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Abstract 

In order to investigate the changes in fatty acids composition of rapeseed lines under Chitosan application, a 
factorial split-plot experiment was conducted based on RCBD in 3 replications during 2 years (2014-2016) in 
Karaj, Iran. Irrigation and Chitosan as main plots and cultivar in sub-plots were considered. In this study, 
treatments included irrigation at 2 levels (normal irrigation and cut off irrigation after flowering stage), 
Chitosan at 2 levels (pure water and foliar application of Chitosan 250 mg/l), and rapeseed cultivars (BAL104, 
DIE710/08, BAL101, BAL102, QUIE03/11, and OKAPI). The result of ANOVA showed irrigation and cultivar had 
a significant effect on fattiest acids. Results exhibited cut off irrigation after the flowering stage reduced the 
oleic acid content compared to normal irrigation. Results also indicated that erucic acid and grain 
glucosinolate contents were different among the mentioned varieties and they were influenced by irrigation 
regimes. Cut off irrigation at the flowering stage increased erucic acid and grain glucosinolate in all varieties. 
On the other hand, the lowest erucic acid and grain glucosinolate were observed in cv. Okapi under normal 
irrigation, and it might be considered useful rapeseed to include in the diet as it contains low specific 
glucosinolate and erucic acid. Moreover, var. DIE710/08 had the lowest erucic acid and grain glucosinolate 
under drought stress conditions.  
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Introduction 
 

Rapeseed (Brassica napus L.) is the most 
important oilseed plant source and the third plant 
oil in the world after soybean (Glycine max) and 
palm oil (Elaeis guineensis L.)1. New varieties 

naturally contain 40-45% oil which is used as raw 
materials to produce industrial and hydraulic oil, 
cleanser, soap, and biodegradable plastics2. 
Rapeseed (Brassica napus L.) production in the 
Mediterranean region is often limited by sub-
optimal moisture conditions. This crop is the main 
oilseed crop in the agricultural systems of many 
arid and semiarid areas where its yield is often 
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restricted by water deficit and high temperatures 
during the reproductive development. Seed yield 
can be mainly limited even by the relatively short 
period of soil moisture shortage during the 
reproductive growth3. 

Water shortage is considered to be one of 
the most adverse abiotic stress factors influencing 
plant growth. Physiological and biochemical 
aspects of water deficit adversely impact the social 
and economic life of mankind4, and impair crop 
production5. In the water deficit condition, 
tolerant varieties show better adaptation 
capability. Improvement of productivity of 
rapeseed genotypes under drought stress has 
rarely been included in breeding programs6. 

Chitosan is a biopolymer, a chitin 
derivative, a compound that is completely safe for 
the environment. This compound is characterized 
by unique properties, such as bioactivity and 
biocompatibility7. Studies indicate that Chitosan 
can increase the yield8, reduce transpiration,9 and 
induce a range of metabolic changes as a result of 
which, plants become more resistant to viral, 
bacterial, and fungal infections10. Chitosan can be 
used both in vivo and in vitro and can be sprayed 
on plant aerial organs to induce the accumulation 
of bioactive secondary metabolites11, 12. It was 
shown that Chitosan reduced plant transpiration 
in pepper plants, resulting in a 26%-43% reduction 
in water use without a reduction in dry matter 
yield13. These results suggested that Chitosan 
might be an effective anti-transpiratory agent for 
reducing the consumption of irrigation water in 
agriculture. 

The objective of this study was to 
determine the changes in the fatty acid 
composition of oil saturated and unsaturated 
lipids of six new rapeseed hybrids as a response to 
water stress and Chitosan treatment. 
 

Material and Methods 
 

The study was performed during 2013-
2015 at the research farm of Seed and Plant 
Breeding Institute, Karaj, Iran. The site of the 
conducted experiment was characterized with 
latitude 35.49°N and longitude 51.6°E with an 
elevation of 1321 m above the sea level. Mean 
precipitation per year was 243 mm and mean 
temperature per year was 13.5 °C. The 

experimental soil was silt-loam textually with a pH 
of 7.2-7.9 which was slightly alkaline and EC of 
1.24-1.45) × 10 ds m-1. 

The experiment was arranged as a 
factorial split-plot based on RCBD with three 
replications for 2 years. Irrigation at 2 levels 
(normal irrigation and cut off irrigation after 
flowering stage), Chitosan at 2 levels (water as 
control and Chitosan foliar application) as factorial 
in main plots and 6 cultivars (BAL104, DIE710/08, 
BAL101, BAL102, QUIE03/11, and OKAPI) in 
subplots were considered. The foliar application of 
Chitosan (5 g. L-1) was done at two steps 
(stemming and flowering stages). 

Each plot consisted of 6 rows of 6 m long, 
spaced 30 cm apart using a seeding rate of 6 kg ha-

1. The experimental fields were moldboard plowed 
and seed-bed preparation consisted of two passes 
with a tandem disk. Seeds were planted 1 to 1.5 
cm deep at a rate of 80 seeds m-2 on October 12th, 
2014 and 2015. For all treatments, N: P:K fertilizers 
were applied at rates of 150:60:50 kg ha-1, 
respectively. All of P, K fertilizers and one-third of 
N fertilizer were incorporated and added to soil 
pre-sowing. Another two-thirds of N fertilizer was 
split equally at the beginning of stem elongation 
and flowering stages. Weeds were controlled by 
application of haloxyfop- R-methyl ester (Gallant 
Super, 10% EC) at 0.5 L ha-1. Broadleaf weeds were 
also hand weeded during the season. Final 
harvests were conducted out on June 5th, 2015 
and June 3rd, 2016. 
 
Oil extraction and fatty acid composition analysis 
  

The studied characteristics included: Oleic 
acid, Linolenic acid, Linoleic acid, Palmitic acid, 
Erucic acid and grain glucosinolate contents which 
were measured as follows: The bags contain the 
seeds of each plot (150 g grain) transported to the 
laboratory. One ML soluble of H2SO4 (2.4%) and 
Methanol (98%) was added per sample (40.1 v/v) 
and heated under 80° C for 1 hour. After cooling, 
500 µL Hexane with 1.5 ML NaCl (0.9) (w/v) were 
mixed and added to sample until methyl fatty acid 
was extracted (FAME). Then, the sample and its 
supernatant (including hexane-FAME) were 
separated by 4000 rpm centrifuge (Sigma 8k) at 10 
Min, before injection into gas-liquid 
chromatography device to determine the fatty 
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acid composition profile 14 using an Agilent 
Technologies 6890N gas chromatograph. 
 

Statistical Analysis 
 

Data were subjected to analysis of 
variance (ANOVA) at p<0.01 and comparison 
among mean values of treatments was made by 
Duncan’s multiple range test 15. SPSS software 
ver. 16.0 was used to calculate correlation 
coefficients between traits. 
 

Results  
 

Results of ANOVA showed that the 
irrigation regime had a significant effect on oleic 
acid, linolenic acid, linoleic acid, palmitic acid, 
erucic acid, and grain glucosinolate contents. The 
cultivars also had significant differences regarding 
linolenic acid, linoleic acid, palmitic acid, erucic 
acid, and grain glucosinolate contents. The effect 
of irrigation × cultivar interaction was significant 
on linoleic acid, palmitic acid, erucic acid, and 
grain glucosinolate contents (Table 1). 

The mean comparison of irrigation effect 
on oleic acid revealed that cut off irrigation after 
the flowering stage reduced the oleic acid content 
compared to normal irrigation (Table 2). Water 
stress causes a significant reduction of about 15% 
in the concentration of oleic acid in sunflower 
standard hybrid 16. This supported the previous 
findings showing that drought-induced decrease 
in oleic acid of rapeseed was associated with an 
increase in erucic acid content which was 
ameliorated by applied growth regulators17. The 
correlation confident analysis of data also 
demonstrated a significant negative relationship (-
0.716**) between oleic acid and erucic acid. 
Besides, oleic acid had a significant negative 
correlation with linolenic acid and glucosinolate 
content. Furthermore, there was a positive 
relationship (0.704**) between oleic acid and 
grain yield (data not shown) (Table 3). 

Table 1 
Variance analysis of fatty acids compounds of canola 
 

S.O.V 
D.
f 

Oleic acid 
Linolenic 
acid 

Linoleic 
acid 

Palmitic 
acid 

Erucic acid 
Grain 
glucosinolate 

Year 1 12.369 17.002 0.689 4.347 59.985 19.765 
Error 4 8.156 0.265 0.205 1.265 2.741 3.082 
Irrigation 1 588.911 ** 556.803 ** 260.445 ** 87.610 ** 13231.901 ** 1747.170 ** 

Year × Irrigation 1 1.383 0.595 0.084 1.103 3.240 3.977 

Chitosan   1 1.666 1.613 0.590 0.198 43.758 4.131 
Year × Chitosan   1 0.0001 0.0001 0.005 0.0001 1.051 0.0001 
Irrigation × Chitosan   1 0.388 0.492 0.108 0.051 8.123 1.394 
Year × Irrigation × Chitosan 1 0.002 0.005 0.0001 0.001 0.865 0.009 

Error 
1
2 

34.311 7.125 0.970 0.301 16.592 4.319 

Cultivar 5 3.617 3.117 ** 1.472 ** 0.450 ** 90.917 ** 9.780 ** 
Year × Cultivar 5 0.005 0.010 0.007 0.018 2.006 0.063 
Irrigation × Cultivar 5 4.411 4.346 1.793 ** 0.568 ** 108.177 ** 8.799 ** 
Year × Irrigation× Cultivar 5 0.009 0.003 0.005 0.018 1.333 0.016 
Chitosan   × Cultivar 5 0.077 0.074 0.019 0.011 1.765 0.327 
Year ×Chitosan  × Cultivar 5 0.002 0.001 0.001 0.001 0.096 0.007 
Irrigation ×Chitosan  × 
Cultivar 

5 0.077 0.084 0.029 0.009 2.257 0.266 

Year × Irrigation × Chitosan  
× Cultivar 

5 0.002 0.001 0.002 0.0001 0.045 0.003 

Error 
8
0 

2.271 0.857 0.067 0.060 2.791 0.662 

CV (%) - 2.37 4.89 4.37 4.80 5.33 6.67 

**and * significant at 1 and 5 %, respectively 
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Results demonstrated that linolenic acid 
content decreased by about 25% by cutting off 
irrigation after flowering compared to the control 
(Table 2). Results also revealed that there was a 
significant difference among the studied cultivars 
regarding linolenic acid content so that the highest 
linolenic acid content was observed in var. 
DIE710/08 with a mean of 19.55% that was in the 
same statistical group as cv. Okapi (Table 2). 
Connor and Sadras (1992) reported that fatty acid 
composition differs between cultivars due to 
changes in environmental conditions18. The result 
of the correlation analysis revealed that linolenic 
acid had a vigorous negative correlation with grain 
yield (-0.949**). Moreover, it had a significant 
negative correlation with palmitic acid, linoleic 
acid, and oleic acid while showing a positive 
correlation with erucic acid and glucosinolate 
(Table 3). 

Furthermore, var. QIE03/11 had the 
highest level of linoleic acid compared to other 
varieties (Fig. I.a). The result of correlation analysis 
demonstrated that linoleic acid had a positive 

correlation with grain yield, palmitic acid, and oleic 
acid while it showed a negative correlation with 
linolenic acid, erucic acid, and glucosinolate 
content (Table 3). 

In this study, irrigation cut off at the 
flowering stage provided a decrease in Palmitic 
acid about 26.5% (Table 2, Fig. I.b). The result 
showed cv. Okapi had the highest palmitic acid 
content under normal irrigation, but var. 

Table 2 
 Mean comparison of fatty acid compounds of canola 
 

Grain 
glucosinolate 
(mg/g.fw) 

Erucic 
acid (%) 

Palmitic 
acid (%) 

Linoleic 
acid (%) 

Linolenic acid 
(%) 

Oleic acid 
(%) 

Cultivar Irrigation 

b 8.706 b 0.21 a 5.896 b 4.584 a 20.90 a 65.5  I1 

a 15.67 a 0.40 b 4.336 a 7.274 b 16.97 b 61.4  I2 

ab 12.65 a 0.32 b 5.015 a 6.09 b 18.68 a 63.2 BAL104  
d 11.06 d 0.28 a 5.363 c 5.48 a 19.55 a 64.1 DIE710/08  
bc 12.27 b 0.31 b 5.125 b 5.91 b 18.92 a 63.4 BAL101  
a 12.81 a 0.33 b 5.014 a 6.10 b 18.63 a 63.1 BAL102  
ab 12.46 a 0.32 b 5.017 a 6.13 b 18.67 a 63.1 QIE03/11  
c 11.89 c 0.30 b 5.162 b 5.84 ab 19.15 a 63.6 Okapi  

Means within the same column and rows and factors, followed by the same letter are not significantly difference (P <0.05). I1: 
Normal irrigation, I2: Irrigation cut off after flowering stage 
 
Table 3 
 Pearson correlation coefficient between characteristics 
 

Characteristics Grain yield 
Palmitic 
acid 

Linolenic 
acid 

Linoleic 
acid 

Oleic acid Erucic acid Glucosinolate 

Grain yield 1       
Palmitic acid 0.902** 1      
Linolenic acid -0.949** -0.886** 1     
Linoleic acid 0.864** 0.851** -0.859** 1    
Oleic acid 0.704** 0.660** -0.664** 0.707** 1   
Erucic acid -0.972** -0.907** 0.938** -0.852** -0.716** 1  
Glucosinolate -0.951** -0.902** 0.965** -0.873** -0.662** 0.941** 1 

** significant at 1% 

 
 

 
Fig. I.a. Interaction of irrigation and cultivar on linoleic acid 

content; I1: Normal irrigation; I2: Cut off irrigation after 

flowering stage; error bars represent the standard 

deviations of the means. 
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DIE710/08 had the highest level under water 
stress conditions (Fig. I.b). 

Results of this experiment indicated that 
erucic acid and grain glucosinolate contents were 
the meaningfully different among tested varieties 
and they were influenced by irrigation regimes. 
Irrigation cut off at the flowering stage increased 
erucic acid and grain glucosinolate in all varieties. 
On the other hand, the lowest erucic acid and 
grain glucosinolate were observed in cv. Okapi 
under normal irrigation, that it might be 
considered useful rapeseed to include in the diet 
as it contains low specific glucosinolate and erucic 
acid. Moreover, var. DIE710/08 had the lowest 
erucic acid and grain glucosinolate under irrigation 
cut off after flowering treatment (Fig. I. c and d). 
The result of correlation analysis suggested that 
both erucic acid and grain glucosinolate had a 
positive correlation as well as with linolenic acid. 
They had also an inverse correlation with grain 
yield, linoleic, palmitic acid, and oleic acid (Table 
3).  
 
Discussion 
 

Results revealed that water stress at 
flowering stage caused an increase in linoleic acid 
in all varieties compared to normal irrigation. In 
this regard, the effect of water stress on the 
content of oleic and linoleic acid may be attributed 
to the activity of the enzyme Δ12 desaturase16. 
Some researchers found that the increase in oleic 
acid was due to the activity of Δ12 desaturase, 
responsible for the conversion of oleic to linoleic 
acid, which was affected due to water stress16. 
The results obtained in the present study are 
confirmed by Sobrino et al. (2003) who found a 
strong inverse relationship between oleic and 
linoleic acid contents and reported that Δ12 
desaturase enzyme is responsible for these 
responses19. 

The results of our study indicated that 
water stress at flowering stage caused an increase 
in erucic acid and grain glucosinolate content in all 
varieties. The induction of glucosinolates 
accumulation by drought conditions has been 
reported as part of the plant response to stress 
through the process of osmotic adjustment20. 
However, contradictory results have been 
discovered in the literature when high drought 

had no effect on the concentration of total 
glucosinolates in Brassica oleracea L.21 or in 
Brassica napus L. under mild drought stress22. 
Water deprivation produced significant 
glucosinolate reductions in Brassica oleracea23 
and in the rosette leaves of Arabidopsis thaliana 
L.24. Therefore, the intensity and duration of 
drought appear to be an important factor in the 
accumulation of each specific glucosinolate, as 

 
Fig. I.b. Interaction of irrigation and cultivar on palmitic 
acid content; I1: Normal irrigation; I2: Cut off irrigation 
after flowering stage; error bars represent the standard 
deviations of the means. 
 

Fig. I.c. Interaction of irrigation and cultivar on erucic acid 
content; I1: Normal irrigation; I2: Cut off irrigation after 
the flowering stage; error bars represent the standard 
deviations of the means. 
 

 
Fig. I.d. Interaction of irrigation and cultivar on grain 
glucosinolate content; I1: Normal irrigation; I2: Cut off 
irrigation after the flowering stage; error bars represent 
the standard deviations of the means. 
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well as the developmental stage of the plant when 
the stress is applied25. 
 

Conclusions 
 

Results suggested that the unsaturated 
fatty acids, i.e. oleic acid and linolenic acid were 
declined under drought stress at the flowering 
stage and also grain glucosinolate and erucic acid 
contents as anti-quality factors were increased 
under these conditions. Results also indicated that 
DIE710/08 variety had the best quality among 
studied varieties regarding fatty acid composition 
by having less glucosinolate and erucic acid 
contents and higher unsaturated fatty acids. No 
effect of Chitosan application was found on these 
attributes. Therefore, higher doses of Chitosan are 
recommended to determine its effects on 
physiological and biochemical attributes of 
rapeseeds under water deficit conditions. 
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