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Abstract 

A split plot factorial experiment in RCBD with 3 replications was performed in 2012-2013. Three 
sesame cultivars namely Biarjomand native, Dashtestan 2, and Darab 1 in the main plot were subjected to 
drought stress at different growth stages, i.e., control (full irrigation), withdrawing irrigation at 69 BBCH 
(end of flowering stage) and withdrawing irrigation at 79 BBCH (fully grown fruits). Two levels of the foliar 
application of salicylic acid (0, 0.6 mM) were considered as sub plot. Results indicated that the highest level 
of carotenoid rate was 0.265 mg/g FW measured at 69 BBCH stage 69 cut of irrigation. The maximum of 
height, oil percentage, harvest index and grain yield under control treatment were 99.67 cm, 48.26%, 
18.2%, and 1147.33 kg, respectively. The results showed that withdrawing irrigation at 69 BBCH caused a 
significant increase in carotenoid concentration and best results under control conditions were obtained in 
Darab 1. 
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Introduction 
 

The lack of water sources is a main factor 
preventing the production of agricultural systems 
in dry and semidry environments limiting the 
efficient use of other resources (Kenan et al., 

2007).Iran is considered as one of the dry and 

semidry areas in the world, therefore the 
designation of plant cultivar immune to drought 
is a key goal in the country's plant correction 
program (Dane et al., 2006). 

Based on FAO statistics for the year 2011, 
arable lands in Iran covered about 17 million 
acres. From this amount, 9 million acres are used 
for irrigated plantings. 92.2% of Iran’s water 
supply is used for agricultural purposes. Based on 
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the high usage of vegetable oils per person in 
Iran, up to about 12 kilograms per year, and the 
import of this product, the farming of this plant is 
of high importance. Based on the statistics in 
PGRO (Plant Genetic Resources Center for 
Conservation Research Center), Iran is 8th on the 
list for sesame genetic resources. Therefore the 
analysis and discovery of new and effective 
methods to achieve high output from these plant 
cultivars, especially considering each 
environment’s climatic conditions, are 
researchers’ focuses. Sesame (Sesamum indicum) 
is a plant that, because of its high oil capacity (47-
52%), has an important role in human health 
(Kassab et al., 2005; Hibasam et al., 2000; 
Miyahara et al., 2001). Sesame seed is known as a 
drought resistant product, but moisture is 
needed for its growth and for high plant output. 
This plant has strong, straight, and expanded 
roots shaped differently based on the stem 
growth pattern and the amount of moisture in 
the different layers of the rhizosphere (Golestani 
and Pakniat, 2008). In their research, Mensah et 
al. (1997) showed that lack of water reduces the 
growth and output of the sesame seed. 

The first study on plant growth patterns 
based on BBCH was performed in 1974 (Agusti et 
al., 1997). BBCH is a scale that serves as a check 
list to report or analyze IT systems in agriculture 
(Michel et al., 2007). The World Meteorological 
Organization (WMO) defines the physiological 
levels of plants based on BBCH codes in their own 
seasons (Koch et al., 2007). Attibayéba and his 
associates explained the physiological growth 
steps of the plant based on the BBCH coding and 
reached the conclusion that this type of system 
can answer many questions about the effect of 
different factors on growth (Attibayéba et al., 
2010). 

The use of endogenous salicylate 
increases the plant’s resistance to stress from salt 
and dryness (Tari et al., 2002). Salicylate is a 
flavoring agent that also serves as a regulator for 
plant growth (Hayat et al., 2005). 

The goal of our current study was to learn 
the carotenoid-changing capability, growth 
status, oil percentage, harvest index, and output 
levels of different cultivars of sesame in 
conditions of limited moisture and moisture 

stress at the end of the season and their 
regulatory effects on the amount of growth. 

 

Materials and Methods 

The experiment was conducted in 
Biarjomand, with longitude of 55.48, latitude of 
36.05 and an altitude of 1099.3 meters above sea 
level. According to its synoptic meteorological 
station, Biarjomand has a warm and dry climate 
with an average annual rainfall of 120-130 mm. 
Therefore, water is of utmost importance here. 
Split plot factorial tests were performed on three 
cultivars of sesame seeds in 3 random complete 
blocks with three replications. The treatment 
included the main factor, no irrigation stress 
(complete irrigation as the control, no irrigation 
stress in levels BBCH 69 and BBCH 79), and kinds 
of sesame (native, Dashtestan 2 and Darab 1) 
different levels of the foliar application of salicylic 
acid (concentrations of 0, 0/6 mM) were known 
as subsidiary factors.  

Before starting the preparation 
operations, the soil was tested at the plant site. 
The soil structure was a sandy loam soil with a PH 
at 7.35 and organic carbon of about 0.37. After 
testing, the ground was prepared for planting.  
Stack and stream were made using a furrower, 
after which manual planting took place in the last 
ten days of June in lines with depths of 2 cm. The 
crops were first irrigated immediately after 
planting; second irrigation took place after 15 
days, and then, according to the tradition of the 
area, crops were watered once every 7 days. 
Afterwards, the stresses on the aforementioned 
levels, i.e., BBCH 69 (90% of flowers bloomed) 
and BBCH 79 (90% of the capsules in their final 
state), were applied. Before inducing the stress 
from no irrigation, the necessary blocks received 
a foliar application of salicylic acid at a 
concentration of 0.6 mM. The entire experiment 
included 54 plantings, each one having 6 lines 
measuring 4 meters in length, a respective 
distance of 50 cm, and a repeat distance of 2 
meters. After including all of the treatments and 
omitting the side effects, samples and 
measurements were collected from the plants in 
the experiment area for some of their traits, such 
as height, carotenoid using the Arnon method 
(1967), oil percentage using the Soksele device 
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(Joshi et al., 1998), output and harvest index 
calculated by the following formula (Imam, 2007): 

HI= ((GY/BY) ×100) 

where HI is the harvest index, GY the seed output 
and BY is physiological response. 

The SAS (version 9.1) software was used 
to statistically analyze the data at P≤0.01  and 
P≤0.05 levels, and the data was compared using 
the LSD method. Excel software was used to draw 
pictures and graphs. 
 

Results  

Plant height 

The inducement of stress during the 
plants’ last growth stages had only a slight impact 
on the plants’ bush height which was not 
significant (Table 2). The impact of cultivar on 
height was also insignificant, although Dashtestan 
2 had the highest height with an average of 97.66 
cm, and the native cultivar was the lowest with 
an average of 93 cm (Table 2). The results 
showed that there were no differences between 
cultivars, no irrigation stress, foliar application 

and also their mutual effect on bush height (Table 
1). 

  

Carotenoid rate 

The results acquired from the variance 
analysis (Table 1) indicated that the no irrigation 
stress on level 1 (P≤0.001) had a significant effect 
on carotenoid. The results from the comparison 
(Table 2) showed that the maximum effect came 
from the no irrigation stress in BBCH 69 at the 
amount of 0.265 mg per grams wet weight and 
the minimum effect was 0.264 mg per grams wet 
weight less than the no irrigation stress in 
complete irrigation. 

Results of the variance analysis (Table 1) 
indicated that the mutual effects of no irrigation 
stress treatment and cultivar on carotenoid 
activity at was significant (P≤0.05). Results of 
comparison (Table 3) showed that the maximum 
carotenoid was measured in the plot of complete 
irrigation on Dashtestan 2 cultivar with 91.5 mg 
per grams wet weight. Comparison also showed 
the minimum carotenoid (81.66 mg per grams 
wet weight) belonged to the treatment with no 
irrigation stress in BBCH 69 on the Darab 1 
cultivar. 

Table 1 
 Physical and chemical characteristics of the used soil 
 

Texture Clay % Silt % Sand % K mg/kg P mg/kg O.C % T.N/C % pH  EC dS /m 

L.S 12 36 52 280 5/4 0/37 24/25 7/35 4/5 

 

 
Table 2 
Analysis of variance (mean squares) of some  physiological & morphological characteristics, , under irrigation stress treatments, 
Varieties and foliar application 

Harvest 
index 

Oil 
content 

Carotenoids Grain yield Height DF S.O.V 

9533/9 7/899 0/00033
**

 81682 1219/185 2 Block 

7989/1 42/743 0/0047
**

 66249/28 182/35 2 Cut of irrigation 
**

15518/1 16/615
*
 0/000009 75689/47 686/71

**
 4 Error a 

*
11001/3 25/747

**
 0/00071 1198434/8

**
 124/74 2 variety 

3182/1 0/919 0/00022 351635/72
**

 54 1 foliar application 

3774/3 8/406 0/0014
*
 222098/31

**
 265/35 4 variety ×  Cut of irrigation 

755/7 3/115 0/0043
**

 42457/73 19/39 2 Cut of irrigation   ×  foliar application 

1113/4 3/081 0/0014 2670/15 10/89 2 variety × foliar application 

1891/5 12/437
*
 0/00144

*
 39408/21 111/61 4 Cut of irrigation  × variety    × foliar application 

1692/2 4/143 0/00045 43523/95 141/87 30 Error b 

* and **: Significant at 5% and 1% probability levels, respectively 
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Moreover, the variance analysis results 
(Table 1) showed that the mutual effect of no 
irrigation stress treatment and foliar application 
treatment had a significant effect on carotenoid 
activity (P≤0.01). Results obtained from the 
comparison of data (Table 4) also showed the 
maximum carotenoid activity belonged to the no 
irrigation stress in BBCH 69 on the foliar 
application treatment at 0.28 mg per grams wet 
weight and the minimum activity was 0.22 mg 
per grams wet weight from the no irrigation 
stress in BBCH 79 on the treatment including no 
foliar application. 
 

Grain yield 

Results of the variance analysis (Table 1) 
indicated that the no irrigation stress effect was 
not so significant on the yield. The maximum 
effect belonged to complete irrigation conditions 
at 1147 kg per acre, and the least was in no 
irrigation stress conditions in BBCH 69 at 1026 kg 
per acre (Table 2).  

The variance analysis (Table 1) showed 
that the effect of cultivcar on level 5 (P≤0.05) was 
significant on the output. The comparison results 
(Table 2) indicated that the highest output came 
from the Darab 1 cultivar with 1370 kg per acre, 
and the least output came from the native 
cultivar with 870 kg per acre. 

The variance analysis results (Table 1) 
showed that the foliar application effect on level 

1 (P≤0.01) was significant on the output. Results 
obtained from the comparison (Table 2) showed 
that the highest output came from foliar 
application treatment (1165.74 kg per acre), and 
the least came from the treatment which 
included no foliar application (1004.35 kg per 
acre). Foliar application of salicylic acid increased 
the output by 16% (Table 2). Variance analysis 
results (Table 1) showed that the mutual effect of 
no irrigation stress treatment and cultivar 
treatment was significant (P≤0.01) on the output. 
The results of the comparison of the averages 
(Table 3) indicated that the maximum 
performance occurred in the complete irrigation 
on the Darab 1 cultivar (1591.67 kg per acre), and 
the least (778.08 kg per acre) occurred in the 
complete irrigation on the native cultivar. 

 

Oil percentage 

Based on the obtained results, the oil 
percentage in the no irrigation stress treatment 
and foliar application of salicylic acid showed no 
difference (Table 1). In the no irrigation stress 
treatment, the highest percentage of oil 
belonged to complete irrigation (48.26%) and the 
least percentage was observed for the no 
irrigation stress in BBCH 69 (45.36%). The foliar 
application of salicylic acid reduced the 
percentage of oil in the sesame seeds (Table 2). 

 

Table 3 
Mean comparison of squared solution no irrigation stress and foliar application on some morphological 
characteristics, physiological, sesame seed yield and harvest index 

Harvest index 
% 

Oil content 
% 

Carotenoids 
(mg/g.Fw) 

Grain yield 
(Kg/ha) 

High 
(Cm) 

Treatment 

15/4 45/88 0/265
a
 1026/14 93/72 69 BBCH no irrigation 

14/7 45/36 0/24
b
 1081/65 94/72 79 BBCH no irrigation 

18/2 48/26 0/234
c
 1147/33 99/67 control 

13/9
b
 45/722

b
 0/2395 866/9

c
 93 Biarjomand Native  

16/2
ab

 45/9
b
 0/2509 1018/3

b
 97/66 Dashtestan 2  

18/23
a
 47/88

a
 0/2497 1369/9

a
 97/44 Darab 1  

15/4 46/63 0/2447 1004/35
b
 95/04 Non- foliar application 

16/8 46/37 0/2487 1165/74
a
 97/04 foliar application 

data that have at least one common letter are not significantly different. 
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  As for the cultivars, the results from 
variance analysis (Table 1) showed that there was 
a significant difference in oil percentage (P≤0.01). 
The results from the comparison of averages 
(Table 2) show that the maximum oil belonged to 
the Darab 1 cultivar at an average of 47.88%, and 
the least was of the native cultivar with an 
average of 45.72%.  
 

Harvest index 

The harvest index is a criterion which 
shows the effectiveness of transporting the 
products of photosynthesis produced in the plant 
to the seed. The variance analysis results 
indicated that no irrigation stress, foliar 
application of salicylic acid and the interaction of 
the effects of irrigation stress, cultivar and  foliar 
application of salicylic acid did not have 
significant effects on the sesame seed harvest 
index. The results from the variance analysis 
(Table 1) showed that the effect of cultivar was 
significant (P≤0.05) on the harvest index, the 
highest index belonging to the Darab 1 cultivar 
(18.23%) and the lowest belonging to the native 
cultivar (13.9%) (Table 2).  
 

Discussion 

When the plants detect a reduction in the 
moisture content of the soil, the roots send 
signals to the air glands to increase resistance. 
Under these conditions, the air glands first resist 
against dryness by reducing transpiration and 
retaining the leaf moisture; secondly, they stop 
their growth (Chiatante et al., 2006; Masinde et 
al., 2006).  

Kurt et al. (1993) reported that in the 
(Cicer arietinum) plant, a reduction in available 
water during the initiation of blooming, in 
addition to reducing the plants growth rate and 
shortening its developing growth, also had a 
negative impact on its bush height. Many 
analyses showed that plant height decrease if the 
available water is reduced (Kurt et al. (1993) 

When water stress is increased the daily 
turgor pressure is reduced, and growth speed, 
photosynthesis, and morphological properties are 
affected (Blum, 2005; Kafi and Damghani, 2000). 

Table 4 
Mean comparison of Interaction effects of cut of 
irrigation on yield and carotenoid of sesame variety 
 

Grain yield (1%) 
(Kg/ha) 

carotenoid (5%) 
(mg/g.Fw) 

Treatment 
 

950.38
cd

 
 

87/48
f
 T1v1 

1177.58
bc

 85/04
h
 T1v2 

1116.98
bc

 81/66
i
 T1v3 

872
cd

 86/69
g
 T2v1 

978
cd

 88/25
e
 T2v2 

1401
ab

 89/55
d
 T2v3 

778.08
d
 89/89

c
 T3v1 

899.34
cd

 91/5
a
 T3v2 

1591.67
a
 91/38

b
 T3v3 

331.2 0/025 LSD 

T1, T2, T3 treatments at 69 BBCH, 79 BBCH cut of  
irrigation and control V1, V2, V3 biarjomand Native, 
Dashtestan 2 and Darab 1. 

  

 

 

Table 5 
Mean comparison of Interaction effects of no irrigation 
stress and foliar application out on carotenoid 
 

 
 

Carotenoids(1%) 
(mg/g.Fw) Treatment 

 

 
0/28

a
 

T1M1 

 
0/25

ab
 

T1M2 

 
0/22c 

T2M1 

 
0/25

ab
 

T2M2 

 
0/24

bc
 

T3M1 

 
 
 

0/24bc 
0/028 

 

 
T3M2 
LSD 

 

T1, T2, T3 treatments at 69 BBCH, 79 BBCH cut of 
irrigation and control M1, M2 are not  foliar application 
and foliar application. 
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There are contradicting reports available 
on the effect of salicylic acid on the 
photosynthetic pigments (Liusia et al., 2005). 
Based on the report from Navvabi (1996), 
increasing the irrigation cycle up to 150 mm 
vapor from the evaporation pan had no such 
effect on output.  

The decrease in oil percentage because 
of drought stress corresponds with the results 
reported by (Jensen et al., 1996). Actually the oil 
percentage because of watering and no stress 
environment until the harvest (maximum 
gathering of oil in the seeds) increases by 
incorporation of stress factors into the equation. 

Sesame seed has an average of 45% oil 
and 19-25% protein, but these amounts depend 
on their cultivar and the environmental factors 
(Weiss, 2000). The oil percentage in cultivars of 
(Brassica napus) in addition to their genetic 
properties depend on factors such as 
temperature, feeding conditions, planting date, 
harvest date, and moisture (Sepeardaiizadeh, 
1999). Jabari et al. (2008) also reported that with 
the application of drought stress, traits such as 
the weight of a thousand seeds, the seed count, 
the refresh rate, and the harvest index of 
(Helianthus annuus) hybrids were reduced.  

More severe decrease of seed weight 
compared to the decrease in growth indices due 
to lack of photosynthesis in no irrigation stress 
conditions led to a severe fall in the harvest index 

rate during the present experiment. The harvest 

index decrease is also mentioned in some other 
studies such as those by Gimenez and Fereres 
(1986) and Jabari et al. (2008). 
 

Conclusion 
 

Based on the results obtained in this 
study, it was observed that the no irrigation 
stress did not have a significantly positive effect 
on most properties other than carotenoid. 
Therefore, the maximum yield and oil percentage 
was achieved by the complete irrigation. 
Regarding the no irrigation conditions on BBCH 
79 of Darab 1 and the control conditions on BBCH 
69 of Dashtestan 2, Darab 1 had the highest 
output, because Darab 1 is more resistant to the 
high humidity and warm climate of Biarjomand. 
Research results also demonstrated that cultivar 

has a significant and positive effect on most of 
the analyzed properties, particularly oil 
percentage and harvest index of the Darab 1. The 
foliar application also had a positive and 
significant effect on the output and the maximum 
observed for the foliar application of salicylic 
acid. Therefore, the use of the Darab 1 cultivar 
and foliar application of salicylic acid are highly 
recommended in the study area of Biarjomand 
and places with similar conditions. 
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