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umbel-1, and the seed yield plant-1 all had a positive and direct effect on the seed yield ha-1. The first two PCs contributed 
62.6% of the total phenotypic variation, and the accessions were grouped into six clusters. The highest inter-cluster 
distances were observed between VI and III (D2=159.21), IV and III (D2=155.84), and VI and I (D2=113.26) clusters. 
Crossing between accessions included in those clusters could produce highly heterotic responses and segregants. In 
general, this study demonstrated significant phenotypic diversity among the tested accessions and could be used in 
improvement programs to develop desirable coriander varieties.
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Materials and Methods
Description of experimental site

The experiment was carried out during 2019 and 2020 cropping 

seasons at Kulumsa Agricultural Research Center (KARC)., located 
at 8° 00’ to 8° 02’N latitude and 39° 07’ to 39° 10’E longitude at an 
elevation of 2210 m. a.s.l. in Tiyo district, Arsi Administrative Zone of 
the Oromia Regional State, 167 km Southeast of Addis Ababa. KARC 
is located on a very gently undulating topography with a gradient of 
0 to 10% slope. It has a low relief difference, with an altitude ranging 
from 1980 to 2230 meters [5]. The agro-climatic condition of the area 
is wet, with 832 mm of mean annual rainfall and a uni-modal rainfall 
pattern with an extended rainy season from March to September. 
However, the peak season runs from July to August. The mean annual 
maximum and minimum temperatures are 23.2 and 10 °C, respectively 
(KARC metrological station, unpublished data). The coldest month is 
December, whereas March and May are the hottest months. KARC 
has three major soil types: Eutric Vertisol, Vertic Luvisol, and Vertic 
Cambisol [6].

Experimental material and design

The two coriander cultivars registered in Ethiopia, Denkinesh and 
Indium 01, which have varied yield potentials and oil contents, were 
chosen as standard checks for this experiment (Table 1).

EIAR: Ethiopian Institute of Agricultural Research, KARC: 
Kulumsa Agricultural Research Center, DZARC:  Debre Zeit 
Agricultural Research Center, TNSRC: Tepi National Spice Research 
Center, a: dry based. A total of 23 coriander accessions, representing 
the crop germplasm along with their source is given in Table 2. The 
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experiment was laid out in a simple lattice design, with each genotype 
replicated twice.

Data collection and statistical analysis

The analysis of variance (ANOVA) was performed on the data 
collected for the eight morphological parameters using R software [7], 
in accordance with the steps specified in Gomez and Gomez (1984). 
To determine the characteristics that directly influenced seed yield, the 
factors that contributed most to overall variation, and the grouping 
of Ethiopian coriander accessions, bivariate and multivariate analyses 
were carried out.

Path coe�cient analysis

Simple correlation analysis was unable to adequately explain 
the association between yield and the other features. However, path 
coefficient analysis, which is a more efficient method according to 
Singh and Chaudhary (1979), helps breeders comprehend the direct 
and indirect effects of independent variables on the dependent variable. 
It has been used by several academics, including Vidhyavathi et al. 
(2005) and Goksoy & Turan (2007). The path analysis was carried out 
by adhering to the procedures described by Dewey & Lu (1959). The 
direct and indirect effects at the genotypic level for the accessions were 
calculated using the path coefficient method proposed by Wright (1921) 
and Dewey & Lu (1959), with seed yield as the dependent variable.
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significant variability and differences in these traits among Ethiopian 
coriander accessions [8,9].

The observed high variation between the tested coriander 
accessions suggests that they could be used as a valuable source of 
genetic materials for further crop breeding programs. We found a 
significant interaction between accessions and year, indicating that 
the accessions exhibited a differential response across the two years for 
traits such as umbel number per plant, number of umbellets per umbel, 
and thousand seed weight. These findings underscore the importance 
of selecting appropriate coriander accessions for specific breeding 
programs, taking into account potential variation across different 
growing conditions and environments.

Path coe�cient analysis

Coriander seed yield was positively and significantly associated 
with plant height, number of umbellets per umbel, number of seeds 
per umbel, and seed yield per plant (Table 4). The yield of seeds is 
influenced by a wide range of variables. However, assessing the direct 
and indirect contributions of each trait to seed yield requires a more 
sophisticated approach than simple correlation estimations, which 
do not fully capture the complex interrelationships between yield 
components and seed yield [10]. Path coefficient analysis is a more 
suitable approach for determining the specific effects of different traits 
on seed yield and can provide valuable information for selecting the 
most promising components to improve seed yield [11].

Table 4 displays the direct and indirect effects of eight yield-related 
traits on seed yield. We found that plant height, number of umbellets 
per umbel, number of seeds per umbel, and seed yield per plant had 
a positive direct effect on seed yield. Among these parameters, plant 
height had the highest positive degree of favorable influence on seed 
yield (0.56), followed by number of seeds per umbel (0.33) and number 
of umbellets per umbel (0.19). In addition, the highest positive indirect 
effect was exerted by seed yield per plant, number of seeds per umbellet, 

and umbel. According to Awas et al. (2015), there are both positive and 
negative associations between seed yield and the number of seeds per 
umbel, as well as between seed yield and plant height and the number 
of umbellets per plant. In contrast, we found that plant height and the 
number of umbellets in each umbel had a positive direct effect on seed 
yield.

Similar results have also been found in other scholars [12,13]. 
These results suggest that to enhance coriander seed yield, it may be 
desirable to focus on traits that have a higher positive association and a 
direct influence on seed yield.

The magnitude of the residual effect (0.33) indicates that the traits 
included in the path analysis explain 67% of the variation in seed yield, 
while 33% of the variation is due to other parameters not included in our 
study. Our findings suggest that primary components for improving 
seed yield include plant height, number of umbellets per umbel, 
number of seeds per umbel, and seed yield per plant, as indicated by 
both the genotypic correlation and path coefficient analysis. Characters 
other than those are secondary components that are relevant to yield 
improvement. By focusing on these primary components, breeders can 
improve coriander.

Principal component analysis

The first two principal components (PCs) within an eigenvalue 
greater than unity explained 62.6% of the total variation among the 
examined accessions (Figure 1A). With eigenvalues of 3.42 and 1.59, 
respectively, the overall variances of the eight variables evaluated 
among the 25 accessions accounted for 42.7% and 19.9% for PC1 
and PC2, respectively. The number of umbels per plant, number of 
umbellets per umbel, seed yield per plant, and seed yield per hectare 
were the main contributing features to higher loading effects in the pc1 
and Plant height and seed yield per hectare are the highest contributors 
to the total variation in the pc2 (Figure 1B). The maximum variability 
(variable PCA) was seen from parameters which are displayed in the 
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