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Introduction

To date, Calendula Officinalis L. applications have been expanded as a decorative and medical
plant, in horticulture, green spaces, pharmaceuticals, and cosmetics industry. Calendula
officinalis L. can be broadly applicable as an antiseptic and anti-inflammatory as well as a light
antibacterial and antiviral agent. Being native to Mediterranean countries, water requirement and
crop coefficient (K.) pertaining to Calendula officinalis L. in arid regions need more evaluations.
To know about the water requirement of crops is necessary to manage agricultural water and
irrigation scheduling in hydrological studies and field management. This is closely related to the
exact estimation of crop evapotranspiration (ET.) which depends on crop characteristics,
development stage, weather parameters, environmental status, and management practices.
Miranda et al. (2006) used weighing lysimeter for measuring tabasco pepper daily
evapotranspiration and crop coefficient. Their results showed total ET, observed during the 300-
day crop season was 888 mm, with maximum daily value of 5.6 mmd™. Ghamarnia et al. (2014)
used drainage lysimeters to estimate K. of black cumin in semi-arid regions of Iran. In their
research, the black cumin water requirement of 724 mm was estimated using water balance
method. Bakhtiari et al. (2011) recorded hourly data from Grass reference evapotranspiration in
three periods in a year using lysimeter in the semi-arid climate of Kerman Province. Lysimetric
data can be used to estimate six grass evapotranspiration models, including; FAO-56 Penman—
Monteith, Penman-Kimberly 1996, FAO-24 Blaney-Criddle, FAO-24 Radiation, Makkink, and
Hargreaves-Samani. In all three periods, the Makkink method indicated poor performance; hence,
it cannot be recommended for this region.
Crop coefficients were calculated for many plants except medicinal plants during the growing
season. The results were reported by FAO in the table below. According to the studies mentioned
above, the crop coefficient and crop evapotranspiration were calculated for medical plants. In
Iran, due to the great use of medicinal plants as a food additive or medicine, calculating the crop
coefficient and evapotranspiration for medical plants is inevitable. Low rainfall in arid and semi-
arid climate regions of Iran, makes it necessary to calculate the evapotranspiration, in order to
determine the amount of water required for the cultivation region of medicinal plants.

Methodology
The setting of this study is Kerman province (Latitude 30°24'19.3"N, Longitude 57°04'11.5"E,
Elevation 1753.8 m above sea level), in Southeast of Iran. The area is classified as an arid climate
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with the minimum annual temperature of 7.6° C, the maximum annual temperature of 25.5° C,

and annual precipitation of 152.3 mm. The Calendula officinalis evapotranspiration (ETc) was
determined on daily basis, using five drainable lysimeter with a surface area of 1.55 m2 and a
depth of 60 cm. The lysimeters were made of PE with the internal diameter of 75 cm and depth of
60 cm. The bottoms of lysimeters were inclined toward the center to extract the extra drainable
water. A PE pipe with the suitable slope of 75 mm diameter was placed at the bottom of each
lysimeter to move the drained water out into a container, and the extra water was extracted from
the lysimeters by a graded container. At the bottom of each lysimeter, 15-cm of silica gravel and
45-cm of sand were placed. In this study, five lysimeters were planted by Calendula officinalis L.
and the last lysimeter was planted by grass. Crop ET and ET, was calculated daily by using the
following soil water balance equation. Moreover, reference evapotranspiration (ET,) has been
calculated using Penman-Monteith method, and was compared with the ET, obtained from the
lysimeter.
Based on the findings of this study, as the crop develops, the ground surface, the length of the
crop, and the leaf surface changes. Due to differences in evapotranspiration during different
stages of growth, the K, for a given crop will vary over the growth period. The growing period
can be divided into four distinct growth stages: initial, crop development, mid-season, and late
season. In this study, the initial stage was from seedling until the plant reaches up to 10 % of its
growth. The development stage was from 10 % of growing period to the flowering phase, the
middle period was from flowering phase to yielding phase, and finally late stage was from
yielding until harvesting period.

Results and Discussionn

The Calendula officinalis L. obtained evapotranspiration from lysimeter was 335.5 and 1043.3
mm for the 2014 and 2015 seasons; also the reference evapotranspiration obtained from lysimeter
and Penman-Monteith method was 769.7, and 746.7 mm for the 2014 season and 1767.8 ,and
1424.8 mm for the 2015 season. In this study the values of single crop coefficients for different
Calendula officinalis L. initial, middle, and end stages were determined as 0.75, 1.612, and 0.855
for the 2014 season and 0.84, 1.574, and 1.083 for the 2015 season respectively and the estimated
Calendula officinalis L. dual crop coefficients in different growth stages were 1.238, 1.549, and
0.905 for the 2014 season and 1.226, 1.606, and 1.098 for the 2015 season.
Table (D)illustrates the changes in crop evapotranspiration during the growth period. It shows a rise in crop
evapotranspiration rate from the beginning of the cultivation period until the middle of the growth period,

followed by a fall in crop evapotranspiration rate afterward.

The actual daily crop coefficients for Calendula officinal was obtained from lysimetric collected
data during the growth period as shown in Fig.1. As shown in Fig.2, basal crop coefficient the
highest values was obtained with the gradual increase in the middle of the growth stage.
However, transpiration values decreased during late growing stage. Soil evaporation in the initial
stage, the greatest amount of growth over the entire period of growth, while during the plant
growth it gradually decreased to the lowest values, were obtained at the end stage.

Table 1- The average Calendula officinalis Monthly ET.

(szer;s\g,:]h Month Lysimeter 1 Lysimeter 2 Lysimeter 3 Lysimeter 4 Lysimeter 5
Sept 5.91 6.26 6.25 6.49 5.80
2014 Oct 9.81 9.53 9.96 10.07 8.95
Nov 6.13 6.13 5.91 6.04 6.23
Des 3.51 2.90 3.51 3.68 3.33
Apr 5.65 5.74 5.70 5.56 5.65
May 12.55 12.26 13.05 12.77 11.93
2015 June 19.14 18.96 18.02 19.61 19.41
Jul 25.43 25.78 25.63 25.37 25.38

Aug 12.79 13.26 14.50 14.11 12.20
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Figure 1- daily single Crop Coefficient curve for Calendula officinalis during different
growing stages (2015) (Lysimeter shown by: Lys 1, Lys 2, Lys 3, Lys 4, and Lys 5)
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Figure 2- Daily basal Crop Coefficient curve for Calendula officinalis during different
growing stages (2015)

Conclusions

In this study, Calendula officinalis L. crop coefficients and crop evapotranspiration were
examined under an arid climate by lysimeters during the growth period. The estimated values
including evapotranspiration, crop coefficient of Calendula officinalis L. for arid climate region
had not been studied in previous papers. The introduced values will be useful estimations of
Calendula Officinalis L. crop coefficients in different growth stages; that is to say, irrigation
management, and crop water requirements in semi-arid regions throughout the world.
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