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Article Info ABSTRACT
Article type: Background and objectives: Iran is considered one of the primary
Research Full Paper centers of origin for safflower and is among the richest regions globally

regarding its genetic diversity. Enhancing grain yield is a crucial factor
in the development of safflower cultivation. Given the proliferation of
multiple non-spiny safflower genotypes and the importance of this trait
in advancing safflower cultivation, the use of non-spiny genotypes can
be an effective step toward implementing breeding programs. The
most important step in this direction is utilizing the diversity in both
native and non-native germplasm. The objective of this research was
to investigate the genetic diversity of native and non-native non-spiny
safflower genotypes to identify superior genotypes for grain
production and to determine the effective relationships among traits.

Materials and Methods: In this study, 36 non-spiny safflower
. . genotypes were evaluated in a 4 x 9 alpha-lattice design during the
Article history: . . .
Received: 2025-01-11  2023-2024 growing season at the research farm of the University of
Accepted: 2025-04-12 Saravan. Dur.ing the growth period,. the following tra}its were assessF:d:
days to seedling, days to 5% flowering, days to physiological maturity,
plant height, number of branches, number of fertile pods per plant,
number of grains per pod, 100-grains weight, Pods weight per plant,
individual plant yield, grain weight per pod, total grain yield,
biological yield, and harvest index.

Results: The results indicated a high level of genetic diversity among
the studied genotypes. A highly significant positive correlation was
observed between total grain yield and grain weight per pod (0.79),
individual plant yield (0.99), and number of grains per pod (0.73).

Keywords: Cluster analysis using the minimum variance method (wards method)
Biplot grouped the studied genotypes into six main clusters. Based on the
Cluster Analysis comparison of cluster means, the genotypes in the first and second
Germplasm , clusters had low means for most of the studied traits. Genotypes
Multivariate Analysis . o . . .

Safflower clustered in group three exhibited significantly higher yield (8809.9

kg/ha) compared to the other clusters. These genotypes exhibited

4


mailto:m.jabari@saravan.ac.ir
mailto:k.salimi@saravan.ac.ir
mailto:Mohammadinejad@uk.ac.ir

higher values for days to physiological maturity (183.9), individual
plant yield (22.65 g) and grain weight per pod (2.18) compared to other
clusters. The fourth cluster had an average performance for all the
studied traits. Genotypes in the fifth and sixth clusters showed
significant differences from other clusters in terms of traits related to
grain yield. Using principal component analysis, the studied traits were
reduced to four components with a cumulative variance of 99.77%.
Accordingly, the first component was named “yield,” the second
“yield components,” the third “plant architecture,” and the fourth
“phenology.” Based on the results of the biplot, the genotypes were
classified into four groups. Genotypes in the first group had a high
average total grain yield. Genotypes in the second group, with
distribution around the vectors of plant height, number of branches,
number of fertile pods, biological yield, pods weight per plant, and
100-grain weight, had high grain yield potential. Genotypes in the third
group were identified as late-maturing. The fourth group included
genotypes that were considered intermediate to low for the studied
traits.

Conclusion: Based on the results of the present study, it is possible to
utilize crosses between genotypes in the third, fifth, and sixth clusters,
which have the highest means for grain yield and yield-related
components, with genotypes in the fourth cluster, using the biplot and
based on the distance between clusters, to develop non-spiny safflower
genotypes with high grain yield potential.

Cite this article: Jabari, M., Salimi, Kh., Ebrahimi, F., Mohammadi-Nejad, Gh. 2025.
Evaluation of yield and genetic variation of Non-Spiny safflower genotypes

(Carthamus tinctorius L.) using multivariate analysis. Crop Production Journal,
18 (1), 67-90.
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Table 1. Soil physicochemical properties at the experimental location

Soil texture Potassium Phosphorous Manganese Zinc  Organic matter ~ Nitrogen Ec pH
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Table 2. Monthly meteorological information of the experimental site during the growing season 2023-
2024 (Saravan Synoptic Station)
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Table 4. Anova analysis of yield potential traits based on mean square (MS) in 36 safflower genotypes
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Table 4. Continue
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Figure 1. Pearson correlation coefficients between yield potential traits in safflower genotypes. Based on

the heatmap, blue and red colors indicate positive and negative correlation coefficients, respectively, so that

increasing color intensity means larger coefficients. White boxes indicate non-significant coefficients.
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Biologycal yield; HI: Harvest index
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Figure 2. Biplot diagram of safflower genotypes based on the first two components resulting from principal

component analysis on yield potential traits, where the position of the traits and genotypes is known (black
circles indicate genotypes and arrows indicate traits).
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Figure 3. Biplot of the first two principal components for yield potential traits in safflower genotypes based
on cluster analysis groups. Genotypes are dispersed in different ordinates based on the dissimilarity among

them.
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Table 3. Principal component analysis based on yield potential traits in 36 safflower genotypes
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Figure 1. Dendrogram resulted from hierarchical cluster analysis of safflower genotypes
using Ward’s method based on yield potential traits
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