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SUMMARY

In the present study we report the genetic diversity among 18 sunflower
inberd lines involving alloplasmic cms lines, conventional cms and restorer
lines (petiolaris source) using twenty traits. Efforts were also made to correlate
various morphological and physiological traits with seed yield and oil content.
The study was performed at Oil Seed Section, Department of Plant Breeding
and Genetics, Punjab Agricultural University (PAU), Ludhiana, India. The
analysis of variance recorded persence of significant variability among the gar-
mplasm lines. Mahalanobis D? statistic indicated presence of substantial
genetic diversity and genotypes were grouped into five clusters. ARG-3A and
cms-XA were designated as the most diverse cms sources. Grain yield an
important character showed highly significant positive correlation with days to
50% flowering, days to maturity, plant height, chlorophyll content, oil content,
and biological yield at both genotypic and phenotypic levels. Path coefficient
analysis revealed direct positive effect of no. of leaves per plant, 100 seed
weight, chlorophyll content, leaf area, leaf area index, oil content, biological
yield and harvest index on grain yield. Plant height, seed size, number of leaves
per plant, chlorophyll content, leaf traits, and oil content were identified as
important traits for selection criteria to improve seed yield in sunflower. It was
also observed that different cytoplasmic sources used in the present study did
not show any deviations from the previously established correlations between
important morphophysiological and seed yield traits and can be exploited in
heterosis breeding programme.

Key words: sunflower, alloplasmic cms lines, correlation, path cofficient, D2
analysis
INTRODUCTION

Sunflower (Helianthus annuus L.) is an important oilseed crop widely adopted
and accepted for its high quality edible oil. Seed yield an important economic char-
acter in most of the crops is a complex trait and its inheritance depends upon a
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number of traits which are often polygenic in nature and highly affected by environ-
mental factors (Nadarajan and Gunasekaran, 2005). Studies on genetic divergence
are important to guide breeding programs aiming to obtain hybrid cultivars, so that
crosses are made among genetically divergent lines that have contrasting and com-
plementary traits (Luciene et al., 2010). The central component of sunflower hybrid
development is cytoplasmic male sterility (cms). Single source of cytoplasm PET-1
has been exploited extensively for hybrid production so far (Gauri Shankar et al.,
2006). There is a need to diversify the cytoplasmic base to safeguard sunflower
crop from future biotic and abiotic threats, if the cytoplasm becomes susceptible.
Recently, several cms backgrounds have been developed by interspecific and
intraspecific crosses which resulted in more than 70 cms sources (Series, 2002).
Since these cms sources were identified, several experiments to estimate the influ-
ence of the cytoplasmic effect on important agronomic traits have been developed
before their introgression into commercial breeding programmes. At PAU we devel-
oped a set of ten alloplasmic cms lines from different sources using NC41B as com-
mon maintainer for all these sources through backcross method. Now we were
interested to study the performance of these sources with respect to morphophysio-
logical, yield and quality traits and level of diversity between these sources as well
as from our previously developed cms and restorer lines (based on conventional
Petiolaris source) in order to identify diverse genotypes for use in hybrid breeding
programme. Information on nature and magnitude of variability present in a popu-
lation due to genetic and non genetic components is also an important prerequisite
for systematic breeding programme. Correlation coefficient analysis measures the
mutual relationship among various plant traits and determines the component
traits on which selection can be based for improvement in yield. Similarly path
coefficient analysis is a powerful statistical technique which provides means to
quantify the interrelationship of different yield components and also indicates
whether the influence is directly reflected in seed yield or takes some other pathway
for ultimate effects, so that the contribution of each contributory variable to the
resultant variable can be estimated (Llahi et al., 2009). Keeping all these points into
consideration the present study was planned to evaluate the available sources for
different traits, to study diversity among these sources and determine the associa-
tion between various morpho-physiological and yield traits, to ensure a better
understanding of the cms lines, maintainer and restorers which may help to
develop better performing hybrids.

MATERIALS AND METHODS

Plant materials

The study involved germplasm lines involving nine alloplasmic cms lines from
different cytoplasmic background viz: cms-XA, E002-91, PKU-2 (H. annuus), ARG-
2, ARG-3, ARG-6A (H. argophyllus), DV-10A (H. debilis spp. vestitus), PHIR-27A
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(H. praecox spp. hirtus) and PRUN-29A (H. praecox spp. runyonic) developed at
PAU Ludhiana having a common maintainer line (NC-41B), along with four cms
lines (40A, 42A, 234A and 38A), four restorers (P69R, P124R, P10OR and
RCR8297) from commercial Petiolaris source. The experiment was conducted dur-
ing spring season 2011 and 2012 in randomized block design with three replica-
tions in a plot size of 0.6 X 3.0 m in the experimental area of Oilseed section,
Department of Plant Breeding and Genetics, Punjab Agricultural University, Ludhi-
ana, India.

Data recording

The data for morphological, seed yield, physiological and quality traits were
recorded as per the procedure described below:

i) Morphological and yield traits

Days to 50% flowering was recorded from the date of sowing till when approxi-
mately 50% of the flower buds per plot opened its flowers in each replication. Days
to maturity were counted from sowing to full maturity when the backside of the
heads turned brown. Number of leaves per plant was determined by counting
number of leaves in five randomly selected plants in each replication at the time of
complete flowering, Plant height was measured in centimeters from ground level to
the attachment of head from five randomly selected plants per plot at the time of
physiological maturity. Head diameter was measured in centimeters from one end
of head to other at maturity from five randomly chosen plants in each replication.
In order to obtain the precision, diameter of each head was measured from two
cross sections and their arithmetic means was worked out. Hundred seed weight
was recorded from 100 seeds counted from random sample of open pollinated
seeds from each genotypein each replication. Biological yield was recorded as
weight of total biomass of five random plants in each replication from each geno-
type. Grain yield per plant was recorded from five open pollinated plants in each
replication and then average was calculated.

ii) Physiological traits

Leaf area per unit dry weight method was used to measure leaf area. For this
leaf area of one plant from one genotype was calculated using graph sheet. The total
leaves from the same plant were then dried in the oven and their dry weight was
recorded to calculate area per unit of weight (1 g dry wt. =0.021 m?). Dry weight of
all the genotypes were recorded and multiplied with this common factor i.e., 0.021
to obtain leaf area for all the genotypes.

Leaf area index (LAI) defined as leaf area per unit soil area (m?) was calculated
as follows (Watson, 1958).

LAI = (A x N) /10,000

Where A is leaf area (cm 2

2) and N is numberr of plants per m“.
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Specific leaf weight (SLW) was calculated using the following formula

Dry matter of total leaves per plant (g)
Total number of leaves per plant

Specific leaf weight (g) =

Leaf water potential (Mega-Pascal’s - (Mpa)) was recorded by leaf water poten-
tial meter (Water Potential System — WESCOR - 4357526011) on five plants in each
replication for all genotypes.

Relative leaf water content (RLWC): for this 100 mg leaf discs (fresh weight),
from each genotype, were submerged in distilled water in test tubes till saturation.
After 6 h the leaf discs were removed from test tubes. Surface water of the discs
was blotted off without putting any pressure and then they were weighed to obtain
saturated weight. Then after drying the discs at 70°C for 72 h their dry weight was
determined. From these data RLWC was calculated (Weatherly, 1950) as follows:

Fresh weight - Dry weight
RLWC = X100
Saturated weight - Dry weight

Chlorophyll content was recorded using SPAD in five intact plants (third-
fourth leaf from top of plant) for all genotypes in each replication.

Quality traits

Oil content: To determine oil percent in seeds, the wide line nuclear magnetic
resonance (NMR) instrument Newport Analyzer MK 111 A was used. The NMR was
standardized by the use of 4 g seed of known oil content. The clean seed samples
were first dried for 3 h in an oven at 11°C. A representative sample (2 g) was used
for estimating oil content. The instrument was operated keeping the following cali-
brations.

a) Gate width = 1.5 gauss
b) Integration time = 32 sec
c) R.F level = 100

Oil content (%) = NMR reading of 2 g seed X 2

Fatty acid composition: Gas Liquid Chromatography (GLC) was used for fatty
acid estimation. Fatty acids were first converted to their ethyl esters by standard
method of transesterification developed at the Liquid Chemical Laboratory, Svalof,
Sweden.

The mean data recorded for all the traits was subjected to analysis of variance.
D? analysis was performed according to Mahalanobis (1936). Correlations were
worked out and path coefficient analysis was done.
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RESULTS

To widen the genetic base of the germplasm and the hybrids, the evaluation and
utilization of other cms sources in the hybrid breeding is of utmost importance.
Therefore it is desirable to develop and evaluate cms lines from variable sources for
morpho-physiological and biochemical parameters. Mean and range for different
characters are given in Table 1. The data reveals a wide range of values for all the
characters.

Genetic divergence: The genetic divergence among 18 sunflower inbred lines
comprising alloplasmic cms lines, euplasmic cms lines and restorer lines was
studied by D? statistics of Mahalanobis (1936) followed by clustering of genotypes
by Tocher’s method. These analyses were carried out to know the extent of diver-
gence in the breeding material to identify superior genotypes for further utilization
in the hybrid breeding programme. The analysis of variance recorded significant
differences among the germplasm lines for all the traits (Table 2). Significance of
these statistics suggested considerable diversity and justified further evaluation by
D? analysis.

Table 2: Analysis of variance for morphophysiological, quality traits and seed yield

SOURCE d.f. 1* 2 3 4 5 6 7 8 9 10

Replicates 2 029 512 001 0.31 31.71 048 19.55 23.58 7.54 0.00
Treatments 17 3319 2546 67.58" 2.86™ 2329.056™ 76.60™ 2317 238.38™ 1843.63" 0.81*
Error 34 080 075 1.41 0.08 3023 2704 049 068 0.77 0.00

SOURCE df. 11 12 13 14 15 16 17 18 19 20 21
Replicates 2 009 002 194 013 006 017 099 000 2837 1051.75  3.05
Treatments 17 2460* 411" 37.84"™ 145% 367" 129.76™ 110.76* 0.19" 372.29"* 170420.10* 221.89*
Error 34 001 001 08 002 005 150 083 001 529 130.52 1.48
* 1. Days to 50 % flowering, 2. Days to maturity, 3. No. of leaves/ plant, 4. 100 Seed wt. (g), 5. Plant
height (cm), 6. Head diameter (cm), 7. Chlorophyll cont. (%), 8. Relative leaf water cont. (%), 9. Leaf
dry wt. (g), 10. Leaf area (m?), 11. Leaf area index, 12. Specific leaf wt./plant, 13. Oil content, 14.
Palmitic acid, 15. Stearic acid, 16. Oleic acid, 17. Linoleic acid, 18. Linolenic acid, 19. Biological yield,
20. Harvest index and 21. Grain yield

** Significant at P=0,01

The data presented in Table 3 indicates a wide range of D? values from 33.87
to 791.23. Among the alloplasmic cms lines ARG-3 cytoplasm was observed to be
most divergent from NC-41B with D? value of 791.23. It also recorded high level of
diversity from cms-XA (509.64), ARG-6A (508.35), PHIR-27A (617.37), 40A
(743.86), 42A (748.08), P69R (711.67), P124R (550.28), P10OR (558.12) and RCR-
8297 (690.54). The second most diverse alloplasmic cms line was E002-91 having
D? values of 599.28 (NC41B), 553.28 (40A), 559.26 (42A), 519.68 (P69R) and
500.86 (RCR-8297).

Cluster composition: D? analysis assigned the test accessions into five clusters
(Table 4, Figure 1). indicating the presence of enough genetic diversity in the mate-
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rial. Cluster I contained maximum number of accessions ie., six (cms E002-91,
cms ARG-2, cms DV-10A, cms PRUN-29A, cms 234A and cms 38A), followed by
cluster III and cluster V comprising of five genotypes each. Cluster III comprised of
cms PKU-2, P124R, cms ARG-6A, P100R and cms PHIR-27A, while cms 40A, cms
42A, P69R, RCR-8297 and NC-41B fell in cluster V. Cluster II and IV had only one
genotype each i.e., cms ARG-3A and cms-XA respectively which shows that ARG3A
and cms XA are the most diverse sources among all.

Complete LINKAGE Dendro@am

E00281 2
ARGZ 4
DV-104 7
PRUN-294 9
2344 13
384 14 |
ARG-2 &
JE—|

PKUZ-A 2
P124R 16
ARGEA 6
P10OR 17
PHIR-27A &
CM3-xA 1
404 11
424 12
PEIR. 15
RCR-8297 18
NC-41B 10

100 200 300 400 500 600 700 800
Euclidean Distance

Figure 1: Dendrogram of sunflower genotypes based on morphological traits

Table 4: Cluster composition with genotypes / sources

Clusters No of lines Designation of lines

1 Cluster 6 E002-91, ARG-2, DV-10A, PRUN-29A, 234A and 38A
2 Cluster 1 ARG-3

3 Cluster 5 PKU-2, P124R, ARG-6A, P100R and PHIR-27A

4 Cluster 1 cms-XA

5 Cluster 5 40A, 42A, P69R, RCR-8297 and NC-41B

The mean performance of clusters is presented in (Table 5). The cluster I was
characterized as having highest mean values for days to maturity, plant height and
oil content. Cluster II had highest mean values for head diameter, chlorophyll con-
tent, oleic acid, grain yield and biological yield. Similarly lowest value for days to
50% flowering and plant height; and highest values for relative leaf water content,
leaf dry weight, leaf area, leaf area index and specific leaf weight were recorded in
cluster IV. Cluster V was characterized as having lowest value for days to maturity
and maximum values for number of leaves per plant, 100 seed weight, palmitic
acid, linoleic acid and linolenic acid.

Euclidian cluster analysis was also used to identify the diverse and desirable
accessions in terms of inter cluster distance and mean performance of traits in each
cluster, respectively. The important points considered while selecting genotypes
were: (1) Choices of the clusters which are separated by maximum inter cluster dis-
tance. (2) Selection of particular accessions that showed good performance in the
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selected clusters. The intra cluster distance (Table 6, Figure 2) ranged from O for
cluster II and cluster IV (as these have single genotype each) to 88.71 (cluster I)
indicating that accessions in cluster I (E002-91, ARG-2, DV-10A, PRUN-29A, 234A
and 38A) were more diverse with respect to morphological features and yield per-
formance than other clusters. Low levels of intra-cluster distance are indicative of
narrow genetic variation within a cluster and the results indicate that PKU-2, ARG-
6A, PHIR-27A, P124R and P100R members of cluster III show less genetic variation
among themselves. The members of cluster V and II exhibited maximum divergence
(inter-cluster distance 737.07) followed by the members of cluster III and II (inter-
cluster distance 557.36), cluster IV and II (inter-cluster distance 509.64), cluster V
and I (inter-cluster distance 503.12). The members of cluster IV and III were least
divergent (inter cluster distance 113.19).
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Figure 2: Clustering based on Mahalanobis D? analysis

Character association studies: The perusal of the table 7 revealed that grain
yield an important character showed significant positive association with days to
maturity, plant height, chlorophyll content, oil content and biological yield at both
genotypic and phenotypic levels. In the present study it was observed that cms
ARG3 which had maximum plant height, and head diameter; highest chlorophyll
content, and highest biological yield, also recorded highest seed yield. Highly posi-
tive and significant correlations were observed between leaf dry weight with leaf
area and specific leaf weight per plant; leaf area index with specific leaf weight per
plant followed by number of leaves per plant with plant height. Other traits having
moderate association were days to maturity with plant height, chlorophyll content,
oil content, biological yield and grain yield. Head diameter showed positive correla-
tion with biological yield, oil content, and physiological parameters i.e., chlorophyll
content, relative leaf water content, leaf dry weight, leaf area, leaf area index and
specific leaf weight.
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Oil content was positively associated with plant height, 100 seed weight and no.
of leaves per plant. There was a positive association of no. of leaves per plant with
100 seed weight, plant height and oil content. Significant negative association was
observed for days to 50% flowering with plant height and grain yield; days to matu-
rity with biological yield; no. of leaves per plant with head diameter, chlorophyll
content with relative leaf water content; plant height with relative leaf water content
and head diameter with harvest index. Reductions in seed yield upon reducing
number of days to flowering and plant height in sunflower has been well docu-
mented. Highly significant negative association was recorded between oleic acid and
linolenic acid.

Path analysis: Simple correlations between yield components are not very
informative with respect to determining the functional relation between components
from diverse hierarchy. The analytical method of path coefficients analysis permits
the decomposition of the correlations between two variables (X and Y) in a sum of
the direct effect of X on Y, and the indirect effects of X on Y via other independent
variables. Genotypic correlations were partitioned into direct and indirect effects
through various yield contributing characters to investigate the selection criteria in
sunflower breeding programme (Table 8). Number of leaves per plant, 100 seed
weight, chlorophyll content, leaf area, leaf area index, oil content, biological yield
and harvest index had positive direct effects on grain yield. The highest direct effect
(41.03) was exhibited by leaf area index, followed by leaf area (3.85), biological yield
(3.17) and oil content (2.27). Other traits also had positive direct effects on yield
but these were quite low. The leaf area index was recorded to have highest positive
direct effect on yield both at genotypic and phenotypic level (41.03 and 744.91,
respectively). Earlier, Farratullah et al. (2006), Madhavilatha et al. (2004) and
Muhammad et al. (2007) had also observed same results working on sunflower.
Patil et al. (1996) reported significant positive direct effects of 100-seed weight on
seed yield in sunflower. The direct effect of head diameter on seed yield was nega-
tive. Many researchers have also reported these (Alba et al., 1979; Marinkovi¢,
1992; Habib et al., 2006).

DISCUSSION

The mean values as recorded for various traits indicate a lot of variation for the
studied traits in the present material. Days to maturity a very important trait for
development of hybrids with different maturity groups, ranged from 92.0 to 101
days. Cms DV-10A, PRUN-29A and P100R were the late maturing lines hence suita-
ble for developing late maturing hybrids. In Punjab where sunflower is grown in
spring season, late maturing hybrids perform well and give high yields when sown
early in the month of December. Early maturing lines i.e., ARG-2A, ARG-3A, ARG-
6A and cms-XA can be crossed with early maturing restorers i.e., P69R, P124R
and RCR-8297 to develop early/medium maturing hybrids which can fit well under
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late sown conditions in Punjab where most of the land is vacated late in the months
of February / March after the harvest of potato crop. It was observed that different
cytoplasmic sources significantly influenced biochemical traits. Large variation was
reported regarding oil content (24.0-34.4%), cms line PRUN-29A and P100R have
been identified as the best genotypes for improvement in this character. Oleic acid
is considered to be an important fatty acid for any oil as it gives oxidative stability to
the oil. The alloplasmic line E002-91A (58.0%) from wild H. annuus source and
P10OR (60.8%) from conventional source were identified as promising genotypes
for use in heterosis breeding programme. Hybridization between these two geno-
types is expected to give F; hybrid with high oleic acid content. Similarly P100R
having oil content of 32.0% might be crossed with PRUN-29A (oil content, 34.4%) to
exploit heterosis for oil content.

Intercrossing lines from different clusters may generate large variability and
would produce transgressive segregants for yield and yield attributes in population
improvement programmes. In this study the highest inter cluster distance was
observed between clusters II and V followed by clusters II and III, clusters II and IV
and clusters I and V.

Minimum diversity was observed between the members of cluster IV and III.
The inter-cluster distances were larger than intra-cluster distances indicating wider
genetic diversity between genotypes of the clusters with respect to the traits consid-
ered. According to Murty and Arunachalam (1966) and Ananda et al. (2008) combi-
nations with high heterotic response and superior recombinants may be obtained
through hybridizations between genotypes across the clusters. Studies conducted
by Punitha et al. (2010) also indicated that the major contribution of seed yield
towards genetic divergence and suggested selection of lines from diverse clusters to
get maximum heterosis. It is pertinent to mention here that although NC-41B (Mor-
den) is the common maintainer of the alloplasmic cms lines and has same genetic
makeup as all alloplasmic cms lines but this was not grouped with any of these
sources which indicates the uniqueness of NC-41B cytoplasm (petiolaris) and
reveals diversity from other cytoplasmic sources used in the present study. Further,
grouping of NC-41B (Morden) with the cms lines 40A, 42A, P69R, RCR-8297
(developed from Petiolaris source) in cluster V reveals close similarity among these
cms lines and restorers, which can be attributed to common cytoplasmic back-
ground. The results further indicate that cms lines grouped in cluster I (E002-91,
ARG-2A, DV-10A, PRUN-29A, 234A, 38A), cluster II (ARG- 3A) and cluster IV (cms-
XA) can give more heterotic combination with restorer lines present in cluster III
and V (P69R, RCR-8297, P124R and P100R). These results suggest that ARG-3A
the sole member of cluster II can give more heterotic combinations upon hybridiza-
tion with the R lines viz. P69R and RCR-8297 grouped in cluster V; ARG-3A can
also be crossed with P124R and P10O0R (cluster III) to get good hybrids. Since ARG-
3A was also characterized as having highest grain yield therefore it is expected that
the hybrids resulting from these cross combinations would be high yielding.
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Character association studies revealed that genotypic correlation coefficients
were higher as compared to phenotypic correlations for most of the traits indicating
high reliability of results. Significant positive association of seed yield with plant
height, chlorophyll content, biological yield, days to maturity and oil content was
recorded. Positive correlation between yield and plant height; number of leaves per
plant and seed yield have earlier been reported by (Sujatha and Nandini 2002) and
Kholghi et al (2011) respectively. Plant height is an agronomic trait involved in plant
productivity. It is polygenically controlled and short plant height is controlled by
recessive dwarfing genes. Chlorophyll content also an important component charac-
ter of plant productivity having positive correlation with head diameter, 100 seed
weight and seed yield has been reported by Behradfar et al. (2009). Head diameter
being an important yield component, several researchers have suggested significant
positive correlations between head diameter and seed yield and thus concluded that
increased head diameter could lead to higher seed yield. However, in the present
study we did not observe any significant positive correlation between head diameter
and seed yield, while head diameter was positively associated with biological yield.
These findings suggest the involvement of some other factors like seed filling in the
head and seed size as important parameters besides head diameter in determining
the seed yield. Oil content was positively associated with plant height, 100 seed
weight and no. of leaves per plant. Positive association of oil content with days to
50% flowering (Khan et al., 2003) and with seed yield per plant (Kaya et al., 2007)
has been discussed earlier also. Significant negative association for days to 50%
flowering with plant height and grain yield; days to maturity with biological yield;
no. of leaves per plant with head diameter, chlorophyll content and relative leaf
water content; plant height with relative leaf water content; head diameter with har-
vest index were observed in the present study. Reductions in seed yield upon reduc-
ing number of days to flowering and plant height in sunflower has been well
documented. A high or low correlation coefficient between two variables may be due
to the effect of a third variable or group of variables (Singh and Chaudhary, 1977;
Cruz and Regazzi, 1997; Vencovsky and Barriga, 1992). In order to identify a trait
as an indirect selection criterion for seed yield through path coefficient, the trait
should have positive direct effect on seed yield as well as significant positive correla-
tion with seed yield (Das and Taliaferro, 2009). The results of this study suggest
that leaf area index, leaf area and biological yield are the main seed yield compo-
nents. Highly significant negative association recorded between oleic acid and lino-
lenic acid has been well established in a number of studies. It is important to
mention here that different cytoplasmic sources used in the present study do not
show any impact on the already established correlations between important traits
and can be exploited in heterosis breeding programme.
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