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ABSTRACT

In order to study the effects of irrigation levels on essential oil of balm (Melissa officinalis L), research
was performed under field condition at Karaj, Iran in 2005. Experiment was conducted using randomized

complete block design with 4 replications. Treatment included T1 (non stress), T2 (80%FC), T3 (60%FC), T4
(40%FC) and T5 (20%FC). Effects of irrigation levels on shoot yield, essential oil yield, essential oil percent,

leaf yield, height plant, tiller number, stem diameter, stem yield and internode length was significant (á=1%).
irrigation levels not significant effects on number of lateral stem number. Comparison of treatment means

showed that highest shoot yield and height plant were relate to T1 (non stress), highest essential oil yield was
achieved under T4 (40%FC) and essential oil percent related to T5 (20%FC). Highest stem diameter was
related to T5 (20%FC). It could be concluded that moderate drought stress is beneficial for balm essential oil.
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Introduction

Drought stress is especially important in countries where crop agriculture is essentially rain-fed (Boyer,
1982; Ludlow and Muchow, 1990). Drought stress causes an increase in solute concentration in the

environment, leading to an osmotic flow of water out of plant cells. This in turn causes the solute
concentration inside plant cells to increase, thus lowering water potential and disrupting membranes along with

essential processes like photosynthesis. These drought-stressed plants consequently exhibit poor growth and
yield. In worst case scenarios, the plants completely die. Certain plants have devised mechanisms to survive

under low water conditions. These mechanisms have been classified as tolerance, avoidance, or escape (Kramer
and Boyer, 1995; Neumann, 1995). Balm, Melissa officinalis L., a perennial herb native to southern climates

of Europe and North America, is presently found in both wild and cultivated states. Several other species of
Melissa have been reported from the Mediterranean and central Asian areas, but only Melissa officinalis L.

is cultivated. The plant grows erect and reaches a height of 0.5 to 1 meter. The highest levels of essential oil
have been extracted in late summer from the lower parts of the plants (Kennedy et al., 2005). The essential

oil contains geraniol, citronellol, cintronellal, linalool, eugenol acetate, and nerol. The essential oil is often
adulterated with mixtures of lemongrass, citronella, or lemon oil. Oil of balm has also been shown to have

antiviral, antibacterial, and antispasmodic activity. Balm has been reported to be an insect repellent. As a
medicinal plant, lemon balm has traditionally been employed against catarrh, fever (Kabala-Dzik et al, 1993),

flatulence (Weizman et al, 1993) and headaches (Wake et al, 2000). Droughted Melissa officinalis plants
showed a significant decrease in the endogenous levels of photosynthetic pigments, the antioxidant function

of a-tocopherol and the dissipation of excess excitation energy by the xanthophyll cycle may help to avoid
irreversible damage to the photosynthetic apparatus that decreased biological yield of Balm (Munne-Bosch and

Alegre, 1999). Therefore drought stress is main environmental factor that decrease plants yield but in some
medicinal plants increase essential oil. 
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Method and Material

This study was carried out in the Iran Research Institute of Forest and Rangelands. Field experiment was
carried out by a randomized complete block design with 4 replications. The factors which studied were control

and different levels of drought stress that were T1 (non stress), T2 (80%FC), T3 (60%FC), T4 (40%FC) and
T5 (20%FC). The soil consisted of 21% clay, 30% silt and 49% sand (Table 1). The soil bulk density was

1.4 g cm and further the field was prepared in an 8 m area (4 m ´ 2 m). For control soil moisture, samples–3 2  

of soil were selected from depth of 30 cm daily and then were achieved samples moisture if soil needed to

irrigation; plots were irrigated under factors which studied. At the end of flowering stage, we collected 10
plants from each plot for determined shoot yield, essential oil yield, essential oil percent, stem yield, height

plant, tiller number, leaf yield, stem diameter, internode length and number of lateral stem. Data were subjected
to analysis of variance (ANOVA) using Statistical Analysis System and followed by Duncan's multiple range

tests. Terms were considered significant at P < 0.05. 

Results and discussion

The results showed that irrigation levels significant effects on shoot yield, essential oil yield, essential oil
percent, leaf yield, height plant, tiller number, stem diameter, stem yield and internode length (á=1%) and

lateral stem number was not significantly affected due to irrigation levels (Table 1). Comparison of treatment
means showed that highest shoot yield, internode length, leaf yield,  height plant and stem yield were relate

to T1 (non Stress), highest essential oil yield was achieved under T4 (40%FC) and essential oil percent related
to T5 (20%FC). Also, Highest stem diameter was related to T5 (20%FC) (Table 2) (Figure 1).

Fig. 1: height plant under different levels of irrigation

Table 1: Mean squares of determined characteristics of Balm
Mean squares

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Value df Height Tiller Stem Lateral Internode Shoot Leaf Stem Essential Essential
Sources plant number  diameter Stem length yield yield yield  oil oil yield

number percent
Replication 4 197.831 56.191 0.851 2.396 2.352 11531168.78 3453762.1 187357.18 0.034 26.049
Water deficit stress 3 7.97 ** 0.149 ** 0.027** 3.374 0.186** 137129.613** 323859.218 38846.414** 0.001** 2.158**
Error 12 6.439 5.28 0.015 1.25 0.114 18496.304 49149.644 10781.464 0.001 0.842
CV (%) 4.43 4.85 3.32 4.34 7.38 2.68 7.56 4.74 9.13 10.65
** and * : Significant at 1% and 5% levels respectively. 

Table 2:  M eans comparison of determined characteristics of Balm

Treatments Height Tiller Stem Lateral Internode Leaf Stem Shoot Essential Essential oil

plant number diameter stem number length yield yield yield oil percent  yield

(cm) (N/plant) (mm) (N/shoot) (cm) (kg/ha) (kg/ha) (kg/ha) (%) (kg/ha)

(Non stress) 65.32 a 49.26 a 3.25 d 26.26 a 5.305 a 3736 a 2733 a 6469 a 0.104 c 6.732 a

(FC= 80%) 61.5 ab 50.38 a 3.45 cd 25.6 a 5.175 a 3447 b 2600 b 6047 b 0.1274 c 7.681 b

(FC= 60%) 58.3 bc 48.25 a 3.575 c 25.33 a 3.925 b 3441 b 2537 b 5978 b 0.1456 b 12.97 a

(FC= 40%) 54.63 c 48.35 a 4.05 b 26.85 a 3.852 b 2583 c 2014 c 3094 c 0.2813 a 8.704 b

(FC= 20%) 45.92 d 40.9 a 4.375 a 24 a 3.57 b 1464 d 1068 d 2319 d 0.3013 a 3.974 c

M eans within the same column and factors, followed by the same letter are not significantly difference (P<0.05) using Duncan' s multiple

range test.

Under the conditions of this study, reduced essential oil yield was quantitatively the most important 

component of yield loss due to drought stress, followed closely by reduced shoot yield. Khalid (2006) found 

that essential oil yield was an important component of yield loss in drought-stressed Basil. Results of an  

experiment demonstrated that the relative importance of essential oil yield as a yield loss component depended  
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strongly on the timing of the water stress relative to reproductive development (Baher et al., 2002). There have 

been few attempts to quantify the importance of essential oil yield as a yield loss component in balm under

different levels of water deficit stress. Fatima et al (2005) recorded shoot, stem and leaf yields duration under 

irrigated and non-irrigated conditions, but did not measure essential oil yield. In the present work, early season  

water stress was too mild to produce large differences in leaf yield expansion, and so all treatments had similar  

leaf yield interception values on those days when leaf rolling did not occur in the stress treatments. The 

essential oil yield might have been a more important yield loss component if severe and lasting water stress 

had occurred earlier in the season. Essential oil yield in the present study was calculated on a leaf yield basis,   

as opposed to the more rigorous absorbed shoot basis, which also requires the measurement of canopy

reflectance and soil reflectance. Because the stress treatments sometimes had lower leaf absorptances than the 

control canopy reflectance of intercepted light may also have been higher in the stress treatments. This would  

bias the estimate of whole shoot yield toward artificially low numbers in the stress treatments, since shoot yield 

was calculated using intercepted rather than absorbed essential oil. Shoot yield in control plots, quantified as 

without drought stress. This characteristic pattern was as obvious in drought stress. The drought stress  

treatments produced large, easily measurable differences in this experiment, which were used to infer  

comparable differences in shoot yield. An important question for crop modeling and irrigation management is 

whether drought stress leading to severe reductions in leaf photosynthesis has any effect on subsequent leaf 

photosynthetic capacity following restoration of soil water content. As expected, water stress caused reductions 

in late-season crop shoot of this study; this was quantified as a reduction in mean dry matter accumulation per  

unit essential oil yield during a period of approximately 55 d. In summary, reduction of whole crop shoot was

an important limitation to yield in field-grown balm subjected to drought stress, even when essential oil was  

also strongly reduced.

Conclusion

The investigation showed that decreased essential oil of balm under water stress. This can have very

important environmental implications through decreasing the amount of irrigation under control and water stress

conditions and also through enhancing the balm resistance when subjected to the water stress.  
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