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Agricultural management is one of the main factors to ameliorate environment adverse effects. 

Climate change has adverse effects on water availability in drought and semi-drought regions that 

constrain crop survival. In order to investigate the effect of irrigation intervals on morphological 

characteristics and yield components of savory plant (Satureja spicigera L.), an experiment was 

carried out based on randomized complete block design in three levels irrigation interval treatments 

(7 days (I7), 14 days (I14) and 21 days (I21)) with three replications in Khorasan Razavi 

Agricultural and Natural Resources Research and Education Center during of 2019. Results showed 

that with increase in irrigation intervals, all morphological characteristics and yield components 

were decreased. However there was no significant differences in seed and essence yield, plant 

canopy area, number of main stems, number of branches and stem diameter due to I7 and I14 

treatments. In drought stress (I21), seed width was more affected than seed length. The lowest 

percentage of survival was observed in I21 treatment which was reduced by 26% and 35% 

respectively, compared to treatments I14 and I7. By increasing the irrigation interval to 21 days, the 

highest reduction in savory characteristics occurred, so that the highest and lowest biomass and seed 

yield were recorded from I7 and I21 treatments, respectively. There was a significant positive 

correlation between biomass and plant height (r = 0.998*), total plant leaf area (r = 0.770*), number 

of main stems (r = 0.796*) and number of branches (r = 0.998*). It seems that savory production 

can be improved in acceptable amount with 14-day irrigation interval. 
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Introduction 

Undoubtedly, water is the most valuable natural 

resources that can limit social and economic development 

in many areas (Chenoweth, 2008). This factor has more 

deficient due to more extraction, pollution and over 

increasing population and entrance pressure in sweet water 

resources (Anonymous, 2007). The distribution of water in 

many areas is uninformed, on the other hand, the presence 

of industries and technology has increased world 

temperature due to greenhouse effect of CO2 and soil water 

losses that lead to restriction in production in arable lands 

as a result of low precipitation and more evaporation 

(Masoumi, 2010). Water scarcity has led to climate 

changes. This is more severe in arid and semi-arid regions 

which have about 40% of the effective land in the world 

(Gamo et al., 2013). With respect to agroecological, Iran 

found herself in arid and semi-arid region (Masoumi, 

2010). In this area, water scarcity is the most limiting factor 

in crop production. Ecological fluctuations are entrance 

pressure to plant species so that some of plants may 

removal or migrate and some plant species must decrease 

some morphological and yield properties in this areas for 

survival (Grimm et al., 2008). Inadequate access to water 

has led to the application of appropriate irrigation 

management to achieve greater efficiency in water 

consumption at each growth stage based on environmental 

Therefore, in the time planning of growth, there is a period 

of time when the potential of the plant can be used to 

increase the efficiency of water in irrigation (Donk et al., 

2012). In irrigation program, we need to expect crop yield 

and net investment return during agronomic year. The best 

decisions in the front of inadequate irrigation water are: A) 

Is irrigation required before planting?? (Stone et al., 2006), 

B) when should the first irrigation lunched? And C) when 

should the last irrigation finished? It is arrangement 

between the first and final irrigation based on water 

resources accessible and must be regulated irrigation 

interval in farm (Klocke et al., 2010). In this regard, it is 

necessary to know the phonological stages sensitive to 

water limitation, and in this situation, irrigation is applied 

within the limits of the plant's tolerance to water deficit. 

http://creativecommons.org/licenses/by-nc/4.0/
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This strategy, known as “less watering with less time” 

requires constant assessment of the plant’s condition 

(Therios, 2008). In this "less water, less time" process, the 

plant adjusts evapotranspiration with the available water, 

resulting in less plant growth reduction so that the plant 

does not experience drought symptoms (Santos et al., 

2003). The results of Masoumi (2010) showed that 

applying drought stress in some growth stages in koshia 

(Kochia scoparia) had not significant difference in dry and 

fresh biomass. In another study in Fenugreek plant 

(Trigonella foenum-graecum), the highest yield was 

obtained from irrigation period with 4 days interval and 

hadn’t significant difference with 8 days irrigation interval 

(Baradaran et al., 2013).The results of Abbaszadeh et al. 

(2017) showed that some morphological traits (leaf yield, 

petiol yield and shoot yield) in Clary Sage (Salvia sclarea 

L.) was reduction with increased the interval irrigation time 

from 3, 6 to 9 days. In fennel plant (Foeniculum vulgare), 

increasing the irrigation interval caused a decrease in 

morphological traits and yield. However, the maximum 

yield of the plant was obtained at an irrigation interval of 

10 days. (Koocheki et al., 2006). 

Savory (Satureja spicigera L.) belongs to the tribe 

Mentheae of the subfamily Nepetoideae within the family 

Lamiaceae (Omidbaigi, 2018). The origin of this plant is 

the third era geological period and from this period it has 

spread in arid habitats and especially established in eastern 

parts of the Mediterranean area. Savory is annual 

herbaceous plant with a woody base. This plant is aromatic 

and with numerous upright or curved or arched stems up to 

60 cm in height. Stems and shoots covered with hairs and 

glandular hairs can be found in various organs (Jamzad, 

2009). The major chemical constituents of savory are 

carvacrol, γ-terpinene, p-cymene, trans-alpha-

bergamotene and thyme that their value varies between 

species. Savory is used to treat bloody diarrhea and colonic 

inflammation and has analgesic, antioxidant, anti-diabetic, 

anticoagulant and antibacterial properties. Faker Baher et 

al. (2002) suggested with increasing drought stress levels, 

the amount of essence increases in Satureja horensis L. In 

another study, Jalilvand et al. (2011) suggested that water 

stress induces reduction in morphological traits in savory 

plant. Climate change, that is, temperature rise and 

irregular rainfall patterns lead to spreading drought stress 

in higher latitudes that these conditions have reduced crop 

productivity (Sodaeizadeh et al., 2016). High range of 

morphological, physiological, and molecular programs are 

applied by plant to counteract the effect of drought for the 

completion of the life cycle and survival of its generation 

(Karlberg et al., 2007). Thus, this study was designed to 

evaluate the effect of irrigation intervals on growth and 

development of savory plant in the field conditions. 

 

Materials and Methods 

 
This experiment was conducted at Khorasan Razavi 

Agricultural Research and Education Station, Mashhad, 
Iran. The specified location of the station is 36°, 13ʹ north 
latitude, longitude is 59°, 40ʹ, and its height is 985 meters 
above sea level. Based on 30 years of data, the average 
annual temperature is 15.6°C and the average annual 
rainfall is 210 mm. In order to evaluate the effect of 
irrigation intervals on morphological characteristics and 

yield components of savory, an experiment was conducted 
in a randomized complete block design (RCBD) with three 
in 2019. The savory seeds were obtained from the center 
and then were tested for the seed germination. Three Petri 
dishes were selected for this purpose and 100 seeds were 
placed in the specified arrangement after disinfection. Seed 
germination percentage was obtained as 90 percent. Then, 
trays containing coco coir fiber were used and the seeds 
were sown in the trays on March 15, 2019. At the stage of 
four to six leaves, the savory seedlings are transferred to 
plastic pots. In order to adapt the plants to real conditions, 
the pots were transferred to the outside of greenhouse for 2 
weeks, after that, the plants were transplanted into the field 
on 30/April/2019. Land preparation was performed 
according to the area's custom (two plows, a disk, a leveler, 
a furrower). The results of field soil analysis are shown in 
Table 1. The dimensions of the plots were 2 m × 2 m, 
separated by rope. The distance between the rows was 50 
cm while the distance between the plants in a row was 30 
cm. For complete plant establishment in the field, irrigation 
was done once a week for three weeks. The Time Domain 
Reflectometry (TDR) method was used to determine soil 
moisture. The TDR device used in this experiment was a 
TRIME type manufactured by IMKO, Germany (IMKO, 
1998). During the growth period, soil moisture was 
measured before each irrigation in the 0-30 cm soil layer. 
The irrigation interval treatments were 7, 14 and 21 days 
as I7, I14 and I21, respectively, were done and continued 
until the end of plant growth in late of September. The 
water for irrigation was supplied from the well of the 
station. The results of the water quality are given in Table 
2. The amount of irrigation water was done based on 
moisture depletion. In this way, according to the physical 
characteristics of the 0 to 30 cm soil profile layer (Table 1), 
the amount of soil moisture before each irrigation interval 
(7, 14 and 21 days) was measured using a TDR device. 
From the following relationship, the depth of irrigation 
water in each irrigation interval treatment was obtained 
from equation 1 (Alizadeh, 2009): 

 
 
   (1)  
 

Where the In is the net depth of irrigation water (mm), 
θFC: volumetric soil moisture at the point of field capacity 
(%), θi: Volumetric soil moisture before each irrigation (%) 
and DZ: Average depth of plant root development (mm). 
The average root development depth of the savory plant 
was considered to be 30 cm. Then the gross depth of 
irrigation was calculated in the equation 2: 

 

Ig =
𝐼𝑛  

𝑒
     (2) 

 

Where Ig: the gross depth of irrigation (mm), In: the net 
depth of irrigation water (mm) and e: Irrigation efficiency 
was considered equal to 85%. 

The volume of irrigation water was calculated and applied 
by the product of the gross depth of irrigation water in the area 
of each experimental plot according to equation 3: 

 
V = Ig A     (3) 
 
Where V: the volume of irrigation water (lit) and A: The 

area of each experimental plot (m2).  
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Table 1. The results of physicochemical analysis of soil 

Physicochemical properties of soil Results 

Soil depth (cm) 0 - 30 

Silt (%) 58 

Sand (%) 14 

Clay (%) 28 

Field Capacity (%) 28.0 

Welting Point (%) 12.2 

Available Water (%) 15.8 

Bulk Density (g.cm-3) 1.41 

N (%) 0.07 

P mg.kg-1 5.45 

K mg.kg-1 247 

OM (%) 1.12 

CaCO3 (%) 15 

EC dS.m-1 2.87 

pH 7.35 

 
Table 2. The results of irrigation water 

Properties of irrigation water Results 

EC dS.m-1 0.8 

pH 7.8 
Na+ 3 
Mg2+ 2.4 
Ca2+ meq.lit-1 2.4 
SO4

2- 1.8 
Carbonate and bicarbonate 2.35 
SAR 1.93 

 

The volume of applied water in the entire growing 

season was equal to 7250 cubic meters per hectare. 

Irrigation was done based on furrow methods. For weeds 

control, we used handling methods and no fertilizer was 

used. At flowering time (late of September and early 

October), five plants were randomly selected from each 

plot and used for measuring morphological traits such as 

plant height, plant canopy area, number of main branches, 

number of lateral branches, leaf area of plant, stem 

diameter, seed length, seed width, and 1000 seed weight. 

At Crop maturity, all plants in each plot were used to 

determine biomass and grain yield. To determine the 

essential oil content, the seeds, leaves and branches of each 

treatment was weighed at 100 g and then the essential oil 

percentage was measured by water distillation and 

clevenger apparatus. Data analysis was done with Mstat-C 

and Minitab V.16. Means comparisons were done using 

Duncan multiple rage test at 5 percent probability level and 

charts were drawn with Excel 2016 software. 

 

Results and Discussion 

 

Plant Height 
The irrigation interval had significant effect on plant 

height (P≤0.05) (Table 3). The highest plant height was 

obtained from irrigation with 7 days interval and as the 

distance between irrigation increased, the plant height 

decreased so that the decline amount was about 16 and 24 

% in I14 and I21 compared to I7 treatment (Table 4). 

Nooshkam et al. (2016) reported that there was no 

significant difference in plant height of savory plant by 

irrigation intervals 15 and 30 days but in dry land farming 

of savory this trait was reduced significantly. The results of 

Ardakani et al. (2007) revealed that deficiency of water 

irrigation reduced plant height, number of tiller and 

internode length in Melissa officinalis L. Our findings were 

consistent with Nouri et al. (2014) who reported that  plant 

height was reduced from 66.07 to 58.67 cm when irrigation 

intervals  were increase from 6 to 9 days in summer savory 

plant (Satureja hortensis L.). It seems that in water 

deficiency conditions, the total water potential decreases, 

therefore this phenomenon affects processes such as 

stomata closure, absorption of nutrients and photosynthesis 

that reduce cell growth and elongation that leads to 

reduction of plant height (Harper et al., 2000). 

 

Number of Main Stems and Branches 

Increasing the irrigation intervals had a different 

significant effect (P≤0.05) on both main stems and branches 

in savory plant (Table 3). There was numerical difference 

between two treatments (I7 and I14) but statistically no 

significant difference was observed between them, both in 

main stems and branches. As showed in Table 4, the effect 

of treatment on the number of branches was greater than its 

effect on the number of main stems. By increasing irrigation 

intervals from seven to 14 and 21 days, the number of main 

stems decreased from 4.35 to 3.75 and 2.45, respectively. 

The highest number of branches (43) was recorded at 7-day 

irrigation interval and with increasing irrigation intervals, 

this trait decreased by 19 and 53% in 14 and 21 days 

irrigation intervals compared to 7-day interval, respectively. 

Akrami nejad et al. (2016) suggested that in drought stress 

(50% field capacity), the number of branches of savory plant 

decreases by about 6% compared to the control treatment. In 

another study, Arazmjo et al. (2010) reported that with 

increment of drought stress from 100% fc to 50% field 

capacity, number of stems decreased by about 21.5%. It 

seems that in plants, water and food budgeting depends on 

their availability, when their supply is insufficient; the plant 

continues to survive by reducing its consumption resources. 

Therefore, under water deficiency, plants can reduce 

transpiration rate area by reducing the height, leaf area and 

number of branches to conserve the absorbed water, and this 

allows the organisms to survive and produce. 

 

Stem Diameter  

The results of Table 3 showed that stem diameter was 

affected by irrigation intervals treatments. The highest 

stem diameter was recorded in I7 and the lowest was in I21 

treatment. By increasing the irrigation intervals from 14 to 

21 days, the stem diameter decreased by about 1.23 mm, 

but with increasing interval irrigation from I7 to I14, this 

decrease was 1.07 mm. Our findings indicated that 

increasing irrigation intervals had greater effect on stem 

diameter (Table 4). Miranshahi and Sayyari (2016) showed 

that stem diameter of savory plant decreased with 

increasing drought stress.  

 

Total Plant Leaf Area (TPLA) 

The results of analysis variance revealed that TPLA 

was affected by water deficiency (Table 3). In complete 

irrigation (I7), the total plant leaf area (TPLA) was 117 cm2 

and with increasing irrigation intervals, the TPLA dropped 

very sharp especially in I21 (Table 4). However, with being 

three-fold irrigation intervals, reduction of TPLA was 

lesser than 50%, and this showed that with increasing 

irrigation water deficiency, this plant can adapt to drought 
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stress conditions. The results of Sodaeizadeh et al. (2016) 

showed that leaf area in savory plant was affected by 

drought stress so that it was 80, 72 and 58 mm2 in water 

stress of 75%, 50% and 25% field capacity, respectively. It 

seems that cell proliferation and enlargement to be limited 

by the insufficiency of available water and required 

metabolites, and the plant's productive potential increases 

to overcome its effects. As a result, the growth rate of the 

plant was decrease (Taiz and Zaiger, 2006). 

 

Ratio: A) Flower Branch to Biomass (FB/B) and B) 

Leaf Dry Weight to Biomass (LDW/B) 

The FB/B ratio was affected by treatments (P≤0.05) 

(Table 3). Although ratio of flower branch to biomass had 

less value, but this ratio was decreased in irrigation water 

deficiency treatment, so that in I7, FB/B=0.235 and this 

ratio was 0.169 and 0.107 in I14 and I21 treatments 

respectively (Table 4). This indicates that as the available 

water decreases, the amount of flowering buds and the 

number of seedlings producing flower bud per branch 

decreased and this stage of phenology of savory plant is 

susceptible to drought stress. The LDW/B ratio was also 

affected by the treatments (P≤0.05) (Table 3). The highest 

LDW/B ratio (0.845) was recorded from I7 treatment. 

When the irrigation interval was 14 days, this ratio had no 

significant difference with 7-day irrigation interval, but 

with increasing irrigation interval to 21 days, the LDW/B 

ratio was 0.755. Compared to 7-day treatment, this ratio 

decreased by 10% and 8% in 14 and 21-day irrigation 

intervals, respectively (Table 4). 

Seed Properties 

Irrigation interval had significant difference on 1000 

seed weight (P≤0.05) (Table 3). The lowest width of seed 

was found in I21 which was reduced by about 52% 

compared to I7 treatment. 1000 seed weight was decreased 

in I14 by 35% compared to I7 treatment (Table 4). The 

length of petiole was not affected by irrigation intervals 

treatments (Table 3). The range of petiole was from 8.87 to 

7.79 mm (Table 4). Both seed length and width were 

affected by experimental treatments (Table 3). The range 

of seed width and length was 0.897 - 0.423 mm and 1.61 - 

0.61 mm, respectively. Seed width was more affected than 

seed length, so that by increasing irrigation interval from 

I7 to I14, seed width was reduced by about 33% and had 

significant differences between them, but 14-day irrigation 

interval had no significant difference on seed length. With 

increasing irrigation interval to 21 days, the seed length  

further decreased and reached 0.61 mm, about 62%  less 

compared to I7 (Table 4). 

 

Seed Yield 

The results of means comparison showed that seed 

yield was affected by experimental treatments (P≤0.05) 

(Table 3). The highest seed yield (12.8 g.m-2) was in I7 and 

the lowest (6.78 g.m-2) was in I21 treatment. When the 14-

day irrigation interval was used, the decrease in seed yield 

was about 12% compared to I7 which was not statistically 

different between them. However, the delay in irrigation 

from 14 to 21 days compared to 7-day irrigation interval 

reduced the seed yield by about 46% (Figure 1D.).  

 

 

Table 3. Analysis of variance (mean-square) of plant properties under irrigation deficiency 

S.O.V Plant height 
Number of 

main stems 

Number of  

branches 

Stem 

diameter 

Length of 

seed 
Width of seed 

Plant canopy 

area 

Block 178 ns 2.66ns 211ns 10.2ns 1.87ns 0.18ns 2503366ns 

Treatment 143.01* 3.10* 398* 0.08* 0.07* 0.12** 1591192* 

Error 8.52 0.36 90.3 0.03 0.19 0.001 16032 

CV 7.44 14.3 19.1 10.8 19.6 6.04 21.0 

S.O.V 
1000 seed 

weight 

Survival 

percentage 
Biomass 

Flower branch 

ratio to biomass 

Leaf dry weight 

ratio to biomass 

Total plant 

leaf area 

Seed 

yield 

Essence 

yield 

Block 1.11ns 1782* 25325* 201* 156* 2018ns 30.6* 0.25ns 

Treatment 0.05ns 1852* 30288* 145* 185* 1918* 42.8* 0.087* 

Error 0.002 52.7 90.6 21.3 51.2 140 19.8 0.034 

CV 12.4 10.6 16.6 20.8 23.6 15.6 17.1 9.54 
Treatments are three irrigation intervals (7, 14 and 21 days); ns, * and ** are non-significant and significant at the 5 and 1% probability level, 

respectively; df (Block=2; Treatment=2; Error=4) 

 

Table 4. Means comparison of the effects of different irrigation intervals on morphological and yield traits in savory plant 

Treatment 
Plant height 

(cm) 

Plant 

canopy area 

(cm2) 

Number  of 

main stems 

Number of  

branches 

Stem 

diameter 

(mm) 

Survival  % 
Length of 

seed (mm) 

I 7 55.0 a 1850 a 4.35 a 43 a 7.31 a 89 a 1.61 a 

I 14 46.2 b 1650 a 3.75 a 35 a 6.24 a 78 b 1.17 ab 

I 21 41.3 b 675 b 2.45 b 20 b 5.01 b 58 c 0.61 b 

Treatment 
Width of seed 

(mm) 

1000 seed 

weight (g) 

Length of 

petiole (mm) 

Flower branch 

ratio to biomass 

Leaf dry weight 

ratio to biomass 

Total plant leaf 

area (cm2) 

I 7 0.897 a 0.556 a 8.87 a 0.235 a 0.845 a 117 a 

I 14 0.611 b 0.358 b 8.01 a 0.169 ab 0.821 a 85 b 

I 21 0..423 c 0.268 c 7.79 a 0.107 b 0.755 b 65 c 
I7, I14 and I21 are irrigation intervals in 7, 14 and 21 days respectively; Mean with the same alphabet are not significantly different at α=0.05 by Duncan test. 
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Table 5. The results of correlation between plant properties under irrigation scarcity in the field conditions. 

Traits 1 2 3 4 5 6 7 8 9 10 

1 1          

2 0.894ns 1         

3 0.931ns 0.988ns 1        

4 0.946ns 0.982ns 0.999* 1       

5 0.997** 0.879ns 0.942ns 0.953ns 1      

6 0.998** 0.997** 0.956ns 0.997** 0.956ns 1     

7 0.998* 0.969ns 0.796* 0.998* 0.770* 0.597* 1    

8 0.926* 0.838ns 0.912ns 0.936ns 0.997* 0.929ns 0.947ns 1   

9 0.903ns 0.907* 0.917* 0.954* 0.915ns 0.993ns 0.986* 0.880ns 1  

10 0.904ns 0.996* 0.998* 0.994* 0.916ns 0.994ns 0.896* 0.881ns 0.999** 1 
1: Plant height; 2: Canopy plant area; 3: Number of main stems; 4: Number of branches; 5: Total plant leaf area; 6: Stem diameter; 7: Biomass; 8: 1000 

seed weight; 9: Seed yield; 10: Essence yield; ns, * and ** are non- significant and significant at the 5 and 1% probability level respectively. 

 

  

  
Figure 1. Effect of irrigation intervals (I7, I14 and) on A) survival percentage, B) biomass, C) essence yield, and D) 

seed yield in savory plant under field conditions (bars with the same alphabet are not significantly different at α=0.05 

by Duncan test.). 

 

 

The results of Akrami nejad et al. (2016) showed that 

with the increase of drought stress to 50% field capacity, 

savory seed yield decreased but there was no significant 

difference with the control. Baher Nic et al. (2004) 

suggested that yield and essence of savory plant reduced 

with the application of drought stress. Ucan et al. (2007) 

reported that there was no difference in sesame yield in 

irrigation intervals of 7, 14 and 21 days. Lawal and 

Rahman (2007) found that in different irrigation intervals 

that changed from 5 to 15 days in 2 years, the yields of 

pepper (Capsicum annuum L.) was different in the first 

year of experiment but in the second year, pepper yield was 

not affected by irrigation intervals. There was significant 

positive correlation between seed yield with biomass (r = 

0.986*) and number of branches (r = 0.954*) (Table 5). 

The results of Nezami et al. (2014) showed that there is a 

significant positive correlation (r = 0.75**) between seed 

yield and biological yield in sesame plant. The correlation 

of seed yield with biological yield indicates that plants with 

better growth can produce more seeds. 
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Essence Yield 

Irrigation interval had significant effect (P≤0.05) on 

essence yield of savory plant (Table 3). By increasing 

irrigation intervals to 14 and 21 days, the amount of 

essence yield reduction, about 16 and 65 %, respectively, 

compared to 7-day. The highest essence yield was in I7 

treatment (Figure 1C). Essence yield did not differ between 

I7 and I14 treatments. The results of Table 5 revealed that 

there was positive correlation (r = 0. 999**) between seed 

yield and essence yield and this indicates that as seed yield 

increases, essence yield also increases. Therefore, the 

amount of essence is indirectly affected by drought 

conditions. The results of Koocheki and Sabet Teimouri 

(2011) showed that the percentage of essential oil in 

rosemary, lavender and hyssop increased with increasing 

irrigation interval from 10 to 20 days. They also stated that 

biomass and essence yield decreased with increasing 

irrigation interval, which is consistent with our findings. 

The results of another study showed that reducing the 

frequency of irrigation from 6 times to 3 times during 21-

day irrigation interval increased the yield of fennel 

essential oil (Mohamed and Abdu, 2004). There was 

significant positive correlation between essence yield and 

biomass (r = 0.896*) (Table 5). The results of Table 5 also 

showed that the essence yield had high positive correlation 

with all vegetative organs such as the number of main 

stems, number of lateral branches and leaf area. Miranshahi 

and Sayyari (2016) showed that essential oil yield was 

correlated with biomass yield, so that essential oil yield in 

summer savory plant decreased with decreasing biological 

yield. In aromatic plants, secondary metabolites increase in 

response to drought stress to increase plant tolerance. The 

production these metabolites depends not only on genetic 

factors, but also on environmental factors. Due to the 

reduction of the leaf area in response to drought stress 

conditions, the accumulation of essential oil in the leaf 

gland and subsequently the essence yield decreases. On the 

other hand, with premature aging of the leaves and reduced 

photosynthesis, the amount of shared carbon decreases and 

this may lead to a decrease in essential oil content, which 

is a balance between growth and defense mechanisms 

(Andalibi et al., 2011). 

 

Biomass 

The results of Table 3 revealed that the irrigation 

interval had significant effect (P≤0.05) on biomass. The 

highest (325 g.m-2) and lowest (125 g.m-2) biomass was 

recorded from I7 and I21 treatments, respectively (Figure 

1B). By increasing irrigation interval from 7 to 14 days, the 

biomass decreased by about 25%. When the irrigation 

period reached 21 days, compared to 14 and 7-day, the 

amount of biomass was about 49 and 62%, respectively. 

Nadjafi (2006) reported that the highest herbage biomass 

and essential oil yield were obtained at irrigation intervals 

of 7 and 14 days compared to 21 days on Nepeta 

binaludensis Jamzad. It seems that under water scarcity 

conditions, the leaf water potential becomes negative, so 

the xylem dos not fill with water and as a result, the 

embolism and cavitation in the xylem are induced, the 

continuity of the water column is broken, and the transfer 

of water in the xylem is prevented. If the rupture created in 

the continuity of water in the xylem is not repaired, the 

main pathway of water transfer will be blocked and this 

will be disastrous for the plant. Such embolisms cause the 

dehydration and death of leaves and decrease plant biomass 

(Taiz and Zeiger, 2006). The results in Table 5 revealed 

that the biomass had significant positive correlation with 

vegetative organs such as plant height (r = 0.998*), total 

plant leaf (r = 0.770*), number of main stems (r = 0.796*) 

and number of lateral branches (r = 0.770*). This indicates 

that with the reduction of vegetative components in savory 

plant, the biomass decreases. It seems that under drought 

stress, leaf relative water content dropped and this lead to 

reduction turgidity (Reddy et al., 2003). On the other hand, 

low turgor pressure prevents cell expansion and as result, 

leaf senescence, fresh and dry weight of plant organs 

decreases. 

 

Survival Percentage (SP) 

There was significant differences (P≤0.05) between 

treatments effect on SP trait (Table 3) and the SP decreased 

with increasing irrigation interval. The lowest SP observed 

in I21 which was reduced by about 26 and 35%, 

respectively (Figure 1A), compared to I14 and I7 

treatments. It seems that under little available water, the 

photosynthesis rate was decreased due to stomata closure. 

With drought progressing, the CO2 fixation decreases due 

to occurring biochemical changes in chloroplast. In this 

condition, NADPH (nicotinamide adenine dinucleotide 

phosphate, which serves as a coenzyme in the redox 

reaction of photosynthesis) and ATP (adenosine 

triphosphate is the main energy currency of the cell) (both 

them are produced in the light-dependent reaction of the 

first stage of photosynthesis) are not consumed. Therefore, 

the photosynthetic electron transport chain is drastically 

reduced, as a result, it causes the leakage of electron to the 

oxygen molecule and the formation of reactive oxygen 

species (ROS) (Taiz and Zeiger, 2006). At high 

concentration, ROS is attracted to biological membranes 

and causes damage to the natural mechanisms of cells 

through the oxidative degradation of lipid, protein and 

nucleic acid. Plant cells are equipped with a free radical 

scavenger system to protect against stress damage. This 

system is activated by genetic potential, and so in some 

plants, where the expression of genes is delayed or genes 

is expressed in low quantities, leading to the destruction of 

cells and the death of the plant (Shabala, 2012). This 

genetic potential is varies between species and even within 

a species (Hadian et al., 2008). In present study, SP 

reduction can be attributed to this reason. 

 

Conclusion 

 

In recent years, water scarcity has become a main factor 

limiting crop production, however, it can be ameliorated by 

agriculture management. The results of the present 

research showed that an acceptable product can be 

produced by changing the irrigation intervals, so that in 

savory plant, there was no significant difference between 

irrigation intervals 7-day (I7) with 14-day (I14) in seed and 

essence yield. It was also found that there was no 

significant difference in traits such as canopy plant area, 

number of main stems, number of branches and stem 

diameter in application of I7 and I14 treatments. Therefore, 

in this plant by increasing the irrigation interval up to 14 

days, an acceptable product can be produced.  
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