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Salinity causes oxidative damage through gen-
eration of oxygen radicals such as singlet oxygen, 
superoxide, hydrogen peroxide and hydroxyl radi-
cals (Elstner 1982, Hernández et al. 1993, 1995), 
or inhibition of antioxidant systems in plants (Ali 
2000).

However, some correlations were reported be-
tween lipid content and salinity in some plant 
species (Chavan et al. 1980, Heikal et al. 1980, 
Younis et al. 1987, Ali 2002).

Flavonoids were shown to be highly effective 
scavengers of most types of oxidizing molecules, 
including singlet oxygen and various free radicals; 
many of them play an important physiological 
and ecological role, being involved in resistance 
to different types of stress (Rice-Evans and Miller 
1998, Ayaz et al. 2000, Ali and Abbas 2003).

Common polyamines (PAs), namely putrescine 
(put – diamine), spermidine (spd – triamine) and 
spermine (spm – tetramine), are biologically active 
compounds recognized as modulators of plant growth 
and development; they important for plant responses 
to environmental stress (Smith 1985, Evans and 
Malmberg 1989, Messiaen et al. 1997, Bouchereau 
et al. 1999, Ndayiragije and Lutts 2005).

Some studies indicate that the degree of oxida-
tive cellular damage in plants exposed to abiotic 
stress is controlled by the capacity of antioxida-
tive systems. However, the response of foliar ap-

plication of antioxidants to salinity on medicinal 
plants has been poorly investigated. The aim of 
the present work is thus to study the response of 
foliar application of antioxidants to various levels 
of salinity. The interactive effect of salinity and 
foliar application of antioxidants (put, spd, spm) on 
growth, oil and flavonoids of Chamomilla recutita 
and Origanum majorana plants was studied.

MATERIAL AND METHODS

The plant materials used in this study were 
Matricaria chamomilla L. as compositae and 
Origanum majorana as aromatic labiatae; both 
of them are important medicinal plants grown in 
sandy areas in Egypt. Seeds were sown and grown 
in the nursery for 30 days. Uniform seedlings 
were transplanted in pots (30 cm in diameter) 
filled with 10 kg air-dry soil (clay/sand 2:1 v/v). 
Temperature in the greenhouse ranged from 15 to 
25°C. In order to regulate the distribution of irriga-
tion solution, a finely perforated plastic tube was 
inserted in each pot at the distance of 2 cm from 
the centre of the pot and ¾ way down in the soil. 
After next 7 days, the Hoagland’s nutrient solution 
(Hewitt 1966) supplemented with different NaCl 
concentrations (0, 25, 50, 75, 100, 125, 150mM) 
was used for irrigation.
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Antioxidants (put, spd, spm) were sprayed 4 times 
at 0.1mM. Untreated plants were sprayed with 
distilled water. The first spray was made 7 days 
after transplanting and repeated at 15-day intervals. 
The plants were sprayed with a manual pressure 
pump at an average of 10 cc. In order to prevent 
the accumulation of salts soil in each pot was 
leached every ten days with excessive amount of 
distilled water. The experiments were carried out 
in three replicates. At the end of the experimental 
period (60 days) plant growth was determined 
from the dry matter of different organs (roots, 
shoots and flowers).

Determination of oil content. The method 
adopted for solvent of the oil (the content of an 
oleaginous material) was described by Meara (1955) 
and applied by Younis et al. (1987).

Extraction and quantification of total fla-
vonoids. Flavonoids of the plant materials were 
extracted with 80% methanol at 60°C, shaken for 
20 min, and filtered. The filtrate was diluted at 1:3 
and 100 µl of reactive solution (1% 2-aminoethyl 
diphenyl borate) was added (Hariri et al. 1991, Ali 
and Abbas 2003). Spectrometric measurements 
were done at the maximum wavelength of 404 nm. 
Extract absorption was compared with that of 
standard (luteolin) resulting in the calculation of 
total amount of flavonoids.

Statistical analysis. The experimental design was 
a random complete block with three replications. 
The data were analysed by the STATGRAPHICS 
(Statistical Graphics Corporation, Princeton USA) 
statistical package by the t-test and ANOVA func-
tions to assess significant differences among 
means.

RESULT AND DISCUSSION

The accumulation of dry matter of roots, shoots 
and flowers of Chamomilla recutita was mostly en-
hanced with increasing salinization level (Figure 1, 
Table 1). This might indicate that Chamomilla 
recutita has an ability to exhibit variable responses 
to salinity stress. The same conclusion was recorded 
by Blacquiere and Lambers (1981) and Imamul-Hug 
and Larher (1984). In contrast, the values of dry 
matter of roots and shoots of Origanum majorana 
were generally decreased with increasing salinity 
(Figure 2, Table 2). The reduction was more obvi-
ous at higher salinity levels than at lower ones; as 
opposed to these results, the values of dry matter 
of flowers increased with increasing salinity. The 
inhibitory effect of water stress induced by salinity 

on growth parameters of Origanum majorana is 
in agreement with the results obtained by some 
authors using different plants (Hernández et al. 
1995, Lin and Kao 1996, Ali 2002).

Foliar application of any polyamines (put, spd, 
spm) significantly increased dry matter of roots 
and shoots in Chamomilla recutita. Similarly, 
foliar application of any polyamines significantly 
increased dry matter of shoots and flowers in 
Origanum majorana (Figures 2–3, Tables 2–3); 
however, dry matter of roots in Origanum majo-
rana decreased (Figure 2).

The characteristic effects of each polyamine 
on Chamomilla recutita or Origanum majorana 
could depend on the type of the amine, which is 
probably due to the variation in polyamine pools 
within the plant body (Chen and Galston 1985) 
or the alteration of endogenous polyamine pools 
as a result of exogenous polyamine application 
(Altamura et al. 1991, Bajaj and Rajam 1995, 1996, 
Ali 2000). The inhibitory effects of polyamines on 
Origanum majorana roots further substantiate 
the supposition that the effects of polyamines are 
tissue, organ and species-specific (Minocha and 
Minocha 1995).

Polyamines are involved in the regulation of 
growth and stress responses, and are also related to 
plant flowering and other reproductive activities, 
as demonstrated by changes in their concentration 
with the occurrence of these physiological events 
(Smith 1985, Evans and Malmberg 1989, Tiburcio et 
al. 1993, Galston et al. 1997, Ndayiragije and Lutts 
2005). Moreover, putrescine applied together with 
NaCl effectively enhanced dry matter of shoots 
and flowers in Chamomilla recutita but reduced 
it in roots (Figures 1 and 3). Foliar application 
of either spermidine or spermine significantly 
decreased dry matter of roots, shoots and flowers 
when compared with the corresponding treatments 
with NaCl, however they remained higher than 
those of control plants.

Foliar spray of any polyamines together with NaCl 
effectively increased dry matter shoots, roots and 
flowers of Origanum majorana (Figures 2 and 3). 
These results are consistent with the studies of 
some authors who reported that exogenous ap-
plication of putrescine can overcome the harmful 
effects of NaCl stress (Prakash and Prathapasenan 
1988a, b, Krishnamurthy 1991, Ali 2000).

Increasing salinity gradually enhanced the oil 
contents in shoots and flowers of Chamomilla 
recutita and in roots and shoots of Origanum 
majorana, in contrast to flowers of Origanum ma-
jorana and roots of Chamomilla recutita (Figures 4 
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Table 1. The effect of NaCl and treatment with 0.1mM polyamine (control, put, spd or spm) on dry matter 
(g/plant) of Chamomilla recutita plants

Polyamine NaCl 
(mM) Shoot Root Total

Control

0.0 0.083 ± 0.011 0.039 ± 0.007 0.122 ± 0.017

25 0.146** ± 0.005 0.083* ± 0.009 0.229** ± 0.014

50 0.195*** ± 0.008 0.105** ± 0.012 0.300** ± 0.019

75 0.134* ± 0.008 0.109** ± 0.013 0.243** ± 0.020

100 0.215** ± 0.025 0.115** ± 0.010 0.330** ± 0.028

125 0.172 n.s. ± 0.038 0.153** ± 0.022 0.324* ± 0.055

150 0.136* ± 0.016 0.137** ± 0.016 0.273** ± 0.017

Put

0.0 0.148 n.s. ± 0.026 0.043 n.s. ± 0.007 0.191 n.s. ± 0.033

25 0.313*** ± 0.011 0.057 n.s. ± 0.011 0.370** ± 0.022

50 0.249** ± 0.003 0.045** ± 0.004 0.294 n.s. ± 0.006

75 0.228*** ± 0.008 0.089 n.s. ± 0.013 0.318* ± 0.020

100 0.212 n.s. ± 0.006 0.071 n.s. ± 0.015 0.284 n.s. ± 0.019

125 0.216 n.s. ± 0.012 0.087 n.s. ± 0.016 0.303 n.s. ± 0.028

150 0.199 n.s. ± 0.023 0.040** ± 0.003 0.239 n.s. ± 0.025

Spd

0.0 0.127 * ± 0.007 0.123** ± 0.021 0.250** ± 0.027

25 0.147 n.s. ± 0.001 0.086 n.s. ± 0.001 0.233 n.s. ± 0.001

50 0.155** ± 0.003 0.086 n.s. ± 0.002 0.240 * ± 0.005

75 0.139 n.s. ± 0.002 0.092 n.s. ± 0.007 0.231 n.s. ± 0.008

100 0.162 n.s. ± 0.002 0.104 n.s. ± 0.006 0.266 n.s. ± 0.008

125 0.254 n.s. ± 0.0014 0.101 n.s. ± 0.019 0.355 n.s. ± 0.033

150 0.168 n.s. ± 0.004 0.096 n.s. ± 0.014 0.264 n.s. ± 0.018

Spm

0.0 0.155** ± 0.003 0.064 * ± 0.005 0.218** ± 0.003

25 0.107** ± 0.003 0.067 n.s. ± 0.006 0.174* ± 0.008

50 0.147** ± 0.005 0.063 * ± 0.001 0.210** ± 0.005

75 0.126 n.s. ± 0.021 0.062* ± 0.007 0.188 n.s. ± 0.029

100 0.130* ± 0.001 0.078* ± 0.003 0.208** ± 0.003

125 0.169 n.s. ± 0.001 0.073* ± 0.002 0.242 n.s. ± 0.001

150 0.150 n.s. ± 0.001 0.082* ± 0.002 0.233 n.s. ± 0.002

LSD 0.05 for put 0.039 0.035 0.065

LSD 0.01 for put 0.054 n.s. 0.092

LSD 0.001 for put 0.077 n.s. 0.130

LSD 0.05 for spd 0.022 0.031 0.049

LSD 0.01 for spd 0.030 0.042 0.069

LSD 0.001 for spd 0.043 n.s. 0.098

LSD 0.05 for spm 0.028 0.014 0.039

LSD 0.01 for spm 0.039 0.020 0.055

LSD 0.001 for spm 0.055 0.028 0.077

n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01;***very highly significant 
at P ≤ 0.001
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Table 2. The effect of NaCl and treatment with 0.1mM polyamine (control, put, spd or spm) on dry matter 
(g/plant) of Origanum majorana plants

Polyamine NaCl 
(mM) Shoot Root Total

Control

0.0 0.186 ± 0.020 0.144 ± 0.017 0.329 ± 0.033

25 0.140 n.s. ± 0.003 0.092* ± 0.008 0.232* ± 0.008

50 0.137* ± 0.004 0.089* ± 0.011 0.226* ± 0.016

75 0.136 n.s. ± 0.016 0.078** ± 0.002 0.214* ± 0.017

100 0.150 n.s. ± 0.019 0.079* ± 0.013 0.229 n.s. ± 0.030

125 0.165 n.s. ± 0.023 0.086* ± 0.013 0.251 n.s. ± 0.032

150 0.133 n.s. ± 0.026 0.107 n.s. ± 0.015 0.240 n.s. ± 0.023

Put

0.0 0.252 n.s. ± 0.035 0.131 n.s. ± 0.003 0.383 n.s. ± 0.036

25 0.274* ± 0.039 0.146* ± 0.016 0.420** ± 0.031

50 0.301** ± 0.032 0.198** ± 0.021 0.500** ± 0.047

75 0.289* ± 0.046 0.138** ± 0.015 0.427* ± 0.055

100 0.222* ± 0.019 0.136 n.s. ± 0.021 0.358* ± 0.018

125 0.266* ± 0.026 0.127* ± 0.007 0.392* ± 0.032

150 0.239** ± 0.009 0.139 n.s. ± 0.006 0.378** ± 0.014

Spd

0.0 0.359** ± 0.034 0.121 n.s. ± 0.013 0.480* ± 0.023

25 0.324* ± 0.052 0.111 n.s. ± 0.020 0.435* ± 0.071

50 0.278*** ± 0.013 0.108 n.s. ± 0.015 0.386*** ± 0.008

75 0.297** ± 0.027 0.112* ± 0.011 0.409** ± 0.037

100 0.235** ± 0.009 0.102 n.s. ± 0.010 0.337* ± 0.012

125 0.205 n.s. ± 0.048 0.076 n.s. ± 0.005 0.281 n.s. ± 0.053

150 0.237* ± 0.025 0.106 n.s. ± 0.023 0.343 n.s. ± 0.054

Spm

0.0 0.313 n.s. ± 0.054 0.117 n.s. ± 0.017 0.430 n.s. ± 0.071

25 0.265*** ± 0.013 0.114 n.s. ± 0.023 0.379** ± 0.033

50 0.276 n.s. ± 0.064 0.101 n.s. ± 0.010 0.377 n.s. ± 0.073

75 0.192 n.s. ± 0.047 0.073 n.s. ± 0.011 0.265 n.s. ± 0.053

100 0.228** ± 0.001 0.083 n.s. ± 0.011 0.311* ± 0.009

125 0.276* ± 0.033 0.120 n.s. ± 0.010 0.396* ± 0.042

150 0.159 n.s. ± 0.023 0.083 n.s. ± 0.002 0.242 n.s. ± 0.024

LSD 0.05 for put 0.071 n.s. 0.100

LSD 0.01 for put n.s. n.s. n.s.

LSD 0.001 for put n.s. n.s n.s.

LSD 0.05 for spd n.s. n.s. n.s.

LSD 0.01 for spd n.s. n.s. n.s.

LSD 0.001 for spd n.s. n.s. n.s.

LSD 0.05 for spm n.s. 0.044 n.s.

LSD 0.01 for spm n.s. n.s. n.s.

LSD 0.001 for spm n.s. n.s. n.s.

n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01; ***very highly significant 
at P ≤ 0.001
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Figure 2. The effect of NaCl and treatment with 0.1mM 
polyamines (control, put, spd, spm) on dry matter (g/plant) 
of Origanum majorana plants

Figure 1. The effect of NaCl and treatment with 0.1mM 
polyamines (control, put, spd, spm) on dry matter (g/plant) 
of Chamomilla recutita plants
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Table 3. The effect of NaCl and treatment with 0.1mM polyamine (control, put, spd or spm) on dry matter 
(mg/plant) of both plant flowers

Poly- 
amine

NaCl 
(mM)

Chamomilla recutita flowers Origanum majorana flowers

dry matter (%) dry matter (%)

Control

0.0 35.23 ± 2.9 100 6.26 ± 0.6 100

25 55.43** ± 1.2 157.34 4.51 n.s. ± 1.0 72.04

50 50.36* ± 4.0 142.95 8.16 n.s. ± 1.2 130.35

75 42.16 n.s. ± 1.2 119.67 7.33 n.s. ± 1.0 117.09

100 38.66 n.s. ± 1.6 109.74 7.85 n.s. ± 1.7 125.40

125 26.52 n.s. ± 3.5 75.28 10.33* ± 1.2 165.02

150 11.23** ± 2.4 31.88 7.62 n.s. ± 0.9 121.73

Put

0.0 34.57 n.s. ± 2.4 98.13 6.29 n.s. ± 1.2 100.48

25 49.52 n.s. ± 5.0 140.56 5.90 n.s. ± 0.6 94.25

50 52.00 n.s. ± 2.3 147.60 8.71 n.s. ± 1.0 139.14

75 51.25 n.s. ± 4.6 145.47 11.35* ± 0.6 181.31

100 41.38 n.s. ± 4.0 117.46 11.26 n.s. ± 1.2 179.87

125 33.04 n.s. ± 1.7 93.78 10.47 n.s. ± 1.2 167.25

150 23.55** ± 1.6 66.85 9.42 n.s. ± 1.2 150.48

Spd

0.0 36.45 n.s. ± 1.7 103.46 13.15** ± 1.6 210.06

25 40.40** ± 2.9 114.67 18.17*** ± 1.1 290.26

50 46.38 n.s. ± 2.3 131.65 14.47** ± 0.4 231.15

75 35.06** ± 1.1 99.52 14.41** ± 0.5 230.19

100 27.50** ± 1.6 78.06 10.23 n.s. ± 0.6 163.42

125 25.26 n.s. ± 2.3 71.70 9.73 n.s. ± 1.0 155.43

150 28.52** ± 2.1 80.95 8.72 n.s. ± 0.6 139.30

Spm

0.0 33.48 n.s. ± 1.8 95.03 14.39*** ± 0.5 229.87

25 38.11** ± 2.3 108.17 12.61** ± 1.3 201.44

50 43.52 n.s. ± 1.6 123.53 17.55** ± 1.0 280.35

75 35.33** ± 1.1 100.28 17.11*** ± 0.6 273.32

100 30.13** ± 3.4 85.52 16.16** ± 0.5 258.15

125 31.28 n.s. ± 0.6 88.79 11.27 n.s. ± 0.5 180.03

150 31.63** ± 2.5 89.78 11.28** ± 0.1 180.19

LSD 0.05 for put 9.95 2.89

LSD 0.01 for put 13.95 4.06

LSD 0.001 for put 19.71 n.s.

LSD 0.05 for spd 6.49 2.27

LSD 0.01 for spd 9.09 3.18

LSD 0.001 for spd 12.85 4.50

LSD 0.05 for Spm 7.21 2.27

LSD 0.01 for spm n.s. 3.19

LSD 0.001 for spm n.s. 4.50

n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01; ***very highly significant 
at P ≤ 0.001
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Table 4. The effect of NaCl and treatment with 0.1mM polyamine (control, put, spd or spm) on oil content 
(mg/g dm) of Chamomilla recutita plants

Poly- 
amine

NaCl 
(mM) Root (%) Shoot (%) Flowers (%)

Control

0.0 0.06 ± 0.012 100 0.06 ± 0.010 100 0.04 ± 0.0006 100

25 0.07 n.s. ± 0.0058 116.67 0.09 n.s. ± 0.023 155.56 0.09*** ± 0.0058 225.00

50 0.06 n.s. ± 0.0033 105.56 0.09 n.s. ± 0.018 144.44 0.08*** ± 0.0033 208.33

75 0.05 n.s. ± 0.0067 88.89 0.08 n.s. ± 0.010 133.33 0.08** ± 0.0058 200.00

100 0.05 n.s. ± 0.0013 88.89 0.07 n.s. ± 0.015 122.22 0.05*** ± 0.0058 125.00

125 0.05 n.s. ± 0.0067 88.89 0.07 n.s. ± 0.0058 116.67 0.04 n.s. ± 0.0006 100.00

150 0.05 n.s. ± 0.0058 83.33 0.06 n.s. ± 0.0058 100.00 0.03*** ± 0.0006 75.00

Put

0.0 0.08 n.s. ± 0.0067 127.78 0.11** ± 0.0067 188.89 0.04 n.s. ± 0.0006 100.00

25 0.11** ± 0.0058 183.33 0.09 n.s. ± 0.0088 155.56 0.05*** ± 0.0006 125.00

50 0.10** ± 0.0067 161.11 0.08 n.s. ± 0.0033 127.78 0.06** ± 0.0006 150.00

75 0.09* ± 0.0088 144.44 0.08 n.s. ± 0.0033 127.78 0.08 n.s. ± 0.0058 200.00

100 0.08 n.s. ± 0.0067 138.89 0.07 n.s. ± 0.010 116.67 0.05 n.s. ± 0.0033 133.33

125 0.08* ± 0.0033 127.78 0.07 n.s. ± 0.0058 116.67 0.04 n.s. ± 0.0033 108.33

150 0.07* ± 0.0067 122.22 0.06 n.s. ± 0.012 105.56 0.03 n.s. ± 0.0033 83.33

Spd

0.0 0.09 n.s. ± 0.010 150.00 0.10 n.s. ± 0.015 172.22 0.05** ± 0.0033 133.33

25 0.09 n.s. ± 0.0088 144.44 0.08 n.s. ± 0.0058 133.33 0.07** ± 0.0033 166.67

50 0.06 n.s. ± 0.0067 105.56 0.07 n.s. ± 0.013 122.22 0.08 n.s. ± 0.0033 191.67

75 0.06 n.s. ± 0.071 100.00 0.07 n.s. ± 0.010 116.67 0.08 n.s. ± 0.0058 200.00

100 0.06 n.s. ± 0.0058 100.00 0.07 n.s. ± 0.0007 111.11 0.07** ± 0.0033 183.33

125 0.06 n.s. ± 0.010 100.00 0.07 n.s. ± 0.0033 111.11 0.05** ± 0.0033 133.33

150 0.06 n.s. ± 0.0088 94.44 0.06 n.s. ± 0.0067 105.56 0.04** ± 0.0033 108.33

Spm

0.0 0.09 n.s. ± 0.0067 144.44 0.09 * ± 0.0058 150.00 0.06** ± 0.0033 141.67

25 0.08 n.s. ± 0.0067 138.89 0.08 n.s. ± 0.0058 133.33 0.06*** ± 0.0033 141.67

50 0.08 n.s. ± 0.0067 127.78 0.08 n.s. ± 0.0033 127.78 0.07 n.s. ± 0.0033 183.33

75 0.07 n.s. ± 0.0088 122.22 0.08 n.s. ± 0.0088 127.78 0.09 n.s. ± 0.0058 225.00

100 0.07 n.s. ± 0.0058 116.67 0.07 n.s. ± 0.0058 116.67 0.05 n.s. ± 0.0058 125.00

125 0.06 n.s. ± 0.0067 105.56 0.06 n.s. ± 0.0058 100.00 0.04 n.s. ± 0.0033 108.33

150 0.06 n.s. ± 0.010 100.00 0.06 n.s. ± 0.0033 94.44 0.03 n.s. ± 0.0033 83.33

LSD 0.05 for put 0.022 n.s. 0.005

LSD 0.01 for put 0.030 n.s. 0.008

LSD 0.001 for put n.s. n.s. 0.011

LSD 0.05 for spd n.s. n.s. 0.011

LSD 0.01 for spd n.s. n.s. 0.016

LSD 0.001 for spd n.s. n.s. 0.022

LSD 0.05 for spm n.s. n.s. 0.011

LSD 0.01 for spm n.s. n.s. 0.015

LSD 0.001 for spm n.s. n.s. 0.021

n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01; ***very highly significant 
at P ≤ 0.001
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Figure 3. The effect of NaCl and treatment with 0.1mM
polyamines (control, put, spd, spm) on dry matter (mg/plant) 
of Chamomilla recutita and Origanum majorana flowers
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Figure 4. The effect of NaCl and treatment with 0.1mM 
polyamines (control, put, spd, spm) on oil content 
(mg/g dw) of Chamomilla recutita plants
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Table 5. The effect of NaCl and treatment with 0.1mM polyamine (control, put, spd or spm) on oil content 
(mg/g dm) of Origanum majorana plants

Poly- 
amine

NaCl 
(mM) Root (%) Shoot (%) Flowers (%)

Control

0.0 0.128 ± 0.004 100 0.237 ± 0.006 100 0.059 ± 0.0027 100

25 0.129 n.s. ± 0.002 100.78 0.369*** ± 0.003 155.70 0.038** ± 0.0023 64.41

50 0.144 n.s. ± 0.016 112.50 0.331*** ± 0.004 139.66 0.045 n.s. ± 0.0069 76.27

75 0.140 n.s. ± 0.005 109.38 0.324*** ± 0.007 136.71 0.053 n.s. ± 0.0035 89.83

100 0.090* ± 0.011 70.31 0.321*** ± 0.008 135.44 0.025*** ± 0.0021 42.37

125 0.072*** ± 0.004 56.25 0.316** ± 0.012 133.33 0.020*** ± 0.0039 33.90

150 0.055*** ± 0.007 42.97 0.153* ± 0.021 64.56 0.032** ± 0.0062 54.24

Put

0.0 0.139 n.s. ± 0.012 108.59 0.283** ± 0.008 119.41 0.124** ± 0.0120 210.17

25 0.170*** ± 0.002 132.81 0.354* ± 0.003 149.37 0.087** ± 0.0070 147.46

50 0.206** ± 0.022 160.94 0.266** ± 0.008 112.24 0.084** ± 0.0061 142.37

75 0.117** ± 0.003 91.41 0.251** ± 0.014 105.91 0.028** ± 0.0030 47.46

100 0.063* ± 0.002 49.22 0.179*** ± 0.006 75.53 0.025 n.s. ± 0.0026 42.37

125 0.052** ± 0.002 40.63 0.164*** ± 0.007 69.20 0.021 n.s. ± 0.0049 35.59

150 0.037* ± 0.001 28.91 0.072* ± 0.007 30.38 0.011* ± 0.0006 18.64

Spd

0.0 0.146 n.s. ± 0.014 114.06 0.402*** ± 0.004 169.62 0.094** ± 0.0078 159.32

25 0.161** ± 0.005 125.78 0.458*** ± 0.006 193.25 0.029 n.s. ± 0.0060 49.15

50 0.215** ± 0.003 167.97 0.444*** ± 0.007 187.34 0.027 n.s. ± 0.0055 45.76

75 0.163 n.s. ± 0.014 127.34 0.442*** ± 0.008 186.50 0.019** ± 0.0038 32.20

100 0.144* ± 0.012 112.50 0.438** ± 0.020 184.81 0.018 n.s. ± 0.0064 30.51

125 0.128** ± 0.007 100.00 0.353 n.s. ± 0.011 148.95 0.014 n.s. ± 0.0035 23.73

150 0.126*** ± 0.003 98.44 0.449*** ± 0.007 189.45 0.026 n.s. ± 0.0068 44.07

Spm

0.0 0.248*** ± 0.009 193.75 0.509*** ± 0.002 214.77 0.081 n.s. ± 0.0094 137.29

25 0.247*** ± 0.006 192.97 0.492*** ± 0.004 207.59 0.075** ± 0.0088 127.12

50 0.242** ± 0.007 189.06 0.467*** ± 0.009 197.05 0.056 n.s. ± 0.0080 94.92

75 0.240** ± 0.024 187.50 0.446** ± 0.027 188.19 0.047 n.s. ± 0.0084 79.66

100 0.238*** ± 0.005 185.94 0.437*** ± 0.003 184.39 0.039 * ± 0.0053 66.10

125 0.220*** ± 0.003 171.88 0.387** ± 0.007 163.29 0.022 n.s. ± 0.0050 37.29

150 0.192*** ± 0.005 150.00 0.396*** ± 0.008 167.09 0.025 n.s. ± 0.0052 42.37

LSD 0.05 for put 0.007 0.022 0.013

LSD 0.01 for put 0.009 0.030 0.018

LSD 0.001 for put 0.013 0.043 0.026

LSD 0.05 for spd 0.024 0.031 0.013

LSD 0.01 for spd 0.034 0.043 0.019

LSD 0.001 for spd 0.048 0.061 0.026

LSD 0.05 for spm 0.033 0.039 0.021

LSD 0.01 for spm 0.047 0.054 0.029

LSD 0.001 for spm 0.066 0.077 0.041

n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01; ***very highly significant 
at P ≤ 0.001
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Table 6. The effect of NaCl and treatment with 0.1mM polyamine (control, put, spd or spm) on flavonoids 
content (mg/g dm) of Chamomilla recutita plants

Poly- 
amine

NaCl 
(mM) Root (%) Shoot (%) Flowers (%)

Control

0.0 0.041 ± 0.0018 100 0.225 ± 0.0084 100 0.459 ± 0.0073 100

25 0.054* ± 0.0030 131.97 0.228 n.s. ± 0.0012 101.18 0.545*** ± 0.0040 118.82

50 0.060*** ± 0.0012 147.54 0.230 n.s. ± 0.0018 101.92 0.494** ± 0.0032 107.70

75 0.052** ± 0.0023 128.69 0.197* ± 0.0012 87.28 0.445 n.s. ± 0.0033 97.09

100 0.050** ± 0.0012 122.95 0.190** ± 0.0026 84.47 0.376*** ± 0.0026 81.98

125 0.033* ± 0.0022 80.33 0.188** ± 0.0015 83.28 0.319*** ± 0.0012 69.62

150 0.024** ± 0.0025 59.02 0.178** ± 0.0006 78.99 0.315*** ± 0.0018 68.60

Put

0.0 0.042 n.s. ± 0.0038 102.46 0.216 n.s. ± 0.0017 95.86 0.486* ± 0.0060 105.96

25 0.058 n.s. ± 0.0017 142.62 0.257*** ± 0.0019 113.91 0.576** ± 0.0035 125.58

50 0.068** ± 0.0018 168.03 0.283*** ± 0.0026 125.59 0.555*** ± 0.0039 120.93

75 0.082*** ± 0.0018 200.82 0.244*** ± 0.0018 108.14 0.469** ± 0.0026 102.25

100 0.066*** ± 0.0018 163.11 0.235*** ± 0.0009 104.44 0.412***± 0.0015 89.90

125 0.037 n.s. ± 0.0019 90.16 0.214*** ± 0.0018 94.82 0.345*** ± 0.0023 75.29

150 0.031 n.s. ± 0.0018 77.05 0.206*** ± 0.0015 91.42 0.301** ± 0.0017 65.63

Spd

0.0 0.046* ± 0.0009 113.93 0.208 n.s. ± 0.0015 92.16 0.436* ± 0.0023 95.13

25 0.047 n.s. ± 0.0045 114.75 0.193*** ± 0.0015 85.50 0.561* ± 0.0017 122.31

50 0.049** ± 0.0012 120.49 0.183*** ± 0.0020 81.36 0.553*** ± 0.0026 120.64

75 0.036** ± 0.0012 87.70 0.206 n.s. ± 0.0039 91.27 0.482*** ± 0.0030 105.01

100 0.026*** ± 0.0018 64.75 0.222*** ± 0.0015 98.52 0.424*** ± 0.0027 92.51

125 0.023* ± 0.0015 56.56 0.212*** ± 0.0009 93.93 0.404*** ± 0.0018 88.15

150 0.021 n.s. ± 0.0009 52.46 0.192* ± 0.0038 85.06 0.351*** ± 0.0029 76.53

Spm

0.0 0.036 n.s. ± 0.0025 88.52 0.196* ± 0.0035 87.13 0.432* ± 0.0018 94.26

25 0.039* ± 0.0035 95.08 0.179*** ± 0.0015 79.59 0.581*** ± 0.0026 126.60

50 0.044* ± 0.0057 109.02 0.202*** ± 0.0024 89.50 0.564*** ± 0.0026 122.89

75 0.048 n.s. ± 0.0015 117.21 0.207** ± 0.0015 91.72 0.424** ± 0.0021 92.44

100 0.057* ± 0.0020 139.34 0.196 n.s. ± 0.0024 86.83 0.411*** ± 0.0012 89.53

125 0.040* ± 0.0012 97.54 0.186 n.s. ± 0.0015 82.69 0.373*** ± 0.0027 81.25

150 0.023 n.s. ± 0.0012 56.56 0.180 n.s. ± 0.0012 79.88 0.326** ± 0.0015 71.00

LSD 0.05 for put 0.005 0.005 0.010

LSD 0.01 for put 0.007 0.007 0.015

LSD 0.001 for put 0.010 0.010 0.021

LSD 0.05 for spd 0.007 0.008 0.008

LSD 0.01 for spd 0.010 0.011 0.011

LSD 0.001 for spd 0.014 0.016 0.016

LSD 0.05 for spm 0.009 0.006 0.010

LSD 0.01 for spm 0.013 0.008 0.014

LSD 0.001 for spm 0.018 0.012 0.020

n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01; ***very highly significant 
at P ≤ 0.001
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Figure 6. The effect of NaCl and treatment with 0.1mM
polyamines (control, put, spd, spm) on flavonoid content
(mg/g dw) of Chamomilla recutita plants

Figure 5. The effect of NaCl and treatment with 0.1mM 
polyamines (control, put, spd, spm) on oil content 
(mg/g dw) of Origanum majorana plants
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Table 7. The effect of NaCl and treatment with 0.1mM polyamine (control, put, spd or spm) on flavonoids con-
tent (mg/g dm) of Origanum majorana plants

Poly- 
amine

NaCl 
(mM) Root (%) Shoot (%) Flowers (%)

Control

0.0 0.590 ± 0.045 100 2.581 ± 0.18 100 1.108 ± 0.005 100

25 0.412* ± 0.004 69.83 2.574 n.s. ± 0.14 99.73 1.310** ± 0.007 118.23

50 0.344** ± 0.011 58.31 2.877 n.s. ± 0.058 111.47 1.511*** ± 0.011 136.37

75 0.388** ± 0.023 65.76 2.762 n.s. ± 0.076 107.01 1.638*** ± 0.015 147.83

100 0.508 n.s. ± 0.035 86.10 2.975 n.s. ± 0.074 115.27 1.968*** ± 0.009 177.62

125 0.472 n.s. ± 0.041 80.00 2.322 n.s. ± 0.029 89.97 1.789*** ± 0.015 161.46

150 0.293** ± 0.021 49.66 1.396** ± 0.24 54.09 1.598*** ± 0.013 144.22

Put

0.0 0.593 n.s. ± 0.034 100.51 3.021 n.s. ± 0.075 117.05 1.117 n.s. ± 0.023 100.81

25 1.006*** ± 0.037 170.51 3.108* ± 0.11 120.42 2.139*** ± 0.011 193.05

50 1.033*** ± 0.010 175.08 3.149* ± 0.067 122.01 2.817*** ± 0.013 254.24

75 1.024*** ± 0.032 173.56 3.330** ± 0.031 129.02 3.200*** ± 0.012 288.81

100 0.926*** ± 0.024 156.95 3.329** ± 0.036 128.98 3.286*** ± 0.026 296.57

125 0.682** ± 0.004 115.59 3.356*** ± 0.017 130.03 2.322*** ± 0.014 209.57

150 0.592*** ± 0.014 100.34 3.336*** ± 0.050 129.25 2.078*** ± 0.019 187.55

Spd

0.0 0.647 n.s. ± 0.010 109.66 2.778 n.s. ± 0.13 107.63 1.114 n.s. ± 0.015 100.54

25 0.750** ± 0.058 127.12 2.791 n.s. ± 0.068 108.14 2.666*** ± 0.032 240.61

50 0.817*** ± 0.029 138.47 2.799 n.s. ± 0.11 108.45 2.921*** ± 0.021 263.63

75 0.605** ± 0.031 102.54 2.669 n.s. ± 0.036 103.41 3.181*** ± 0.016 287.09

100 0.479 n.s. ± 0.042 81.19 2.530** ± 0.073 98.02 2.811*** ± 0.036 253.70

125 0.471 n.s. ± 0.016 79.83 2.486 n.s. ± 0.10 96.32 2.422*** ± 0.043 218.59

150 0.418* ± 0.026 70.85 2.377* ± 0.25 92.10 2.265*** ± 0.024 204.42

Spm

0.0 0.652 n.s. ± 0.021 110.51 2.820 n.s. ± 0.15 109.26 1.223 n.s. ± 0.051 110.38

25 0.888*** ± 0.008 150.51 2.665 n.s. ± 0.15 103.25 3.295*** ± 0.033 297.38

50 0.879*** ± 0.045 148.98 2.794 n.s. ± 0.17 108.25 3.303*** ± 0.024 298.10

75 0.728** ± 0.051 123.39 2.729 n.s. ± 0.12 105.73 3.845*** ± 0.041 347.02

100 0.592 n.s. ± 0.017 100.34 2.521 n.s. ± 0.19 97.68 2.731*** ± 0.038 246.48

125 0.588* ± 0.015 99.66 2.263 n.s. ± 0.10 87.68 2.634*** ± 0.038 237.73

150 0.457** ± 0.019 77.46 2.134* ± 0.10 82.68 2.313*** ± 0.008 208.75

LSD 0.05 for put 0.086 0.267 0.040

LSD 0.01 for put 0.121 0.372 0.056

LSD 0.001 for put 0.170 0.526 0.079

LSD 0.05 for spd 0.121 n.s. 0.050

LSD 0.01 for spd 0.169 n.s. 0.071

LSD 0.001 for spd 0.240 n.s. 0.080

LSD 0.05 for spm 0.079 0.389 0.092

LSD 0.01 for spm 0.110 n.s. 0.130

LSD 0.001 for spm 0.156 n.s. 0.183

n.s. not significant at P > 0.05; *significant at P ≤ 0.05; **highly significant at P ≤ 0.01; ***very highly significant 
at P ≤ 0.001
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Figure 7. The effect of NaCl and treatment with 0.1mM
polyamines (control, put, spd, spm) on flavonoid content
(mg/g dw) of Origanum majorana plants
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and 5, Tables 4 and 5). This is in accordance with 
the results obtained with cotton by Twersky and 
Felhendler (1973); they recorded a direct relation 
between the salinity of irrigation and oil con-
centrations. The observed salt tolerance of the 
oil-producing plants as well as the enhancement 
in their physiological activities by salinity may 
strengthen the supposition (Ahmed et al. 1977, 
1979, Ali 2002) that these plants probably have 
their own mechanism to counterbalance the effect 
of salinity treatments by oil formation.

Generally, foliar application with any of the 
polyamines increased the oil content in roots, 
shoots and flowers of Chamomilla recutita and 
Origanum majorana (Figures 4 and 5). Also, foliar 
application with polyamines increased the oil con-
tent in roots, but decreased it in shoots and flowers 
of Chamomilla recutita when compared with the 
corresponding treatments with NaCl. However, in 
the case of Origanum majorana the oil content in 
roots increased at low NaCl level, spermidine or 
spermine increased the oil contents in roots and 
shoots when compared with the corresponding 
treatments with NaCl. Spermidine treatments 
decreased the oil content in flowers of Origanum 
majorana, whereas spermine increased it.

The flavonoid content of Chamomilla recutita 
roots and Origanum majorana shoots increased up 
to 100mM NaCl but decreased in roots of Origanum 
majorana plant (Figures 6 and 7, Tables 6 and 7). 
Furthermore, NaCl treatments were capable of 
acting as activators of flavonoid accumulation. 
The highest accumulation of flavonoids was at 
100mM NaCl in the case of shoots and flowers 
of Origanum majorana, and at 50mM NaCl in 
roots of Chamomilla recutita. However, the fla-
vonoid contents in roots, shoots and flowers of 
Chamomilla recutita were accumulated at lower 
salinization levels (25 and 50mM NaCl). It was 
observed that several classes of flavonoids show 
antioxidant activity towards a variety of easily 
oxidizable compounds, many of those play an 
important physiological and ecological role as 
they are involved in resistance to different types 
of stress (Rice-Evans and Miller 1998, Ayaz et al. 
2000, Ali and Abbas 2003).

Foliar application with putrescine generally in-
creased the level of flavonoids in different organs 
of both plants except for shoots of Chamomilla 
recutita. Treatments with spermidine increased 
the flavonoid content in shoots of Chamomilla 
recutita at moderate levels of salinity (from 75 to 
125mM) and in different organs of Origanum ma-
jorana at lower levels of salinity (up to 75mM), but 
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decreased it in roots and flowers of Chamomilla 
recutita. Treatments with spermine increased the 
flavonoid content in different organs of Origanum 
majorana, but decreased in shoots and flowers of 
Chamomilla recutita. Treatment of Chamomilla 
recutita and Origanum majorana plants with dif-
ferent levels of salinity with any of polyamines 
induced some changes in flavonoids synthesis. 
Putrescine generally increased the level of flavo-
noids in different organs of both plants. Similarly, 
spermidine increased the flavonoid contents in 
different organs of Origanum majorana plant 
and in shoots of Chamomilla recutita. Treatment 
with spermine increased the flavonoid contents 
in different organs of Origanum majorana and 
in roots of Chamomilla recutita, but variably 
changed in shoots and flowers of Chamomilla 
recutita plant.

To conclude, it was observed that salinity gen-
erally induced variable changes in the contents 
of oil and flavonoids in the plant parts of both 
Chamomilla recutita and Origanum majorana. 
The tendency of these changes leads to an assump-
tion that the two medicinal plants tested in this 
investigation have some variable abilities not only 
to tolerate moderate salinization but also to grow 
well and to produce the same amount or even more 
oil and flavonoids than the control plants. Foliar 
application of any polyamines counterbalanced the 
adverse effects of salinity on growth and content 
of oils and flavonoids in Chamomilla recutita and 
Origanum majorana plants.

REFERENCES

Ahmed A.M., Heikal M.M., Radi A.F., Shaddad M.A. 
(1979): Growth, photosynthesis and fat content of 
some oil producing plants as influenced by some 
salinization treatments. Phyton, 19: 259–267.

Ahmed A.M., Heikal M.M., Shaddad M.A. (1977): 
Photosynthesis of some economic plants as affected 
by salinization treatments. II. Safflower and maize. 
Egypt. J. Bot., 20: 17–27.

Ali R.M. (2002): Effect of nicotinic acid and nicotina-
mide adenine dinucleotide on growth and content of 
oil, glycerol and ricinine alkaloids of salinity stressed 
Ricinus communis L. Phyton, 42: 269–277.

Ali R.M. (2000): Role of putrescine in salt tolerance of 
Atropa belladonna plant. Plant Sci., 152: 173–179.

Ali R.M., Abbas H.M. (2003): Response of salt stressed 
barley seedlings to phenylurea. Plant Soil Environ., 
4: 158–162.

Altamura M.M., Torrigiani P., Capitani F., Scaramagli S., 
Bagni N. (1991): De novo root formation in tobacco 
thin layer is affected by inhibition of polyamine bio-
synthesis. J. Exp. Bot., 42: 1575–82.

Ayaz F.A., Kadioglu A., Turgut R. (2000): Water stress 
effects on the content of low molecular weight car-
bohydrates and phenolic acids in Ctenanthe setosa 
(rose) Eichler. Can. J. Plant Sci., 80: 373–378.

Bajaj S., Rajam M.V. (1995): Efficient plant regeneration 
from long-term callus cultures of rice by spermidine. 
Plant Cell Rep., 14: 717–20.

Bajaj S., Rajam M.V. (1996): Polyamine accumulation 
and near loss of morphogenesis in long-term callus 
cultures of rice: restoration of plant regeneration 
by manipulation of cellular polyamine levels. Plant 
Physiol., 112: 1343–1348.

Blacquiere T., Lambers H. (1981): Growth, photosynthe-
sis and respiration in Plantago coronopus as affected 
by salinity. Physiol. Plant., 51: 265–268.

Bouchereau A., Aziz A., Larher F., Martin-Tanguy J. 
(1999): Polyamines and environmental challenges: 
recent development. Plant Sci., 140: 103–125.

Chavan P., Rakash M., Karadge B.A. (1980): Influence of 
salinity on lipid composition of groundnut (Arachis 
hypogaea) seeds. Plant Biochem. J., 7: 89–93.

Chen H.J., Galston A.W. (1985): Correlation between 
polyamine rations and growth patterns in seedling 
roots. Plant Growth Regul., 3: 356–363.

Elstner E.F. (1982): Oxygen activation and oxygen toxic-
ity. Annu. Rev. Plant Physiol. Mol. Biol., 33: 73–96.

Evans P.T., Malmberg R.L. (1989): Do polyamines have 
roles in plant development? Annu. Rev. Plant Physiol. 
Plant Mol. Biol., 40: 235–269.

Galston A.W., Kaur-Sawhney R., Altabella T., Tiburcio 
A.T. (1997): Plant polyamines in reproductive activ-
ity and response to abiotic stress. Bot. Acta, 110: 
197–207.

Hariri B., Sallé G., Andary C. (1991): Involvement of 
flavonoids in the resistance of two cultivars of poplar 
to mistletoe (Viscum album L.). Protoplasma, 162: 
20–26.

Heikal M.M., Ahmed A.M., Shaddad M.A. (1980): Salt 
tolerance of some oil producing plants. Agricultura, 
28: 437–453.

Hernández J.A., Corpas F.J., Gómez M., del Rio L.A., Se-
villa F. (1993): Salt-induced oxidative stress mediated 
by activated oxygen species in pea leaf mitochondria. 
Physiol. Plant., 89: 103–110.

Hernández J.A., Olmos E., Corpas F.J., Sevilla F., del Rio 
L.A. (1995): Salt-induced oxidative stress in chloro-
plasts of pea plants. Plant Sci., 105: 151–167.

Hewitt J.E. (1966): Sand and Water Culture Methods 
in the Study of Plant Nutrition. Technical Commu-



PLANT SOIL ENVIRON., 53, 2007 (12): 529–543 543

nication. No. 22. Commonwealth Bureau of Horti-
culture and Plantation Crops, Farnham Royal, UK: 
431–432.

Imamul-Huq S.M., Larher F. (1984): Osmoregulation in 
higher plants: Effects of maintaining a constant Na:Ca 
ratio in the growth, ion balance and organic solute 
status of NaCl stressed cowpea (Vigna sinensis L.). 
Z. Pfl.-Physiol., 113: 163–176.

Krishnamurthy R. (1991): Amelioration of salinity ef-
fect in salt tolerant rice (Oryza sativa L.) by foliar 
application of putrescine. Plant Cell Physiol., 32: 
699–703.

Lin C.C., Kao C.H. (1996): Proline accumulation is as-
sociated with inhibition of rice seedlings root growth 
caused by NaCl. Plant Sci., 114: 121–128.

Meara M.L. (1955): Fats and other lipids. In: Paech K., 
Tracey M.V. (eds.): Modern Methods of Plant Analy-
sis. Vol. 2. Springer-Verlag, Berlin: 317–402.

Messiaen J., Cambier P., Van Cutsem P. (1997): Poly-
amines and pectins. I. Ion exchange and selectivity. 
Plant Physiol., 113: 387–395.

Minocha S.C., Minocha R. (1995): Role of polyamines in 
somatic embryogenesis. In: Bajaj Y.P.S. (eds.): Biotech-
nology in Agriculture and Forestry. Vol. 30. Somatic 
Embryogenesis and Synthetic Seeds I. Springer-Ver-
lag, Berlin: 53–70.

Ndayiragije A., Lutts S. (2005): Do exogenous poly-
amines have an impact on the response of a salt-
sensitive rice cultivar to NaCl? J. Plant Physiol., 163: 
506–516.

Prakash L., Prathapasenan G. (1988a): Effect of NaCl 
salinity and putrescine on shoot growth, tissue ion 
concentration and yield of rice (Oryza sativa L. GR3). 
J. Agron. Crop Sci., 160: 325–334.

Prakash L., Prathapasenan G. (1988b): Putrescine re-
duces NaCl-induced inhibition of germination and 
early seedling growth of rice (Oryza sativa L.). Aust. 
J. Plant Physiol., 15: 761–767.

Rice-Evans C.A., Miller N.J. (1998): Structure-antioxi-
dant activity relationships of flavonoids and isoflavo-
noids. In: Rice-Evans C.A., Packet I. (eds.): Flavonoids 
in Health and Disease. Marcel Dekker Inc., New 
York: 199–220.

Smith T.A. (1985): Polyamines. Annu. Rev. Plant Phys-
iol., 36: 117–143.

Tiburcio A.F., Campos J.L., Figueras X., Besford R.T. 
(1993): Recent advances in the understanding of 
polyamine functions during plant development. Plant 
Growth Regul., 12: 331–34.

Twersky M., Felhendler R. (1973): Effect of water qual-
ity on relationship between cationic species and leaf 
lipids at two development stages in cotton. Physiol. 
Plant., 29: 396–401.

Younis M.E., Below F.E., Hesketh J.D. (1987): Plant 
growth, metabolism and adaptation in relation to 
stress conditions. IV. Effect of salinity on certain fac-
tors associated with the germination of three different 
seeds high in fats. Ann. Bot., 60: 334–337.

Received on June 17, 2007

Corresponding author:

Dr. Refaat Mohamed Ali, Fayoum University, Botany Department, P.O. Box 63514, Fayoum, Egypt
e-mail: gry610@yahoo.com


