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BIOENERGETICS OF PRODUCTIVITY AND PROSPECTS OF
ENHANCING EFFICIENCIES OF PHOTOSYNTHESIS BY CO,
CONCENTRATING MECHANISM AND OF PHOTOASSIMILATE
PARTITIONING BY GENETIC ENGINEERING IN GROUNDNUT

] B. MISRA

National Research Centre for Groundnut P.O. Box No. 5, Junagadh-362 001, Gujarat, India.

ABSTRACT

In the backdrop of the current understanding of bioenergetics, photosynthesis and photoassimilate partitioning,
certain physiological and biochemical factors have been identified that hold the production barrier of groundnut.
Computations indicate that in order to be bioenergetically more efficient, enhancement in the oil content of
groundnut seeds should be approached at the expense of proteins rather than carbohydrates and enhancement in
yield by improving Hl rather than biomass productivity. Augmentation of enzyme sucrose phosphate synthase
and suppression of expression of starch synthetase in groundnut leaves should be the possibie targets for genetic
engineering of groundnut plant for enhanced partitioning. Groundnut responds favourably 1o CO, earichment
around its canopy. Moreover, compared to unsiressed crops, a much greater effect of CO, enrichment on dry
matter production has been found in waler-stressed crops. Hence future research efforts should be aimed at
development of cheap and simple technology for CO, enrichment of the groundnut canopy for improving both
productivity and water use efficiency of groundnut.

Key Wordy: Groundnut; Arachis hypogaea L., bioenergetics, partitioning, CQ, enrichment; genetic engineering.

India is the largest producer of groundnut in the
world and yet its productivity is one of the lowest
(Table 1). In India, groundnut is regarded as an
oilseed crop and bulk of the produce is
channelized for oil expulsion, While the oil is used
mostly for culinary purposes, the deoiled-cake is
used partly as cattle feed supplement/concentrate
and partly for export.

Groundnut is a unique plant in that it is
adapted to a diversity of soil and temperature
zones. Considerable improvement in groundnut
productivity has been brought about by empirical
process of plant breeding and optimizing the
cultural practices. These processes, however, did
not require specific knowledge of plant
bioenergetics, biochemistry, or physiology. The
increase in yield has been due to both a higher
biomass productivity and an improvement in the
partitioning of photosynthate in favour of harvest
portion. The scope of the present paper is to
identify certain physiological and biochemical

factors that hold the productivity barrier of
groundnut and evaluate the prospects of
overcoming them in the backdrop of the current
understanding of bioenergetics, photosynthesis
and photoassimilate partitioning.

I. BIOENERGETICS OF GRAIN YIELD

It is common knowledge that the average yields
of cereals are almost double that of oilsceds. Are
then the oilseed crops less efficient in conserving
the solar energy? The reason for the lower yields
of oilseeds lies neither in the poor efficiency of
oilseed crops in trapping solar energy nor a poor
partitioning of the photosynthate. As a matter of
fact the groundnut - a C3 crop, has been shown
1o be not only more efficient (Table 2) in trapping
solar energy but also in ¢nergy partitioning
compared to wheat - a C3 crop and even C.
dactylon- a C4 grass (Dwivedi ef al., 1985).

The major constituent of the oilseeds is
triglyceride while that of cereals is starch.

Received for publication in November, 1995
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Whereas it requires a plant to expend only 1.2 g
of photosynthate to produce one gram of starch,
it has to expend 2.5 and 3.3 g of photosynthate to
produce one gram of protein and triglyceride,
respectively (Penning de Vries et al., 1974).

Consequently, while one gram of
photosynthate can produce 0.7 g of seed biomass
of cereals, it can produce only 0.65 and 0.45 g of
grain legumes and oilseeds, respectively (Sinclair
and de Wit, 1975, Mitra and Bhatia, 1979). Thus
bioenergetic computations indicate that it is the
chemical composition of the seed of a crop which
10 a major extent determines the grain yield. A
comparison of seed biomass productivity of a few
cereals, grain legumes and oilseeds is shown in
Table 3,

Bioenergetics of manipulating biological yields
vis-a-vis harvest index of groundnut.

The approach to increasing the productivity of a
crop plant can be aimed at enhancing either its
biological vield or its harvest index or both. The
theoretical demand for photosynthate (in glucose
equivalents) for the following four options have
beecn worked out by Misra and Yadav (1995) to
achieve an increment of 50% from the base pod
yield of 900 kg ha'’.

A. Increasing HI by 50% without affecting
biological yield.

4

.
B. Increasing biological yieldlyy 50% without
affecting HI.

C. Increasing biological yield by 20% and HI
by 25%.

D. Increasing biological yield by 100% at the
same time reducing HI by 25%.

The calculations (Table 4) indicate that the
option A would demand the least {10.4%)
increment in photosynthate, followed by options
C (26.2%), B (50.0%) and D (89.6%). It is thus
¢lear that bioenergetically, the approach to
increasing the pod yield through improving Hi
would be the most efficient one, whereas
increasing the biological yield while lowering the
HI would be the most inefficient.

Bioenergetics of increasing oil content in
groundnut

Energetic cost of increasing seed-oil concentration
in groundnut has been worked out by Mitra and
Bhatia (1979). Any increase in oil percentage will
have to be associated with a corresponding
decrease in the percentage of other constituents
of seed biomass. As proteins and carbohydrates
are other two major constituents, the three
approaches considered were:

A.  Reduction in carbohydrates while keeping
the percentage of proteins unaltered.

Table 1. Production of groundnut in the world and three leading groundnut producing countries

Area Production Productivity

('000 ha) ('000 MT) (kg ha"y
1991 1992 1991 1992 1991 1992
World 20333 20609 23975 23506 1179 1141
China 3060 2655 6389 5580 2088 2102
USA 816 684 2235 1943 2740 2842
India 8150 2600 7428 8200 290 933

Source: FAO Year Book (1992)
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Table 2. Comparison of biomass productivity and solar energy conserving efficiency of groundnut, wheat
and & common grass

Species Phytomass Energy Solar
productivity conserving energy conserving
rate efficiency
gm? day! Kcal m? day! %
June - October *
A hypogaea (C3} i2.1 585 2921
C. dactylon (C4) 16.7 56.8 2.835

November-March **

A hypogaea (C3) 125 59.4 1.786
T. aestivimn (C3}) i3.2 471 . 1.419

* Low solar radiation intensity period
*+ High solar radiation intensity period

Source: Dwivedi ef al. (1983)

Table 3. Seed biomass productivity of cereals, grain legumes, and oilseeds crops

Crop Cormposition Productivity
% of dry weight
Carbohydrate Protein Lipid g glucose
Cereals
Maize 81 13.0 4.2 0.70
Rice 89 86 1.1 0.75
Wheat 3 13.5 1.7 071
Grain leguanes
Chickpea 72 19.0 i.7 0.65
Pes 72 235 1.3 0.66
Pegionpea 68 257 20 0.66
Oliseeds
Groundnut 25 27 45 0.40
Rape 25 23 48 0.40
Sesame 19 20 54 039
Soybean 38 38 0 0.47

Source: Adapted from Sinclair and de Wit (1975) and Bhatia and Mitra (1988)
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B. Reduction in proteins while kecping the
percentage of carbohydrates unaltered.

C. Anequivalent reduction in the percentage
of both proteins and carbohydrates.

The energetic cost of increasing seed-oil
percentage with the above three approaches is
shown in Table 5. It would be energetically more
economical to increase the concentration of oil in
the seed at the cost of conceniration of protein
rather than carbohydrate. It has also been shown
that there exits a negative correlation between the
oil and protein content of groundnut genotypes
{Tai and Young, 1975; Dwivedi ef al., 1990) and
hence formulating breeding strategies for
increasing oil content while lowering the
percentage of protein will not only be
bioenergetically efficient but also easier.

II. PHOTOSYNTHESIS VIS-A-VIS
BIOMASS PRODUCTIVITY

Inorganic elements (C, H, O, N, and §) are
incorporated in organic molecules via light
dependent reactions. These are utilized for
construction and turnover of plant organs. The
new organs help further acquisition of nutrients.
Hence, given all the nulrients in a required
concentration and form, the plant growth should
ultimately be dependent upon net CO, fixed i.e.
photosynthesis. Studies have indeed indicated that
there exists a linear relationship between the net
photosynthesis of the entire canopy throughout
the growing season and crop yield {Christy and
Porter, 1983).

Photorespiration is converse of
photosynthesis and results in [oss of solar energy
captured and conserved by plants and consequent
loss of crop yield. In C3 plants, depending on
temperature, in field conditions photorespiration
causes a reduction in yield of crops by 25 to 50%
(Canvin, 1990). Since groundnut is a C3 plant,
enhancement of net photosynthesis or suppression
of photorespiration should bring about a
substantial increase in the productivity of
groundnut.

Prospects of suppressing photorespiration vis-
a-vis enhancing photosynthesis

The CO, fixing enzyme, ribulose-], 5-
bisphosphate carboxylase (Rubisco) also
displays oxygenase activity. When ribulose-1,
5-bisphosphate (one of the substrates of
Rubisco) is bound to an active site of Rubisco,
it can react with cither CO, and Q,. Thus the
two processes of carboxylation and oxygenation
are competitive. At air levels of CO, (0.03%)
and O, (21%), two or three moles of CO, are
fixed per moie of O,, indicating that Rubisco
has a higher affinity for CO, than O, (Jensen,
1990). This suggests that the Rubisco enzyme
may have evolved at a time when the
atmosphere contained much less O,. Thus
oxygenase activity of rubisco appears to be a
chemical consequence of the carboxylation
mechanism and then photorespiration to be a
salvage operation (Canvin, 1990},

i} Genetic engineering of rubisce bisphosphate
carboxylase / oxygenase (Rubisco) for
improving its efficiency: The specificity factor
of Rubisca which indicales the affinity of the
enzyme for CO, has indeed been modified during
the course of plant evolution. The values of
specificity factor are about 80 for higher C3 and
(4 plants, 62 for green algae, 48 for cyanobacieia
and as low as 10 to 15 for some photosynthesis
bacteria (Table 6) (Jordan and QOgren, 1981}.
Higher specificity factors indicate a greater affinity
by the enzyme for CO,. Thus there is a little scope
for mobilizing an efficient Rubisco from any other
photosynthetic species o groundnut by genetic
engineering. Moreover, despite major advances
towards comprehensive understanding of
structure, mechanism, physiology and molecular
biology of Rubisco, the feasibility of designing a
more efficient enzyme remains problematic
(Hartman and Harpel, 1994).

ii) CO, concentrating mechanism for enhancing
carbon exchange rate (CER) : Research work
done in the last three decades has shown that CO,
enrichment in the ambience of crop canopy tends
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Table 4. Bioencrgetic efficiency of increasing crop productivity through varying HI and biological yield

Options Biol. Pod Hl Glucose Increase
yield vield required over
baseline
kg ha'! kgha'! % kg ha'! %
Baseline 2250 900 40 36K2 -
A 2250 1350 o0 4064 10.4
B 3375 1350 40 5524 500
C 2700 1354 50 4648 6.2
D 4500 1350 30 6983 876

Source: Misra and Yadav (1995)

Table 5. Energetic cost of increasing oil content of groundnut secd

Composition Glucose Increase relative
requircment to standard

C:P.OM 2100 g’ seed %
Standard 248.12 -
28:27:45:3

High oil (LC) 258.82 43
23:27:50:3

High oil (1.P} 25234 1.7
28:22:50:3

High oil (LC, LP) 255.58 3.0
25.5:24.5:50:3

C:P:O:M = Carbohydrate Protein: Oil' Mineral
LC = Low Carbohydrate; LP = Low Protein

Source: Mitra and Bhatia (1979)

Table 6. Specificity factor of Rubisco from various photosynthetic organisms

Type of organism Specificity factor
C3 plants BG
C4 plants ' 80
Green algae 62
Cyanobacterria : 43
Photosynthetic bacteria i 62

11 9-15

Source: Jordan and Ogren(1981)
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to increase the growth rales and harvestable viclds
of most plant species (Kimball, 1983; Curc and
Acock, 1986). Short term CO, enrichment
increascs CER, but the higher CER docs not
persist for long periods (Sage ef al., 1989).

The beneficial effect of CO, enrichinent 1s
brought about by enhancement of net
photosynthesis by increasing carboxylation,
reducing oxygenation and incrcasing iCmperature.
It also brings down stomatal conductance
resuliing in reduced transpiration rate, thus CO,
enrichment greatly enhances the water use
efTiciency of plants. The increase in yield under
CO, conditions is achicved through an increase
in the number and arca of leaves and tn the
number of reproductive plant parts (Lawlor and
Mitchell, 1991). In developed countries, CO,
enrichment technique is alrcady in vogue for
greenhouse crops. In fields studies, encouraging
resuits have been obtained with major crops like
rice, wheat and maize. However, afler an initial
increase with CO2 carichment, the CER often
declines. But this is not so with groundnut.

Response of groundnut to CO, enrichment:
Poar seed (il{ and resultant seed-coat shriveling
occur commonly in Virginia type peanul grown
in Taiwan. The phenomenon has been linked to
continuous forming of new pegs (excessive sink
load) and low canopy CER, with a view to
evaluating the effect of CO2 enrichment (1000 ul
CO, I'! and depegging on CER and yield,
experiments werc conducted on pot-grown
virginia-type peanut (Chen and Sung, 1993).
Carbon dioxide enrichments were applied to the
plants at ped filling. Depegging cffect was
examined contracting the controls and plants
maintaining 30 to 40 pegs throughout the growing
period. The short-term CO, cnrichment (CO,
treatment for 10 days) improved both leaf and
canopy CER. Long-term CO, enrichment (CO,
treatments throughout pod-filling) almost doubled
the CER, reduced stomatal conductance and
tended to ease leaf Rubisco (Table 7) and
chiorophyll deteriorations. Biomass yield per
plant increased with high CO, treatment applicd

at secd-filling period (Table 8), but the production
of marketable secds improved only in the plants
receiving CO, enrichment and depegging
treatments (Table 9).

In an another experiment conducted by
Clifford et al., (1993), stands of groundnut were
grown in controlled-environment glass-houses at
28°C (+ 5°C) under two levels of CO, (350 or
700 w1 CO, 1! and two levels of soil moisture
(irrigated weekly or no water from 35 days after
sowing). Elevated CO, increased the maximum
rate of nel photosynthesis by up 1o 40%, with an
increase in conversion coefficient for intercepted
radiation of 30% (from 1.66 10 2.16 g MJ!) in
well-trrigated conditions, and 94% (from 0.64 10
1.24 ¢ MJ™") on a drying soil profile. In plants
well supplied with water, elevated CO, increased
dry matter accumulation by 16% and a pod yield
by 25%. However, the harvest index (total pod
dry weight/above ground dry-weight) was
unaffected by CO, treatment. The beneficial
effects of elevated CO, were enhanced under
severe water stress, dry matter production
increased by 112% and a pod yield of 1.34 t ha™!
was obtained in 700 pl CO, 1!, whereas
comparable plots at 350 nt CO, 1! only yielded
0.22 t ha''. There was a corresponding decrease
in harvest index from (.15 to 0.05 (Table 10).
Following the withholding of irrigation 35 days
after sowing, planis growing in clevated CO,
could maintain significantly less negative water
potentials (P< 0.01) for the remainder of the
season than comparable plants grown in ambient
CO,. Thus CO, enrichment allowed prolonged
plant activity during drought. In plants which
were well supplied with water, allocation of dry
matter between leaves, sters, roots and pods was
similar in both CO, treatments. On a drying soil
profiic, allocation in plants grown in 350 ul CO,
I"! changed in favour of root development far
earlier in the season than plants grown at 700 pl
1!, indicaling that scvere waler stress was reached
earlier at 350 ul CO, 1°' (Clifford et al., 1993).
And, hence it was concluded that the primary
effects of elevated CO, on growth and yield of
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Table 7. Effect of COz enrichment on CER, stomatal conductance and Rubisco activity of groundnut

co, Stage of the crop

wuli RS Ré R7 RS

Canopy CER umol m? §!

340 10.24 898 8.03 7.14
1000 1433 10.25 15.72 15.25

Leaf CER umol m'? §

340 ) 20.56 18.62 16.49 10.48
1000 4385 42.67 38.75 37.00

Stomatal conductance moim? §?

340 0.42 0.40 0.39 0.24
1000 0.21 0.23 0.24 0.21

Rubisco umol m? §!

340 28.50 27.40 27.60 21.70
1006 28.50 29.80 30.10 25.30

RS, R6, R7 and R8 refer respectively 10 beginning seed, full seed, beginning maturity, and harvest maturity stages
of growth in the reproductive phase of the groundnut crop.

Source: Chen and Sung (1990}

Table 8. Effect of CO, enrichment and depegging on dry matter accumulation and yield of groundnut

co, Dry matter g plant *!

pl Leaves Stem Root Pod

340 29.79 3222 2.01 32.61
340 depegging 30.16 29.90 233 33.87
1000 34.97 33.89 2,79 3697
1000 depegging 31812 32.69 341 38.57
LSD(0.05) 1.60 2.29 0.14 2.28

Source: Chen and Sung (§990)
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groundnut stands were mediated by increase in
the conversion coefficient for intercepted radiztion
and the prolonged maintenance of higher leaf
water potential during increasing drought stress.

Thus the preliminary short-and long-term
CO, enrichment experiments have shown that
groundnut responds favourably to CO,
enrichment. And at elevated CO, levels more
pods are formed and the canopy CER is able to
meet the sink demand. As a result though pod
yield is enhanced, the majority of pods produced
are of ynmarketable grade due to poor filling. It
is, however, not clear whether the rate limiting
factor is CER itself or the rate of sucrose synthesis
or a feedback inhibition due to accumulation of
starch,

1. PROSPECTS OF ENHANCING
HARVEST INDEX BY GENETIC
ENGINEERING

It is now known that the partitioning of
photoassimilate into export-competent {sucrose)
versus - incompetent (starch) forms in expont
leaves determines the source capacity (Sonnewald
and Willmitzer, 1992; Huber and Huber, 1992).
Several reports suggest that the amount of sucrose
present in the source leaf is rate limiting with
respect to its export capacity. Socrose is
synthesized by the coupled action of enzymes
sucrose phosphate synthase (SPS) and sucrose
phosphatase. However, the importance of SPS in
the regulation of carbon partitioning in leaves has
now been confirmed using recombinant DNA
technology (Worrel ‘et al., 1991).

Groundnut leaves have a tendency to
parlition a greater proportion of the
photoassimilate into starch than sucrose (Huber,
1981a) as they have a low level of SPS (Huber,
1981b}. Therefore inhibition of starch synthesis
and/or stimulation of sucrose synthesis in the
source leaves would be the possible targets of
manipulation for enhancing productivity of the
crop. Recently, the potential of recombinant DNA
technology has been demonstrated for enhancing

the rates of sucrose production in tomato and
suppression of starch synthesis in potato and
tobacco (Sonnewald and Willmitzer, 1992).

CONCLUSIONS

Computations indicate that in order to be
bioenergetically more efficient, enhancement in
the oil content of groundnut secds should be
approached at the expense of proteins rather than
carbohydrates and enhancement in yield by
improving HI rather than biomass productivity.
Augmentation of enzyme sucrose phosphate
synthase and suppression of expression of starch
synthetase in groundnut feaves should be the
possible targets for genetic engineering of
groundnut plant for enhanced partitioning.

CO, enrichment experiments in both
controlled and field conditions indicate that
groundnut responds favourably to CO, enrichment
around its canopy. Morcover, compared to
unstressed crops, a much greater effect of CO,
enrichment on dry matter production has been
found in water-stressed crops. Hence future
research efforts should be aimed at development
of cheap and simple technology for CO;
enrichment of the groundnut canopy for
improving both the productivity and water use
efficiency of groundnut.
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CHARACTER ASSOCIATION AND PATH ANALYSIS IN F, POPULATION
OF GROUNDNUT

ROSE MARY FRANCIES* and R. SETHUPATHI RAMALINGAM
School of Genetics, Tamil Nadu Agricultural University, Coimbatore - 641 003, Tamil Nadu

ABSTRACT

Fifty-five genotypes of groundnui in the F, generation were evaluated for seventeen component characters. The
character association studies indicated that kernel yield, number of kemels, number and length of seconuary
branch, plant height, length of primary branch, nodes on primary and secondary branch, number of mature pods,
mature pod per cent and number of pegs were strongly associated with pod yield. The path coefficient analysis
revealed that nodes on main axis, nodes on primary branch and number of kemnels were the main characiers

influencing pod yield directly as well as indirectly.

Key Words:

INTRODUCTION

Selection of superior genotypes based on yield per
se will be less efficient because yield is a complex
character and simultancously contributed by many
mutually related components, This assumes
greater importance in groundnut compared to
other crops due to the fact that the groundnut pods
are formed underground and unless associations
between the external plant characters and yield
are ¢stablished, it may not be possible to effect
proper selection of plants prior to harvest. Hence.
the present study was carried out to obtain
information on the magnitude of relationship of
individual yield components to yicld, inter-
relationships among them and to mecasure their
relative importance.

MATERIALS AND METHODS

A crossing programme involving eight
interspecific hybrid derivatives in the F |
generation and three cultivars of groundnut in a
line x tester mating design was undertaken during
August - December, 1992 at the Oilseeds Breeding
Station, Tamil Nadu Agricultural University,
Coimbatore. From the resulting hybrids 55 F,
progenies were selected and advanced o F,
generation. The details of the crosses are,

Pod vield; correlation coefficients; path coefficient analysis; groundnut.

Chico/VB 78 (4 Progenies),

VRI 2/VB 78 (4 Progenies), CO2/VBT3 (4 Progenies),
VRI 2/VR 60 (3 Progenies), Chico/VB 72 {2 Progenies),
VRI 2/VB 72 (I Progeny), Chico/VB4 (1 Progeny),

VRI 2/VB 42 (] Progeny), CO2/VB42 (2 Progenies),
Chico/VR 4 (3 Progenies), CRI2/VR4 (2 Progenies),
CO 2/VR4 (6 Progenies), Chico/VR [l (2 Progenies),
VRI 2Z/VR 11 (I Progeny), CO2/VR 11 (3 Progenies),
Chico/VB 51 (4 Progenies), VRI2/VB 351 (3 Progenies),
CO 2/VBSI (4 Progenies), Chico/VR 17 (1 Progeny),

VRI 2/VR 17 (1 Progeny) and CO 2/VR 17 (3 Progemies).

The F, generation was raised during
August - December, 1993, in randomized block
design with three replications, adopting a spacing
of 30 cm between rows and 15 cm between plants
within the row. Data were collected on five
randomly selecied plants in each entry per
replication on plant height (X)), length of primary
branch (X,), length of secondary branch (X).
number of primaries (X,), number of sccondarics
(X,), nodes on main axis (X}, nodes on primary
branch (X.), nodes on secondary branch (X,),
number of mature pods (X)), mature pod per cent
(X g), number of pegs (X, ). reproductive
efficiency (X,), kernel yield (X)), shelling per
cent (X,,), number of kernels (X)), oil content

* Present Address: Department of Plant Breeding and Genetics, Kerala Agricultural College,

Velanikkara, Thrissur - 680 654.
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(X, and pod yield (Y). Phenotypic and genotypic
correlation coefficients were calculated using the
method adopled by Johnson ef af, (1955). Path
coefficient analysis was carried out in accordance
with Dewey and Lu (1959).

RESULTS AND DISCUSSION .

i

The pature and extent of association existing at
both genotypic and phenotypic levels worked out
in all possible combinations, are presented in
Table 1. In the present study, the genotypic
correlation coefficients were higher than the
phenotypic correlations for most characters
studied. This may be due to depressed phenotypic
expression by environmental influence
(Deshmukh et af., 1987, The data revealed that
pod yield had significant positive association with
kernel yield, number of kernels, number and
length of secondary branch, plant height, length
of primary branch, nodes on primary and
secondary branch, number of mature pods, mature
pod per cent and number of pegs both. at
phenotypic and genotypic levels. Such positive
association of pod yield with, number of secondary
branch, number of mature pods (Lakshmaiah er
al., 1983), shelling per cent, number of pegs,
number of primary branch (Swamy Rao et al.,
1988), plant height, kernel yield and number of
kernels (Reddi ef al., 1991) were reported earlier.
It was interesting to note that only oil content
showed significant negative association with yield
at genotypic level, confirming the reports of
Chiow and Mynne (1983). Intercorrelation
estimates for vield components revealed that
length of primary branch length of secondary
branch, number of secondaries, number of mature
pods, number of pegs, kernel vield and number
of kernels were significantly and positively
associated with one another as well as pod yield
which indicated that these are important
components for improvement of pod vield in
groundnut and also the possibility of simultancous
improvement of these traits by selection.

The path coefficient studies (Table 2)

Journal of QOilseeds Research

indicated that nodes on main axis had the highest
positive direct effect on pod yield followed by
number of primary branches while plant height
exhibited the maximum negative direct effect on
yield. This is in accordance with the reports of
Lakshmaiah ef af., (1983). Pod yield was highly
influenced by nodes on main axis, nodes on
primary branch, number of kernels both directly
and indirectly. The genotypic correlation
coefficients for these characters were also positive
and highly significant. Hence, an emphasis on
these traits in sclection for groundnut
improvemcnt may be rewarding. The low residual
effect indicated that characters other than thosc
considered in the present study did not exerl
significant influence on pod yield.
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ADVANCES IN BREEDING FOR BASAL BRANCHING AND
PRODUCTIVE LINES OF Brassica juncea

CHM. VIJAYAKUMAR, V. ARUNACHALAM, S K. CHAKRABARTY and P.S, KESAVA RAO
Genetics Division, Indian Agricultural Rescarch Institute (IARl}, New Delhi-1]0 012.

ABSTRACT

An attempt was made to study the variabitity of basal and non-basal branching genotypes in F, and F generations
derived from nine crosses in Indian mustard (Brassica Juncea) [Czem & Cass (L)]. Sixty four F, (amilies were
studied for yicld and yield antributes. Among them thirty two were selected and F, families of them were evaluated
for yielding ability. The results revealed that there is sufficient variability available for all the plant type and yieid
parameters in the F, generation. A selection towards basal branching types is suggested to enhance the seed yield

in B. Junceu.

Key Words: Brassica Juncea, basal branching; selection; variability.

INTRODUCTION

A pre-requisite for any selection programme is
the existence of genetic variability. In Indian
mustard {Brassica Juncea), the genetic variability
is limned (Rai, 1989). A major advance was made
in this respect by Prakash (1973), when 3 large
number of ampidiploids were synthesized. Based
on several studics it has been suggested that (Jain,
1984 Labana, 1984) the ideal plant for improved
agronomic situations shouid be 1m tall with basal
and compact branching having appressed pods
and higher number of bold seeds. However, the
studies relating to basal branching and its
utilization are very scarce. Basal branching
genotype has been defined (Vijayakumar et al,
1994) as one in which at least one productive
primary branch initiates within a height of 30 em
(H)) from the ground.

The aim of this paper is to examine the
vanability, particularly for basal branching and
its assaciation with yield in F, and F, generations
of some inter-varietal crosses made using cultivars
and synthetic strains of B.Juncea.

MATERIALS AND METHODS

In the F, of nine crosses detailed below, 64

individual plants were selected for basal branching
and other yield components during rabi 1989.

List of crosses and their pedigree

Cross  No. of Expanded pedigree
Plants

PBRN 10 PB = Pusa Bold

PBNN 6 RN = Synthetic B.Juncea

PBYS 8 {B. campestris ssp. rapifera x
B. nigra)

INRN 6 NN - Synthetic B Juncea

JNNN 4 (B. campestris ssp. narinosa x

B nigra)

RNJN 8 YS = Yellow sceded B.Jurcea

RNYS 8 (An accession from Poland)

NNRN 8 JN = Synthetic B.Juncea

RNNN 6 (B. campestris ssp. japonica x

B. nigra)

F, families from the selected plants were
raised during rabi 1990 on plani-to-progeny basis.

Received for publication in August, 1996
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Each family was sown in four rows of 3m length
with a spacing of 75cm between rows and 10 cm
between plants. Single plant data were collecFed
on seven traits which included those indic_;anve
of basal branching, namely, number of primary
(PBI) and secondary (SBI) branches within the
height H,, in addition to plant height (HT}, seed
yield (SY) and harvest index (HI) on per plant
basis. An entry where, two thirds of the selected
plants were basal branching were considered as
basal branching entries, and the rest as non-basal

branching.

Data collected on five randomly chosen
plants was subjected to ANOVA, Using the
method of Arunachalam and Bandyvopadhyay
(1984), the 64 families were grouped into four
classes, H:High, M+: Medium above mean, M-;
Medium below mean and L:Low using a
performance score computed across the seven
traits, The top 50% entries in each class was
selected to give 32 families. The F, progeny of
the sclected F, plants from all the nine crosses
was raised during rabi 1991 in a RBD, where
each family was sown in a single row of 5m length
in two replications with sacings mentioned earlier.
The seed yield (g) per plot of each family was
recorded,

RESULTS AND DISCUSSION

The variation between the 64 families was
significant for all the traits. The coefficient of
variation (C.V.) was greater for basal branching
traits (Table 1) than others. However variation
was subdued for the economically improtant traits,
seed yield and harvest index. But the C.V. for SYI
and HII were 4 and 5 times that of SY and HI,
indicating that unutilised variability was abound
for basal branching productivity traits. Though
high variation for number of branches was
recorded earlier (Paul, 1978), such variation for
basal branching as observed in this study has not
yet been reported. This was followed by significant
differences in F, families for seed yield.

Data on mean seed vield of 32 selected
families in F, and F, brought to light that all the
productive families with high (H) or M+ overali
status were basal branching. Despite some having
M+ status, most of the non-basal branching
families were of M-status. No basal branching
families attained overall status ‘L’. The mean seed
yield (g) of families with high status was 23.3,
followed M+ (21.4g), M-(16.8g) and low (11.9g).
Since index selection was reported to be efficient
in preliminary selection for single plant yield
(Chatterjee and Bhattacharya, 1986; Teresa,
1987), the results of this study would add a
maodification that stable and high yields could
preferentially be selected for using basal
branching traits, PBI, SBI, SYI and HII.

The progress of yield improvement from
F, and F, indicated that the mean seed yield of
basal branching families in F, (320g) was lower
to non-basal branching families (353g). The
regression of F, seed yield on F, was negative and
significant with respect to basal branching
families, while for non-basal branching types, it
was positive and signifcant. Basal branching
familics, while for non-basal branching types, it
was positive and significant. Basal branching
families segregated into 68% of non-basal
branching plants in F,, indicating high
heterozygosity for basal branching. In contrast,
non-basal branching families gave an average of
77% of non-basal branching plants in F,
confirming high genetic uniformity of non-basal
branching types. This could be a main reason for
the comparatively low yields of basal brnaching
F, famalies. In view of the above results it is
advisable that individual selection be practised
for basal branching types beyond F, generation.
Nevertheless, the results gave a conclusive trend
that it is possible to breed for basal branching
and high productivity disproving contrary opinion
by some physiologists (Bhargava and Tomar,
1982; Bhargava et al., 1983; Chauhan et al,
1987). A variety evolved with basal branching
and high production of about 29.4 g/ha compared
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10 the yield of about 25 g/ha of the check, Pusa
Barani is in All India Trials. This is an encouragig
proof and it is time breeders invest sufficient
efforts to evolve basal branching mustards, in

future.
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Table 1. Mean (M), range (R) and coefficient of variation (CV) for seven traits in 64 families

Trait M+ SEm R CV (%)

HT: Plant height (cm) 2185+6.10 172.4-264.0 8.1

PB 1 : No. of primary branches at H1 0.8+0.49 0-3.0 116.0
SB 1 »No. of secondary branches at H1 2.3+ 1.62 0-73 1213
SY1 : Seed yield (g) at HI 1.2+ 1.03 0-73 134.4
SY : Seed yield () / plant 17.21 337 6.2-34.0 33.7
HI I : Harvest index (%) at H] 0.8+0.57 0-3.7 1363
HI : Harvest index (%) / plant 13.8+ 1.50 7.5-24.1 24.0
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PHENOTYPIC STABILITY OF SOME IMPORTANT YIELD
COMPONENTS IN INDIAN AND EXOTIC GENOTYPES OF SOME
OLEIFEROUS BRASSICAS

LEKH RAJ and V.P. SINGH

Department of Plant Breeding CCS Haryana Agriculture University, Hissar - 125 004

ABSTRACT

The experimental material, comprising 54 selections belonging to four different oleiferous Brassica spp., viz., B.
Juncea L. (Czemn and Coss.).,, B. campestris, L., B. carirata Braun and B. napus L., was evaluated in six
environments spread over two years with three sowing dates in each year. The selections showed differential
response to the changing environmental conditions. There was preponderance of linear component for ail the
characters except 1000 seed weight Both the linear and non-linear components were equally important for selection
x environment (G x E) interaction for }000-seed weight. The selections exhibiting higher 1000-seed weaight were
RH 30 and RH 8812. The former was stable for primary and secondary branches and 1000 seed weight while the
latter was stable for all the characters studied. Largest number of stable selections wers found for the character

number of primary and secondary branches,

Key words : Oleiferous Brassicas; GxF; yield components.

INTRODUCTION

Yield is a primary consideration in breeding
programmes which is governed by polygenes and
is greatly influenced by many physiological
processes within a plant as well as environmental
factors to which the plant is exposed. Selection
for yield per se may not be effective since there
may not be genes for yield per se (Grafius, 1956),

Information about phenotypic stability in
a crop has substantial value in screening varieties
for cultivation as well as for use in further breeding
programmes. Therefore, it becomes necessary to
assess the stability of desirable selections for
important yield components, In the present study,
phenotypic stability of 54 selections of 4 species
of oilseed Brassicas have been estimated and
reported.

MATERIALS AND METHODS

The present investigation was carried out during
rabi scason of 1992-93 and 1993-94 in the

research farm of Department of Plant Breeding,
Chaudhary Charan Singh Harayana Agricultural
University, Hissar. The material consisted of 54
selections of four Brassica spp.

L. B. juncea L. {Czern & Coss) - 24 selections
2. B. campestris L. - 10 selections

3. B. carinata Braun - 10 selections

§. B. napus L. - 10 selections

Field experiment was conducted to assess
stability of 54 selections by growing them in two
seasons (rabi 1992-93 and 1993-94) with three
sowing dates (30th September, 20th October and
10th November) in each season, Under cach
environment, three meter long four row plots were
assigned to each of these selections, al a spacing
of 30 x 15 cm in randomized block design with
three replications. Normal recommended
agronomical package of practices were followed
to raise the crop. Plants from two central rows
were used for recording the observations. The data
recorded for primary branches, secondary .
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branches, seeds per siliqua and 100 seed weight
were subjected to stability analysis as per the
model proposed by Perkings and Jinks (1968).

RESULTS AND DISCUSSION

The significance of mean squares due to selections
in joint regression analysis (Table 1) indicated
that a considerable vanability existed among the
selections for all the characters studied. The
environmental mecan squares were significant for
all the characters which reflected that the
environments varied markedly for all the
characters. Significant mean squares due to G x
E interactions indicated that the selections showed
differential response to the changing
environmental conditions. The G x E interaction
was partitioned into two components namely,
heterogeneity between regression and remainder,
the former accounting for linear component
whereas the latter for non-linear component.
There was preponderance of linear component for
all the characters except 1000 seed weight. For
these traits, the G x E interaction could be
predicted reliably based on linear regression
which had considerable practical value. Both the
linear and non-linear components accounted for
G x E interaction for the 1000- seced weight. Hence
predictions based on linear regression could be
difficult for this character.

According to Perkins and Jinks {1968) a
desirable selection should have high mean (x)
with i and S values approaching to zero. But
Paroda and Hayes (1971), Jatasra and Paroda
(1979) and Becker (1981) suggested that linear
regression (Pt) could be regarded as a measure
of response of a particular selection and deviation
from regression $2, should be considered as a
better measure of stability.

The stability parameters for various
characters are presented in Table 2. For primary
branches per plant, 24 selections had non
significant Bi and S?; values. The selection

Ethiopian Sel, exhibiting highest number of
primary branches with average responsiveness but
it was unstable. Out of 31 stable selections, 24
exhibited average responsiveness, six exhibited
above average responsiveness and one selection
exhibited below average responsiveness. None of
the stable selections was found to have higher
number of primary branches per plant. For
secondary branches, 26 selections showed non-
significant i and S?%; values. Among 36 stable
selections, 26, 7 and 3 were average, below
average and above average responsive,
respectively. The stable selections NC14 and HC
9006 expressed the above average mean
performance. The stability parameters presented
in Table 2 for seeds per siliqua revealed that both
piand S, were non-significant for 15 selections.
Out of 23 stable selections, 16 exhibited average
response, 4 exhibited below average response and
3 selections exhibited above average response.
Only one stable selections N 20-7-1 showed above
average mean performance. Examination of
stability parameters presented for 1000-sced
weight in Table 2 indicated that both i and 82,
values were non-significant for 14 selections. Out
of 26 stable selections, high mean performance
was exhibited by six only (PCRS, Varuna, RIC
949, RJ 14, RH 30 and RH 3312). RH 30 and
PCR 5 showed average and below average
responsiveness, respectively. Varuna, RIC 949, RJ
14 and RH 9912 showed above average
responsiveness.

The largest number of stable selections -
were found for primary and secondary branches.
So these characters could be used as criterion of
selection while breeding for phenotypic stability.
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Table 1. Regression analysis for yield components in rapeseed and mustard.

and Crosses. Heredity. 23:339-356.

Source df. Primary Secondary Seeds per 1000-seed
branches branches siliqua weight (g)

Selection 53 45,49+ 23231 120.02%* 2.76%

Environment 5 1399 148.26** 33.03** 0.44**

(Joint regression)

Selection x 265 1.74%+ T.74%¢ 5.87% 0.17+*

environment

Heterogeneity 53 2.71%++ 12.59%%++ 10.94%%++ 0.18**

between regression :

Ramainder 212 1.49*+ 6.53%¢ 4.544+ 0.24%*

Pooled error 636 Q.30 19§ 1.04 0.08

**  Significant at 0.01 level.

++ Significant against remainder at 0.01 fevel of probability.
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STABILITY ANALYSIS FOR YIELD AND ITS COMPONENTS IN
MUSTARD (Brassica juncea L. Czern and Coss)

H.L. THAKUR, S VERMA and J.C. SAGWAL
Qilseed Research Station, HPK V., Kangra, 176 001

ABSTRACT

Stability analysis of 25 mustard genotypes was made for six characters (plant, height, days to maturity, primary
and secondary branches/plant, siliquae/plant and seed yield/plot), grown over eight environments. The G X E
interaction, environment (linear) and environment (non linear) components were significant for all the traits except
primary branches/plant. However, the predictable component was predominant, indicating the prediction of
performance of genotypes over environment for these traits. Genotypes Kranti, PR 43, TM 21, RH 30, Krishna
and RLM 619 were found suitable for timely sown situations whereas, varieties namely Krishna, DIRA 667, TM
21, PR 43 and TM 9 performed satisfactorily under late sown conditions .

Keys words : Mustard; Brassica juncea; genotype-environment; interaction; stability analysis.

INTRODUCTION

Rapeseed-mustard is the major rabi oilseed crop
in Himachal Pradesh, covering 36 per cent of the
total area and contributing to 45 per cent of the
total oilsced production. Mustard, which is
relatively a n ew crop to the state is catching the
attention of farmers especially as a mixed crop
with wheat. The state has a wide range of agro
climatic conditions where wheat sowing is carried
right from mid September to the end of December.
The present investigation was undertaken to
identify stable and high yielding varieties of
mustard which could fit into different agro
climatic conditions of Himachal Pradesh.

MATERIALS AND METHODS

Twenty five mustard genotypes were grown in a
simple randomized block design for (wo years
(1990-1991 and 1991-1992) at the Qilseed
Research Station, Kangra. Four micro
environments (Timely sown irrigated, Timely
sown-rainfed, Late sown-irrigated and Late sown-
rainfed) in ecach year, thus giving eight
environments. Data were recorded on per plot

basis in each of the replications. The data were
analysed for stability parameters according to
Eberhart and Russell (1966) and Perkins and Jinks
(1968).

RESULTS AND DISCUSSIONS

Joint regression analysis showed that genotypes
as well as environments differed significantly for
all the six characters studied (Table 1). Significant
G x E interactions for most of the characters
indicated varied phenotypic expression of most
genotypes in different environments. Both
predictable and unpredictable components shared
the G X E interactions the former being slightly
predominant. Similar results were reported by
Labana er al. (1989), Singh et a/ (1984) and
Thakur et al. (1992). The environment (linear)
interaction components were also significant for
all the traits. However, higher magnitude of
environment (linear) to genotype-cavironmernt
(linear) interaction for all the characters might
be responsible for high adoption of genotypes in
relation to yicld and its components in mustard.

Variances due to pooled deviation (non -
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