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ABSTRACT

The cardoon plant (Cynara cardunculus L.) is onettif most promising plants suitable for cultivationthe
reclaimed desert lands in the Kingdom of Saudi AgdKSA). Here we report for the first time thetoudtion of
cardoon in the KSA, in particular at Alkharj Goverate. A field experiment was carried out during tsuccessive
seasons to study the effect of magnetic fields (biF)cardoon growth and its oleic acid content. A M3
(millitesla) MF was used as follows: MFO (control) not exposedhe magnetic field, three different MF exposure
durations studied as MF1 (T1): 15 min, MF2 (T2): B0n, or MF3 (T3): 45 min, considered for both non-
wetted/dry (D) and wetted seeds (W). It was fourad the MF had significant effects on most of agroit
parameters studied. Plant height (cm), number afds, number of offshoots, width and length ofiftieleaf (cm),
and length of the longest leaf (cm) were all infloed by an increase in MF exposure time, with Sicant
differences between dry and wet seeds. Of thewsaMi- exposure durations, MF2D and MF3W exhibitesl test
growth attributes for dry and soaked seeds, respelgt Additionally, the oleic acid (C18:1) contéantproduced
seeds was significantly influenced by 15 min obswpe to the MF, in the case of both dry and soaesdls. These
findings may open new prospects for the industisé of MF and the cardoon plant, and offer the piigé to
increase growers’ incomes.
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INTRODUCTION

The application of electricity, magnetism, monocheolight and sound can each help to stimulate thet of
plants. This little-recognized technology, callekdEo-culture, can accelerate growth rates, irs@egelds, and
improve crop quality. Electro-culture can protetants from diseases, insects, and frost. This niettem also
reduce the demands for fertilizers or pesticidad, growers can produce higher yields of betteriuatops in less
time, with less effort, and at a lower cost. Eleatulture can be applied to the seeds, plants, @othe water and
nutrients [1,2,3].

Notable increases of plant growth and productitilye been claimed in response to magnetic fieldssjMSeveral
countries have developed magnetic technologiesdtetnvironmentally friendly, non-polluting to tiseil, and
affordable to growers [4,5]. Applying MF to seedsa safe and inexpensive physical method to imppaat
growth, vigour and yields [6,7,8,9,10,11].

Recently in many countries;. cardunculushas been considered a biomass crop for energypapdr pulp

production, and as green forage for ruminants imteviseasons [12,13,14]. An awareness of the lneachemical
composition of cultivated cardoon is vital to inase its economic value, and subsequently to docadstits
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production in the Kingdom of Saudi Arabia (KSA).e@ acid (in its triglyceride form) is containedtkin a normal
human diet as part of animal fats and vegetabls. dileic acid has industrial uses in biofuels, laisfcs,
biolubricants, and paints [15], while the sodiurt gaoleic acid is a major component of soap asanlsifying
agent, and is also used as an emollient [16].imndbntext, it is important that the oil from caomoseeds possesses
a high oleic acid content. The aim of this reseavels to study the effect of MF treatments at theeqowing stage

on cardoon plant growth during the vegetative aedegative stages, and to evaluate the oleic acitenb of the
final seed yield.

EXPERIMENTAL SECTION

2.1. Plant material and field conditions

Cardoon seeds were supplied by Jelito GmbH, Geym&meds of uniform size and shape were exposead to
controlled magnetic field in collaboration with tBepartment of Physics and were sown in the exmariat farm
station of Sara bint Rached bin Ghonaim, ResealwirGor Cultivating non-Traditional Medicinal amsromatic

plants, Alkharj (24 04 N, 47 08 E), KSA. Monthly temperature and rainfall valuesre/recorded during the two
growing seasons and are presented in Table 1.

Table1: Theweather parameter sthroughout the experimental period at the experimental farm station

[ Jan] Feb| Mal Ap] May Juh Jdl Adg Sép Oct Nov Dec

Year 2011

Max T° (°C} 23 26 30 32 37 39 41 44 41 3B 29 a1

Min T° (°C} 10 13 16 21 27 33 37 37 27 2P 10
Rainfall (mmy | 00| 00| 00| 00/ 00 00 0p 0

Year 2012

b

p 00 40 Qo D.0

Max T° (°C) 22| 26 29 36 41 42 40 4 37 34 7 B4
Min T° (°C) 7 12 13 20 32 33 36 2 2p 40 14 12
Rainfall (mm) | 0.0] 0.0/ 0.0/ 0( 0.4 0p 00 o000 QO0.00p00] 00

1. mean temperaturé, sum.

Cardoon seeds were direct seeded in the field dompto a Complete Randomized Block Design (CRBLthw
three replicates. The properties of the soil usedjfowing cardoon are as presented in Table 2.

Table2: Properties of the soil used for growing cardoon

Clay (%) | Silt (%)] Sand (%] & (%) | OM' (%) [ pH | EC (dSm) [ N2 (ppm) | P (ppm) [ K (ppm)
17.28 8 74.72 0.34 0.58 7.93 1.51 16.8 14.6 154,33
1 _ organic matter? — total,®> — available.

The field plot (basic unit area of 14.48)monsisted of fifteen plants in total for eachtgleith a planting density of
10415 plants b and inter and intra-row distances of 0.80 an@® 12 respectively). The sowing date was the first
week of November for two successive seasons. Fgrmiactices were conducted under reduced energysnp
Manual weeding was carried out two times a year twe study period. Minimal fertilization was comted when
the plants exhibited six true leaves (100 kgdfauirea). Manual harvesting of the cardoon heads wralertaken at
the end of each of the two growing seasons. Crdprwaquirements were fulfilled by dripping irrigar.

2.2. Magnetic exposur e conditions

The magnetic field (MF) was generated using codle/gred from a high current power supply (220-24®W/60
Hz), with the strength of the field being measubgdh teslameter in conjunction with a tangentig®®be (Leybold

Didactic GmbH, Huerth, Germany). Presowing magnigticl treatments were applied as described by b8 et
al. (2006)[17] with various modifications as shomrigure 1.

Cardoon seeds were loaded into an Eppendorf tulpel j2without any medium or support, and the tube ween
placed in the ring of the electromagnet. The seesl® exposed to a 75 mT MF for varying time intésvMF1
(T1): 15 min, MF2 (T2): 30 min and MF3 (T3): 45 mMFO (control) was not exposed to the magnetid fa all.
In each case results were considered for both retted/dry (D) and wetted seeds (W). The requiredking
strength of the MF (75 mT) was attained by chandiivegvoltage applied to the coil unit.
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Figure 1. The experimental electromagnet field setup. An Eppendorf tubeis placed in the air gap between the two iron polesto expose
the seedsto magnetic fields (MF)

2.3. Evaluation of the oleic acid content in collectedseeds

2.3.1. Sample prepar ation andextraction procedure

At the end of the growing seasons, matured cardmaus were collected from each treatment. The seeds
processed following the method of Szczepanik ef24l12) [18]. In summary, 80 g of the matured sesdse cut
into small pieces and ground. The ground plant ri@teas then placed in a 2 L round flask, onedliled with
distilled water before being subjected to hydradltsion for 2 h, using a Deryng apparatus to abtai volatile
fraction in 1 mL of cyclohexane. This process waseated two times and about 5 mg of the volatdetion were
obtained. The fractions were collected in 2.5 mt &mL vials and stored in a refrigerator at +4fiCdadiness for
the GC-MS analyses.

2.3.2. GC-M Sanalysis

Gas chromatography-mass spectrometry analysis (GLidfan advanced technique to isolate, identity guantify
the main components in a sample substance. Irstinily, a Saturn 2000 MS Varian Chrompack mass ispeeter
was used, with a DB-5 (5% phenyl methylpolysiloXaB8 m x 0.25 mm ID x 0.25um film column and witret
ion-trap analyser set at 1508, and the electromagel at 1350 V for all analyses. One scan per sktewas
performed in the range of 39—-400 m/z using electropact ionisation at 70 eV, and 1 mL of the sampbs
analysed. Helium, with a flow rate of 1.0 mL miin a split ratio of 1:20, was used as the camis; the injector
temperature was 200°C, while the detector temperattas 300°C. The column temperature used thewvioip
programme: from an initial temperature of 80°C témperature was increased at a rate of 5°C a mimtieit
reached 200°C; the temperature was then furtheeased by 25°C a minute until it reached 300°@vas$ held at
this final temperature for 6 min. Three differentfytical methods were used to identify the compuisuri) Kovats
indices (KI), 2) GC-MS retention indices (authentliemicals), and 3) mass spectra (authentic chésrécal the
NISTO5 spectral library collection). Identificatiomas considered to be tentative when it was basgdan mass
spectral data.

2.4. Statistical analysis

All the experimental data was statistically anatiysising CoStat Version 3.03, an interactive stagtrogram for
computers. F-test and the least significant diffeee(LSD) used for the comparison between treatmmesains at the
5% probability level.

RESULTSAND DISCUSSION

The growth parameters of cardoon plants were coeapaith control plants 156 days after sowing (idewing the
early part of the flowering stage). It was foundttMF treatment in the pre-sowing stage signifisa@hhanced the

919



Mahmoud A. Sharaf-Eldin et al J. Chem. Pharm. Res,, 2015, 7(8):917-922

growth characteristics of plant height, number edvies and number of offshoots per plant, fifth afth and
length, and longest leaf length. The oleic acidteonin the collected yield of seeds was also fotmdave
significantly increased at the 95% confidence waéiof the mean. Table 3 represents the mean valtigsant
height and shows the 95% confidence interval ofrm&ignificant differences between both magnetjcakated
and untreated seeds were observed for all theeabpkposure durations, compared to the controlpgrbut the
strongest effects were evident for MF2D followedthy MF3W treatments.

Table 3: The effect of magnetic field (M F) on cardoon growth and oleic acid content of the first season

Treatments Plant height | Number of leaves /| Number of offshoots / 5" leaf (cm) Longest leaf length| Oleic acid
(cm) plant plant Width Length (cm) (%)

Control 8 31.5e 9.00d 1.00d 27.50d 67.25¢C 68.66€e 32.22¢
MF1D 3 47.83b 12.91c 1.88bc 34.50p  72.66bc 76.33d 6086.
MF2D g 53.30a 17.39a 2.94a 39.47a  79.56ab 84.52b 985.9
MF3D [a) 43.14c¢ 10.05d 1.50cd 31.91hbc  73.66bc 78.00cd 6.94a
MF1W » 34.08de 12.25¢c 1.39cd 29.41¢d  68.3Bc 75.41d 36.51a
MF2W S 37.41d 15.25b 1.66cd 29.75¢d  71.91bc 80.33c .862H
MF3W % 49.08b 17.25a 2.47ab 33.580 84.91a 101.83a 51B8.

LSD o

(5%) = 3.70 1.70 0.74 3.11 7.27 2.72 2.61

Control: not exposed to the MF, three different B#¥posure durations as MF1 (T1): 15 min, MF2 (TZ):8in, or MF3 (T3): 45 min, D: non-
wetted/dry seeds, W: wetted seeds. Values folloywélde same letter within a column are not sigaiiity different (P = 0.05).

The mean number of leaves per plant of treated lsawgs 17.39 for MF2D followed by MF2W (15.25), \ehthat
of control was just 9.00. The number of offshoots plant was also found to be remarkably signifiq@x0.05);
with pre-treatment increasing the number of off¢hquer plant compared with untreated samples. Taemum
value of offshoot numbers per plant was 2.94 coegbdo a control value of 1.00 (Table 3). This swgehat
lateral growth was greatly increased after prettneat with MF.

The mean values of cardoon plant fifth leaf widter&v39.47 cm (MF2D), 34.50 cm (MF1D), 33.58 cm (MB3
31.91 cm (MF3D), 29.75 cm (MF2W) and 29.41 (MF1Whe mean fifth leaf width of three replicates oé th
untreated samples, meanwhile, was 27.50 cm. Tabés3out the mean values of fifth leaf lengthyghg the 95%
confidence interval of mean. The greatest diffeesngetween treated and untreated samples weraedtir the
exposure durations of MF3W and MF2D. Significanffedences compared to the control were also obtiaine
however, for all other applied exposure durations.

The mean values of the longest leaf length of #relaon plants 156 days post sowing were 101.83MREBYV),
84.52 cm (MF2D), 80.33 cm (MF2W), 76.33 cm (MF15.41 (MF1W) and 78.00 cm (MF3D), while
measurements from three replicates of the untresséadples had a longest leaf length of 68.66 cm.leT&b
demonstrates these mean values of longest leafhiesgowing the 95% confidence interval of meanreii¢he
greatest differences between treated and untrestegbles were obtained for exposure durations of WFRgd
MF1W. Significant differences compared to the colnvere also obtained, however, for all other agpbkéxposure
durations. Finally, in respect to the oleic aciditemt of the collected yield of seeds, MF pre-tresit enhanced the
oleic acid content compared to the untreated sanflee maximum value of oleic acid content was @&6
compared to a control value of 32.22% (Table 3 $ame trends for all parameters shown in tablerg wbserved
in the second season, but with slight differenoegiues as shown in Table 4.

Table4: The effect of magnetic field (MF) on cardoon growth and oleic acid content of the second season

Treatments Plant height | Number of leaves /| Number of offshoots / 5" leaf (cm) Longest leaf length| Oleic acid
(cm) plant plant Width Length (cm) (%)

Control 8 32.7e 9.90d 1.13d 28.50d 68.15¢c 69.27e 32.93c
MF1D 3 49.03b 13.82¢c 2.02bc 35.20pb 73.57bc 76.93d 3137.
MF2D 2 54.51a 18.29a 3.07a 40.17a  80.46ab 85.13b 186.7
MF3D o 44.34c¢ 10.96d 1.63cd 32.62hbc  74.57bc 78.60cd 7.65a
MF1W » 35.28de 13.15c 1.52cd 30.12¢d 69.2B8c 76.02d 37.22a
MF2W ® 38.62d 16.15b 1.80cd 30.45¢d 72.82bc 80.93c 5720
MF3W % 50.28b 18.15a 2.60ab 34.28b 85.8Ra 102.43a 22Bd.

LSD ]

(5%) = 3.71 1.71 0.75 3.12 7.27 2.72 2.61

Control: not exposed to the MF, three different B¥posure durations as MF1 (T1): 15 min, MF2 (T2):8in, or MF3 (T3): 45 min, D: non-
wetted/dry seeds, W: wetted seeds. Values followélie same letter within a column are not sigaifity different (P = 0.05).

It is significant to note that the growth parametef cardoon plants treated with MF were found ecsignificantly

better than those of the control plants: the MBtirents improved plant height, number of leavesddfathoots per
plant, fifth leaf width and length, longest leahdgh, and oleic acid contents of the collecteddyief seeds. Our
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findings are in agreement with those of other redeas across a range of different crops. Floresd.2007) [19]
and Vashisth and Nagarajan (2008, 2010) [20,21h eated improvements in the growth of maize, chézkpand
sunflower seeds when treated magnetically. Likewlsscher et al. (2004)[22] observed improved glowt
sunflower plants compared to the growth exhibitgduhtreated seed samples. Marks and Szecéwka (222]))
meanwhile, reported that the surface parts of thtatp plant exhibited more vigorous growth whenjscted to
variable pre-sowing MF stimulation, and Florez ét @004, 2007)[24,19] reported improvements ineric
germination when exposed to 125/250 mT MF for dfzetime intervals.

The literature clearly shows that the most benaffiefffects occur when there is an appropriate coatlzin of
optimal exposure doses and optimal exposure duasatibhis study shows that appropriate MF treatrfargpecific
exposure durations can accelerate the growth ahanee the oleic acid content of the collected seagisficantly
in the cardoon plant. Our results in respect togifmevth parameters of cardoon plants are in agraemigh Yinan
et al. (2005)[25] for cucumber and Padhig et al. (2004)[26] for magnetically treated whdmrley and many bean
cultivar seeds.

Despite this extensive body of research showingMfa has a significant positive effect on seed dgeation and
plant growth parameters, how it has this effeatds yet well known. Labes (1966) [27] suggested tha effect
was due to biochemical changes or altered enzymétes. It has also been suggested that MF treatmerves to
increase the permeability of the cell membranescdifig the metabolic pathways by increasing thetiansport in
the ion channels [28]. An enzymatic route of actiomeanwhile, is suggested by the fact that thosgraas
necessary for the specific stages of seed germmimatére found to be higher in magnetically treaedds [17].

An increase in water uptake rate due to MF treatnhais been found, which may be responsible foregmed
cardoon plant growth. [27,26,29]. The fact that oesults show that the improvement in cardoon ptaoivth
parameters is correlated with the oleic acid cangeygests that these improvements might be attbto higher
a-amylase, dehydrogenase, and protease activitiHs gzamylase, in particular, is responsible for depkptthe
nutrient reserves of the seedling during germimatitherefore more active-amylase may be a factor in the
increased growth in magnetically treated seeds eoatpwith the unexposed control.

One model that has been suggested to explain howintéffact with biological systems is the radicalirpa
mechanism. In this model magnetic fields are ssem@dulating the single/triplet inter-conversiotesaof a radical
pair. The MF increases the average concentratidreefradicals by prolonging their lifetime and shincreasing the
probability of a radical reaction with cellular cpoments. When the exposure duration of MF is irsgdathe
effects of that field on growth parameters changgaise of the increased peroxide activity [30].

CONCLUSION

This study has shown that the pre-sowing magneaid {MF) treatments significantly enhanced card¢Gynara
cardunculusL.) plant growth parameters in comparison withoatml sample. In addition, MF treatments have a
significant positive effect on the oleic acid cariteof cardoon seeds. Together these results ireditiaat
magnetically treated seeds can be used improvetgrates in agricultural settings, leading to emeahbiomass
and oleic acid content. These findings may open pespects for the industrial use of MF and thelean plant,
and offer the potential to increase growers’ inceme
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