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ABSTRACT 

A study was done in 2012 to investigate the effects of methanol spray on biochemical traits of lavender. This experiment 
was carried out using one-way ANOVA. Treatments included 3 levels of methanol 0 (control or c), 10% methanol 10% 
(M10), methanol 20% (M20), and methanol 40% (M40). The application of methanol spray was done five times, once a 
week with one week interval. Regarding the comparison of means tables, the highest of total chlorophyll of M20 
treatment was 379 mgg-1fw. With respect to chl a and chl b, M20 treatment had the highest level with 246 and 133 mgg-

1fw, respectively. In addition, both M10 and M20 accounted for the highest of carotenoids. With respect to the leaf sugar 
soluble, M20 showed the highest amount with 196.5 μgg-1 fw. Regarding the analysis of variance table, a significant 
difference was observed in all measured factors at statistical level of 1%. Therefore, it can be concluded that the 
application of methanol on the measured traits was effective, in that concentrations of 10% and 20% had stimulating 
effects. On the other hand, the concentration of 40% did not show significant difference between experimental and 
control groups. Moreover, the concentration of 20% was the most effective treatment. 
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INTRODUCTION 
Lavender (scientific name Lavandula officinalis L) is a perennial, soilage, and evergreen plant from 
lamiaceae family [14]. Its main root is long and wooden with several dense branches. It can uptake 
moisture from depth of 3 to 4 meters. It is native to Europe with a thick and brown stem [21].  The leaves 
are opposite, narrow, long, spear-like, and dark green covered in indumentum [1,3] with special scent 
[3,14]. Vegetative body of the plant has a pleasant smell from its essential oil [6]. Essential oil are 
produced and stored in the leaves and flowers of lavender and in certain cavities of it. In comparison to 
the leaves, flowers produce higher quality of essential oil, whose amount (between 0.5 to 1.5 percent) 
depends on the type of plant and climatic conditions. Lavender has analgesic, antispasmodic and calming 
effects [5, 18, 20]. Flavonoids (pigments), tannins, and coumarin can be found in the essential compounds 
of aerial organs of lavender [4, 8]. 
Methanol is considered as the simplest of alcohols. It increases the yield of plants and is the first 
prerequisite for achieving high yield at high dry matter production level, since about 90% of the plant dry 
mass is because of photosynthetic assimilation of CO2. In result, increasing the rate of CO2 fixation can be 
suitable for boosting crop production capacity [7,15]. The most important advantage of consuming these 
compounds is to prevent and reduce photorespiration caused by stresses induced to crops (7,15, 10). It 
was first reported in the 90s that the application of methanol solutions on aerial parts of crops causes 
higher yield, accelerates ripening, decreases stress, and reduces water requirement (19). Regarding that 
25% of plant's carbon is consumed by photorespiration, the application of methanol spray can minimize 
photorespiration [25]. That is because methanol is absorbed in plant and rapidly metabolized to CO2 in 
plant tissue [23], which is due to smaller size of methanol rather than CO2. Rajala et al (1998) attributed 
reduced photorespiration in the methanol treated plants to rapid oxidation of methanol to CO2, its 
combination with ribulose-1,5-bisphosphate carboxylase, and reduced oxygen competition.  
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Nadali et al. [26] reported increased yield via the application of methanol spray on sugar beets. One way 
to increase CO2 concentration in the plants is using such compounds as methanol, ethanol, propanol, and 
butanol, as well as using amino acids like glycine, glutamate and aspartate. Studies by Nonomura and 
Benson (1992) showed that methanol caused increased yield in plants treated with this material. They 
reported that the application of methanol on aerial parts of crops increases the yield, accelerates ripening, 
decreases the effect of drought stress, and reduces water requirement. They referred to the action of 
methanol as an inhibitor of photorespiration pathway. An investigation by Heming et al (1995) showed 
that increased carbon conversion efficiency and thermal metabolic rate in pepper and tomato were due to 
exposure of leaf tissue to methanol. 
In terms of frequency and functional significance, chlorophylls are the most important pigments existing 
in chloroplasts.  There are two types of chlorophyll (i.e. a and b) in higher plants, which are accompanied 
with several "auxiliary" pigments. The auxiliary pigments include such carotenes as beta-carotene and 
xanthophyll, which are responsible for transferring energy to chlorophylls or have regulatory and 
protective roles. 
Increased photosynthesis yield and enhanced plant resistance against stress are very important, 
especially with respect to herbs. This is suggested that the application of methanol can affect the growth 
and metabolism of the plants. In addition, determination of the optimal concentration is significant. Due 
to the vast application of lavender in different industries such as pharmaceutical, cosmetics and health 
food, and the high demand for its containing materials, a large amount of attempts is done to increase its 
essential oil and other effective matters. This is the important aspect of the present study. 
 
MATERIALS AND METHODS 
Plants were cultivated in plastic pots. Same cuttings were taken. The six-month lavender plants were 
treated three times in randomized complete block design. Lavender plants were treated with three 
different methanol densities including 0 (control or C), methanol 10% (M10), methanol 20% (M20), and 
methanol 40% (M40). Methanol spraying was done 5 times, each with one week interval. One month after 
the last treatment, samples were taken and analyzed.  
In order to measure leaf chlorophyll content, Arnon's technique [2] was employed. A number of the leaves 
was removed and cut into pieces. They then were homogenized in a porcelain mortar with 80% cold 
acetone. After that, it was smoothed using Whatman filter paper. After smoothing with 80% acetone, all 
samples were homogenized (in terms of volume). Dilution of the extract was done using 80% acetone. 
Absorption of the solution was measured at 645 and 663 nm wavelengths for the estimation of 
chlorophyll. Finally, chlorophyll content was measured using below formula in milligrams per gram fresh 
weight (mgg-1fw) or micrograms per gram fresh weight (μgg-1fw). 
Measurement of soluble sugars via Kochert method  
For this, 0.2 g of fresh plant was first homogenized with 10ml 80% ethanol and then heated in water bath 
for 15 minutes. Tubes' contents were smoothed using filter paper. To remove chlorophylls, 0.5ml 
hydroxide barium 0.3 N and 5ml zinc sulphate (5%) were added. Above solution was centrifuged at 
12000g for 15 minutes. Five samples were removed from supernatant of the solution. To each solution, 1 
ml 5% phenol and 5ml concentrated sulfuric acid were added (the reaction is exothermic). Samples were 
placed at laboratory temperature for 30 minutes. Then, their absorption capacity was read using 
spectrophotometer at 485 nm. The monosaccharide glucose was used as the standard.  Sample sizes were 
calculated using standard curve based on micrograms per gram fresh weight (μgg-1fw). 
For data analysis, SPSS11 was employed. Data were analyzed using single factor analysis of variance and 
Duncan test was used for grouping the treatments. 
 
RESULTS AND DISCUSSION 

 
 
 

Table 1:  Analysis of Variance  Traits 
 Ms 

Sov Df Soluble sugars Carotenoids Total chl Chl b Chl a 
Methanol 3 

1670.56** 338.3** 6471.18** 719.02** 2876.08** 

Error 8 3.698 19.500 12.000 13.333 5.333 
Ns,*,**:non significant, significant at p<0.05 and p<0.01, respectively 
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Table 2. Mean values of different traits in different treatment groups and comparison of the means based 
on Duncan test 

T 
Chl a 

 ( mgg-1fw) 
Chl b 

(mgg-1fw) 
Total chl 

(mgg-1fw) 
Carotenoids 

Leaf soluble 
sugar  

(μgg-1 fw) 
C 184c 102c 286c 35b 147.0833c 

M10 215b 117.5b 332.5b 52.66667a 173.25b 
M20 246a 133a 379a 57.33333a 196.5a 
M40 179.33c 99.6667c 279c 39.33333b 147.8333c 

Results from this experiment are in accordance with those of some other researchers Methanol treatment 
increased chlorophyll content of tobacco leaf [25]. Chlorophyll content of wheat, oath and grape leaves 
was also significantly increased after spraying methanol [23,24]. There are reports maintaining that the 
application of methanol spray increases drought resistance in plants at hot climates [25]. According to the 
report by Rajala et al (1998), methanol metabolism leads to increased production of sugar in the leaves, 
causing increased inflammation pressure, assimilation rate, and growth of treated plants. Spraying 
solution on pepper shrubs increases chlorophyll content, too [23]. Theodoridou et al [29]suggested that 
the application of methanol on plants increases intracellular contents as well as ratio of intracellular 
chlorophyll a to chlorophyll b. Increasing trend of chlorophyll content is positively correlated with up to 
30% (by volume) increase of methanol concentration. After that, the more methanol volume (in percent) 
increases, the more chlorophyll concentration decreases [12]. Mirakhori et al [16] suggested that up to 
21% increase of methanol volume increases chlorophyll content; while, higher than that decreases 
chlorophyll. With spraying different methanol concentrations on peanut plant and measuring chlorophyll 
content of the leaf, using chlorophyll meter, they reported that the highest amount of chlorophyll was 
observed in the leaf treated with 20% methanol (by volume) [1]. With spraying methanol, CO2 is obtained 
from rapid oxidation of methanol on the plant and can compete with oxygen by succeeding in absorption 
at the RuBisCO (25). Results of the present study indicate that the application of methanol causes 
increased soluble sugar and phenol in the leaf, as well as essence level (in percent). This can increase 
water uptake and Turgor pressure. Increased photosynthesis can lead to increased synthesis of secondary 
metabolites, such as essential oils and different phenolic compounds. Favar et al [9], in a large Finnish 
company where methanol was used to enhance the growth and quality of the roses cultivated in  the 
greenhouse, suggested that frequent use of methanol on roses decreases the need for fungicide to control 
powdery mildew. According to the reports by Zebik et al [27], increased concentration of CO2

 can 
neutralize the effects of environmental stresses. Nadali et al [17] have reported increased yield via 
methanol spray on sugar beets. Studies by Nonomura and Benson [19] showed that methanol caused 
increased yield in plants treated with this material. They reported that the application of methanol on 
aerial parts of crops increases the yield, accelerates ripening, decreases the effect of drought stress, and 
reduces the need for water. Studies by Heming et al [11] showed that adequate amount of CO2, produced 
by spraying methanol, changes the photorespiration pathway from a catabolic reaction to an anabolic 
one. Investigations by Nanomura and Benson [19] depicted that after methanol spray, it is essential to 
expose the plant to the light for inducing photorespiration; otherwise, the plant will suffer from foliar 
damages. Lee et al [13] reported increased level of photosynthesis in sugar beets treated with methanol 
and suggested that methanol increases the plant yield to 10%. 
 
CONCLUSION 
The main goal of the present study is to investigate the effect of methanol on biochemical traits. 
Regarding the results from this study, methanol largely increased the factors measured in this research 
and could increase all factors. Moreover, using 20% and 10% methanol (by concentration) has had the 
greatest stimulating effect. However, increasing the concentration to 40% showed no significant 
difference comparing with control treatment. In addition, the most effective concentration was 20% 
methanol treatment. 
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