (56.0)
1CG 4507 1315 936 71.2(573)
CD (P = 0.05) ’ .
Dates 330 - 218 S NS
Genotypes 257 163 N (L37y

‘Values in paranthesis are transformed values
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pel yields were also higher in early sowings.
Variations in sowing dates did not alter the

shelling percentage.

Correlation studies show that, LAT and
LAD had a highly significant and positive ef-
fect on biomass production and pod yield
(Table 4}. Negative relationship was observed
between NAR and pod yield. CGR and DMA
had a highly significant and positive relation
with pod yield (Ball ef 4/, 1982), This signifies
the dependence of pod yicld on LAD par-
ticularly during reproductive phase (Sastry et
al, 1980; Choudhari, 1982).

The results in the present investigation
indicates that advancing sowing date in wet
season is beneficial to groundnut production in
the given environment.

Table 4. Correlation co-efficients beiween the
growth parameters at 120 DAS and yield
ameong four groundnnt genotypes

LAD NAR CGR DMA Pad
yield

Laj 097 L0405 078 0.89 0.82

L2 NS X8 LR %

AT - 4370 078 A1 u.7a

NS "E =8 L E
NAR . - 0.237 008 -0.55
NS NS *
CGR - - - 0.91 0.70
. s
DMA - - - - 0.79

L2

“* significant at P=001; * significant at '=0.05; NS

non-significant
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NATURAL OUTCROSSING IN GROUNDNUT AND ITS IMPLICATIONS
IN GROUNDNUT BREEDING
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ABSTRACT

Estimates of outcrossing in four groundnut (Arachis hypogaea L.} varieties belonging to different
botanical types were made from a rectangular crossing design where the normal plants were surrounded
in all directions by a ‘Krinkle’ dominant feaf marker. In a three year study conducied during the 1983-84
postraing season and 1984 and 1985 rainy seasons at ICRISAT Centre, the percentage of outcrossing
on individual plants ranged from Q.0 to 5.35 across scasons and genotypes. A marked increase in
outcrossing was noticed during the postrainy season compared 10 the rainy season. The spanish and
valencia types showed slightly greater outcrossing than the virginia types. The levels of outcrossing at
various [ocations in groundnut are reviewed and possible ways of utilising outcrossing in groundnut

improvement are discussed.

Key words : Peanul; Arachis hypogaea ; Natural hybrids.

INTRODUCTION

Groundnut (Arachis hypogaea L.) is a self-pol-
linating specics. However, as in most other
self-pollinating species, some outcrossing oc-
curs in groundnut also. The recovery of natural
hybrids in groundnut purseries where there
was concenirated bee activity suggested the
involvement of bees as natural outcrossing
agents. Helde (1923) was the (irst o identify
the bees as the primary cross pollinating agents
in groundnut. Additional evidence that bees
are the pollinating vectors in groundnut was
provided by Hammons (1963), who showed
that the bee-colleded groundnut pollen was
fully viable. Girardeu et al., (1975) showed that
the honeybee, Apis mallifera, can hybridize
groundnut plants by conducting a controlled
experiment in cages. Other waorkers {Stokes
and Huil, 1930; Kushman and Beattie, 1946;
Pelerenis, 1957) indicated that thrips could be
the crossing agents without substantiating their
claims. Wind pollination in groundnut is vir-
tually ruled out since the stigma lies buried

among the dehisced anthers in the tightly
closed keel of mature flowers.

Several wild bee species have been
reported as agents of natural cross-pollination
in groundnut, At ICRISAT Centre, Patancheru
(18° N, 78° E) India, in fields where pesticides
are not used, about 20 different bec species
have been found to forage on groundnul
(ICRISAT, 1980). In the USA, Middtchell,
(1960;1962) reported that, of the several bee
pollinators in groundnut Pyrobombes im-
patiens (Cresson), Megachile moendica Cressom
Apis mellifera L. and Lasioglossust versalwn
(Roberison) were more abundant and widely
distributed. In Indonesia, bee species Xylocopé
aestuans L., Apis indica Fab. and Ceraling
bieroglyphica sm. have been reported as pol-
linators in groundnut {Heide, 1923). The conv
monest bee species foraging on groundnut was
Nomia microsoma in Malawi and Anthopord
concinnia in Harare, Zimbabwe (Gibbons an
Tattersfield, 1969).

Received for publication on 28th October 1992
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In a self-pollinated crop such as
groundnut, even a small amount of outerossing
poses problems in maintaining the genetic
purity of cultivars. The maintenance of varietal
purity in breeding nurseries was considered
impossible due to outcrossing in Indonesia
(Bolhuis, 1951). On the other hand, natural
outcrossing generates additional variability
upon which breeders can capitalize (Nigam et
al., 1683).

Several factors influence the extent of
naturaf outcrossing that occurs at a given loca-
tion. They include the abundance of insect pol-
linators in relation to the available flowers,
cropping intensity, flowering habit of varieties,
location of the field in relation to the habitat of
the poliinators, frequency of pesticide usage,
and various environmental factors such as
temperature, humidity, wind velocity and
direction (Bhatia er al,, 1981). Estimates of
outcrossing in groundnut have been reported
from the USA (Coffelt, 1989; Knauft ef al.,
1987; Culp et al, 1968; Kushman and Beattie,
1946}, Puerto Rico (Stone et al., 1973), Malawi,
Zimbabwe, and Zambia (Gibbons and Tat-
tersficld, 1969)), Congo (Pelerenis, 1957), In-
donesia (Bolhuis, 1951) and India (Srinivasulu
and Chandrasekharan, 1958). There has been
only one report in literature from India (loca-
tion, Madras). The present study was under-
taken to estimate the outcrossing on four
groundnut varietics belonging to different
botanical types at ICRISAT Center,
Patanchery, India.

MATERIALS AND METHODS

Four groundnut genotypes, M-13, Kadiri 3, J-
11, and NC Ac 17090, belonging to different
botanical types and growth habits (Table 1)
were used as female parents. These parents
Were planted along with 2 dominant leaf
tarker, Krinkle (ICG 8456), with krinkied
lea\_fes (Hammons, 1964a) in a rectangular
dESIgn where each plant in the female parent
fows was surrounded by the krinkle leaf marker

Journal of Qilsceds Research

plant in all the directions (Fig. 1). The row-to-

row distance was maintained at 60 c¢m and
plant-to-plant within the row at 10 cm. The
study was conducted for three seasons, the
1983-84 postrainy season, and the 1984 and
1985 rainy seasons. During the 1983-84
postrainy season, the plot size comprised one
row of 4m length which was replicated twice for
each variety. During the 1984 and 1985 rainy
seasons, the plot size was one row of 9m length

................................... 4o/ riensnrenrersnanes
10ecm

|

X X X X X X X X X :Jé&'m
X 2] X 0 X [s] X (o] X

X X X X .4 X X X X

X 0o X © X 0 X o X

X X X X X X X X X

x = Krinkle leaf parent (poilen doner)
o = Normal leaf parent (female parent)

Fig. 1. Field layout used to determine the extent of

outcrossing on individual plants in grounanut

which was replicated thrice for each variety.
The seeds from each female plant were col-
lected scparately and grown in progeny rows
the next season.

RESULTS AND DISCUSSION

Observations on the number of female parental
families showing krinkle-lcaved plants and the
total number of krinkle-leaved plants in these
families were made. The percentage of families
showing outcrossing ranged from 0 to 66.67%
across varietics and scasons (Table 1). The
differences in the percentage of outcrossed
families among the different varieties indicate
the preference of bees for one variety over the
other. On the basis of mean percentage of out-
crossed families across the three seasons, the
fastigiata types had a higher number of out-
crossed families compared to hypogaea types.
Also, during the 1983-84 postrainy scason, the
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Tuble 2- Estimates of outcrossing in various bolanical types of groundnot

Variety Year!/scason Total no. of plants Na, of plants witlt percentage of

studied krinkie feaf outcrossing

M13 1983/84 PR* 636 3 0.47

1584 Rainy 1689 11 0.65

1985 Rainy 1759 13 0.74

.- 4084 27 0.66

Robut 33-1 1983/84 PR 670 [ 0.90

1984 Rainy 2375 7 0.29

1984 Rainy 1965 S5 0.25

5010 18 0.36

Ji1 1983/84 PR 841 45 535

1984 Rainy 872 6 0.69

1984 Rainy 1895 0, 0.00

3608 18 141

NC Ac 17090 1583/84 PR 774 25 323

1984 Rainy - 1731 1 0.06

1984 Rainy 1080 g 0.83

3585 35 0.98

1Year/season refers to the period of initiation of the experiment.

2Postrainy,
3Studied during the succeeding year/season

percentage of outcrossed families was higher
in all the varieties . This increase in the out-
crossed families might be dve to concentrated
activity of bees as smaller plots were used and
1o other groundnut crop was in the vicinity of
the experimental field, during the 1983-84
postrainy season.

The percentage of outcrossing on in-
dividual plant basis ranged from 0 to 535
{Table 2 ). It was higher in the postrainy season
than i bath the rainy seasons in all varicties
except Mi3which is late (lowering varicty. The
increased levels of outcrossing during the
postrainy season could be due to more con-
centrated and increased [oraging activity of the
becs on the crop, because of the lower number
of both crop and weed species available for
insect foraging,

On a three-season avcreige, spanish and
valencia types showed slightly greater percent-

ages of outcrossing compared to the virginia
bunch and runner types. This observation is in-
agreement with that of Gillier and Silvestre
{1969), who reported that cross-pollination is
always greater in spanish and valencia (sub-
species, fastigiata) varieties than in virginia
(subspecies, hypogaea) varieties. The valencia
variety, NC Ac 17090, showed a higher per-
centage of outcrossing compared to the vir-
ginia varieties in fwo out of three scasons.
Similar observations were made by Culpetal.,
{1968) who reported that in the USA, “Ten-
nessce Red’, avalencia voriety had greater out-
crossing than “Vieginia Bunch 67, a virginia
variciy. The reason for the increased ouleross-
ing in valencia and spanish types may be their
fewer number of branches resulting in more
exposure of flowers to bee activity. Also, these
types flower early compared to virginia types.

Reports on outcrossing levels in
groundnut from various locations are
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presented in Table 3. The outcrossing levels
observed in the present study are within the
range reported in other countries such as the
USA and Indonesia. No marked differences
were noticed by Culp et al., (1968) in the USA,
in the outcrossing estimates made by using two
different markers, Krinkle (a dominant leaf
marker) and a purple petiole (an incomplete
dominant marker).

Table 3. Natural oulcrossing levels reporied in
groundnut
Location/Country |Ouicrossing jReference
percentage
Lilongwe, Malawi 0.0-072 Gibbons and
Tattersfield (1969)
Harare, Zimbabwe (.25 - 1.67 Gibbons and
Tattersfield (196%)
Chipata, Zambia 0.0-035 Gibbons and
Tattersfieid (196%)
Congo 0.6-20 Pelerenis (1957)
Java, Indonesia ~ 2.0-66 Bolhuis (1951)
Florida, USA 0.0-256 Norden (1980)
Georgia, USA 0.48 -0.54 Leuck and
Hammons, (1565)
Georgia, USA 0.73-256 Hammons (1964)
Georgia, USA 10.0 USDA (1963)
Virginia, USA 0.09-0.27 Culp et al., (1968)
Virginia, USA 0.0-281 Coffelt (1989)
Puerto Rico 0.27-059 Stone et al, (1973)
Madzas, India 099 Sreenivasulu and
Chandrasckharan
{1958)
ICRISAT Center 0.0-5.35 Present study
Patancheru, A.P.,
india

Although s¢veral modifications have
been suggested for artificial hybridization of
groundnut ever since Stok (1910} first
developed the procedure, it still remains a
tedious operation and the number of hybrid
seeds obtained per pollination are limited com-
pared to other crops.

While natural outcrossing poses
problems in the purity of germplasm, sys.
tematic utilization of natural hybrids has beeg
found to be a useful method of groundnut im-
provement (Nigam ef al, 1983}. At ICRISAT
Center, by utilizing natural hybrids, these re-
searchers developed four groundnut varieties,
ICGS 11, ICGS 44, ICGS 37 and ICGS 1, which
have been released for cultivation in India.
Similarly in Zimbabwe, a groundnut cultivar
‘Egret’ was developed from selections arising
due to natural outcrossing in ‘Makulu Red’
cultivar (Hildebrand, 1975).

Hammons (1964b), proposed a new
technique termed as ‘pedigreed natural cross-
ing, as a means to utilize natural outcrossing in
groundnut improvement, In this method, both
male and female parents are known and canbe
chosen and sufficient hybrid seeds can be
produced if land is not a limitation. The limita-
tions of this method according to Coffelt (1989)
are the need for the presence of simple genetic
markers along with some desirable charac-
teristics in the male parent and large amount of
land and/or labour required for the identifica-
tion of the hybrids. However, it is not necessary
to use unadapted parents with distinct genetic
markers to identify genuine F1 hybrids. 1n-
stead, several commonly present simply in-
herited traits such as testa colour, growth habit
and pod reticulation could be employed. Also,
hybrid indices involving some quantitalive
characters can be used.

Land and labour costs can be drastically
reduced if outcrossing rates can be enhanced.
This may be achieved by growing bee- atirac-
tant crops such as sunn hemp and sunflower 10
the groundnut crossing block as suggested by
Gibbons and Tattersfied (1969). Recently ,
Dutta et al., (1987) reported that low doscs of
radiations can be utilized to increase the levels
of outcrossing in groundaut. They observed
that pollen sterility induced through gamma
irradiation (5 kR) could produce as high as
33% outcrossing in a groundnut cultivar, M 13.
So, if proper male gametocides are identified,
the enhanced outerossing rates can be utilized
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ingroundnut improvement programmes where
manual hybridizations cannot be undertaken.
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ABSTRACT

Sunflower (Hellanthus arinuus L.} seeds contain 35-45% oil. Different post harvest operations required
for processing of sunflower seeds are threshing, shelling (de-husking), cleaning, size reduction and
mechanical or extrusion and or solveat extraction process. This paper deals with botilenecks of
conventional threshing, problems of mechanical threshing, mechanics of shelling, cleaning and and oil
extraction process namely screw press expression, extrusion- expression and solvent extraction proces-

S¢S,

Key wards : Sunflawer; Processing; Threshing; Oil Exiraction

INTRODUCTION

Total oil seed and edible oil productionin India
is 14 and 5 million tonnes respectively (Patil
and Shanker, 1992), whereas the current
demand is 6.375 million tonnes. The sunflower
is an oil seed crop, which contains 35-45% oil,
is grown in larger area in Karnataka (8.17 lakh
hac) followed by Maharashtra, Tamil Nadu,
Uttar Pradesh and Andhra Pradesh. The dura-
tion of the crop is 80 to 90 days. The crop can
be grown in Kharif, Rabi and in Suramer as a
sole or mixed crop. It is a versatile crop suitable
to several soils (red and black) under rainfed
as well as irrigated conditions. The average
vield of varicties like morden ranged from 1000
to 1500 kg whereas hybrid varieties yielded
2500 to 4500 kg per hectare.

The moisture content of harvested
sceds may vary from 20 to 34%. Conventional
methods of threshing require more than 15 to
20 days of ficld drying to bring moisture con-
tent, around 10-12%, which is optimum for
efficient threshing. During this period farmers
need to protect the crop from pests and
climatic factors.

Conventional methods of threshing are
beating with sticks, trampling under bul-
locks/tractors, rubbing ear head face to face
and rubbing heads against wire mesh, Major
problems with these methods are that they are
laborious, tedious and time consuming.

MECHANICAL THRESHING

In mechanical threshing, crushing of sunflower
heads requires high energy compared to
removal of sceds from the heads. Mechanical
thresher cum winnower with basic configura-
tion of concave, drum, screen and blower are
commonly used for cereals and oilseeds. On
the circumference of the drums, peg tooths of
rasp bar or loops are fixed to produce requin
threshing force,

Naravati {1987) cvaluated the perfor-
mance of Mysore mini thresher for sunflower.
Specifications of thresher are given in Table 1.
The results showed that capacity of thresher
increased from 4 to 132 kg per hour with mois-
ture content of threshed grains reduced from
34 to 7.5%. Mechanical damage in terms of
germination of threshed grains was 25 and 12%
for 34 and 7.5% moisture content of samples.

Received for publication on November 25, 1992
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The percentage of grains unthreshed was max-
imum (14%) at 34% moisture content com-
pared to 2.6% at 7.5% moisture content. It is
concluded from this study that lower the mois-
ture content, beiter the threshing performance.
The main drawback of rasp bar thresher was
additional cleaning of whole kernel secds from
broken sunflower heads.

Naravani (1991) recommended that for
better threshing of sunflower rasp bar with 0.8
¢m serration and round bar with 2.54 cm
diameter was found optimum, The cost of
operation of sunflower threshing was 21-23
Rs./q. Also he reported that threshing of
sunflower heads above 9.5% moisture resulted
inno breakage of flower heads whilc threshing.

A study was conducted by Malbasar et
al, (1986) to find the adoptability of maize
sheller for threshing sunflower, Threshing ef-
ficiency obtained was higher than rasp bar
threshing but it was lower than hand and
wooden mallet threshing. Mechanical damage
was lower than spike tooth, rasp bar and
wooden mallet threshing was in par with hand
threshing. In general threshing efficiency and
me§hanical damagge increased with decrease in
moisture content of the seeds.

PROBLEMS WITH RASP BAR AND SPIKE
TOOTH THRESHERS

The main problem with raspbar, spike tooth
and maize sheller threshersis mixing of broken
parts ol heads of sunflower which needs addi-
tional cleaning. Also energy requirement for
unit quantity of operation is very high because
most of energy is utilized in crushing the
sunflower heads rather than removal of seeds.
S0 researchers concentrated on alternative
methods,which can thresh the seeds without
dropping the sunflower heads into the
thresher. Few models were developed by re-
searchers, whose designs are completely dif-
ferent from conventional mechanical
threshers. In this paper two such designs are
described in detail.

PEDAL OPERATED WHEEL THRESHERS

Model-1 consists of a threshing wheel and fan.
Threshing wheel is of 660 mm diameter, placed
horizontally on 20 mm shaft at a convenient
height. The rim of the wheel is 20 mm diameter
pipe. The top cover is provided with four holes
on top and wooden plank at bottom, Each hole
is of 250 mm diameter to accommodate
sunflower heads while threshing. At a given
time four flower heads can be threshed. Three
labourers are required to operate the thresher.
Mixer of seeds and straw are collected in a
chamber and winnowed by means of a fan of
215 mm diameter. The velocity of air was
around 3.5 m/sec, which was sufficient to
separate foreign materials, whose terminal
velocity is less than 3.5 m/sec. The mean feed
rate cbserved was 43.5 kg/hr compared to 30 kg
of output. Winnowing efficiency was 97% and
percentage filled was 1.5. Threshing efficiency
was 99% and broken grains were less than 1%.
Cost of the operation of unit was Rs. 17.50/100
kg of seeds. (Jadhav and Deshpande, 1988).

A commercial pedal operated knife
sharprer (Model -2} was modilied by replacing
abrasive wheel with a disc of diameter 300 mm
to thresh sunflower, The disc was tested with
pins of 4 mm and 5 mm diameter and of equal
length of 20 mm. The pins are placed in such a
way that length decreased from centre 1o
periphery. The speed of disc varied from 700-
100 rpm. The resul(s obtained were compared
with hand threshing and are reported in Table
3. (Jagdishetal., 1983). The unit was found very
economical and efficicnt with respect to
threshing time and man-hour requirement
compared to hand threshing. '

CLEANING OF SUNFLOWER SEEDS

After threshing generally oilseed mixture con-
tain impurities which are to be removed prior
to storage or drying or oil expression, Normally
cleaning / separation of foreign materials from
oil seeds is done vsing a vibrating sieve with a
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Tablel,  Specifications of Mysore mini threshing machine for sunflower (Naravani, 1987)

Type of the threshing No, of men No. of Average Type of power | Method of
machine required operations speed unit winnowing
Rasp bar Cylinder 3 1 to 2 depending 500 6 hp air cooled  Simultaneous
on the moisture diesel engine  cleaning with
a. Cylinder diameter content, of the blower at
2600 mm crop . 1440-2000 rpm
t.  No.of blades on the
Periphery- 3
c Length of blade :
320 mm
d. Concave clearance © -
1.8 mm
e. Linear pitch hetixes

in the blade : 15 mm

f. Circufar pitch of
blade : 230 mm

Table 2. Effect of moisture content on threshing efficiency (T.E) and Mechanical damage (M.D) for diiferent
threshing methods (Malabasar ¢f al, 1987)

Seed Threshing methods _
Moisture e
(%) Tn Ty T2 T Ts

TE MD TE MD TE MD TE M.D TE MD

16.7 100 0.68 955 440 968 099 973 895 975 147
143 100 0.69 95.0 452 915 047 980 1105 980 1.7
89 100 o7 978 615 985 055 985 001 980 189

To = Control; T1 = Rasp bar threshing; T2 = Maize sheller threshing; T3 = Spike 100th thresher;
T4 = Wooden mallet threshing
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plower for winnowing. A simple pedal
operated siever-winnower developed for
cereal cleaning was modified by Kachuru and
Sahay (1988) to suit sunflower cleaning. The
stroke pitch in degree for scalper and grader,
were 3.6 and 4.7 degree, stroke length was 20
cm and rpm of ecentric and blower were 280
and 745 respectively. With above specification
of winnower-blower, velocity observed was 4
mv'sec. The capacity of the unit was 1500 kg/kilo
watt-hour and cost of operation was Rs. 4/100
kg. The top and bottom screen opening was 8
and 3 mm respectively. When a motor was used
instead of pedal operation, it resulted in reduc-
tion of cost by 30 paise per 100 kg. The cost of
pedal operated equipment was 3000 rupees
compared to 4000 for power operated.

DECORTICATING OF SUNFLOWER
SEEDS

The cleaned sunflower seeds need tobe shelled
for further processing. The shelling or decor-
ticating is the process of removal of outer husk.
Normally this process is done by the principle
of dirpacay e seeds wivh a farder sourfice.
Nag et al., (1983) developed a sunflower sced
decorticator. It consists of a sced hopper,
centrifugal impeller, casing, collecting chute
and a transmission system. The centrifugal im-
peller, consists of 6 vanes with inlet and outlet
angle of 43.8 and 74.5 degree respectively with
height 3.75 em cach. The outer diameter of
impeller is 420 mm. Impeller is driven by a
motor and gear box assembly. Below the im-
peller, an inclined plate is provided to collect
decorticated sunflower seeds. The speed of
mpeller is varied from 200 to 2900 m/min. It
was observed from the study that decortication
Was better when the moisture content of seed
Was low and efficiency of decortication in-
Creased with peripheral speed. The speed
above 2600 m/min resulted in high seed
damage. For optimum decortication and low
seed damage, a speed between 200 to 2600
iilllhnin was recommended.

A sunflower sced sheller was developed
by Tamil Nadu Agricultural University. The
sheller consists of a high speed motor, rubber
lined stator, a blower, and sieve assembly for
cleaning. The rotor consists of 6 curved vanes
with 2 flute in each. Stator is a tappered
wooden surface, lined with a thick hard rubber.
The graded seeds are fed into hopper by means
of a bucket elevator and then intg the rotor.
The rotor throws the seeds intg stator and
creates an impact on the seeds, This impact
force induced on the seeds due tg high revolu-
tion of rotor resulted in rapid velocity of seed.
The force due to rapid movement of seeds
shelled the sunflower. The shelled materials
are winnowed to seperate the lighier husk and
foreign material from the seeds, Since shell
contain mainly cellulose, hemicellylose and lig-
nin and removal of these materials increased
the oil content by 20% in the seeds,

OIL EXTRACTION FROM SUNFLOWER

Once the sunflower seeds are shelled and
cleaned, they are ready for extraction of oil. Qil -
s stored wiclir somfower i (he form of
globules surrounded by tough membrane. Qil
from oilsceds are expelied using methods like
mechanical screw press, extrusion-expression
and solvent extraction (Chakrayarthy, 1988).
Ninety per cent of oilseeds are crushed
mechanically to expel ol using screw press
(Singh and Bargale, 1985). In the mechanical
screw press expeller due to dynamic compres-
sion process, cell wall ruplyres, tough
membrane broke out and oil 00ze oyt by disin-
tegration. The dynamic compresgion is a func-
tion of pressure gradient between, oilseed input
and discharge cake ouptut. The ¢components of
the pressure applied are radiz] and axial.
These component values are maximum at the
feed end (Singh et 4/, 1990).

The components of expeller are worm
shaft and barrel. Barrel consistg of flat steel
bars of trapezoidal cross section set edge wise
around peripherry parallel to Worm shaft. The
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worm shaft is fixed parallel at central axis of
parrel, Worm shaft consists of a central shaft
and a feed screw. Shaft is circular in shape,
approximately 1/5th of barrel inner diameter in
the feed portion. In the ram portion, it is of
conical shape and at the discharge end
clearance between barrel and shaft is very less
(Refer Fig 1). Helical screws are fixed over the

h 1
77777777,

- —

— 2 — o3

e_

1. Feed section; 2. Ram section; 3. Discharge section
Ds. Barrel section;

Dr. Root DIA of screw feed at feed section;
Dc. Root DIA of screw at start of plug

b1, Clearance between the barrel and screw root
at feed end,,

h2. Ciearance betwezn the barrel and screw root
Fﬁt start of plug section
1. Schematic diagram of screw press with Barrel
and Worm shaft

3’;? to convey and pressurise the materials

i "¢ conveying from feed to discharge. If Db

) fmncr diameter of barrel, Df.is the diameter

o A‘iﬁ'ofmshaft at feed end, De is the clearance

d.""“’hﬁfgc end between worm shaft and inner
weter of barrel, then compression ratio
R)is given by

R < Db’ - Df s
Db? _ pg?

2" “ssure, thickness and capacity of cakes com-
Chgo?.;ut of the expeller can be adjusted using a
ase;' Mechanical expellers are classified

O power used, shape of barrel, expeller

at .
feed ang discharge end and type of chokes.

The main disadvantage of mechanical expres-
sion using screw expellers are that they require
multiple passes for maximum recovery and
consumes more time, effort and energy. There-
fore, scientists resorted for alternative
methods namely continuous solvent extraction,
supercritical extraction and extrusion - expres-
sion.

SOLVENT EXTRACTION PROCESS

Oil cakes come out of mechanical screw ex-
peller normally contain 10-12% oil. For extrac-
tion of this oi! as well as direct extraction from
seeds, solvent extraction method is used. The
process of extraction of oil is performed using
n-hexane solvent. This solvent pepetrates and
diffuscs into cells of seeds and picks up oil.
This oil is separated from solvent by condensa-
tion and the solvent in the oil cakes were ex-
tracted by evaporation.

EXTRUSION EXPRESSION

In this extrusion process, oilseed is heated well
beyond boiling point of wates, which results in
buffing and expansion. The main objective of
heating is to denature the available amino acid
and make cell wall sufficiently brittle so that oil
is freed from globules. By this process semi-
{luid extrudate is obtaincd. Normally it is done
at high pressure for a short period of time. Thus
extruded sunflower oilseed products are ex-
pelled to yield oil, cakes and other products.
Within a single pass of extruded sunflower oil-
secd products into the expeller resuited in 70%
extraction of oil (Singh and Nawab, 1992).

Among all these methods of oil expres--
sion from oilseeds, extrusion-expression was
found better in terms of energy requircment,
cost and guality of oil.

CONCLUSIONS
The conclusions are :

1. Conventional threshing of sunflower is
tedious, laborious and time consuming.
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2. Mechanical threshing of sunflower using
rasp-bar and spike tooth cylinders resulted in
more ¢nergy requirement and additional
cleaning due to entry of flower heads in the
process of threshing.

3. Pedal and power operated horizontal and
disc threshers avoided the problems of
mechanical threshing listed above however
resulted in low cutput capacity, which in-
creased the cost of operation.

4. Cleaning and separation of sunflower seeds
can be done using conventional siever cum
cereal winnower.

5. Dryshelling of sunflower seeds requires high
impact energy and peripheral speed of im-
pelier was identified as the major pararacter,
which influence shelling.

6. Methods employed for oil extraction from
sunflower seeds are mechanical screw press,
solvent extraction, extrusion-expression and
rarely super critical extraction.

7. Out of the oil extraction methods, mostly
used in India is mechanical serew press.
Studies proved that extrusion-expression (Ex-
pelling) is highly economical, consumes less
energy and quality of oil produced is superior
than other methods. =~
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MODEL FOR CHARACTERIZING THE EFFECT OF EVAPORATIVE
DEMAND, CANOPY COVER AND SOIL WATER ON SESAME
EVAPOTRANSPIRATION

V. PRAVEEN RAO and S.V. RAIKHELKAR
Marathwada Agricultural University, Parbhani, Maharashtra 432 402, India

ABSTRACT

Field irrigation experiments were conducted for two years (1988 and 1989) to study the effect of
evaporative demand as reflected by pan evaporation, canopy cover (i.e., leaf area index, LAI) and soil
water availability on sesame evapolranspiration (Eta) through an Eta mode). Various approaches of
this mode! were tried and a%l were found ro be satisfactory and significant (p = 0.01) as shown by the
explained total variation (R}, which was more than 70 per cent. The variation of regression coelfficients
representing evaporative demand, canopy cover and soil water content agreed well with the established
coneepts on the nature of interaction of these variables with Eta. Comparison of simulation results with
measured Eta was done by calculating the absolute values of relative deviation (RD) and it was found
to be 6.125 per cent for 0-60 cm and both years of experimentation,

Key words : Evaporative demand; Leal area index; Soil water content; Sesame; Evapolranspivation,

INTRODUCTION

Crop Evapotranspiration (Eta) is influenced
by various variabies viz., evaporative demand,
soil water availability, canopy cover etc. The
evaporative demand determines the polential
Eta, while the latter two variables determine
the ratio of actual to potential Eta (Rao et al,,
1992). Ritchie (1973) and Shimshi et al,, (1975
} discussed maodels that incorporated the first
two variables for simulating Eta. While Singh
and Wolkewitz (1987) applied only second
variable for simulating wheat Eta. On the other
hand Nimah and Hanks (1973) studied the
interaction of all the three variables on Eta,
Such information was lacking for scsamc;
hence (he objectives of the present analysis
were to formulate an Eta model and study the
hature of interaction of evaporative demand,
canopy cover and soil water availability with
sesame Eta,

MATERIALS AND METHODS

The input data viz., Eta, LAY, and soil moisture
for the present analysis were obtained from a
sesame irrigation experiment conducted for

two years at Agricultural College Farm,
Marathwada Agricultural University,
Parbhani, Maharashtra, India (19°16’ N-
Latitude, 76°47 East Longitude and 409 m
altitude} during 1988 and 1989 summer
(January - April) seasons. While the pan
evaporation data were obtained from the
meteorological observatory located 500 m
away, The soil of the experimental site was
vertisol, clayey in texture, with an average bulk
density of 1.3 g/cm3 in 0~ 60 cm soil depth. The
s0il moisture retentivity at (.033 MPa varicd
between 0.448 and 0.457 cm>/cm® and 0.459 to
0.457 cm’/cm” in the top {0-30 cm) and lower
(30-60 cm) soil layers, respectively. The cor-
responding valoes at -1.5 MPa were 0.199 to
0.202 and 0.211 to 0.217 cm>/em®, The treat-
ments consisted of three levels each of irriga-
tion (0.6,0.9 and 1.2 ID/CPE ratioi.e, irrigation
water depth/cumulative pan evaporation
ratio), nitrogen (0, 40 and 80 kg N/ha) and
phosphorus (0, 13 and 26 kg P/ha) laid out in
3’ partially confounded design with two
replications. The ID considered at each irriga-
tion was 6.0 cm. The sesame variety Punjab Til
No. 1 was sown on 26yh January and 2nd

Received for publication on January 7,1993
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Feburary in 1988 and 1939, respectively, by
adopting a spacing of 45 x 15 ¢m to achieve a
desired plant population of 1.48 lakh/ha. The
effective root zone depth considered was 60
cm. The soil moisture was monitored by means
of gravimetric method starting from sowing to
maturation at 7 day intervals upto 60 cm depth.

The model formulated in this study is
based on the assumption that the daily Etais a
function of the following three variables.

Eta = [ (Epan, SW, LA ....ccccrenrnrusrecnns (nH
in which,
Eta = daily evapotranspiration {(mm/day)

Epan = daily free water evaporation from
class A pan evaporimeter (mm)

SW = soil water content expressed as volume
water percentage, and

LAI = cumulative sesame leaf area index

The following three approaches of the model
(eq.1) were employed:

Etaj = ai + biSW; + CiEpanj.............. 2.
Etaj = aj + biSW; + Cj Epan; + d;
(SW.ERANY oo erieens (3)...
Eta; = a; + bi LAL + CiSW; + d; Epan;....
...................................................................... 4)...

in which, Eta, SW, Epan and LAI are as
described carlier; while 9 is the index of soil
layer; ‘a’ is y-axis intereept and, ‘b, ‘¢’ and *d’
are the regression coefficients estimated
through multiple regression analysis by using
the afore mentioned data. The ‘b’, ‘¢’ and ‘d’
are very important and reflect the magnitude
of Eta i.e., higher the value greater is the Eta
and vice versa.

The reliability of the model (eq.1) was
tested by calculating the mean absolute values
of relative deviation (RD) between the ob-
served and computed Eta from 0-60 cm soil

depth for both the years of experimentation,
The RD is defined as follows :

in which,

RDj; = the mean absolute value of relative
deviation in layer ‘i’ and month

k = the index of Eta measurement in layer 7
and month *y’

Wiij = the measured Eta in fayer ‘i’ and month
(4] .

J
Wisj = the computed Eta in layer ‘i’ and month

(34

J

K = the number of Eta measurements in layer
4’ month 7,

RESULTS AND DISCUSSION

Table 1 presents the empirical esiimates for
eq.2, 3 and 4 with respect (o two soit layers, The
high proportion of explained variance (R2 =
70 per cent) in all the approaches of the mode!
tried (eq.2, 3 and 4) suggest thatthere isa good
agreement between the data and the model.
Further, the regression cocfficients with
respect to different independent variables viz,
evaporative demand, canopy cover (LAI) aad
soil water content, included in the model (eq,2
to 4) reflected some note worthy charac-
teristics,such as that the SW, Epan, and theif
interaction term (SW.Epan) were positively
correlated with Eta in the top soil layer. The
rate of water loss in the top soil layer is relatefi
mainly to surface evaporation and hence posi-
tive cosrelation of SW, Epan and (SW, Epan)
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Table 1. Regression relating daily evapolranspiration (Eta) 1o leaf area index (LAI), soll water conteat (SW) and

class A pan evaporation (Epan)

Regression constants, cacfficients and test statistics

Relationship a c d G

0 - 30 cra soil depth

ETa = [ (SW) + (Epan) 35955 01157 0.3366 077
(0.0289) (0.0732)

ETa = f (SW) + (Epan) +  -3.2827 0.1080 0.8009 0.0019 0.7208"

(SW.epan) (0.0892) (03971 (0.0097)

ETa = [ (LAI) + (SW) + 25571 A0.0445 0.1436 0.2312 0.7401"

(Epan} (0.3453) (0.0327) (0.1289)

30 -60 cm soil depth

ETa = f (SW) + (Epan) 0.2985 0.0190 0.1270° 0.71058"
(0.0362) (D.064D)

ETa = f (SW) + (Epan) + 49365 0.0873 04056 00012 0.7140"

(SW Epan) (0.1859) (0.9158) (0.0211)

ETa = f (LAl + (SW) + 09919 0.4523" 0.0601" 01999 67077

(Bpan) (0.2031) (0.0300) (0.0678)

Values in parentheses are standard error of b's; ** significant at P = 0.01; * Significant at P = (.05

with Eta (Strateener et al., 1975); whereas the
explanantion for the negative association of
LAI with Eta in the top soil layer partly lies in
the above abservation i.c., as the canopy cover
isincreased the evaporation from the soil sur-
faceis checked due to increased albedo, result-
ing in less cnergy load on the soil surface and

ence the temperature of the evaporation zone
f(Hillel, 1980).

Further, the positive coreelation of LA
and negative correlation of Epan and SW.Epun
with Eta in the lower soil layer might be due to
the fact that the root activity is the main agent
of water loss in the lower layer. It has been
pointed out by Denmead and Shaw (1962) that
increased evaporative conditions may
paradoxically reduce transpiration by inducing
moisture stress and stomatat closure in plants.
Since water extraction by roots is essentially
equivalent to water loss from the leaves and
where direct evaporation is very low (L.e., in the
lower soil layer) hence one may expect positive

assoctation of Eta with LAI and negative with
evaporation demand (Epan) and its interac-
tion term (SW.Epan).

As cxpected the values of regression
coefficients representing SW and Epan were
higher in the top soil layer, which means that
more water has been extracted from its layer,
This might be because the water loss from
surface layer includes both direct evaporation
and that due 1o extraction by plant roots.

The absolute mean value of RD be-
tween observed and computed Eta data was
6.125 per cent (Table 2). It should be noted here
that the coefficient of variation in Eta measure-
ments by different field methods were shown
to be of the order of 15 to 25 per cent (Shimshi
et al,, 1975). Further the model is based on the
established theories and variation in the
parameters of model agree well with the con-
ceptual basis on the nature of interaction of
these variable on Eta, thus indicating the pos-.
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sibility of its applmtmn under a wide range of /Nimah M. N. and Hanks, R. J. 1973, Model for estimating

environments.

Table2.  Mean relaiive deviations (%) between ob-

served and computed Eta for 0-60 cm soil

layer
Month 1988 1939 Mean
January 1.257 -
February 5675 7218
March 6.127 6.127
April 6.273 9.357
Mean 4.833 7.597 6.125
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SEED SIZE AND QUALITY OF SUNFLOWER CULTIYAR MORDEN
AS INFLUENCED BY PLANT DENSITY"

K. KANNA BABU, B.S. VYAKARANAHAL, K. GIRIRAJ, and S.D. SHASHI DHARA

Department of Seed Technology, University of Agricultural Sciences,
Dharwad - 580 005, India.

ABSTRACT

A study was conducted to determine the effect of plant densities (1,66,666; 83,333 and 55,555 pi/ha) on
seed size distribution and quality attributes of sunflower cultivar Morden. The range of sced size
distribution varied due to plant densitics. Optimum sieve size (interception point of distribution and
germination curves) varied with the plant densities. At lower, medium and higher plant densities the
optimum sieve sizes were 2.32, 2.36 and 2.48 mm respectively. Higher plant density recorded Jower per
cent of seed recovery and germination even at the optimum recommended sieve size compared to
medium and lower plant densities. The sieve size of 3.0 mm (presently recommended sieve size) at
medium and lower plant densities gave an increased seed germination but lower seed recovery and
higher seed rejection. Lower plant population per ha gave 91.0 per cent (each) seed germination and
recovery at 2.32 mm sieve size. The quality attributes such as seed germination, root length, shoot length,
scedling vigour index, dryweight of five seedlings, 100-seed weight and oil content showed an increasing

trend with the increase in seed size at all plant densities.

Key words : Sunflower; Plant density; Seed size distribution; Seed quality.

INTRODUCTION

Sunflower is an important oil seed crop of
South India. Seed size in sunflower varies
among the genotypes and the heterogeneity
could be seen within the capitulum. Many com-
plaints have been raised by seed growers on the
present sieve size (3.0 mm slotted sieve) fixed
by the State Seed Certifying Agency (SSCA) of
Karnataka for processing the seeds of cultivar
Morden, because of higher percentage of seed
tejection. As the sced is the basic and scarce
commaodily to increase the production, duc to
the rejection, a good amount of sced is not
available for sowing, The information on plant
population density during seed production and
itseffect on seed recovery, size distribution and
seed quality is meagre, Hence an attempt was
made to find out the optimum plant density and
optimum size sieve to obtain higher sced
recovery and seed quality of sunflower cultivar
Morden.

MATERIALS AND METHODS

The sceds of cv. Morden procured from the
senior scicntists, Ollsced Rescarch Centre,
UAS, Dharwad were sown on 15th July, 1991
at three plant densities viz., 1,66,666 (high),
83,333 (medium) and 55,555 (low )plants per
ha by providing the spacing of 60 x 10, 60 x 20
and 60 x 30 cm, respectively with four replica-
tions. The seed yield of net plot from four
replications of each treatment was bulked,
cleaned and graded on 437, 3.97, 3.57, 3.18,
2.78,2.38, 1.98 and 1.59 mm metal slotted hole
sieves to assess the size distribution of seeds.,
The seeds retained on each sieve was quan-
tified by weight and expressed in percentage to
the total weight of seeds used for sieving. These
values of cumulative per cent weight are used
to plot the seed size distribution curve against
the sicve sizes used for grading. The seeds
retained on each sieve were taken and tested
for germination by adopting the procedure of

* Part of the M.Sc. (Agri.) Thesis approved by the UAS., Dharwad - 580 005, India,

Received for publication on February 13, 1993
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ISTA Rules (Anon, 1985). Seedling vigour
" index of seeds retained on each sieve was com-
puted by applying the formula suggested by
“Abdul-Baki and Anderson (1973) and ex-
pressed as a number. The other seed quality
parameters were recorded by adopting the
standard procedures in vogue from the seeds
retained on each sieve. Ol content of various
sized seeds was estimated by using Nuclear
Magnetic Resonance (NMR) equipment.

Seed size distribution and germination
curves were drawn separately for each plant
density. A straight line was drawn from the
point of interception to the base to denote the
optimum sicve size (mm) and depicted in fig-
ure.

RESULTS AND DISCUSSION

Seed size distribution:- The size distribution of
seeds in Morden ranged from 1.59 to 3.97 mm
due to higher plant deasity (1,66,666 pi/ha) and
from 1.59 to 4.37 mm due to medium {83,333
pl/ha as well was lower (55,555 pl/ha) plant
densities (Table 1.). The per cent of seeds
tetained an 3.18 mu and shave size sleves
increased with the decrease in plant population
per ha.

In Morden, the higher plant density
recorded 84.5 per cent of recovery and seed
germination at 2.48 mm (Fig ). The medium
plant density gave 88.5 per cent of recavery and
seed germination at 2.36 mm sieve size. Lower
plant density gave 91.0 per cent seed germina-
tion and recovery at 2.32 mm sieve size. Fur-
ther, with increase in sieve size upto 3.0 mm
(recommended by State Sced Certifying Agen-
cy), though the germination was more than 90
~ per cent but seed recovery was around 57 to 65
per cent showing seed rejection of 35 to 43 per
cent. So it is necessary to reduce the sieve size
from 3.0 mm (preseatly recommended sieve
size) to 2.3 or 2.4 mm which would give both
the good recovery and seed germination of
more than 88.0 per cent. Below 2.3 mm size
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sieve, though the per cent of seed recovery
more but it wonld give less per cent of germina-
tion. In the present study it was noticed that
higher plant density (1,66,666 pl/ha} would
lead to the higher rejection of seeds and in turn
caused lower lower recovery when sieve size
was increased due to higher competition
among the plants. These results are in agree-
ment with the results reported by Holt and
Zentner (1985) who noticed in their trials with
plant densities ranging from 22,600 to 76,400
plants per ha, found that the perceuntage of
large seeds decreased as plant density in-
creased. The lower plant density (55,555 pl/ha)
in this study not only helped 1o increase the
recovery in Morden variety of sunflower but
also increased the seed size and improved seed
germination, seedling vigour, test weight of
seed and oil content in seed (Table ).

Seed Quality:- The seed quality attributes such
as germnation, root length, shoot length, see-
dling vigour index, dry weight of seedlings,
hundred seed weight and oil content showed an
increasing trend with the increase in seed size
at all the plant densities. The mean values of all
the quality attributes were highest at lower
plant density whereas the lowest values were
recorded in higher plant density. These results
are in conformity with the findings of Ashok
Kumaret al., (1985) and Ujjinaizh et al., (1990).
Oil content and test weight were higher at
lower plant density. With the successive in-
creasc in plant densities, a decrease in seed oil
per cent was noticed by Sankappanavar (1984)
and Harmati (1990) in sunflower.

So it can be concluded that it is neces-
sary to reduce the size of slotted sieve from 3.0

min (recommended by SSCA) t02.3 or 2.4 mm.
It is better to adopt 55,555 plants per ha (60 x
30 cm spacings) as an optimum plant density to
obtain higher secd recovery and sced quality in
Morden sunflower.
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INFLUENCE OF CULTIVATION PRACTICES AND APPLICATION QOF
GYPSUM, SAND AND FARM YARD MANURE ON NITROGEN
UPTAKE, QUALITY OF KERNELS AND OIL YIELD OF
IRRIGATED GROUNDNUT ON BLACK SOILS

The low pod yield and quality of kernels is
causing concern to the farmers of medium and
deep black soils of Karnataka especially under
irrigation. These soils are compact and less
aerated due to high clay content and low or-
ganic matter. And the present practice of flood
irrigation further aggravates aeration problem
and also makes it difficoli for the penetration
of pegs into the soil. Groundnut needs good
aeration in the rooting and pegging zones. The
inadequate aeration results in abnormal
respiration, which in turn inhibits root growth
and retards metabolic functions. Further, the
plant becomes chlorotic due to deficiency of
nitrogen caused by inability of roots to take up
nitrogen and ineffectiveness of nitrogen fixing
bacteria in oxygen deficient environment.

An investigation was, therefore, con-
ducted at Water Management Research Sta-
tion, Navalgund (Dharwad district) during
Kharif, 1981, on deep black soils (63.9% clay,
8.5 pH and 0.44% organic carbon) under ir-
rigation to study the effect of intercultivation
and earthing-up and application of gypsum
{500 kg/ha), sand (2000 kg/ha) and farmyard
manure {FYM) (2000 ke/ha) on the nitrogen
uptake, quatity of kernels and o vickd of bunch
groundnut (Var. DH-3- 30). The crop
received two intercultivations (15 and 30 days
after sowing) and gypsum, sand and FYM were
applied on either side of row after second in-
~ tercultivation as per treatments. Intercultiva-
tions were done with hand drawn hoes
* (cultivators) up to a depth of 3-5 cm. two days
after irrigation when the soil surface was dry.

Later the crop was earthed up. The crop
received a common fertilizer dose of 40:80:40
kg ha'l NoP20s : K>O and two sprays of FeSO4
at 0.05% at 45 and 60 days after sowing.

The nitrogen uptake (Table 1) in-
creased significantly from 86.95 kg hain con-
trol to 118.07 kg ha™! with intercultivation +
earthing up. This was further increased due to
application of gypsum, sand and FYM. The
highest uptake of 155.89 kg ha’! was observed
with gypsum + sand + FYM. This maybe due
to increased symbiotic nitrogen fixation and
root activity under improved aeration and
presence of calcium with this treatment. The
improvement in soil physical properties duc (0
cultivation practices (Baver, 1956), gypsum
(Sudhakar, 1977), sand (Taylor and Blake.
1979) and FYM (Shanmugam and Ravikumar,
1980) was reported. Further, Nair et al., (1970)
observed reduction in nitrogen fixation 10 the
absence of calcium. The inercased aitrogen
uptake, however fatled to increase significantly
the kernel nitrogen or protein content.

The cultivation practices had non S
nificant effect on shelling percentage ‘dﬂdll‘zc‘:
nel oil percentage. However, the oil yield (3.1=
q/ha) was signilicantly intluenced due 10 Jﬂ(i
creased pod weight (11.15 g) per plant and po :
yield (26.74 g/ha) under intercultivation + ;33"
thing up. The shelling percentage, kernc d(;
and pod and oil yields were also influence any
application of gypsum, sand and FYM The
more so under their combined application- -~
highest kernel oil was recorded with gypsum™ ~

[
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FYM (44.38%) and was on par with the ap-
plication of gypsum + sand + FYM (43.55%)
which recorded significantly highest pod (33.62
q/ha) and oil yields (11.34 g/ha) owing to higher
shelling percentage (77.17) and pod weight per
plant (16.35 g). The improvement may be at-
tributed to additive and complementary effects
of gypsum. Apart {rom calcium, gypsum con-
tains sulphur which is involved in sulphahydril

College of Agriculture,
University of Agricultural Sciences,
Dharwad- 580 003, India.

(-SH) linkage in the biosynthesis of oil. Walker
and Keisling (1978) observed increased kernel
oil with gypsum application.

Thus, from the study, it is evident that
the quality of nuts and the yield can be im-
proved by providing better aeration and
nutrient supply at rooting and pegging zones in
heavy texture soils,

B.M. CHITTAPUR
S.V.PATIL
V.V. ANGADI
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CHARACTER ASSOCIATION AND PATH ANALYSIS OF CERTAIN
QUANTITATIVE CHARACTERS IN SUNFLOWER
(HELIANTHUS ANNUUS L.}

Correlation and path coefficient studies were
made involving one hundred and sixty two ac-
cessions of sunflower. They were grown in rows
of 6m length . The spacing was 15 cm between
the plants and 60 cm between the rows. The
experiment was conducted at the Agricultural
College Farm, Hyderabad in winter season of
1985. The layout was a Randomised Block
Design with three replications. The recom-
mended management practices were adopted.
The sampling unit to measure various
agronomic traits at harvest constituted five
plants in each row selected at random. Correla-
tion coefficients were calculated following
Fisher (1954) and path coefficient analysis of
Dewey and Lu (1959).

The results showed that the effects of
plant height, capitulum diameter, number and
area of leaves per plant, number of seeds per
capitulum and thousand seed weight were alt
positively associated with one another and with
yield per plant (Table 1), The correlation coef-
ficients were highly significant. The traits which
showed highest correlation with yield were the
capitulum diameter (r = 0.538) and number of

seeds per capitulum (r = (.558)_In turn these
traits were also strongly associated with each
ather (¢ = 0.631) and with plang height (0.573
and 0.643). However, Natali and Shaik (1970)
observed capitulum diameter to have negative
correlation with yield. Akhanda et al., (1979)
stated that both capitulum diameter and
thousand seed weight have negative correla-
tion with yield. But, Ayyaswamy et al., (1977)
and Pathak (1978) reported that the capitulum
diameter is positively and significantly corre-
lated with yield. The inconsistency in the
relationship of capitulum diameter with seed
yield could possibly be ascribed to variationsin -
growth from eavironment to environment
(Jatasra and Paroda, 1978) and the genetic
material evaluated. The positive and significant
influence of plant height, capitulum diameter,
thousand seed weight and number of seeds per
capitulum with yicld in the present study is in
conformity with the findings of Anand and
Chandra (1979}, Sheriff et al, (1984) and
Dhaduk et al., (1985).

The path analysis showed that the direct
influence on seed yield was largest through the -

Table 1. Correlation Coeflicients of the quuntitative traits in sunflower
Capitulum No. of leaves  Leaf area No,of seeds 1000 seed Yield per
) diameter . per capitulum  weight plant
Plant height 573 0.300" 0,336 N6 n27s 037"
Capitutum 0.164" 0200 0.631 nsra 053"
diameter
No. of lcaves per 0562 0262" 0.144" 0090
pPlant
Leafarea per plant 0.281" 0.149" 0.167
Y = .
Number of seeds i 0274 0.558
per capitulum
100 seed weight 0316
** Significant at 1 %

Received for publication on January 8, 1990
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seeds per capitulum (Table 2). This

. accounted for 72.7% of the corre-
trait alone ase. The indirect positive contribu-
lated resPOhrough capitulum diameter, test
tion was dt jeaf area per plant. Kesteloot et al.,
weight aﬂd also stressed the number of seeds
{1985) i_lal m as the most important character
per capltu_En' Capitulum diameter another
for select! ociated parameter with yield ac-
strongly as5 51.5% of the correlated response.

Int was further toned up by the indirect
Thisin t'url‘ll'lﬂlber of seeds per capitulum, test
paths via lé (he leaf area per plant. The mag-
w'elght andircct effect of test weight was also
?xtudetcl;i o the indirect effects via number of
arger

number of

seeds per capitulum, capitulum diameter and
the leaf area per plant. Interestingly, plagy
height and number of leaves per plant which
indicated significant positive correlations
showed both directly and indirectly the nega-
tive cffect deterring seed vield. Dhaduk et g1,
(1985) had also observed that though the pilant
height was paositively and significantly corre-
lated the direct and indirect paths were nega-
tive.

The results obtained indicate that with
their maximum direct and substantial indirect
effects, the number of seeds per capitulum and
capitulum diameter were the two most impar-
tant traits influencing seed yield in sunflower.

{h coefficient analysis of quaniitative traits on seed yield of sunflower
pa

Table 2.
Plant height Capitulum  No. ofleaves Leaf area No. of seeds 1000 seed Correlation
diameter per plant per per _ weight with seed
plant capituium yield
0088 0159 -0.025 0.016 0.260 0.017 0.379"
Plant height 0027 027! 0.013 0.010 . 0255 0.036 0538
Capitulum .
diameter pet 0014 0.045 0,083 0.027 0.106 0.009 0.0%0
No. of leaves
plant 0015 0.058 0.046 0.048 0.113 0.009 0.167
Leaf arca pe¥ .
plant 0032 177 -0.022 0.013 0.405 0.017 0.558
¢ D
No. of seed p¢ .
capitulum 0013 0076 0.011 0.0n7 0.111 0.064 1316
100 seed
weight T1% level.

** Significant 4

{ Agriculture, Andhra Pradesh
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EFFECT OF NITROGEN AND PHOSPHORUS ON GROWTH AND
GRAIN YIELD OF SUNFLOWER.

Sunflower is an important oil seed crop
in the world and ranks third next only to cotton
seed and groundnut in the total world produc-
tion of oilseed. At present, in India sunflower
is being cultivated over an area of 8.94 lakh ha
with a production of 3.01 lakh tonnes (Annon.,
1987). Now the crop is widely accepted by the
Indian farmers because of its desirable at-
tributes such as low seed rate, high seed multi-
plication ratio (1 to 100), short duration,
photosensitivity, higher water use efficiency
and high oil content (45.50%}). The reasons for
the present low yield of sunflower are : it is
grown on marginal land of low fertility, poor
nutrient supply, lack of irrigation and inade-
quate plant protection measures, Therefore,

" there is a need to workout the suitable produc-
tion techniques for realising the high yield
potential of sunflower with all possible efforts
to meet the required oilseed production. There
is a general belicf that sunflower is an exhaus-
tive crop. The information on combined effect
of nitrogen and phosphorus is not available
under Dharwad condition. Hence, with an ob-
jective to find out the optimum dose of nitrogen
and phosphorus for sunflower crop under
Dharwad condition, the ficld experiment was
initiated. '

A field experiment was conducted at
Agricultural College farm Dharwad, on black
clay soil, during Kharif, 1984, The annual rain-
fall during the year was 726.30 mm. There were
16 treatment combinations of which four levels
of nitrogen viz., 30, 60, 90 and 120 kg N/ha and
four levels of phosphorus viz., 30, 60, 90 and 120
kg P2 Os/ha. The experiment was faid out in
factorial RBD with four replications. Half of
nitrogen, full dose of Pz Os and K20 was ap-
plied at the time of sowing, The remaining 50
per cent of nitrogen was top dressed 45 days
after sowing. The crop was sown on 14th July,

1984 with a spacing of 60 x 20 cm and a common
irrigation was given twice at 40th and 65th DAS
when there was a dry spell for 15 days. Plant
protection measures were taken as per the
recommended package. The crop was har-
vested on 19th October, 1984 from the net plot
(3.6 mx2.4m) air dried and threshed. The yield
and yield components were recorded.

Increased application of nitrogen upto
90 kg N/haincreased the grain yield and further
increase to 120 kg N/ha decreased the grain
yield (Table 1). Increased application of
nitrogen upto 120 kg N/ha increased the num-
ber of filled grains and total number of grains
and reduced the chaffiness while the increase
in 1000-grain weight and grain yield was only
upto the level of 90 kg N/ha. The increase in
grain yield was 2.80 and 5.82 g/ha and 1000-
grain weight was 3.42 and 2.75 g as N applica-
tion increased from 30 to 60 and 60 to 90 kg/ha
tespectively. Similarly the increase in filled
grains was 134, 177 and 81 and total grain was
109,173 and 27 as N application increased from
30 to 60, 90 and 120 kg/ha respectively.
Nitrogen application not only increased t'hc
number of filled grains per head but also sig-
nificantly reduced the per cent chaffiness i
head {Ogunremi, 1985).

The grain yield showed a significant in-
creasing trend with additional doses of phos-
phorus from 30 to 120 kg P2Os/ha. Similarly,
increased application of phosphorus upto 120
kg P20s/ha increased the number of filled
grains and total number of grain and reduced
the number of filled grains and total number of
grains and reduced the per cent chaffiness
which contributed for increased grain yield
(Table 1). The increase in grain yield was 1.36,
1.14 and 1.13 g/ha and 1000-grain weight was
1.10,0.91 and 1.18 g as the application of phos-

Reccived for publication on May 5,1990.
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Table L. Yield attributes of sunflower as influenced by nitrogen and phosphorus levels

Trearment Filted grain. Total grain. Per cent 1000 - grain Grain yield
chaffiness. weight. {g/ha)

Nitrogen levels (kg/ha) )

30 158.71 . 40926 5181 3853 18.62

& T 29298 51837 43.69 41.95 ‘ 2142

P : 469.95 691.68 35.07 4.70 27.24

120 550.96 718.69 28.71 41.68 25.99

SEm = _ 4786 : 373 027 .. 047 : 0.33

CD at 5% ' 136.10 10.60 0.77 1.33 0.93

Phosghorus levels (kg/ha) '

30 302.58 532.58 4280 40.14 21.46

60 349.10 575.49 40.47 41.24 2282

% 3%0.05 60126 - 3897 42.15 23.93

120 43087 628.73 3704 4333 25.06

SEm = 47.86 373 027 0.47 033

CDat 5% N§ 10.60 077 . 1,33 093

NS = Not significant

phorus increased from 30 to 60, 90 and 120 kg
P2 Os respectively. While the increase in filled
grains was 46, 41 and 41 and total grain was 43,
26 and 27 as the application of phosphorus
increased from 30 to 60, 90 and 120 kg P2 Os/ha
respectively.

Department of Agronomy,
College of Agriculture,
Dharwad 580 003, India.

The interaction effects of N x P was
found significant with regard to number of
filled grains, total number of grain and per cent
chaffiness. However, this could not bring about
any significant interaction on 1000-grain
weight and grain yield.

- N.C.MEGUR
A.S. PRABHAKAR
M.M. HOSMANI

S.B. KALAGHATAGI

Anonymous. 1987, Agricultural Situation in India 42 (4) ;
323. 327,

Oguneremi, E.A. 1985. Effect of nitrogen fertilization and
harvesting time on sunflower yield and hollow seedi-

ness. Easr- African AgricForestry J. (1980, Publ., 1984)
45(3) : 236-241.
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COMBINING ABILITY AND HETEROSIS IN INDIAN MUSTARD

Six lines of mustard, viz., RLC 1359, RC 1277,
RH 7811, CSR 164, CSR 463 and RSK 2 were
crossed with four testers wviz., Varuna,
Pusabold, Krishna and Kranti. The resuiting 24
hybrids along with 10 parents were grown in
single row of 5m length at a spacing of 45x15
cm in Randomised Block Design with 3
replications. Observations were recorded on
seven quantitative characters from 10 competi-
tive plants selected at random,

The analysis of variance for combining
ability (Kempthorne, 1957; Table 1) indicated
higher sca variance for all the characters sug-
gesting predominant nonadditive gene action.
(See also Anand ef al., 1987; Thakur et al,
1989).

RC 1277, CSR 164 and Kranti were
good general combiners for yield, branches
and siliquae/plant (Table 2). The female
parent RSK2 and male Varuna had good gca
effects for height and flowering. Only 6 crosses

Oilseeds Research Station,
Gujarat Agricultural University,
Sardar Krushinagar - 385 506, India.

showed significant and positive sce effects for
yield (Table 3), of which the beterotic crogs,
RC 1277 x Kranti involved parents with good
gea indicates possibilities for pedigree breed-
ing. Three crosses had good combiner female
and poor or average combiner male parents,
the possibility of isolating transgressive
segregants in later generations, Two crosses
RLC 1359xPusabold and RSK2 x Pusabold
whose parents were poor in gca showed high
sca cffects.

Only three crossed RC1277 x Kranti
(41.4%), RH7811 x Kranti (27.9%) and RSK2
x Kranti (25.9%) had significant and positive
heterosis for seed yield over better parent. In
general, crosses that had high heterosis for
yield, included at least one parent with good
gea for yield and its components. Interestingly,
all the three heterosis crosses involved Kranti
as a pollen, parent, which had good gea for
yield and its components (See also Malik et al.,
1988).

K.M. PATEL
K.P. PRAJAPATI
U.G.FATTEH
1.D. PATEL
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Table 1. Estimated variances of combining ability for seven characters in Indian mustard

Source . MS.
Seedyield/ Daysto50% Daysto Plant height  Primary Secondary  Siliquae/
plant flowenng maturity branches/ branches/ plant
' plant plant
*var(gea) 197 0.23 047 4.71 0.009 a.12 233.01
*var (sca)  21.66 0.82 471 4396 0.04 0.90 1313.28

* F. test significant at 5% level

Table 3.  Crosses showing significant sca effects for seed yield per plant with heterosis values

Cross m s h
RLC 1359 x Varuna 238 -8 -16.9
RLC 1359 x Pusabold 341 +S 18.9
RLC 1359 x Kranti . 222 ‘ -S -225
RC 1277 x Krishna 320 -5 . -35
RC 1277 x Kranti 46.9 +S 414"
RH 7811 x Pusabold 287 : S : -134
RH 7811 x Krishna _ 370 ' +8 118
CSR 164 x Varuna . 41.0 +8 0.8
CSR 164 x Pusabold 272 5 -3327
CSR 164 x Krishna 38.5 +5 -53
RSK 2 x Pusabold 330 +8 9.4
Sim 16

« M mean, s: Sca effect, S: significant, h: heterosis % (over better parent)
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Table 2. Estimate of gea and mean values for various characters in mustard
Parents Seedyield Days to Days to Plant No.of No. of Siliquae/
50% maturity height primary secondary  plant
flowering branches/  branches/
plant plant
Female
RLC 1359 m 28.7 50.0 160 . 1913 55 11.2 314.0
-8 N +8 -8 S -5 S
RL 1277 m 33.2 54.0 - 117.0 195.3 6.3 16.9 514.7
g +8 +5 N +S N +S +§
RH 7811 m 331 527 116.0 206.3 6.7 14.2 4439
+8 +8 N +S +S N N
CSR 164 m 407 520 117.0 2078 57 122 418.2
+$ +5 N N +$ N +8
C5R 463 m 308 44,0 1103 156.9 54 146 4744
£ - N -8 N N N N
RSK 2 m 302 433 1113 174.2 48 14.0 4239
g N -$ S S s N N
SEm 0.73 035 053 1.81 | 0.1t 041 16.34
Maie
Varuna m- 183 430 1123 175.0 4.0 86 2475
g N -5 N -5 +5 N N
Pusaboid m 255 4.0 111.7 1771 49 10.6 343,
£ -§ +5 +8 N N N - N
Krishna m 228 45.0 1130 173.0 4.4 8.1 2535
g -5 +S N +5 S -5 -5
Kranti m 232 #$37 . ney 168.5 53 12.8 - 3821
l g +S N N N N +5 +5
SEm 0.59 0.29 0.43 148 0.09 0.33 1334

m: Mean, g : gea effect, S : Significant at 5% level, N : Nonsignificant.






