


A Study of the Correlation and Path Coefficient Analysis of Morphological Traits for Seed Yield and Oil Content in Safflower (Carthamus tinctorius L.) under Late Sown Condition

Abstract 
Safflower (Carthamus tinctorius L.) is a significant oil crop produced under a wide range of agro-climatic conditions, and the inability to plant the crop on time frequently puts the crop at risk of heat stress, which negatively affects the seed production and oil content. The purpose of this study was to examine the relationship between morphological traits and the effects of late-sowing on safflower seed production and oil content, both directly and indirectly. The experiment was carried out in an augmented design with 150 accessions of safflower germplasm, and four varieties of checks, in Rabi 2014-15 and 2015-16. Yield and oil content were two of eleven quantitative characteristics. There was a negative relationship between the days to 50% blooming and seed output and oil content, but a positive relationship between the number of effective capitula per plant, the number of seeds per capitulum, and 100-seed weight, according to the phenotypic correlation study. Path coefficient study showed that, in terms of direct positive impact on seed output, the number of effective capitula per plant was the most important factor, followed by 100-seed weight. When it came to oil content, the most positively impactful factor was 100-seed weight, whereas the most negatively impactful was days to flowering. These findings indicate that capitula number and seed weight selection would work well in enhancing seed plant output and oil content of safflower grown in late sown conditions.
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Introduction 
The Asteraceae family includes the important edible oil crop safflower (Carthamus tinctorius L.), which is cultivated worldwide as an industrial crop, a fodder crop, and a source of high-quality food oil. Safflower oil extracted contains high amounts of unsaturated fatty acids, especially linoleic and oleic acids, and finds relevant use in human nutrition, drug production and biodiesel production(Abou Chehade et al., 2022).
The production of safflower in the world is subject to various environmental and management factors with sowing time being a central factor in setting crop phenology, yield components, oil level, and fatty acid profile. Delayed sowing and climatic variability usually expose the crop to terminal heat stress and short duration of growth with negative impacts on reproductive processes, head formation, and seed filling, hence less production of seeds and their oil. Research has indicated that later dates of sowing can substantially reduce yield and its products as a result of fast development, adverse heat impacts at crucial growth phases and decreased accumulation of photosynthates and hence affect final seed and oil production“(Sajid et al., 2024).
The yield of seeds in safflower is a complicated quantitative characteristic managed by several morpho-physiological units that include the amount of capitula per plant, amount of seeds per capitulum, one hundred seed weight, and biological yield. These characteristics interact with one another, as well as with the environmental conditions to affect the performance of crops in general. Correlation studies aid in the measure of the level of association between the traits but they do not separate the observed relationships into direct and indirect effects. Path coefficient analysis, thus, offers a multivariate method that combines the highest levels of direct effects of each of the traits and their indirect effects on the multifaceted characters such as seed yield and oil content. Through this method, breeders can determine important selection criteria of yield enhancement and quality attributes in crop breeding programs(MALI BB et al., 2024).
Previous studies on safflower have also documented large positive correlations existing between the seed yield and the important morphological variables, including the number of capitula per plant and seed weight, and the oil content tends to have variable relationships based on environmental variables and genotypic reaction(Ranga Rao et al., 1977). Nevertheless, the interrelationship and causal influence between these traits are not well documented in the conditions of late sown where heat stress and reduced growing periods are other problems. Thus, the current study was conducted to examine the correlation coefficients and path coefficient relationships between morphological characteristics and yield and oil content of the seed in safflower when late sown in environments. The aim was to establish the strongest characteristics that can be directly and indirectly related to seed yield and the content of oil to breeding programs of late sown conditions.
Review of Literature   
The inter-relationships between morphological characters, seed production, and oil content of a safflower (Carthamus tinctorius L.) have been studied by various researchers, and the significance of the study of the associations of traits may help in conducting breeding strategies.
The study presented by Kale et al. (2025) is a thorough trait association analysis of 120 safflower germplasm accessions, and they found that there are significant positive correlations between seed yield per plant and many yield component traits such as the count of primary and secondary branches, plant height, count of capitula per plant, and seed weight. Interestingly, oil percentage showed a high negative relationship with seed yield at the genotypic stage implying multiplicity in the simultaneous enhancement of yield and oil percentage during breeding schemes(Kale et al., 2025).
Saisanthosh et al. (2018) have compared the relationships between seed characteristics and found that some of the physical traits like seed size and test weight were correlated with oil content and seed weight in germplasm populations but not in later generation populations (F3). Their results highlighted that it was possible to enhance the seed weight and oil content together without any impact on the hull proportion - information that can be also applied to quality-based selection in the breeding of safflowers(K SAISANTHOSH et al., 2018).
Inter-relationships of yield and oil in safflower have historical research work, which also gives background evidence of the interaction amongst the traits. A preliminary study on 215 entries showed that direct impacts of capsule number per plant and the weight of capsule were large on seed yield, and that hull content influenced the oil content adversely, because of its negative relationship with seed quality characteristics. There were low or insignificant correlations between days to flowering, height of the plant and length of time and yield as well as with oil content, which exemplify some trait-specific opportunities of selection(Ranga Rao et al., 1977).
Traits that a recent study conducted by Govindu et al. (2024) in trait-specific germplasm lines also confirmed the existence of high genetic variability and positive correlations between total seed yield and the number of seeds per capitulum, 1000-seed weight, and biological yield. The justified applicability of heritability and genetic progress of estimates to the selection of yield and oil traits were also highlighted in this study, which supports the value of correlation and path analytical techniques in determining the useful selection criteria(Govindu et al., 2024).”
Path coefficient and correlation analysis have operated extensively in the research on safflower to deconstruct the complex relationship among the traits. Mali et al. (2024) also found that the number of branches, the height of the plant, the number of effective capitula, the number of seeds per capitulum, and the test weight had a strong positive direct and indirect impact on seed yield, whereas oil content and days to maturity possessed negative direct impact on yield under particular experimental conditions(MALI BB et al., 2024).
Besides, multi-environment experiments have placed environmental influences on traits correlations into focus. As an example, seed yield and morphological characteristics (head number, number of seeds per head, and 1000-seed weight) were both positively correlated with morphological characteristics and strongly negatively correlated with oil content, and morphological characters-stress conditions, meaning that the interaction of genotype and environment is important in the expression of traits(Hassani et al., 2024). Combined, the studies above revealed that the significant morphological traits such as the number of capitula, the number of seeds per capitulum, the weight of the seed are always related to the seed yield and oil level of various safflower germplasm and environments. However, the interactions of the variable traits in different stress conditions like late sowing or drought suggest that under certain agronomic conditions, specific analysis like the correlation and path coefficient analysis should be conducted to assist in the enhancement of the selection strategies to be applied in breeding programs.
Materials and Methods
Experimental Site and Climatic Conditions
The current research was conducted in late sown condition, “both in Rabi 2014-15 and 2015-16 in the Research cum Instructional Farm of the Indira Gandhi Krishi Vishwavidyalaya, Raipur, Chhattisgarh. Experimental site with a latitude of 21°16 N and longitude of 81°36′ E and an altitude of 289.6 meters above the mean sea level.” This is located in sub- humid agro- climatic zone, which experiences an average rainfall of about 1300 mm.
Experimental Material
The safflower (Carthamus tinctorius L.) germplasm accessions were taken as the experimental material and this included 150 accessions of indigenous (IC) and exotic (EC) collection of germplasm of safflower that were acquired through the Germplasm Maintenance Unit (GMU), Indian Institute of Oilseeds Research (IIOR), Hyderabad. Four released varieties, i.e. A-1, PBNS-12, BHIMA and one standard check were taken to compare. 		“
Experimental Design and Crop Management
The experiment was prepared in an Augmented Design having five blocks. Every block contained 30 accessions of germplasm with four varieties of checks. This was replicated in the individual blocks but the accessions of germ plasm were grown in single rows. The spacing used in sowing the crop was 45 cm × 20 cm.
It was fertilized with recommended rate of 40:30:20 kg N:P₂O₅:K₂O ha⁻¹. Two split doses of nitrogen were applied and phosphorus and potassium were basal dosages. All the prescriptive agronomic measures were observed consistently.
Traits Recorded
Observations were recorded on five randomly selected competitive plants from each accession for the following quantitative traits:
· Days to 50% flowering (DTF)
· Days to maturity (DTM)
· Plant height (PH, cm)
· Length of longest primary branch (LLPB, cm)
· Height of first primary branch from ground level (HFPB, cm)
· Number of effective capitula per plant (NEC)
· Diameter of capitulum (DC, cm)
· Number of seeds per capitulum (NSC)
· 100-seed weight (100SW, g)
· Seed yield per plant (SY, g)
· Oil content (OC, %)
Oil content was estimated using Nuclear Magnetic Resonance (NMR) technique at IIOR, Hyderabad.
Statistical Analysis
Phenotypic correlation coefficients were calculated to ascertain the relationship among yield, oil content, and their constituent features. We used path coefficient analysis, based on Dewey and Lu (1959), to break down correlation coefficients into direct and indirect impacts of various features on seed yield and oil content. We used established biometrical methods for all of the statistical studies.
Results and Discussion 

Analysis of Variance
The analysis of variance showed that there were big disparities across safflower genotypes for all the parameters investigated when they were planted late, which means that there is a lot of genetic diversity.
Table 1: Analysis of Variance for Yield and Oil Related Traits (at 5% level of significance)
	Character
	Significance

	Days to 50% flowering
	Significant

	Plant height
	Significant

	Number of capitula/plant
	Significant

	100-seed weight
	Significant

	Seed yield/plant
	Significant

	Oil content
	Significant


Significant at 5% level (p ≤ 0.05)”
This suggests that safflower accessions with late sowing have adequate genetic diversity. This variation leaves a lot of space for choosing better genotypes to boost oil content and production. There is enough genetic variability in safflower for the pooled analysis of variance over two years (2014–15 and 2015–16) to show that genotypes differ significantly for all oil-related and yield-related parameters investigated under late-sown circumstances.
Variability Parameters
The seed yield and oil content showed wide ranges and high coefficients of variation which indicated that different genotypes responded differently to stress in case of late sowing. “
Table 2: Estimates of variability parameters for major traits
	Trait
	Mean
	Range
	CV (%)

	Days to 50% flowering
	103.35
	90.80–116.80
	4.81

	Plant height (cm)
	99.11
	74.10–132.05
	9.20

	Number of capitula
	21.09
	11.74–42.54
	21.60

	100-seed weight (g)
	4.86
	1.91–7.49
	15.98

	Seed yield (g)
	0.58
	0.09–1.47
	37.05

	Oil content (%)
	23.73
	12.15–34.75
	20.40


Seed yield and oil content had a wide range of variation as indicated by high coefficients of variation. This implies the existence of discrepancy between genotypes in response to the late sown. The number of capitula, seed yield, and oil content traits were more variable and hence they are important in selection programmes.
Correlation Coefficient Analysis
There were strong positive connections between the number of effective capitula, the weight of 100 seeds, and the biological yield for each plant. The amount of oil in the seeds was positively related to the weight of 100 seeds and the number of seeds per capitulum.
Table 3: Phenotypic correlation coefficients among yield and oil related traits
	Trait
	SY
	OC

	Days to 50% flowering
	–0.24
	–0.19

	Plant height
	0.14
	0.11

	Number of capitula
	0.69
	0.32

	Number of seeds/capitulum
	0.58
	0.41

	100-seed weight
	0.52
	0.44


(Values indicate phenotypic correlation coefficients)
The number of capitula per plant, number of seeds per capitulum, and 100-seed weight all showed a substantial positive association with seed output, suggesting that improving these characteristics will directly increase production under late-planted circumstances. Seed weight and quantity were positively and significantly correlated with oil content, indicating that well-developed seeds are more likely to accumulate oil. The detrimental consequences of delayed phenology are indicated by a negative connection between days to flowering and yield and oil content.
Path Coefficient Analysis for Seed Yield
Path coefficient study revealed that, in terms of direct influence on seed output, the number of effective capitula per plant was the most important factor, followed by 100-seed weight. There were low direct effects with some traits but indirectly through capitula number and seed weight.
Table 4: Direct and indirect effects of different traits on seed yield
	Trait
	Direct Effect on SY

	Number of capitula
	0.54

	100-seed weight
	0.32

	Plant height
	0.08

	Days to 50% flowering
	–0.21

	Number of seeds/capitulum
	0.19


Path analysis showed that the number of capitula per plant had the largest positive direct effect on seed yield followed by 100- seed weight. Its direct influence on flowering was negative but its indirect influence indirectly through other traits was moderate. This shows that higher capitula number and seed weight would be better selected to enhance yield rather than by use of correlation only. The residual effect was low, indicating that the selected traits sufficiently explained the variation in seed yield.
Path Coefficient Analysis for Oil Content
In oil content, 100-seed weight had the highest positive direct effect, which means that it is important in enhancing the percentage of oil in late-sown condition.
Table 5: Direct effects of traits on oil content
	Trait
	Direct Effect on OC

	100-seed weight
	0.48

	Number of seeds/capitulum
	0.29

	Plant height
	0.11

	Days to 50% flowering
	–0.26


In the case of oil content, 100-seed weight had the strongest positive direct effect implying that heavy seeds have a significant impact on high oil percentage.”Flowering days displayed a negative direct impact which indicates that late sown conditions decrease the amount of oil collected. Consequently, seed weight comes out as one of the most important selection criteria which enhance the content of oil. When safflower is seeded late in the season, the most important factors controlling seed output and oil content are the number of capitula per plant and the weight of 100 seeds, according to the results of the correlation and path coefficient analyses. In breeding programmes, these characteristics need to be highlighted to produce high yielding and high oil safflower variety suitable in delayed sowing conditions. This would imply that indirectly the heavy seeds would be selected and this would boost the oil content with late sowing conditions.
This positive correlation of capitula number and seed weight with seed yield is an indication that these two traits are good selection indices in late sown conditions. Both the days to flowering and the yield and oil content have negative relationships with each other, which signifies that delayed phenology is negatively affected by heat stress. Path analysis showed that straight selection to capitula number and seed weight would be successful in enhancing the seed yield and oil content in safflower. The findings are comparable with previous reports in stressful conditions in safflower.
Conclusion 
This experiment demonstrated that there is a great deal of genetic diversity among safflower germplasm accessions with respect to late-sown oil-related characteristics and yield. Results showed that delayed blooming negatively affected seed production and oil content, while number of effective capitula per plant, number of seeds per capitulum, and 100-seed weight favorably connected to seed output. There was a positive and significant relationship between the number of effective capitula per plant and seed yield, as well as oil content, according to the study of route coefficients. Thus, these traits might be considered as useful selection criteria for developing late-sow safflower genotypes that are high-yielding and oil-rich. These traits can be effectively utilized as selection indices in safflower breeding programmes aimed at improving productivity under delayed sowing conditions.	Comment by ADMIN: Pls check it sowing or sown
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