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A B S T R A C T

Ajowan is an important medicinal plant that grows in arid and semi-arid regions of central Europe, India, Egypt,
Iran, Iraq, Afghanistan, and Pakistan. Essential oil is the most consumable product of ajowan in pharmaceutical
and food industrials, and correct predict of oil content is one of the main goals in breeding programs of ajowan.
Two methods namely artificial neural network (ANN) and multiple regression model (MLR) were conducted to
predict the oil content of ajowan from readily measurable plant characters. According to simple correlation
analysis, four characters (number of rays, number of pedicels, number of flowers per umbellet, and number of
umbellets in an umbel) were selected as input variables in both artificial neural network and multiple linear
regressions models. The essential oil content of ajowan was well predicted using SigmoidAxon transfer function
and two hidden layers of artificial neural network with a root mean square error (RMSE) of 0.192%, a mean
absolute error (MAE) of 0.112% and a determination coefficient (R2) of 0.901. The performance of ANN was
better than MLR with a RMSE of 0.262 and a R2 of 0.748. Based on stepwise regression and ANN analyses the
most important characters for oil content of ajowan were number of umbellets in an umbel and number of
flowers per umbellet and these traits can be assigned as selection criteria for essential oil content of ajowan.

1. Introduction

Ajowan (Carum copticum L.) is one the important industrial medic-
inal plants belong to Apiaceae family that can used in raw or processed
forms in traditional medicine or modern pharmaceutical industry
(Niazian et al., 2017a). This plant is mainly grows in arid and semi-arid
regions of the east of India, northwest, central and eastern parts of Iran,
central Europe, Iraq, Afghanistan, and Pakistan and also in Egypt
(Ashraf and Orooj, 2006; Boskabady et al., 2014; Joshi, 2000; Moosavi
et al., 2015). Ajowan seeds contain an essential oil with about 50%
content of thymol, which has a strong germicide, anti-spasmodic and
fungicidal effect (Ashraf and Orooj, 2006). Many of the medicinal and
aromatic plants do not have stable production in their growing areas
and usually are wild harvested to meet demands (Dalkani et al., 2012;
Niazian et al., 2017b). Hence, attention to stable quality and quantity
production of medicinal plants is important to respond to growing

demands of pharmaceutical needs. Seed is the most important part of
ajowan. Positive correlation of seed yield and essential oil content have
been reported in ajowan (Fadaei Heidari et al., 2016), so seed yield and
essential oil content are the most important breeding objectives in this
plant. Seed yield and oil content are quantitative and complicate traits
that are controlled with many genes and mainly affected by environ-
mental conditions (Dalkani et al., 2011), that lead to low heritability of
this traits. For such traits with low heritability, indirect selection
through yield components and their association is the first choice of
plant breeders, which help them to indirectly increase their desired
traits (Dalkani et al., 2011). There are several methods for analysis of
yield components that according to the objectives of the project can be
chosen. Techniques such as analysis of variance, simple correlation
coefficient, multiple regression and path analysis usually used to ana-
lyze yield component (Fraser and Eaton, 1983). One of the simplest
methods that can help to better understand of yield component and
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