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Theeffect of plasma treatment on growth and
yield of berseem (Egyptian clover) crop

A Sz

Non-thermal plasma technology was used to evaluate the effect of exposure on
growth and yield of berseem crop (Egyptian clover). The exposure system that
was used to generate plasma radiations is the atmospheric pressure plasma jet
(APPJ). This system produces a high flux stream of reactive chemical species at
atmospheric pressure and low temperature. The clover seedswere divided equally
(100 gram weight) into several groups. one unexposed control group and other
tested groups (six groups) which were exposed to different number of pulsesi.e.
different doses of radiations. Among the treatments, all tested groups (1, 3, 5, 7
pulses) except for other two tested groups (9 and 11 pul ses) have positive effect of
anincreased growth of clover crop relativeto control group. Thefield experiments
were conducted at Egyptian Atomic Energy Authority (EAEA) farm.
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INTRODUCTION

Non-thermal discharge plasmain atmosphericair
producesreactiveradicas(O, OH, etc.) that promote
chemical reactiong*?. Cold plasmajets generated in
atmospheric pressure dischargesrepresent arapidly
devel oping technol ogy of great gpplication promise.

Berseemisthemaost important winter seasonlegume
cultivatedinalargeareain Egypt. It isoneof themost
important winters forage legumes in Egypt, India,
Pakistan, Turkey, and countries of Mediterranean
region. Theformer proved to be highly adaptableand
productive asafodder crop for widescalecultivation.
Madan et al™® and Studier™ are continued to improve
Berseemyield and qudity. Non-thermal plasmashave
been successtully gppliedin agricultureand biomedicine
for seed quality improvement and pathogenic micro-
organismsinactivation®.

Filatovaet a'® was used various species of grain

crops(rye, wheat and barley), and for investigating its
seed germinationinresponseto plasmaradiation. Seed
germination test for processed and untreated (control)
seeds were performed to estimate their germination
energy and germination ability. It was concluded that
low-pressureair plasmaof thetrestment of plant seeds
stimul ates strength and branching of their sproutsand
roots within several minutes of plasma treatment.
Berseemisimportant winter forageasitisnutritiveand
succulent. It contains more than twenty per cent crude
protein and has seventy per cent dry matter
digestibility”. Berseem isthe most important winter
season legumecultivatedin alargeareain Egypt. The
sgnificanceof thisforage speciesliesinthedeve opment
of milkindustry.

Plasma-based technol ogiesareaready applied, to
someextent, intheagriculturd and foodindustry inthe
following processes: (1) pasteurization and disinfections
of pathogenic microorganismsinfood, (2) remova or
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reduction of pesticidesin fruitsand vegetables, and (3)
in corn steeping processes®d. Theuse of non-thermal
plasmabornespeciesand radicas(likeozone O3, nitric
oxideNO, and UV radiation) in the above specified
processesisadvantageous, assensory quality, nutritiona
value, and storagelifeof the agricultural productsis
improved.

Themain purpose of thisstudy wasto check the
suitability and controllability of the pul sed atmospheric
pressure plasma discharges produced as a source of
an activeenvironment for berseem.

EXPERIMENTAL SET-UP

The plasmagenerator isconsisting anegative DC
source, Blumlen-type pulse-forming network (E-PFN)
and adynamic spark gap switch. A triggered spark gap
switch was used as a closing switch of E-PFN. The
APPJisconsstsof 4inductor, eachinductor equal 5uH
and 5 capacitor each capacitor equal 5nF. A charging
resistance value of 100k &! ischosen in the present

casewhich correspondsto acharging RC timeconstant
of 1.0ms. A schematic of the pulsed atmospheric-
pressure plasma jet (APPJ) discharge and of the
experimenta set-upisshowninFgurel. Thegasisfed
through an annular region between the two metal
electrodes15cminlength. Theinner eectrodeis5mm
indiameter and ispowered with apulsed high voltage
power supply, whilethe grounded outer el ectrodeis
separated from theinner el ectrode by agap of afew
millimeters. TheAPPJdevice operatesusing 5-20 kV
power supply with agap between two el ectrodes of 2-
3 mm under atmospheric pressure. The spark gap
between rotating grounded el ectrode and fixed high
voltage electrodeis adjusted at required breakdown
voltage. Hencethe gap getstriggeredin each rotation,
which givestherepetition frequency of order 25 Hz
(pulses/'s). Asthevoltage on the capacitorsreached the
spark-over voltage of the spark gap electrode, the
capacitorsdischarged, producing ahigh voltage pul se.

A Lecroy 200 MS/s 4-channdl digital storage
oscilloscope model (9304c) was used to recorded
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Figure 1 : A schematic of the APPJ discharge

voltageand current waveforms, viaahigh voltage probe
and apulse current transformer, respectively. A typical
oscillograph of discharge current and voltagepulseusing
wasshowninFigure2.

The seeds were treated with plasma radiations
before sowing (figure 3) and were grown in soil under
natural conditions. For the measurement of growth
characters, berseem plants were harvested at 45, 65
and 85 days after exposureto plasmaradiations. Ten
plantsfrom each chamber were harvested at each stage
for analyssof plant growth. Theleavesand slem portion
were separated and the number of branchesand leaves
per plant were counted. All the plant partsweredried
at 80 °Cfor determining dry weight.
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Figure3: Seed samplestreatment system befor eexposure
(left) and during exposur e (right)

The plasmajet wasinjected directly through the
clover seedspostioned in thetreatment holesasshown
inFigure 3. Therearemany holesinside arectangular
sheet designed for exposure seed samples, a100 gm
of seeds distributed uniformly through it. The seed
samplesfilled theinner holes of 25 mm diameter with
depth about 3 mm. For thispurpose, plasmaradiation
canbeeasly penetrateinto seed samples. It wasinjected
into the seed samples at different varying durations
(number of pulses). Berseem seeds (treated and
untreated) were planted inthesoil and their growthwas
observed.

Theapplication of plasmaspecies(UV radiations,
ozone, electrons, excited atoms, free radicals and
nitrogen oxides) in the agricultural industry has
advantages. From these advantages, ozone hasavery
short decay timeand the treated seedswith ozonewill
not resultinthebuild-up of any environmenta ly persistent
and minimal toxic effects. Therefore, gas plasma-
assi sted methods of agricultura materiassterilization
can providereasonabledternativestotraditiond thermd
or chemica oned™*1, At thebeginning the systemwas

checked using about el even seed samplesof berseem
type Gemmizal (100 seeds) and treated at different
number of pul seswith another untreated

MATERIALSAND METHODS

Theexperiment wasdlocated for multi-cut Egyptian
clover Gemmizal (Gm). Seeds of each clover type
were subjected to Sx treetmentsof non-therma plasma
pulse, in addition to non-treated control. The electrical
dischargeinsidethereactor of APPJwasinduced by a
pulsed highvoltage power supply. Theplasmaradiation
wasinjected directly through the clover seedspositioned
inthetreatment holes. The seed samplesfilled theinner
holes of 25 mm diameter with depth about 3 mm. For
thispurpose, ozoneand UV easily penetrateinto the
subjected seeds. Theplasmaradiation (cons st of ozone,
free radicals, charged particles and photons) was
injected into the seed samples at different varying
durations or number of pulses. The used treatments
werel, 3,5,7,9, and 11 pul sesand non-treated control.
Clover trested seeds of multi-cut Gemmizal (Gm) was
planted in randomized completeblock design (RCBD)
inthreereplicateswith an experimenta plot areaof 6.0
m?, all other agronomic practices were done as
recommended. Theexperiment with Gm cultivar, three
consecutive cutswere obtained to estimatefresh and
dry yiedt/fed. Sample of ten plantswere harvested at
cutting timeto measure plant height (cm) and number
of leaves.

RESULTSAND DISCUSSION

Theeffect of application of non-thermal plasma
technique on berseem clover morphological characters
aswell asfresh and dry yidd wasvery noticed in multi-
cut Gmeultivars. Thefirst fidd experiment (Gemmizal
cultivar’s) the fresh (FY) and dry yield (DY) of Gm
clover cultivar’s (multi-cut) in response to plasma
radiationtrestmentsispresentedin TABLE (1). It seems
that both freshand dry yiel dswereincreased asthe cut
order increased (from the 1st to the 2nd to the 3rd cut).
The mean fresh yield of the 1st cut was 11.5 t/fed
increased significantly to 17.9 and 24.7 t/fed inthe 2™
and 3rd cuts respectively. The total fresh yield was
affected by plasmaradiation trestments (pulsenumbers)
compared to non-treated control. Thehigher FY of 63.0
t/fed was found for 9-pulse plasma radiation (PR)
treatment over the other treatments. The DY was
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TABLE 1: Non-thermal plasmaradiation treatmentseffectson Gm clover fresh and dry yield (t /fed) over threecuts

Fresh vield (t/fed) Dry yield (t/fed)
Treat 1* cut 2 cut | 3cut | Total 1* cut 2" cut | 3“cut | Total
Control 14.3 18.8 23.8 57.0 1.8 2.6 4.3 8.7
1p 5.0 12.0 19.2 36.2 1.1 2.1 3.7 6.9
ip 10.3 17.5 28.7 56.5 1.5 2.6 54 9.6
5p 10.3 19.2 292 58.7 1.6 2.5 4.6 8.7
ip 12.5 19.3 25.5 573 1.9 24 4.3 8.6
9p 14.7 20.3 28.0 63.0 2.1 2.7 5.1 10.0
11p 13.5 18.3 18.7 50.5 1.4 2.6 38 7.8
Mean 11.5 17.9 24.7 1.63 2.50 4.46

increased fromtheearly cut tothelater cuts. Themean
DY was 1.63 t/fed in the 1st cut, and then increased
significantly (p>0.32) to 2.5 and 4.46 t/fedinthe 2nd
and 3" cutsrespect. Thehighest total DY (10.0t/fed)
inresponseto plasmaradiation wasrecorded under 9-
pulse PR treatment. It represented about 14.9 %
sgnificant (p>0.49) increase over thetotal DY of non-
treated control.

Non-thermal plasmaradiation treatment effectson
Gm clover plant height (PH) aswell asL/Sratiowere
shownin TABLE (2). Thehighest PH of 92.0 cmwas
recorded for plantsat 5 pulsetreatment at the 3rd cut,
whereas the lowest PH was recorded under 7 pulse

(43.6 cm) at the 1st cut. Themean PH was59.2 cm for
control that increased by 12.5 % fewer than 5 pulse
plasmaradiation treatmentsto be 66.6 cm (thetallest
mean plants).

L/Sratioswere (cut mean) found to be decreased
from the 1st cut to 2nd and 3rd one. Mean L/Sratios
for plasmatreatmentswere higher under 7 and 11 pulses
withthesamevaueof 0.7. Therewereno significant
differencesinthetreatment mean of L/Sratiosunder
nontreated or 1, 3and 5 pulses.

Number of leaves (NL) of Gm clover plantswas
expressed in TABLE (3) asaffected by non-thermal
plasmaradiation. Themean NL washigher inthe2nd

TABLE 2: Non-thermal plasmaradiation treatmentseffectson Gm clover plant height (cm) and L/Sratio over threecuts

Plant height(cm) Leave to Stem (L/S)
Treat 1" cut 2™ cut e Mean 1" cut 2™ cut g Mean
cut cut
Control 459 62.8 69.0 59.2 0.8 0.6 0.5 0.6
1p 49.2 70.1 63.9 61.1 0.7 0.6 0.5 0.6
ip 48.1 66.7 68.0 60.9 0.8 0.6 0.5 0.6
5p 49.1 58.6 92.0 0hb.6 0.8 0.5 0.5 0.6
Tp 43.6 59.8 119 60.4 0.8 07 0.5 0.7
9p 55.4 67.7 71.4 64.8 0.6 0.5 0.5 0.5
11 p 47.0 67.0 71.5 61.8 0.8 0.6 0.6 0.7
Mean 48.3 64.7 734 0.8 0.6 0.5

TABLE 3: Non-thermal plasmaradiation treatmentseffectson Gm clover number of leavesover threecuts

Number of Leaves
Treat 1™ cut 2™ cut 3™ cut Mean
Control 3.0 12-5 10.1 8.53
1p 5.3 12.5 10.7 9.50
3p 25 10.1 11.9 8.17
S5p 3.0 10.1 12.3 8.47
Tp 2.0 10.7 0.1 1.27
9p 3.8 11.8 10.0 8.53
11 p 2.1 11.3 10.0 7.80
Mean 3.10 11.29 10.59
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cut followed by 3rd cut, whilethelowest wasrecorded
for the 1st cut. The mean treatments NL was higher
(9.50) under 1 pulsetreatment followed by the value of
8.53for the control and 9 pulsetreatments.

CONCLUSION

Non-thermal plasmaradiation of clover seedsled
toimportant results. Itincreasetotal DY for Gm clover
cultivar to 10.0t/fed in responseto 9 pulse PR treatment.
It represented about 14.9 % significant (p>0.49)
increaseover thetotal DY of non trested control.
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