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Abstract: This study was conducted in 2023 under Aydın Plain conditions to determine the effects of deficit 

irrigation on water-yield relationships in thyme plants. The Class A Pan evaporation method was used in 

irrigation programming. In the study, four different irrigation levels (100%, 67%, 33%, and rainfed (0%)) 

subjects were applied in three replications. Seasonal plant water consumption varied between 142 and 333 mm 

according to irrigation programs. Green herb yield was found between 486 – 1084 kg/da. Average water use 

efficiency (WUE) values varied between 3.26-4.76 kg/m3. While the water resource is not limited, it can be said 

that the best irrigation subject is I100, in which the irrigation program has been determined according to the Class 

A Pan evaporation method and the irrigation water is fully applied. When it comes to the necessity of applying a 

constraint on the water source, the applicability of the subjects that provide 67% water savings (I67) in the 

evaporation method has emerged. 
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1. Introduction 

Thyme (Thymus vulgaris L.) is an important medicinal plant in perfume and medical industry. The thyme is 

among the most distinguished raw material for pharmaceutical and cosmetic industry. The rising demand to 

thyme in industry necessitates the investigations on achieving more yield per area by using less water, in such a 

world that drought becoming a threat day by day. Water deficit stress, permanent or temporary, limits the 

growth and the distribution of natural vegetation and the performance of cultivated plants more than any other 

environmental factors. Water scarcity and drought are the major factors constraining agricultural crop 

production in arid and semi-arid zones of the world. Irrigation is today the primary consumer of fresh water on 

earth and thus agriculture has the greatest potential for solving the problem of global water scarcity [1]. 

Consequently, improvements in management of agricultural water continue to be called for to conserve water, 

energy and soil while satisfying society’s increasing demand for crops for food and fiber [2]. 

The production under cultivation of most of the medicinal and aromatic plants in Turkey was quite limited until 

the early 2000’s and the requirement has been met by collecting from the nature. In recent years, with the rising 

interest of most of the people towards medicinal and aromatic plants, the cultivation, use and trade has been on 

the rise by state supported growing projects and the total cultivated area reached to 4 718 ha with a total 

production of 7 722 tonnes in Turkey [3,4].  

Climate change can significantly impact thyme plantations and their irrigation practices, leading to increased 

water stress and potential challenges for thyme cultivation. Although medicinal and aromatic plant growth is 

supported by the government in recent years in Turkey, the consequences of climate change brings several 

problems for growers; drought, more frequent heat waves and water deficit. Drought stress should be considered 

as a threat to the development and yield of the plants [5], therefore strategies should be developed to avoid its 

effects. Even though the thyme plants have ability to survive in rainfed conditions, the cultivated thyme varieties 
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are mostly irrigated with surface irrigation methods. Water shortage, increasing production cost and low water 

use efficiency (WUE) made the economical profit marginal and challenging to the end users. Thus new 

irrigation strategies must be established to use the limited water resource more efficiently. One of the new 

irrigation strategies is the deficit irrigation scheduling, which is a valuable and sustainable production strategy 

for dry regions [6]. In other words, conventional deficit irrigation is one approach that can reduce water use 

without causing significant yield reduction [7]. However, the use of drip irrigation techniques is inevitable in the 

near feature because of the salinity problem caused by traditional irrigation methods [8]. Also, drip irrigation 

have been suggested as a means of supplying most types of crops with frequent and uniform applications of 

water, adaptable over a wide range of topographic and soil conditions [9]. Under good management practices, 

deficit irrigation can result in substantial water savings with little impact on the quality and quantity of the 

harvested yield. Since the thyme branches are sensitive to water-induced diseases, drip irrigation method is 

recommended for healthy crop growth [10].  

Common irrigation methods used for thyme production are wild flooding, basin strip and furrow surface 

irrigation methods. Water application alters the yield and essential oil content in several aromatic plants [11]. 

Under fully irrigated conditions, yield of fresh and air dried lavender leaves and essential oil content were 

increased [12]. The water use of Lavandula angustifolia Mill. was determined as 1191.4 mm in lysimeters by 

using water balance approach [13]. As the water supply increases, an increase was observed in the drug herb 

yield and leaf yield of oregano [14]. Different irrigation water levels influenced the green herb yield, drug herb 

yield, drug leaf yield and plant height of purple basil [15]. Deficit irrigation reduced seed yield, biological yield 

and water use significantly, but water use efficiency (WUE) was significantly increased in Isabgol and French 

psyllium [16]. Decreasing irrigation intervals increased the biomass and yield of Plectranthus amboinicus plants 

[17]. The yield, main stem length and main stem weight of dill plants exposed to three different irrigation levels 

showed a significant change [18].  

In recent years, drip irrigation has gained popularity among thyme producers due to incentives provided by the 

government. In general, the farmers over irrigate, resulting in high water losses and low irrigation efficiencies, 

thus creating drainage and salinity problems [19]. The dependence of crop yields on water supply is a critical 

issue due to the increasingly limited water resources for irrigation in the Aegean region and its semi-arid climate 

of western Turkey. However, little attempt has been made to assess together deficit irrigation and drip irrigation 

techniques for thyme in the Aegean region. Few research have reported the effects of irrigation on the yield and 

quality of thyme, but there is a lack of information about the yield-water relationships, yield response factor (ky) 

and water consumption of the plant. Therefore, it was aimed to determine the crop water requirement and its 

relations with yield and yield components of Thyme (Thymus vulgaris L.) under different drip irrigation 

strategies. 

 

2. Materials and Methods 

This study were conducted during the growing seasons of 2023 at the Agricultural Research Station of Aydın 

Adnan Menderes University, Aydin-Turkey at 37° 51’ N latitude, 27°51’ E longitude. Mediterranean climate 

prevails in the region with dry and hot summers and rainy, warm winters. There was no waterlogging problem 

and the average annual rainfall was 644.7 mm with a mean monthly temperature of 17.8 oC according to long-

term meteorological data (1983-2022) in the experimental area.   

The soil profile has a sandy-loam texture with a soil bulk density ranging between 1.35 to 1.52 g/cm3. Field 

capacity and wilting point values ranged from 18.4%-23.1% and 7.3%-10.1%. in 0-90 cm soil depth 

respectively. Total available water capacity is 162 mm/0.9 m. 

Thyme (Thymus vulgaris L.) variety was planted on 27 March 2023, with 1.00 × 0.20 m spacing. Supplemental 

irrigation was applied to the whole experiment at the transplanting at 40 mm. Before transplantation of the 

seedlings, 40 kg ha-1 (NH4)2SO4 fertilizer was applied to the trial area. Also liquid fertilizer was applied two 

times by foliar spraying in order to supply microelement requirement of the plants. Weed control and hoeing 

was made by hand regularly during the growing season.  

The trial was designated in randomized complete block design with three replications. In the study, Class-A Pan 

evaporation (Pan) method was used in drip irrigation programming. Four irrigation levels (rainfed treatment (I0), 

(100% as well as fully irrigated treatment and 33% and 67% times of the full irrigation treatment) were used. 
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I100 treatment received the total sum of 100% of the pan evaporation occurred in 7-day interval and I67 and I33 

received 67% and 33% of it respectively.                                                              

Equation (1) was used to calculate the irrigation water amount for applications; 

 

V = P x A x Epan x WL     (1) 

 

Where V is the volume of irrigation water (L), P wetting percentage (taken as 100 % for row crops), A is plot 

area (m2), Epan is the amount of cumulative evaporation during a 7-day irrigation interval (mm), WL represents 

irrigation levels (0.33, 0.67 and 1.00). 

Drip laterals were placed at the center of adjacent crop rows 0.70 m apart in the experimental plots. 

Experimental plots were 5 m long and 5 crop rows wide (3.5 m). Irrigation water was used from a deep well 

located near the experimental site. The control unit consisted of screen filter with 10 L/s capacity, control 

valves, manometers mounted on the inlet and outlet of each unit. Distribution lines consisted of PVC pipe 

manifolds for each plot. The diameters of the laterals were 16 mm PE and each lateral irrigated one plant row. 

The inline emitters were used with a discharge rate of 4 L/h above 10 m operating pressure. In the system, 

emitter and the lateral spacing were chosen as 0.20 and 0.70 m, respectively (Fig. 1). 

 

 
Figure 1: Application of drip irrigation plot 

 

Crop water consumption under varying irrigation regimes was calculated using the soil water balance equation 

[20] as; 

 

ET = R + I – D  ± W     (2) 

 

Where, ET is the water use (mm), R is the rainfall (mm), I is the depth of irrigation (mm), D is the depth of 

drainage (mm), and W is the change of soil water storage in the measured soil depth.   

WUE was calculated as yield (kg/da) divided by seasonal water use (mm). IWUE was determined as yield (kg 

da) per unit irrigation water applied (mm) [21]. Regression analysis was used to evaluate the water use-yield 

relationships derived from seasonal crop water use and yield data obtained from the experiment. Seasonal values 

of the yield response factor (ky), which represent the relationship between relative yield reduction [1-(Ya/Ym)] 

and relative evapotranspiration deficit [1-(ETa/ETm)], were determined using equation 3 given by Doorenbos 

and Kassam [22]:  

 

1-(Ya/Ym)=ky(1-ETa/ETm)    (3) 

 

Where, ETa and ETm are the actual and maximum seasonal crop water use values (mm), respectively, and Ya 

and Ym are the corresponding actual and maximum yields (kg/da). 
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Harvesting and sampling was made on 12 July 2023. In trial year, the plants were harvested and plant height 

(cm) was measured in the harvest. Green herb yield (kg/da) and drug herb yield (kg/da) were determined 

separately for each plot. In order to determine the differences between irrigation treatments, the data relating to 

yields were subjected to variance analysis. The Least Significant Differences (LSD) test was used for comparing 

and ranking the treatments. Differences were declared significant at p < 0.05. Variance analysis and LSD tests 

were carried out with the use of the TARİST program, which was developed for this purpose [23]. 

 

3. Results & Discussion 

Irrigation water amounts (I), seasonal evapotranspiration (ET), green herb yield and water use efficiency values 

(WUE, IWUE) for thyme plant in experimental year were presented in Table 1. Altogether 10 treatment 

irrigations varying from 93 to 280 mm in I100 plots were practiced. The first irrigation was applied on May 2 and 

irrigations were lasted on July 4, in 2023, respectively. 

 

Table 1: Seasonal irrigation water, water use, average green and drog herb yield, WUE and IWUE data for 

different treatments 

Irrigation 

Treatment 

Seasonal 

Irrigation 

Water 

(mm) 

Seasonal 

Water 

Use (mm) 

Average 

Green 

Herb 

Yield 

(kg/da) 

Average 

Drug 

Herb 

Yield 

(kg/da) 

Plant 

Height 

(cm) 

Water Use 

Efficiency 

(WUE) 

(kg/m3) 

Irrigation 

Water Use 

Efficiency 

(IWUE) 

(kg/m3) 

I100 280 333 1084.0a 456.3a 23.9a 3.26 3.87 

I67 188 228 888.0b 397.6b 22.4b 3.89 4.72 

I33 93 153 728.3c 355.3c 21.1c 4.76 7.82 

I0 - 142 486.3d 242.6d 17.0d 3.42 - 

P<0.01   ** ** **   

LSD%5   70.926 37.701 0.739   

*P< 0.05; **P< 0.01; ns: not significant 

In a column values with a common letter are not significantly differ from one another using LSD%5 

 

Seasonal plant water use values varied in connection with the irrigation water applied to the treatments and the 

amount of moisture at planting and harvest. Plant water use was higher at full irrigation level (I100) than in the 

deficit irrigation plots. Water use values increased with increasing irrigation levels in each irrigation approaches. 

Seasonal water use varied from 142 to 333 mm among the different treatments. The highest water use was 

observed in I100 treatment as 333 mm, and the lowest water use was measured in I0 rainfed treatment as 133 mm. 

This was followed by I33 and I67 treatments, 153 and 228 mm in the growing season, respectively (Table 1). 

Although there is lack of literature reported on the crop ET of thyme, [13], determined the water use of L. 

angustifolia as 1191.4 mm in a lysimeter experiment in Iran. In the same research, daily ETmin and ETmax of 

lavender was measured as 7.82 mm day-1 in June and 0.62 mm day-1 in January, respectively. In basil in full 

irrigation conditions crop ET was determined as 431 mm while it was 270 mm in rainfed conditions[24]. 

Highest and lowest ET was determined between 34.3-349.0 mm in basil plants under different vermicompost 

irrigation levels[25]. [26] determined the ET of basil in lysimeters between 636.8-849 mm. The variations in 

ecological conditions could describe the gap between the results of these studies. 

Green herb yields varied from 486 to 1084 kg/da among the treatments (Table 1). The highest average green 

herb yield was observed in I100 treatment as 1084 kg/da and the lowest yields were found in I0 treatment as 486 

kg/da. The average of highest drug herb yield I100 plots was 456 kg/da. The averages of the plots in which the 

crop water requirement was fully met gave the highest drug herb yields. This was followed by 67% irrigation 

level with an average yield of 397 kg/da. The lowest drug herb yield was harvested from the rainfed plots. On 
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the other hand, the response of green herb and drug herb yield to different irrigation treatments (variance 

analyze) are given in Table 1. Data obtained from study showed that green and drug herb yields were 

significantly affected by irrigation levels (p< 0.01). Green and drug herb yields were found to increase with 

irrigation water levels. Examining these results from the point of view of irrigation levels (IL), four groups 

formed in year. The first group consisted of the 100% treatments where no water restriction had been applied in 

the whole growing season, treatments in which water had been applied at the 67 % level were second, and 

treatments which had received water at the 33 % level formed the third group. Especially, as the irrigation level 

increased, green and drug herb yields were increased in all applications. The yields of the plants are depending 

on temperature, irrigation, fertilization, plant number and the genotype [15]. In this study, the green herb yields 

of the full irrigated treatments were found to be higher than the results of [27, 28, 29], but [30, 31] observed 

higher green herb yields. The increments in the irrigation level remarkably increased the average drug herb 

yields. The green herb yield of supplementally irrigated lavender plants had higher yields as 0.68 kg⋅m–2 than 

the crops without supplemental irrigation [32]. Irrigation level in 75% of field capacity resulted in highest herb 

yield in basil [33]. 

As the amount of water applied increased, WUE and IWUE decreased. In general, the IWUE values were higher 

than those of WUE in all treatments. This could be attributed to water used from soil storage.  The highest water 

use efficiency (WUE) averaging 4.76 kg/m3 was obtained in I33, followed by I67 with 3.89 kg/m3 and the lowest 

one was found in the I100 treatment as 3.26 kg/m3 (Table 1). Treatment I33 from all applications used to water 

more efficiently. [25] determined the highest WUE as 447 kg/da/mm from 75% irrigation level in basil, while 

the lowest was obtained from rainfed treatment as 115 kg/da/mm, the highest IWUE was also determined under 

75% irrigation level as 432 kg/da/mm. [24], determined the WUE of basil as 1.65 kg m -3 and IWUE as 1.89 kg 

m-3. Available water in the soil profile and water use efficiency determines the plant productivity [34]. The 

findings of the study in terms of WUE and IWUE shows the sensitivity of the green herb yield of thyme to soil 

moisture. On the other hand, in our study both WUE and IWUE values were similar to the findings of other 

researchers [15, 35, 36]. 

In order to evaluate the effects of water use on green and drog herb yields regression analysis was conducted. 

There was a significant second order polynomial relationships were found between seasonal water use and 

green-drug herb yield in irrigation treatments (Fig 2). Polynomial relationships of water use and yields for drip 

irrigated medicinal and aromatic plants were given by [25, 36]. 

 

 
Figure 2: The relationship between plant water use and green-drug herb yields 

 

The ky factor which represents the slope of the relationship between relative ET and relative yield, was 

determined the methods of [22]. Yield response factor (ky) was found to be 0.76 for traditional deficit drip 

applications (Fig. 3). The average ky for the whole growing season were found to be 0.31 by [36], 1.18 by [25]. 
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Figure 3: Yield response factor (ky) of thyme for different irrigation treatments 

 

4. Conclusion 

In this study, we evaluated the effects of different irrigation water levels on yields and water use efficiency of 

the drip irrigated thyme plant under Aegean semi-arid climatic conditions in western Turkey in 2023. Meeting 

the water requirement of thyme plant during the growing season has an important effect on increasing the green 

herb yield. Overall, the results of this research indicated that drip irrigation applications, with I100 treatment 

could be used for thyme grown in Aegean region similar to the area in Turkey under no water shortage. In case 

of the necessity for applying a constraint in the water source arises, the treatment that provide 67% water 

savings (I33) under drip irrigated plots. Therefore, results obtained from the drip irrigation applications, I33 

treatment could be used as a good basis for reduced drip irrigation strategy development in semi-arid regions 

under water shortage.  

 

Acknowledgment 

This research was funded by Aydın Adnan Menderes University Scientific Projects Coordinaton Unit. (Project 

No: ZRF-23007). This study was conducted as Gamze AKKURT’s Master Thesis project and summarized from 

her thesis. 

 

References 

[1]. Shiklomanov, I. (1998). World Water Resources: Modern Assessment and Outlook for 21st Century. 

Federal Service of Rusia for Hidrometorology & Environment Monitoring State, Hidrological Institute, 

San Petesburgo. 

[2]. Kassam A.H., Molden D., Fereres E., & Doorenbos J. (2007). Water productivity: science and practice 

– in- troduction. Irrigation Science, 25: 185–188. 

[3]. Bayram, E., Kırıcı, S., Tansı, S., Yılmaz, G., Arabacı, O., Kızıl, S., & Telci, İ. (2010). Possibilities of 

increasing the medicinal and aromatic plant growing. - In: Proceedings of the 7th Technical Congress 

of Agricultural Engineers, Vol:1. pp. 437-455. 

[4]. TUIK (2022): Crop production statistics database. Retrieved in: March, 13, 2023 from      

biruni.tuik.gov.tr/medas/?kn=92&locale=tr  

[5]. Shabankareh, H. G., Khorasaninejad, S., Soltanloo, H., Shariati, V. (2021): Physiological response and 

secondary metabolites of three lavender genotypes under water deficit. - Scientific Reports, 11:19164.  

https://doi.org/10.1038/s41598-021-98750-x  

[6]. Topak, R., Süheri, S., & Acar, B. (2010). Effect of different drip irrigation regimes on sugar beet (Beta 

vulgaris L.) yield, quality and water use efficiency in Middle Anatolian, Turkey. Irrig Sci. Published 

online 27 May 2010, doi: 10.1007/s00271-010-0219-3. 



AKKURT G & DAĞDELEN N              Journal of Scientific and Engineering Research, 2024, 11(11):30-37 

Journal of Scientific and Engineering Research 

36 

[7]. Kirda C., Topcu S., Kaman H., Ulger A.C., Yazici A., Cetin M., & Derici M.R. (2005). Grain yield 

response and N-fertiliser recovery of maize under deficit ir- rigation. Field Crops Research, 93: 132–

141. 

[8]. Simsek, M., Kacıra, M., & Tonkaz, T. (2004). The Effects of Different Drip Irrigation Regimes on 

Watermelon (Citrullus lanatus) Yield and Yield Components Under Semi-Arid Climatic Conditions. J. 

Agric. Res, 55: 1149-1157. 

[9]. Çetin, Ö., & Bilgel, L. (2002).  Effects of Different Irrigation Methods on  Shedding and Yield of 

Cotton. Agricultural Water Management, 54: 1-15. 

[10]. Akgül, D. T., Göğüş, N., Glaue, Ş., & Akcan, T. (2019). Edible flower: lavender. In: Proceedings of the 

4th International Anatolian Agriculture, Food, Environment and Biology Congress, 20-22 April, 

Afyonkarahisar, Turkey. pp. 723-727. 

[11]. Aqeel, U., Aftab, T., Khan, M. M. A., & Naeem, M. (2023). Regulation of essential oil in aromatic 

plants under changing environment. - Journal of Applied Research on Medicinal and Aromatic Plants, 

32: 100441. https://doi.org/10.1016/j.jarmap.2022.100441  

[12]. Sałata, A., Buczkowska, H., & Nurzynska-Wierdak, R. (2020). Yield, Essential Oil Content, and 

Quality Performance of Lavandula angustifolia Leaves, as Affected by Supplementary Irrigation and 

Drying Methods.   Agriculture, 10, 590. https://doi.org/10.3390/agriculture10120590  

[13]. Noorollahi, M., Hassanli, A. M., Ghanbarian, G. A., & Taghvaei, M. (2016). Determination of Crop 

Coefficient (Kc) for Rosmarinus officinalis L., Lavandula angustifolia Mill. and Silybum marianum L. 

Gaertnas Medicinal Plants Using Water Balance Approach.   Iranian Journal of Irrigation and 

Drainage, 1(10): 117-127.  

[14]. Tokul, H.E., & Bayram, E. (2022). Effects of different levels of water and nitrogen applications on the 

yield and quality of oregano (Origanum onites L.).   Journal of Agriculture Faculty of Ege University, 

59 (4): 579-589, https://doi.org/10.20289/zfdergi.1144428  

[15]. Ekren, S, Sönmez, Ç., Özçakal, E., Kukul Kurttaş, Y. S., Bayram, E., & Gürgülü, H. (2012). The effect 

of different irrigation water levels on yield and quality characteristics of purple basil (Ocimum 

basilicum L.).   Agricultural Water Management, 109:155-161. 

https://doi.org/10.1016/j.agwat.2012.03.004 

[16]. Rahimi, A., Jahansoz, M. R., Hoseini, S. M., Sajjadinia, A. R., Roosta, H. R., & Fateh, E. (2011). 

Water Use and Water-use Efficiency of Isabgol (Plantago ovata) and French Psyllium (Plantago 

psyllium) in Different Irrigation Regimes. - Australian Journal of Crop Science, 5(1), 71–77. 

doi/10.3316/informit.834739460544461 

[17]. Sabra, A.S., Astatkie, T., Alataway, A., Mahmoud, A.A., Gendy, A.S.H., Said-Al Ahl, H.A.H. & 

Tkachenko, K.G. (2018). Response of Biomass Development, Essential Oil, and Composition of 

Plectranthus amboinicus (LOUR.) SPRENG. to Irrigation Frequency and Harvest Time. - Chemistry 

and Biodiversity, 15(3): e1800005. https://doi.org/10.1002/cbdv.201800005  

[18]. El-Zaeddi, H.,Tomé, J. M., Calín-Sánchez, A., Burlóa, F., & Carbonell-Barrachina, A. A. (2017). 

Irrigation dose and plant density affect the volatile composition and sensory quality of dill. - Journal of 

the Science of Food and Agriculture, 97: 427–433. DOI 10.1002/jsfa.7890  

[19]. Yazar, A., Sezen, S.M., & Sesveren, S. (2002). LEPA and Trickle Irrigation of Cotton in the Southeast 

Anatolia Project (GAP) Area in Turkey. Agricultural Water Management, 54(3):189-203. 

[20]. Erten, E., & Dağdelen, N. (2020). Yield and Water Relations of Drip Irrigated Cotton Under Various 

Irrigation Levels. Journal of Scientific and Engineering Research, 7(2): 204-211. 

[21]. Howell, T.A., Cuence, R.H., & Solomon, K.H. (1990). Crop yield response. In: Management of Farm 

Irrigation Systems. (G.J. Hoffman, et al), ASAE, St. Joseph, MI, 93-122. 

[22]. Doorenbos, J., & Kassam, A.H., (1986). Yield response to water, Irrigation and Drainage, FAO, 

ROME, Paper: 33, pp. 257. 

[23]. Açıkgöz, N., Aktas, M.E., Mokhaddam, A.F., & Özcan, K. (1994). Tarist an agrostatistical package 

programme for personel computer. Ege Üniv. Fac. of Agriculture, Field Crops Symposium, İzmir, 

Turkey (in Turkish with English abstract).   



AKKURT G & DAĞDELEN N              Journal of Scientific and Engineering Research, 2024, 11(11):30-37 

Journal of Scientific and Engineering Research 

37 

[24]. Pejic, B., Adamovic, D., Maksimovic, L., & Mackic, K. (2017). Effect of drip irrigation on yield, 

evapotranspiration and water use efficiency of sweet basil (Ocimum basilicum L.). - Ratar Povrt. 54(3): 

124-129. doi:105937/ratpov54-14808  

[25]. Şenyiğit, U., Toprak, M., & Çoşkun, A. (2021). The effects of different irrigation levels and 

vermicompost doses on evapotranspiration and yield of basil (Ocimum basilicum L.) under glasshouse 

conditions. - Turkish Journal of Science and Engineering, 3(1): 37-43.  

[26]. Ghamarnia, H., Amirkhani, D., & Arji, I. (2015). Basil (Ocimum basilicum L.) water use, crop 

coefficients and simdualkc model implementing in a semi-arid climate.-. International Journal of Plant 

& Soil Science, 4(6): 535-547, 2015; DOI: 10.9734/IJPSS/2015/14098  

[27]. Arabacı, O., & Bayram, E. (2005). The effect of nitrogen fertilization and plant density on some 

agronomic and quality traits of lavender (mill.) under ecological conditions of Aydin. - Journal of 

Adnan Menderes University Faculty of Agriculture - 2(2): 13 – 19 (In Turkish with English abstract). 

[28]. Baydar, H., & Erbaş, S. (2007). Effects of harvest time and drying on essential oil properties in 

lavandin (Lavandula x intermedia Emeric ex Loisel.). I. International Medicinal and Aromatic Plants 

Conference on Culinary Herbs. p. 321-335. 29 April - 4 May 2007, Antalya, Turkey. 

[29]. Atalay, A.T. (2008). The Effect on Yield and Quality Characters of Organic and Inorganic Fertilisers 

Applied Different Doses on Lavander (Lavandula Angustifolia MİLL.) Grown in Konya Ecological 

Conditions. - Selçuk University Graduate School of Natural and Applied Sciences, MSc. Dissertation. 

pp. 41. 

[30]. Kara, N. (2011). Determination of lavender (Lavandula sp.) cultivars suitable for essential oil 

production and studies on micropropagation possibilities. - Süleyman Demirel University, Graduate 

School of Natural and Applied Sciences, PhD. Dissertation, pp. 178. 

[31]. Karık, Ü., Çiçek, F., & Çınar, O. (2017). Determination of morpholocigal, yield and quality 

characteristics of lavandula species and cultivars in menemen ecological conditions - Anadolu Journal 

of Aegean Agricultural Research Institute. 27 (1): 17-38.  

[32]. Sałata, A. (2020). Supplementary irrigation and drying method affect the yield and essential oil content 

and composition of lavender (Lavandula angustifolia Mill.) flowers. - Acta Scientiarum Polonorum 

Hortorum Cultus, 19(6) 2020, 139–151. DOI: 10.24326/asphc.2020.6.12. 

[33]. Khalid, K., A. (2006). Influence of water stress on growth, essential oil, and chemical composition of 

herbs (Ocimum sp.). - International Agrophysics, 20: 289-296.  

[34]. Xu, L.K., & Hsiao, T.C. (2004). Predicted versus measured photosynthetic water-use efficiency of crop 

stands under dynamically changing field environments. - Journal of Experimental Botany 55 (407): 

2395–2411. DOI:10.1093/jxb/erh271 

[35]. Borivoj, P., DušanA., Livija, M. & Ksenija, M.(2017). Effect of Drip lrrigation on Yield, 

Evapotranspiration and Water Use Efficiency of Sweet Basil (Ocimum basilicum L.). Ratarstvo i 

Povrtarstvo,  54 (3), 124-129. https://doi:10.5937/ratpov54-14808. 

[36]. Akçay, S., Dağdelen, N., Tunalı, S.P., & Gürbüz, T. (2021). Farklı Sulama Programlarının Lavanta 

Bitkisinde (Lavandula angustifolia Mill.) Verim ve Verim Parametreleri Üzerine Etkisi. ÇOMÜ Zir. 

Fak. Derg., 9(2), 219-227. 


