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ABSTRACT

Effects of selenium (Na,SeO,) was studied in two wheat
genotypes under well-watered and drought conditions in
greenhouse (15 pg Se L) and field (20-60 60 g ha™)
experiments. Application of Se improved dry matter and grain
yield under both well-watered and drought conditions. Se
increased leaf concentration of pigments and photosynthesis
rate under both well-watered and drought conditions. Our
results indicated that Se alleviates drought stress via increased
photosynthesis rate, protection of leaf photochemical events,
accumulation of organic osmolytes and improvement of water
use efficiency. Under well-watered condition, Se-mediated
growth  improvement was associated with  higher
photosynthesis rate and water use efficiency, greater root
length and diameter, and higher leaf water content.

Key words: Drought, Organic osmolytes, Photosynthesis rate,
Selenium, Water relations, Wheat

IZVLECEK

VPLIV SELENA NA PSENICO V SUSNEM STRESU V
RASTLINJAKU IN NA POLJU

Raziskovan je bil vpliv selena (Na,SeO,) na rastline dveh
genotipov navadne pSenice, v su$nih razmerah oziroma pri
dobri oskrbi z vodo, v rastlinjaku (15 pg Se L) in na polju
(20-60 60 g ha'). Dodatek Se je povedal susino rastlin in
pridelek zrnja pri obeh nacinih oskrbe z vodo. Se je vplival na
povecano koncentracijo pigmentov in na povecanje
fotosinteze listov pri obeh oskrbah z vodo. Rezultati kazejo, da
dodatek Se omili vpliv suSnega stresa s povecanjem
fotosinteze, zascito lista s fotokemi¢nimi procesi, akumulacijo
organskih ozmotikov in povecano uéinkovitostjo porabe vode.
V razmerah dobre oskrbe z vodo je bila poveCana rast,
omogocena z dostopnostjo selena, povezana z intenzivnej$o
fotosintezo in vec¢jo ucinkovitostjo uporabo vode, daljSimi in
debelejsimi koreninami in vecjo vsebnostjo vode.

Kljuéne besede: susa, organski ozmotiki, fotosinteza, selen,
vodna oskrba, pSenica

1 INTRODUCTION

Plants often encounter unfavorable conditions,
which interrupts their growth and productivity.
Among the various abiotic stresses, drought is the
major factor that limits crop productivity
worldwide (Tardieu et al., 2014). Inadequate water

availability during the life cycle of a crop species
restricts the expression of its full genetic potential.
Most of the crops are sensitive to water deficits,
particularly during flowering to seed development
stages. Even drought-tolerant crops are adversely
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affected by water scarcity at reproductive stage
(Mitra, 2001).

One of the initial responses to water deficiency is
stomatal closure that depresses in turn
photosynthesis and ability of plants for dry matter
production (Chaves et al., 2009; Farooq et al.,
2009). Drought-induced reduction of
photosynthetic activity, however, is linked also to
non-stomatal mechanisms, i.e. reduction of enzyme
activities (Chaves et al., 2009). Down-regulation of
photosynthetic carbon metabolism leads, in turn, to
generation of excess excitation energy and
formation of reactive oxygen species that induce
damages to photosystems (Hajiboland, 2014). The
relative contribution of stomatal and non-stomatal
limitations of photosynthesis depends on the
severity of water stress and plants susceptibility to
desiccation (Chaves et al., 2009).

Plants respond and adapt to water deficit by the
accumulation of osmolytes and proteins
specifically involved in stress tolerance (Krasensky
and Jonak, 2012). These molecules are
accumulated in plant cells in response to drought
stress and act as osmotic balancing agents. In
addition of roles in osmotic homeostasis, these
organic solutes are free radical scavengers and
protect cell structures and membranes against
desiccation damages (Krasensky and Jonak, 2012).
Synthesis of osmoprotectants, osmolytes or
compatible solutes including amino acids
particularly proline and soluble carbohydrates is
one of the mechanisms for adaptation to water
deficit (Verbruggen and Hermans, 2008). Stress
tolerance are controlled also by developmental and
morphological traits such as root thickness, the
ability of roots to penetrate compacted soil layers,
and root depth and mass (Valliyodan and Nguyen,
2000).

To improve production efficiency of crop plants
under drought conditions, development of more
tolerant genotypes using breeding strategies are
necessary (Mitra, 2001; Valliyodan and Nguyen,
2006). Alternatively, exogenous application of
various growth regulators (jasmonate and
salicylate) and some osmoprotectants (e.g. glycine
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betaine) has proven worldwide in inducing drought
tolerance at various growth stages (Farooq et al.,
2009). Among mineral compounds, application of
silicon (Liang et al., 2007) and selenium (Se)
(Feng et al., 2013) attracted much more attention.

Influence of low concentrations of Se in the
amelioration of various abiotic stresses such as
salt, UV radiation and drought stresses has been
reported for various plant species (Hajiboland,
2012; Feng et al., 2013). Mechanisms for
alleviating effect of Se on drought have mainly
focused on the Se-mediated activation of
antioxidative defense (Wang, 2011; Hasanuzzaman
and Fujita, 2011; Hajiboland, 2012; Feng et al.,
2013). However, Se-mediated changes in water
relation parameters, accumulation of osmoticums
and water uptake capacity under drought remain
largely unknown and the obtained results are
contradictory. Se application was reported to
increase the accumulation of proline (Yao et al.,
2009) while did not affect water uptake capacity
(Habibi, 2013) and did not influence plant biomass
under drought (Yao et al., 2009; Habibi, 2013).

Wheat (Triticum aestivum L.) is one of the most
important staple food crops and its productivity is
adversely affected by drought particularly in arid
and semi arid regions of the world. It has been
estimated that about 50 % of the 237 million ha
area in the world under wheat cultivation is
affected by periodic drought (Ashraf, 2010). Effect
of Se on the mitigation of drought stress in wheat
plants has not been studied under field conditions.
On the other hand, considering Se as a necessary
element for animals and humans, fortification of
grains with Se may contribute to an increase in Se
intake for humans particularly in the countries
where soil Se is low (Lyons et al., 2003).

This work was aimed at studying the effect of Se
application on the amelioration of drought stress in
wheat genotypes. Some physiological parameters
such as gas exchange, water relations and osmolyte
accumulation were studied in this crop species in
the pot and field experiments in order to compare
Se effect as related to growth conditions and
developmental stages.
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2 MATERIALS AND METHODS

2.1 Plants materials

Two common winter wheat (Triticum aestivum L.)
genotypes ‘Homa’ (drought-tolerant) and ‘Sara-
BW-F6-06-85-86-29-1" (drought-sensitive) were
used in both pot experiment and field study. Seeds
were provided by Dryland Agricultural Research
Institute (DARI) (Maragheh, Iran).

2.2 Pot experiment

Seeds were surface-sterilized and germinated on
perlite. Five-days-old seedlings were transferred
into 1.5 L pots (40 plants per pot) filled with acid-
washed perilte irrigated with 200 ml week' of
50 % wheat nutrient solution (Hajiboland et al.,
2003). Se and irrigation treatments were started 9
days after transplanting, treatments were assigned
randomly to the pots. Se treatments at two levels
including without and with (15 pg L") Se (as
Na,SeO,) were applied gradually during 4 weeks.
Simultaneously, irrigation treatments included
well-watered (irrigation at field capacity) and
drought stress (irrigation at 20 % FC) were started
by omitting watering from drought treatments. One
week after withholding watering, pots reached the
20 % FC. Throughout the experiment, pots were
irrigated daily after weighing with nutrient solution
or water as interval. Control and water-stressed
plants received the same amount of nutrient
solution and the respective FC was achieved by
different volumes of water. Plants were grown
under greenhouse conditions with a day/night
temperature regime of 25-28/15-17°C, a relative
humidity of 70/80 % and a photoperiod of 17/7 h at
a photon flux density of about 300 pmol m™s’
provided by natural light supplemented with
fluorescent lamps.

Eight weeks after starting Se treatments (7 weeks
after reaching the respective FC, 10 weeks after
sowing) plants were harvested. Shoot and roots
were separated, roots were washed with distilled
water and blotted dry on filter paper and their fresh
weight (FW) were determined. Plants dry weight
(DW) was determined after drying in 70°C for
48 h. Subsamples from leaves and roots were taken
for biochemical analyses before drying. Change in
the root morphology in Se-treated plants was
visually observed at harvest. For its quantification,
the root system of each pot was spread out in a tray

filled with distilled water. Thereafter, root length
was determined according to the line intersect
method (Tennant, 1975) and the root diameter was
determined using a micrometer in 50 randomly-
selected parts of root system of each replicate pot
and the average of obtained data was calculated.

2.3 Field experiment

Field experiment was conducted during the 2012-
2013 growing season at the Research Station of
Faculty of Agriculture, University of Tabriz. At the
beginning of the season (fall of 2012), the
experimental area was prepared and soil samples
were taken at a depth of 30 cm and analyzed for
main soil properties. Soil properties before
planting were 76 % sand, 18 % silt, and 6 % clay;
2.1 % organic matter; pH 8.7, EC 33.3 (soil:water,
1:1); 5.0 NO;-N, 36 P and 480 K in mg kg'1 soil.
Plot dimensions were 1.5 mx3.0 m containing 5
rows. Seeds of two genotypes were planted by
hand in rows and covered with soil. Approximately
60 seeds per row and 300 seeds per plot were
planted on 20 October 2012. Weeds were
controlled by hand as required. Nitrogen was
added at a rate of 60 kg N ha as urea in 08 April
2013.

Control and drought-exposed plots were grown
under rainfed conditions and supplemental
irrigation applied for three times: one day and two
weeks after planting and on 08 April 2013.
Thereafter, drought was imposed by water
withholding while control plots were irrigated
weekly up to two weeks before harvest. Soil
humidity (%) was estimated in samples collected
weekly from drought-imposed plots at 10 cm
simultaneous with irrigation of control plots. Soil
relative humidity was 12.79+£1.2 at the start of
withholding irrigation and decreased to 3.52+0.21
at two weeks before harvest without significant
difference among plots.

Selenium (as Na,SeQ,) was sprayed on the leaves
at the concentrations of 1 and 3 pg L with the
final amounts of 20 pug ha™ (Se;) and 60 pg ha™
(Se,) respectively, in the mornings before sunrise.
Control plots (—Se) were sprayed with distilled
water. The first foliar Se treatment was applied 6
weeks after planting. In spring, four subsequent Se
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treatments each with 3 weeks interval starting on
09 April 2013 were applied.

At maturity (15 July 2013), plants of each
experimental plot were harvested. The harvested
material was sun-dried, threshed manually, and
weighed for total biomass, grain yield and
elemental analyses. Yield components (heads per
plant, grains per head, and grain weight) were
measured on ten plants that were sampled
randomly from the two middle rows of each plot at
maturity and added to the total. For determination
of K, Ca and P, oven dried leaf samples were ashed
in a muffle furnace at 550°C for 8 h, resolved in
HCl, and made up to volume by distilled water.
Concentrations of K and Ca were determined by
flame photometry (PFP7, Jenway, UK) and P by a
spectrophotometer (Specord 200, Analytical Jena,
Germany) (Jaiswal, 2004).

2.4 Measurement of chlorophyll fluorescence
and gas exchange parameters

Chlorophyll (Chl) fluorescence parameters were
measured in the pot experiment at harvest using a
portable fluorometer (OSF1, ADC Bioscientific
Ltd., UK). Leaves were acclimated to dark for 30
min using leaf clips before taking the
measurements for dark-adapted leaves. Maximum
quantum yield of PSII (#,/F,,) was calculated using
initial (Fp), maximum (F,,) and variable (F,=F,—
Fy) fluorescence parameters. Calculations for light-
adapted leaves were undertaken using initial (£7),

steady-state  (F;), maximum (F',), variable
(F'\=F'.—F), ®PSIl (F,—Ft/F',) and F
[F'=Fo/(FJ/F)+(Fo/F")] fluorescence for

excitation capture efficiency of open PSII (F"\/F",),
photochemical quenching (gP) [(F'—F)/(F'i—

'»)], non-photochemical quenching (gN) [1- (F",—
F'o)l(F,—Fy] ®PSIl (F',—Ft/F',) and electron
transport rate (ETR) [OPSIIXxPFDx0.84%0.5] (Krall
and Edwards, 1992).

Gas exchange parameters were measured with a
calibrated portable gas exchange system (LCA-4,
ADC Bioscientific Ltd., UK) between 10:00 and
13:00. Measurements in the field experiment were
undertaken one day after the last Se application (28
May 2013) in the young and flag leaves. In the
greenhouse experiment, gas exchange parameters
were measured at three time intervals: 4, 6 and 8
weeks after starting treatments. The measurements
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were conducted with photosynthetically active
radiation (PAR) intensity at the leaf surface of 300-
400 pmol m? s in the pot experiment and 800-
900 umol m™ s™ in the field experiment. The net
photosynthetic rate by unit of leaf area (4, pmol
CO, m™ s™), transpiration rate (£, mmol H,O m™ s’
") and the stomatal conductance to water vapor (g,
mol m” s™) were calculated using the values of
CO; and humidity variation inside the chamber,
both measured by the infrared gas analyzer of the
photosynthesis system. Instant water use efficiency
(iWUE) was calculated as the ratio of
photosynthesis: transpiration (umol mmol™).

2.5 Determination of osmotic potential and
relative water content

Osmotic potential was determined in the leaf and
root samples using an osmometer (Heman
Roebling Messtechnik, Germany). Relative water
content (RWC%) was measured in the leaves and
calculated according to the formula: (FW-
DW)/(TW-DW)x100. For determination of turgid
weight (TW), leaf disks (Smm diameter) were
submerged for 18 h in distilled water, thereafter,
they were blotted dry gently on a paper towel and
weighed.

2.6 Biochemical determinations

Leaf concentration of Chl a, b and carotenoids
(Car) were determined according to Lichtenthaler
and Wellburn  (1985).  Determination  of
anthocyanins was performed wusing a pH
differential method at pH 1 and pH 4.5 in the
methanol/HCl  (98:2, v/v) extract and was
expressed as mg of cyanidine-3-glucoside g’ FW
(Giusti and Wrolstad, 2001). Total flavonoids
content was determined in the methanol extract of
leaves using AlCl;-metanol (2 %, w/v) as indicator
at 510 nm and quercetin (Sigma) as standard
(Grayer, 1989).

For determination of non-structural carbohydrates,
samples were homogenized in 100 mM phosphate
buffer (pH 7.5) at 4 °C, after centrifugation at
12000 g for 15 min, supernatant was used for
determination of total soluble sugars whereas the
pellets were kept for starch analysis (Yemm and
Willism, 1954). Total soluble proteins were
determined using a commercial reagent (Bradford
reagent, Sigma) and bovine albumin serum (BSA)
as standard. Content of total free a-amino acids
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was assayed using a ninhydrin colorimetric method
(Yemm and Cocking, 1955). Glycine was used for
standard curve. For determination of proline,
samples were homogenized with 3% sulfosalicylic
acid and the homogenate was centrifuged at 3000 g
for 20 min. The supernatant was treated with acetic
acid and acid ninhydrin, boiled for 1 h, and then
absorbance at 520 nm was determined. Proline
(Sigma) was used for production of a standard
curve (Bates et al., 1973).

2.7 Experimental design and statistical analyses

Pot experiment was undertaken in randomized
block design with four replications as four
independent pots. Field experiment was arranged
in a split-plot-factorial design with four replicates.
Watering treatments were the main-plots with Se
treatments (—Se, Se; and Se;) and genotypes
combinations as sub-plots. Differences between the
means were detected according to Tukey’s test
(»<0.05) using Sigma Stat 2.03 software.

3 RESULTS

Plants fresh and dry matter production was
adversely affected by drought under greenhouse
conditions (Table 1). Reduction of shoot and root
dry weight was 50 % and 29 % in drought tolerant
variety ‘Homa’ and 68 % and 17 % in drought
sensitive line ‘Sara’, respectively. Root length and
diameter were also lower in drought-stressed
plants. Se application improved all the growth
parameters in control plants of both genotypes. In
drought-stressed plants, however, effect of Se was
significant only for shoot DW and root diameter in
‘Homa’. Contrastingly, Se-treated plants tended to
have slightly lower root length under drought
conditions in both genotypes (Table 1).

Under field conditions, drought stress declined all
yield components. Reduction of whole shoot and
straw biomass under drought was 40% and 44% in
‘Homa’, respectively, whereas it was more in
‘Sara’ (53 % and 56 %, respectively). For
reproductive plant parts, yield depression was
23 % and 39 % for spike and seed in ‘Homa’
respectively, whereas the corresponding values for
‘Sara’ were 51 % and 54 % (Table 2). Se treatment
increased plants growth parameters mainly under
well-watered  conditions  without significant
difference between two levels of applied Se.
However, these effects were mainly in tendency,
and significant changes were observed only for
whole shoot and straw weight in ‘Homa’ (Table 2).

Table 1: Fresh and dry weight (mg plant™) of shoot and root, root length (mm plant™) and diameter (mm) in two
wheat genotypes grown under control (100 % FC) and drought (20 % FC) conditions in the absence (—Se) or
presence (+Se) of Se (15 pug Se L as Na,SeO,) for 10 weeks in greenhouse.

Shoot FW  Shoot DW  Root FW Root DW  Root length Root diameter
Treatments “Homa’
Control € 539i19f’ 1 19i7‘f 299i36‘f 5246 f‘b 6.07i0.58f’ 0.21i0.009f’
+Se 592428 132462 346+18° 60+4° 7.50+0.72° 0.30+0.003
Drought —Se 155+10° 60+5¢ 89+12° 37:i:9; 2.65+0.57°¢ 0.13ﬂ:0.006;
+Se 163422°¢ 7343 °¢ 93+11°¢ 3948 2.57+0.21°¢ 0.210.005
‘Sara’
Control € 566+53° 151+£15° 322+47° 69+8 % 7.49+0.42° 0.18+0.005°¢
+Se 663422 168+13% 456+14° 814£9° 7.79+0.34 % 0.33+0.006 *
Drought —Se 126+15°¢ 493::1% b 123425°¢ 5715: 2.69+0.39°¢ 0.14:&0.0022
+Se 153426°¢ 60+8 136+24°¢ 63+5 2.10+0.28°¢ 0.28+0.001

Data of each column within each genotype indicated by the same letter are not statistically different (P<0.05)
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Table 2: Various growth parameters including yield of whole shoot, straw, spike and seed (g plant™) and weight of
1000 seeds (g) in two wheat genotypes grown under control (well-watered) and drought stress conditions without
(-Se) or with two levels of foliar-applied Se (Se;: 20 g ha™ and Se,: 60 g ha™) (as Na,SeOy) under field

conditions.
Treatments Whole shoot Straw Spike Seed 1000 seeds
‘Homa’
—Se 19.7+1.6°¢ 8.9+1.0° 1.07+0.07 2 7.62+0.72% 48.08+3.97°
Control ~ Se; 21.5+1.7%® 9.9+0.4% 1.15+£0.13° 8.28+0.68 * 50.38+4.68°
Se, 23.7+1.9° 12.8+1.2° 1.09£0.16* 8.08+0.75 2 44.71+3.82°
—Se 11.8+1.1¢ 5.0£1.0° 0.68+0.11° 4.63+0.39° 35.97+2.29°
Drought  Se, 12.9+0.7 ¢ 5.4+0.4° 0.74+0.04 " 5.14+0.25° 36.37+2.27°
Se, 13.0+1.2¢ 5.5+1.1¢ 0.75+0.21° 4.9242.10" 37.6843.31°
‘Sara’
—Se 22.842.7° 8.4+12% 1.4420.16° 10.68+0.61° 37.57+1.94°
Control ~ Se; 25.742.4° 10.442.3° 1.53+0.13° 11.20+0.972 38.93+2.42°
Se, 23.242.8° 11.743.9° 1.14+0.18* 9.70+0.94 38.06+2.21°
—Se 10.7+1.8° 3.7+1.1°¢ 0.70+0.11° 4.89+0.71° 27.41+3.18°
Drought  Se, 13.241.5° 5.4+0.7"% 0.77+0.08* 5.16£0.56" 28.67+3.40°
Se, 13.2+1.3° 5.5+1.0% 0.77+0.13° 4.76+0.96" 27.30+1.38°

Data of each column within each genotype indicated by the same letter are not statistically different (P<0.05)

In general, leaf Chl a, b and Car concentrations
were higher in drought-stressed plants being
significant for Chl a and b in ‘Homa’. In contrast,
concentrations of anthocyanins were declined by
drought treatment in both genotypes and that of
flavonoids in ‘Homa’ (Table 3). Se treatment
increased consistently concentrations of all leaf
pigments. Compared with —Se treatment, the effect
of Se application was much more pronouncedly
observed for leaf anthocyanins under both well-
watered and drought conditions being about 2.2
and 3.5 folds higher in ‘Homa’ and ‘Sara’,

respectively. Se affected also significantly Chl a, b
in ‘Homa’ and flavonoids in ‘Sara’ (Table 3).

Leaf Chl fluorescence parameters were affected by
drought condition particularly in ‘Homa’ (Table 4).
Maximum (F,/F,,) and actual (F"/F",) efficiency of
PSII and electron transport rate (ETR) were
significantly lowered by drought stress in ‘Homa’.
Se treatment increased significantly F,/F,, and ETR
as well as non-photochemical quenching (¢gN) in
‘Homa’ under drought stress (Table 4).

Table 3: Concentration of leaf pigments (mg g' FW) in two wheat genotypes grown under control (100 % FC) and
drought (20 % FC) conditions in the absence (—Se) or presence (+Se) of Se (15 pg Se L' as Na,SeO,) for 10
weeks in greenhouse.

Chl a Chl b Car Anthocyanins Flavonoids
Treatments < .
Homa
Control € 1.66+0.32 ° 0.81+0.05° 0.50+0.08* 7.98+1.46 % 5.65+0.44°
+Se 2.29+0.30° 0.94+0.05* 0.52+0.07* 9.7842.75° 5.87+0.34°
Drought —Se 2.3140.11° 0.98+0.07* 0.57+0.03* 2.30i1.3oz 3.78i0.082
+Se 2.5340.18° 1.05+0.06* 0.60+0.05* 5.28+1.28" 4.88+0.24
‘Sara’
Control € 2.06i0.30bb 0.88+0.05" 0.46+0.08* 9.3542.83" 3.10i0.14z
+Se 2.1340.19" 0.93+0.02* 0.49+0.04° 18.0+2.53° 4.51+0.24
Drought —Se 2.25ﬂ:0.21(ab 0.90+0.07* 0.53+0.06 4.01ﬂ:1.35‘jb 4.21i0.33f’
+Se 2.55+0.17° 0.98+0.08* 0.57+0.05 13.89+3.74 % 5.50+0.07 2

Data of each column within each genotype indicated by the same letter are not statistically different (P<0.05)
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Table 4: Chlorophyll fluorescence parameters: F,/F, (maximum quantum efficiency of PSII), F'/F", (excitation
energy capture of PSII), gP (photochemical quenching), gN (non-photochemical quenching) and ETR (electron
transport rate) in two wheat genotypes grown under control (100 % FC) and drought (20 % FC) conditions in the
absence (—Se) or presence (+Se) of Se (15 pug Se L™ as Na,SeOy) for 10 weeks in greenhouse.

Treatments {TV/F’" > £ Ui N ETR
Homa
Control  ~S¢ 0.86+0.00° 0.75+0.00° 0.99+0.02° 0.07i0.04‘; 124+3°
+Se 0.86+0.00* 0.76+0.01° 0.984+0.03* 0.09+0.02 125422
Drought —Se 0.84i0.01? 0.72ﬂ:0.022 0.99+0.01° 0.12i0.08? 117i3f’
+Se 0.86+0.01 0.72+0.01 0.984+0.01° 0.25+0.05° 120432
‘Sara’
Control  —S¢ 0.86+0.01° 0.73+0.01° 0.98+0.02° 0.15+0.03 122ﬂ:23b
+Se 0.87+0.01° 0.7440.01° 0.954+0.03* 0.20+£0.02* 118+5*
Drought —Se 0.85+0.02% 0.7240.01° 0.95+0.02° 0.16+0.03% 117ﬂ:22b
+Se 0.85+0.02* 0.7240.01° 0.9840.01° 0.21£0.04* 11542

Data of each column within each genotype indicated by the same letter are not statistically different (P<0.05)

Four weeks after starting treatments, a significant
reduction of stomatal conductance was observed
only in ‘Homa’. Expectedly, transpiration rate was
also lowered by drought stress but these changes
were mnot statistically significant. In contrast,
reduction of net photosynthesis rate by drought
stress was significant in both genotypes (Table 5).

Se treatment in well-watered plants increased
stomatal conductance, transpiration and
photosynthesis rates in ‘Homa’ while decreased the
latter parameter in ‘Sara’. In drought-stressed
plants Se application caused reduction of net
assimilation rate in both genotypes (Table 5).
Under long-term (6 and 8 weeks) drought stress,
however, stomatal conductance and transpiration
rates were significantly lowered in both genotypes.
Se application increased all gas exchange
parameters slightly or significantly in both
genotypes. Eight weeks after starting treatments,
leaf photosynthesis rate was increased by Se up to
23 % and 120 % in drought-stressed ‘Homa’ and
‘Sara’, respectively (Table 5). Gas exchange
parameters under field conditions responded in the
same way as observed in the pot experiment (Table
6).

Stomatal conductance was significantly lowered by
drought stress in both young and flag leaves. A
significant reduction of transpiration rate under
drought stress, however, was observed only in the
young and flag leaves of ‘Sara’. Se-treated plants
had higher stomatal opening and transpiration rate
particularly in the flag leaves and two application
levels of Se did not differ in this regard. Net
assimilation rate was affected by both drought and
Se treatments more pronouncedly than other two
parameters. Both young and flag leaves had lower
photosynthesis rate under drought irrespective to
the level of Se treatments. In turn, Se application
resulted in significantly higher photosynthesis
under both watering treatments and in both
genotypes. In contrast to stomatal conductance and
transpiration rate, effect of higher Se concentration
(60 g ha) on the elevation of photosynthesis was
greater than that of lower Se concentration (20 g
ha™) (Table 6). Furthermore, the extent of Se effect
on the increases in leaf photosynthesis of drought-
stressed plants was higher under field conditions
and reached up to 162 % and 179 % in the young
leaves and 191 % and 202 % in the flag leaves of
‘Homa’ and ‘Sara’, respectively.
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Table 5: Gas exchange parameters including net assimilation rate (4, pmol m? s™), transpiration rate (E,
mmol m~ s™) and stomatal conductance (g,, mol m” s™) in two wheat genotypes grown under control (100 % FC)
and drought (20 % FC) conditions in the absence (—Se) or presence (+Se) of Se (15 pug Se L as Na,SeO,) at

three measurement intervals in greenhouse.

A E s A E s
Treatments ‘Homa’ ‘Sara’
4 weeks after starting treatments
Control | ~S€ 13.71i0.91? 2.08i0.7of’ 0.50+0.09° 15.09ﬂ:0.022 1.42io.o9f’ 0.23i0.16?
+Se  15.80+£0.45%  4.70£0.26°  0.58+0.13°  12.81+0.30° 2.58+0.14° 0.70+0.18°
Drought —Se 11.96i0.3%° 1.4240.27% 0.26i0.05‘; 11.06io.33d° 1.43i0.63: 0.14ﬂ:0.05:
+Se  7.79+0.18"% 0.81+0.22°  0.10+0.04 9.08+0.56 1.16+0.40°  0.21+0.08
8 weeks after starting treatments
Control € 15.69+0.18° 1.58+0.11%  1.33+0.05°  10.33%0.30° 1.19+0.11° 1.77%0.24°
+Se  18.04+0.45° 1.60£0.15%  1.41+0.17%  12.524024% 1.57+0.06° 1.91+0.12°
Drought —Se  8.61+0.49¢ 0.93i0.05bb 0.9010.21*’b 9.91ﬂ:0.48°b 0.86+0.02 ° 0.38i0.09:
+Se  10.75+0.69¢  0.98+0.05%  1.24+0.19%®  11.24+0.52° 0.91+0.04° 0.57+0.08
10 weeks after starting treatments
Control | ~S€ 16.70£0.54°  1.5240.34™  1.49+0.14%® 8.85+0.13°  1.43+0.36% 1.94io.682
+Se  19.02+0.36° 1.7240.48  2.06+0.18*  13.01£0.45° 1.99+0.33%  2.44+0.56
Drought —Se  5.86+0.13¢ o.92¢o.o4z 0.67i0.14z 2.14+0.20¢ 0.78i0.11; 0.10i0.03;
+Se  7.20+0.44°  0.97+0.06 0.91+0.17 471+0.44¢  0.93+0.19%  0.11+0.06"

Data of each column within each measurement intervals indicated by the same letter are not statistically different

(P<0.05

Table 6: Gas exchange parameters including net assimilation rate (4, pumol m™ s™), transpiration rate (E,
mmol m? s™) and stomatal conductance (g,, mol m? s) in the young and flag leaves in two wheat genotypes
grown under control (well-watered) and drought stress conditions without (—Se) or with two levels of foliar-
applied Se (Se;: 20 g ha™ and Se,: 60 g ha™) (as Na,SeOy) under field conditions.

A E g A E g
Treatments ‘Homa’ ‘Sara’
Young leaf
—Se  843+0.39°  1.55£0.90®  0.35+0.04° 8.48+0.36° 1.21£0.17%®  0.4240.15®
Control  Se;  11.95+0.38° 1.86+0.37°  0.55+0.17° 13.14+0.72°  1.51£0.62°  0.61+0.10°
Se,  15.27+0.82* 1.5140.66™  0.42+0.15° 15.98+0.66*  1.04+£0.12%  0.43+0.13 %
—Se  1.62+0.327  0.39+£0.07°  0.07+0.01 ° 1.88+0.06°¢ 0.44+0.10°  0.23+0.15°
Drought Se;  2.610.17°  0.81+0.41%  0.09+0.04° 2.97+0.38°  0.53£0.09°  0.30+0.19®
Se, 42540259  0.84+0.48%  0.14+0.02° 5.244+0.80%  0.68+0.09%  0.22+0.09°
Flag leaf
—Se  9.75+0.19°  0.71+0.06°  0.19+0.01" 9.95+0.17°¢ 0.65+0.09°  0.24+0.05°
Control ~ Se, 12.040.12°  1.08+0.24™  0.31+0.12% 15.6£0.21°  0.94+0.08°  0.49+0.16°
Se,  14.9+0.54®  1.15+0.25%  0.34+0.08° 17.3£0.11°  0.91+£0.09°  0.48+0.14°
—Se  1.51+0.177  0.77£0.20°  0.06+0.03° 1.7540.15°" 0.26+0.00°  0.06+0.01°
Drought Se;  3.55+0.22°  1.13+0.39*®  0.09+0.02°¢ 4.40+0.05°¢ 0.54+0.08°  0.14+0.03°
Se,  4.414031¢  1.56+0.11%  0.12+0.02° 52840429  0.70+0.07°  0.2440.05°

Data of each column within each type of leaf indicated by the same letter are not statistically different (P<0.05)

Soluble protein concentration in the shoot was
decreased slightly by drought treatment in ‘Homa’
while increased significantly in ‘Sara’ (Fig. 1A). In
the roots, both genotypes had higher soluble
proteins under drought conditions. Se treatment
increased consistently soluble protein

182 Acta agriculturae Slovenica, 105 - 2, september 2015

concentrations in the shoot and roots of both
genotypes being significant in ‘Homa’ under
drought and in ‘Sara’ under well-watered
conditions (Fig. 1A).
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Similar with soluble proteins, shoot concentration
of free amino acids decreased upon drought
treatment in ‘Homa’ while increased significantly
in ‘Sara’ (Fig. 1B). In the roots of both genotypes
higher free a-amino acids concentration was found
in drought-stressed plants compared with well-
watered ones. Effect of Se treatment depended on
the plant organ, it resulted in slightly lower free
amino acids concentration in the shoot while the
opposite was observed in the roots that was
significant in drought-stressed plants (Fig. 1B).

Expectedly, concentration of free proline was
higher in the plants exposed to drought stress (Fig.
1C). This effect was more pronouncedly observed
in ‘Homa’ compared with ‘Sara’ in both shoot and
roots. Se effect on the shoot proline concentration
of drought-stressed plants, however, differed
between two genotypes. It decreased proline
concentration of drought-stressed plants in ‘Homa’
whereas increased it in ‘Sara’. In the roots, in
contrast, both genotypes responded similarly to Se
application as slightly or significantly lower
proline concentration (Fig. 1C).
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Figure 1: Concentration of soluble proteins (A) (mg g FW), total free a-amino acids (B) (umol g FW) and proline
(C) (nmol g FW) in the leaves (above of the horizontal lines) and roots (below of the horizontal lines) of two
wheat genotypes grown under control (100 % FC) and drought (20 % FC) conditions in the absence (—Se, open
bars) or presence (+Se, closed bars) of Se (15 ug Se L as Na,SeO,) for 10 weeks in greenhouse. Data of each
column within each genotype indicated by the same letter are not statistically different (P<0.05)
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Concentration of soluble carbohydrates increased
consistently by both drought stress and Se
treatments in both genotypes in the shoot and roots
(Fig. 2A). This led to the highest amount of soluble
sugars in drought-stressed plants supplemented
with Se. Root’s concentration of starch showed the

40 -

same pattern of changes in the soluble sugars
concentration in response to the treatments. In the
shoot, however, starch concentration was not
affected by drought in both genotypes and
increased by Se application only in ‘Homa’ under
well-watered conditions.
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Figure 2: Concentration (mg g’ FW) of soluble sugars (A) and starch (B) in the leaves (above of the horizontal
lines) and roots (below of the horizontal lines) of two wheat genotypes grown under control (100 % FC) and
drought (20 % FC) conditions in the absence (—Se, open bars) or presence (+Se, closed bars) of Se (15 pg Se L™
as Na,SeOy) for 10 weeks in greenhouse. Data of each column within each genotype indicated by the same letter

are not statistically different (P<0.05).

Expectedly, leaf and root osmotic potentials
decreased by drought stress in both genotypes (Fig.
3A). Effect of drought on reduction of roots
osmotic potential was more pronounced in ‘Homa’
than ‘Sara’. Se-treated plants had consistently
higher leaf osmotic potential that was significant in
‘Homa’ under drought and in ‘Sara’ under well-
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watered conditions. Surprisingly, Se effect on the
root osmotic potential was the opposite of that
observed for the shoot. A significant effect of Se
on declining root osmotic potential was observed
in ‘Homa’ grown under drought conditions (Fig.
3B).
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Figure 3: Leaf (A) and root (B) osmotic potentials (MPa) in two wheat genotypes grown under control (100 % FC)
and drought (20 % FC) conditions in the absence (—Se, open bars) or presence (+Se, closed bars) of Se (15 pug Se
L' as Na,SeO,) for 10 weeks in greenhouse. Data of each column within each genotype indicated by the same

letter are not statistically different (P<0.05)

Leaf RWC increased significantly by Se
application in ‘Homa’ wunder well-watered
conditions and in ‘Sara’ under drought stress.
Instant WUE declined under drought conditions in
both genotypes and in greenhouse and field
experiments. Se treatment, however, increased this
parameter slightly or significantly, under both
watering treatments (Table 7).

Leaf concentration of K was lower in drought-
stressed plants while that of Ca increased under
these conditions in both genotypes. However,

effect of drought on K concentration was not
significant in ‘Sara’ (Table 8). Se application did
not change K and Ca concentration in the leaves.
In contrast to K and Ca, concentration of P in
‘Homa’ did not respond to drought while it was
higher at higher Se application level (60 g ha™)
under both watering regimes. In ‘Sara’, however,
Se did not affect significantly P concentration of
leaves while it was slightly lower in drought-
stressed plants compared with well-watered ones
(Table 8).
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Table 7: Relative water content (RWC%) and instant water use efficiency (WUE, photosynthesis rate: transpiration
rate) in two wheat genotypes grown under control or drought conditions in the absence (—Se) or presence (+Se) of

added Se.
RWC WUE" WUE"™ RWC WUE" WUE™
Treatments - . P >
Homa Sara
Control  —S€ 78.9+1.53°  10.67£1.25™  6.49+1.52° 84.7+1.35*  6.24+0.98° 7.07+0.76°
+Se 80.6+1.94%  11.11x1.98*  11.59+2.67* 86.1£1.09*°  6.61+0.42° 15.47+1.77°
Drousht ¢ 75.1£0.74°  6.31+£0.98 ¢ 4.18+0.18° 70.9£1.61°  2.71+0.81°  4.53+1.45°
et g 77.0£1.92%  7.41£1.82  6.02£1.21° 75.061.94°  5.11£0.70* 7.86+1.78"

Data of each column indicated by the same letter are not statistically different (P<0.05)
* Measured or calculated for plants grown in greenhouse 10 weeks after starting treatments
** Calculated for young leaves of plants grown in field at Se level of 60 pg ha-1

Table 8: Concentration (mg g’ DW) of K, Ca and P in the leaves of two wheat genotypes grown under control
(well-watered) and drought conditions without (—Se) or with two levels of foliar-applied Se (Se;: 20 g ha™ and

Se,: 60 g ha™) (as Na,SeO,) under field conditions.

K Ca P K Ca P
Treatments " . " "
Homa Sara
—Se 165+12°2 4.82+0.53° 0.56:024°  195+16° 5.33+0.989 0.78+0.20°
Control  Se, 165+13% 4.96+0.89° 0.58+0.10°  181£10%®  7.39+0.86°  0.65+£0.13%
Se, 178+192 491+0.52°  1.08£0.33%  183+12%  5.52+0.80¢ 0.65+0.08 ®
—Se 128+18° 837+131° 0.35+0.03° 171=x11%® 10.6+1.73%  0.41+0.08°
Drought  Se; 128+15° 9.48+1.92% 0.37+0.08 °  163+17° 12.841.25°  0.43+0.11°
Se, 132+2° 7.82+1.76* 1.16+0.11 *  167+4° 17.242.58* 0.49+0.04°

Data of each column indicated by the same letter are not statistically different (P<0.05)

4 DISCUSSION

4.1 Effect of drought and Se application on
plants biomass

Plants biomass was significantly influenced by
drought stress under both greenhouse and field
conditions. The comparison of two genotypes
showed that ‘Sara’ was more susceptible to
drought stress compared with ‘Homa’ considering
vegetative and reproductive stages. It was
consistent with the instruction of providing
institute on the ranking of drought tolerance in
these genotypes. Beside the loss of cell turgor and
reduction of cell expansion, the main mechanism
reduce crop yield under drought conditions is
lowered canopy absorption of photosynthetically
active radiation following prolonged stomatal
closing (Farooq et al., 2009). Reduction of seed
yield and weight under drought, in turn, is related
to both source and sink limitations. Apart from
source  limitation due to reduction of
photosynthesis and limited sucrose export to the
reproductive sinks, lower capacity of developing

186 Acta agriculturae Slovenica, 105 - 2, september 2015

seeds to utilize the incoming assimilates and
enhanced endogenous abscisic acid concentration
are potential factors contributing to reduction of
seed yield and weight under drought (Farooq et al.,
2009).

Under well-watered conditions, Se application
increased vegetative biomass of both genotypes in
greenhouse. Effect of Se under field conditions,
however, was significant only in ‘Homa’ and for
vegetative but not reproductive growth parameters.
Se at 20 g ha” could be regarded as optimum
concentration because higher level (60 g ha™) did
not improve significantly the vegetative growth
and reduced slightly reproductive growth
parameters. Root diameter was significantly higher
in Se-treated plants under well-watered and
drought conditions. It has been demonstrated that
larger diameter roots would confer drought
resistance because they have greater xylem vessel
radii and lower axial resistance to water flux, with
great penetration ability (Gowda et al., 2011).
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Higher P (and partly K) concentration at higher Se
application level (60 g ha') resulted likely from
Se-mediated changes in the root morphology
(length and diameter) that improved uptake of
nutrients particularly those with higher dependency
to spatial availability.

4.2 Effect of drought and Se application on leaf
pigments, photochemistry and gas exchange

Leaf concentrations of Chl (significantly) and Car
(slightly) was higher in drought-stressed plants
obviously because of a concentration effect
following higher reduction of leaf weight and area
but less destruction of Chl and Car. Reduction of
leaf Chl concentration and damages to chloroplasts
occur under drought stress when particularly
associated with higher light intensity (Hajiboland,
2014). In our greenhouse experiment, drought
stress in the absence of higher light intensity, was
likely not effective for a high generation rate of
reactive oxygen species, chloroplasts damages and
Chl destruction.

Nevertheless, anthocyanins and  flavonoids
concentrtaions rather decreased under water
deficiency conditions. It implies that effect of leaf
desiccation on the anthocyanins and flavonoids
synthesis was much more than that for Chl and
Car.

The most prominent effect of Se on leaf pigments
was observed for anthocynainns and flavonoids.
Accumulation of anthocyanins is believed to
protect the cellular structures from oxidative
damage (Wahid and Ghazanfar, 2006). Plant
tissues containing anthocyanins are usually tolerant
to drought (Ichikawa et al., 2001). This protection
is related to the superoxide radical scavenging
activity of anthocyanins (Ichikawa et al., 2001) and
their ability to stabilize the water potential
(Chalker-Scott, 2002). The contribution of
flavonoids to the antioxidant defense capacity of
plants and its relevance in plant responses to
drought have been widely accepted (Fini et al.,
2011). Evidences showed that flavonoids constitute
a secondary free radicals-scavenging system in
plants exposed to severe and prolonged stress
conditions (Fini et al., 2011).

In contrast to growth parameters, leaf
photochemical parameters were affected adversely
by drought in ‘Homa’ but not in ‘Sara’. The

preservation of Chl fluorescence parameters in
‘Sara’ under drought conditions indicated that
photochemical events conserved their normal
activities in this genotype. Reduction of optimal
photochemical efficiency of PSII in dark-adapted
leaves (F,/F,) and excitation capture efficiency of
light-adapted leaves (F'/F',) both indicated
occurrence of photoinhibition and damage to PSII
in ‘Homa’. Environmental stresses such as drought
and salinity reduce the activity of the Calvin cycle
directly or indirectly, and result in a decline of
NADP" regeneration, thus, over-reduction of the
electron transport chain and photoinhibition and
dames to the photosystems (Hajiboland, 2014;
Noctor et al., 2014). Amounts of F,/F,,, F'/F', and
ETR under drought conditions was completely
returned by Se application to its control levels in
‘Homa’. In addition, higher non-photochemical
quenching (¢N) in drought-stressed plants due to
Se application observed in this study implied
elevation of capacity for dissipation of excess
absorbed energy as heat and thus more protection
of photosynthetic apparatus (Miiller et al., 2001).

Stomatal conductance was decreased significantly
4 weeks after imposing drought in ‘Homa’ leading
to lower transpiration rate in this genotype. This
effect, however, was less pronouncedly observed
in ‘Sara’ without reduction of transpiration rate. In
the two following measurement intervals in
greenhouse and field experiment, however, both
genotypes showed similar reduction of stomatal
conductance and transpirational water loss.
Stomatal closure is a fast response of plants to
water deficit allowing reduction of the
transpiration rate and conservation of relative
water content (Zhou et al., 2013). Reduction of
stomatal conductance under drought decreased net
assimilation rate that was significant at all
measurement intervals in the greenhouse
experiment and in both leaf types in the field
experiment. In addition, reduction of CO,
availability for photosynthetic dark reactions may
result in generation of excess excitation energy
under drought conditions and causes damages to
photosynthetic apparatus (Hajiboland, 2014) that
was also reflected in Chl fluorescence parameters
in this work.

Se treatment influenced gas exchange parameters

more prominently than photochemical events. In
general, stomatal conductance, transpiration rate
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and particularly net assimilation rates were higher
in Se-treated plants compared with plants without
Se under both watering regimes. A significant
elevation of net assimilation rate may explain
growth improvement by Se not only under drought
but also under well-watered conditions. Higher
ability for CO, fixation increases plants capability
for dry matter production under well-watered and
for osmolytes accumulation under drought
conditions. = However, significantly = higher
photosynthesis rate at 60 g ha” compared with
application of lower Se (20 g ha) in well-watered
plants was not associated with higher vegetative or
reproductive growth parameters. Similarly, an
elevated photosynthetic rate up to 3 fold did not
result in significantly higher biomass in drought-
stressed plants. Lack of a close relationship
between photosynthesis rate and plants growth
under both watering regimes suggested that there
were some limiting factors e.g. low nutrients
availability, which prevent maximum response of
dry matter production to added Se.

Mechanisms for Se-mediated increase in
photosynthesis rate have not been studied in detail.
Possible effect of Se on the H'-pumping and K"
currents in stomatal cells has not been
characterized so far. In addition, non-stomatal
mechanisms are also likely involved in the Se
effect on photosynthesis. Through proteomic
analysis, it was revealed that primary metabolism,
photosynthesis and redox homeostasis are the most
highly affected biological processes by Se
treatments (Wang et al., 2012). Effect of Se on the
activation of fructose 1,6 bisphosphatase in alfalfa
(Owusu-Sekyere et al., 2013) and a concomitant
activation of NOs; and CO, assimilation rate in
wheat (Hajiboland and Sadeghzadeh, 2014) have
been previously reported.

4.3 Effect of Se application and drought on the
organic osmolytes

Increases in soluble proteins in both leaves and
roots of Se-treated plants under both watering
regimes that was associated with lower free o-
amino acids in the leaves (but not in the roots) may
imply depletion of amino acids pool following
elevated protein synthesis by Se in the leaves. Lack
of such depletion in the roots may be attributed to
higher nitrate uptake and assimilation exceeding
the requirement for protein synthesis in this organ.
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Our previous study showed that Se-treated plants
have higher nitrate uptake and nitrate reductase
activity being much more pronounced in the roots
compared with the leaves (Hajiboland and
Sadeghzadeh, 2014). Higher concentrations of
soluble proteins and free amino acids under
drought observed here may confer higher osmotic
adjustment capacity and protect cell structures
against desiccation (Krasensky and Jonak, 2012).

Proline concentration was expectedly higher in
drought-stressed  plants whereas Se effect
depended on plants organ and genotype. In the
roots of both genotypes, Se treatment did not cause
accumulation of proline despite lower root osmotic
potential. It has been stated that, lower proline
accumulation is mainly a reflection of an increased
salt resistance in plants, i.e. less injury (Lutts et al.,
1999). Here lower proline content of Se-treated
plants under drought suggests that they were less
strained due to some ameliorating mechanisms. In
the leaves genotypic difference was observed in
proline accumulation in response to Se. In another
study, drought-stressed wheat had higher leaf
proline concentration when exposed to Se (Yao et
al., 2009).

Desiccation-induced accumulation of soluble
sugars observed in this work is a well-known
response that is either the result of increased
partitioning of photoassimilates to the synthesis of
free sugars and/or enhanced starch degradation
(Lee et al., 2008). Free soluble carbohydrates are
effective compounds in osmotic homeostasis,
protection of membranes and cell structures against
dehydration and have free radicals scavenging
activity (Niedzwiedz-Siegien et al., 2004). Se-
mediated accumulation of soluble sugars and
starch has previously been reported in lettuce
(Pennanen et al., 2002) and potato (Turakainen et
al., 2004). However, effect of Se application on
this parameter under different water supply level
and its role in drought tolerance has not been
investigated so far. In this work, Se treatment
increased concentration of soluble sugars in both
leaves and roots of well-watered and drought-
stressed plants. It may be primarily attributed to
the higher photosynthesis and CO, assimilation.
This suggestion is confirmed by concomitantly
higher starch concentration of Se-treated plants
that in turn, excludes the contribution of starch
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degradation to the increased concentration of
soluble sugars upon Se application.

4.4 Effect of Se application and drought on
water relation parameters

Se treatment increased leaf osmotic potentials
while decreased it in the roots. Such differential
effect of Se on leaf and root osmotic potentials
may be resulted from higher root-shoot water
transport that could be related in turn, to higher
root hydraulic conductivity in Se-treated plants.
Root-to-leaf conductance declines during drought
and have the greater influence under transpirational
conditions compared with soil-to-root component
of water pathway (Sperry, 2000). Much of the
decline in root-to-shoot hydraulic conductance
could be explained by xylem cavitation under
drought (Sperry, 2000). Regarding changes in the
root morphology and increase in the ratio of thick
roots in the wheat plants of this study under Se

treatment it could be speculated that hydraulic
conductivity of whole root system was higher in
Se-treated plants likely because of higher diameter
of xylem conduits in the thick roots as was
observed in the tick roots of rice (Gowda et al.,
2011). To our best knowledge, there is no
published work on the changes in water relation
parameters as affected by Se in drought-stressed
plants. Thus, comparison of our results with other
works was not possible. Regardless of mechanism,
elevation of leaf osmotic potential upon Se
treatment may contribute significantly to the
maintenance of biochemical reactions under
drought. Lower root osmotic potential, in turn, may
allow plants to take up water more efficiently from
dry substrate. This parameter together with greater
root diameter plays likely important roles for
improvement of water uptake capacity in Se-
treated plants.
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ABSTRACT

Allelopathy is one of the important interactions among plants.
Weeds can reduce crops productions in farms by their
allelopathic effects. Redroot pigweed (Amaranthus retroflexus
L.) is the most common weed in Iran with well-known
allelopathic potential. In the presented experiment, the
allelopathic effects of redroot pigweed on germination and
growth of four important crop species including cucumber
(Cucumis sativus L.), alfalfa (Medicago sativa L.), common
bean (Phaseulus vulgaris L.) and bread wheat (Triticum
aestivum L.) was studied. The effect of different
concentrations of redroot pigweed leachate on seed
germination and seedlings growth parameters of tested plants
was significant, but not same in all studied species. Bread
wheat and cucumber were more resistance in seed germination
stage in comparison to common bean and alfalfa. Except
alfalfa, all plant species showed certain rate of resistance in
the most measured parameters. According to the obtained
results, bread wheat and common bean were the most resistant
species, cucumber was resistant at low concentration but
sensitive at high concentration, and alfalfa was the most
sensitive species to the redroot pigweed leachate treatments.
Therefore, the cultivation of resistant plant species (such as
bread wheat and common bean plants) in the regions with
redroot pigweed’s invasion is appropriate way in management
of the farms.

Key words: allelopathy, redroot pigweed, resistance, crop
species, leachate concentration

IZVLECEK

ALELOPATICNI UCINEK NAVADNEGA SCIRA
(Amaranthus retroflexus L.) NA KALITEV IN RAST
KUMAR, LUCERNE, NAVADNEGA FIZOLA IN
KRUSNE PSENICE

Alelopatija je ena izmed najpomembnejSih interakcij med
rastlinami. Pleveli lahko zmanj$ajo pridelek zaradi njihovih
alelopati¢nih ucinkov. Navadni §¢ir (Amaranthus retroflexus
L) je v Iranu najpogostejSi plevel z dobro znanim
alelopati¢nim ucinkom. V tej raziskavi smo preucevali
alelopatski ucinek navadnega §Cira na kalitev in rast Stirih
pomembnih kulturnih rastlin in sicer kumar (Cucumis sativus
L.), lucerne (Medicago sativa L.), navadnega fiZola
(Phaseulus vulgaris L.) in krusne pSenice (Triticum aestivum
L.). U¢inek razli¢nih koncentracij izvlecka navadnega §¢ira na
kalitev in rastne parameter preiskuSevanih rastlin je bil
znalilen toda ne enak pri vseh rastlinah. Krusna pSenica in
kumare so bile bolj odporne na stopnji kalitve v primerjavi s
fizolom in lucerno. Z izjemo lucerne so vse preiskusene vrste
pokazale dolo¢eno odpornost pri vseh merjenih parametrih.
Glede na rezultate te raziskave sta se krusna pSenica in
navadni fizol izkaza kot najbolj odporna, kumare so bile pri
manj$ih koncentracijah ekstrakta navadnega $¢ira odporne, a
obcutljive pri velikih koncentracijah. Lucerna je bila najbolj
obcutljiva na izloCke navadnega $¢ira pri vseh obravnavanjih.
Na osnovi dobljenih rezultatov priporo¢amo kmetovalcem na
obmocjih z ve¢jim pojavljanjem navadnega $¢ira gojenje nanj
odpornih rastlin kot sta krusna psSenica in navadni fizol.

Klju¢ne besede: alelopatija, navadni $Cir, odpornost,
kmetijske rastlines, koncentracije
izvleckov
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1 INTRODUCTION

Farmers have realized long-time ago that in
addition to cultivated crop species, specific plants
are growing in agricultural land called weeds
(Dhole et al., 2011; Salehian and Eshaghi, 2012;
Modhej et al., 2013). In addition to reduction of
resources available to crop species (competition),
allelochemical compounds produced by weed may
also affect plants growth (allelopathy) (Shahrokhi
et al., 2011; Modhe;j et al., 2013; Konstantinovi¢ et
al., 2014). Allelopathy is one of the most important
interactions between plants (Amini et al., 2012;
Amini, 2013; Konstantinovi¢ et al., 2014), which
occurs via production of certain compounds called
allelochemicals, mainly a subset of secondary
metabolites (Khan et al., 2010; Amini et al., 2012;
Soltys et al.,, 2013). Plants can release these
compounds into the environment by different ways
such as leaching the allelopathic materials from the
shoot by rainfall, releasing volatile phytotoxic
compounds from plant’s green parts, releasing
phytotoxic compounds from decomposed plant
material and eventually, releasing phytotoxic
compounds by the root exudates (Weir et al., 2004;
Terji, 2008; Amini et al., 2012; Soltys et al., 2013).
Almost 250 weed species that have invaded farms
have been identified which have the potential to
produce allelopathic compounds (Shahrokhi et al.,
2011). Although many species from the genus
Amaranthus are weeds, the redroot pigweed
(Amaranthus retroflexus L.) is the most famous
with the well-known allelopathic effects (Costea et
al., 2004; Shahrokhi et al., 2011; Shahrokhi et al.,
2012; Konstantinovi¢ et al.,, 2014). Moreover
redroot pigweed is a common weed in Iran and can
be seen frequently on agricultural lands (Shahrokhi

et al., 2011; Shahrokhi et al., 2012). This plant is
one of the main components of desert and semi-
desert’s flora (Lamonico, 2010; Duretto and
Morris, 2011) and expansion from Iran in the
desert belt of the world could be the reason of its
high distribution in this country. Redroot pigweed
is summer annual C, species with high biological
potential and can produce a lot of seeds
(Lamonico, 2010; Duretto and Morris, 2011;
Amini et al., 2012; Shahrokhi et al., 2012). It is
one of the few resistant plants to several
herbicides, including atrazine, simazine,
imazethapyr, thifensulfuron, and linuron (Costea et
al., 2004; Sarabi et al., 2011).

Many researchers have reported the allelopathic
effects of redroot pigweed on different crops
(Shahrokhi et al., 2011; Tejeda-Sartorius et al.,
2011; Amini et al.,, 2012; Dogaru et al., 2012;
Mlakar et al.,, 2012; Namdari et al., 2012;
Shahrokhi et al.,, 2012; Konstantinovi¢ et al.,
2014). Nodaway, several allelic compounds such
as aldehydes, alkaloids, apocarotenoids,
flavonoids, steroids, xyloids, chlorogenic acid and
saponins have been identified from amaranth
residues (Shahrokhi et al., 2011; Shahrokhi et al.,
2012).

The recent study was carried out in order to
evaluate the allelopathic effects of different
leachate concentrations of redroot pigweed on
germination and growth of some important and
common crop species in Iran in order to determine
their sensitivity and resistance to chemicals
produced by redroot pigweed.

2 MATERIALS AND METHODS

2.1 Experimental design and treatments

The experiment was conducted as factorial based
on completely randomized design (CRD) with 3
replications. Experimental factors were crop
species at four levels including cucumber
(Cucumis sativus ‘Basmen;j’), alfalfa (Medicago
sativa ‘Hamedan’), common bean (Phaseulus
vulgaris ‘Dorsa’) and bread wheat (Triticum
aestivum ‘Pishgam’) and different concentrations

194 Acta agriculturae Slovenica, 105 - 2, september 2015

of redroot pigweed leachate (5 % and 10 %).
Double distilled water was considered as control.

2.2 Sampling and plant extract preparation

Redroot pigweed fresh material including root,
stem, leaf and flower was collected from crop
fields of Khosroshahr (East Azerbaijan, Iran) and
powdered after air drying under lab conditions. For
leachate preparation, 10 grams of powdered
material were suspended in100 ml double distilled
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water and mixed for 24 hours by a horizontal
rotary shaker for producing uniform suspension
(Shahrokhi et al.,, 2011; Mlakar et al., 2012;
Shahrokhi et al., 2012). Suspension was filtered
using two layers of sterile cheese cloth and this
filtrate was considered as leachate. Furthermore,
leachate 5 % was prepared by dilution of leachate
10 % using double distilled water.

2.3 Plant culture and bioassay tests

For evaluation of the allelopathic effect of weed
extracts on germination and growth of cucumber,
alfalfa, common bean and bread wheat seeds were
disinfected using 1 % (v/v) sodium-hypochlorite
solution for 5 minutes and washed sufficiently
using sterile distilled water. Ten seeds of each
species were placed in Petri dishes containing
sterile filter paper and 5 ml of leachate with
appropriate concentration were added. Control
seeds were moistened with 5 ml of sterile double
distilled water. Petri dishes were sealed with
parafilm for prevention of pollution and water
evaporation and transferred to darkness. After 2
days all germinated seeds were transferred to
climate chambers with controlled conditions (25-
30 'C, 16/8 (light/dark) photoperiod and relative
humidity of 60 %). The percentage of germinated

seeds was recorded daily and growth parameters
like seedling length, shoot length, seminal root
length, fresh and dry weight of seedlings were
determined after 7 days. Relative growth rate
(Equation 1) (Tomlinson et al., 2012) and seedling
survival rate (Equation 2) (Kusmana, 2010) were
calculated using following formulae:

, 4y
Equation 1: RGR ==== = 100
FAt

Where RGR is relative growth rate, Ay is growth
amount, At is growth time (day) and y is the
fresh/dry weight of primary tissue or organ.

&
Equation 2: SSR = E % 100

Where SSR is seedling survival rate, A is number
of germinates and B is the number of germinated
seeds.

2.4 Data analysis

The data were analyzed using GLM procedure by
SPSS software (Ver.16) and Tukey’s multiple
range tests was used for mean comparisons at 1 %
probability level.

3 RESULTS

According to statistical evaluation (analysis of
variance), the effect of different concentrations of
redroot pigweed leachate on seed germination
percentage; seedling, shoot and seminal root
length; fresh and dry weight of seedlings and its

interaction with crop species was significant
(p<0.01). However, the effect of different
leachate concentrations on germination and growth
of species was not the same (Table 1).

Table 1: Mean squares of redroot pigweed leachate’s concentrations effect on germination and growth related

characteristics of crop species

Shoot Seminal Seedling Dry Germin.
Source of variation Df Fresh Weight
Length root Length Length Weight Percentage
Treatments 2 3148.0 1647347 31332.8 7 88395.3 7 6706.9 5077.8 "
Species 3 24313 " 2049.7 ™ 10382.9 ™ 1943557 ™ 74284.8 " 34259
Treatments*Species 6 852.1" 1585.8 38352 19268.8 ™ 4578.5 " 848.2 "
Error 24 17.67 46.53 12222 3046.29 844.98 75.0
Coefficient of variation
11.67 18.94 30.70 153.31 80.74 24.05

(%)

**: significant at p < 0.01 by Tukey’s multiple range tests, n =3
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3.1 Seed germination

Except for bread wheat plants, treatment with 5 %
redroot pigweed leachate of led to decrease in seed
germination. The highest reduction was recorded
in alfalfa. Treatment of plants with 10 % redroot
pigweed leachate led to a decrease in seed
germination in all species. Bread wheat and alfalfa
plants showed the lowest and the highest decrease
in seed germination respectively. According to the
results of germination percentage, bread wheat and
cucumber were identified as the most resistant, and

alfalfa and common bean were classified as the
most sensitive plants among studied species
(Figure 1). Daily recording of germination
percentage indicated a delay phase in germination
of treated plants in all species (Figure 2). The
results of these records were also similar to the
germination percentage. On the other hand, bread
wheat plants showed the lowest delay time,
whereas the highest delay time was observed in
alfalfa.

u Control
120 ~

100 -

80 -

60

40 -

20 4

Germination Percentage (%)

Cucumber Alfalfa

5% RPL

110% RPL

Common bean Bread wheat

Figure 1: The effect of different concentrations (5 % and 10 %) of the redroot pigweed’s leachate (RPL) on seed

germination of crop species (n =3, p <0.01).
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Figure 2: Effects of redroot pigweed leachate (RPL, 5 and 10 %) on seed germination of (a) cucumber, (b) alfalfa,
(c) common bean, (d) bread wheat during 7 days after treatment (n =3, p < 0.01).

3.2 Seedling survival rate (SSR)

Only the alfalfa seedling survival rate (SSR)
significantly decreased in plants treated with 5 %
redroot pigweed leachate and other species were
not affected significantly (p < 0.01). Treatment of
10 % redroot pigweed leachate led to considerable
decrease in alfalfa and cucumber seedling survival

rate, while this was not notably affective on bread
wheat and common bean plants. Analysing this
parameter, bread wheat and common bean were the
most resistant, cucumber was relatively sensitive
and alfalfa was the most sensitive plants in

response to the redroot pigweed leachate (Figure
3).
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Figure 3: The effects of different concentrations (5 % and 10 %) of the redroot pigweed’s leachate (RPL) on
seedling survival rate of crop species (n =3, p <0.01).

3.3 Shoot, seminal root and seedling length

Shoot length of cucumber was not notably affected
by treatment with 5 % of redroot pigweed leachate,
but in bread wheat and alfalfa this parameter
decreased significantly (p < 0.01). In common
bean plants shoot length decreased 19.24 % in
comparison with control plants, but was not
significant (Table 2). Significant decrease in shoot
length of bread wheat; cucumber and alfalfa were
observed in plants treated by leachate 10 %. In
common bean plant, this parameter decreased by
27.62 %, but the trend was not significant
(p<0.01) (Table 2). According to the obtained
results, common bean and bread wheat were the
most resistant plants; cucumber was moderately
sensitive and alfalfa was the most sensitive species
to the redroot pigweed leachate, respectively.

In all studied species seminal root length was
significantly shorter in plants treated with 5 % and
10 % leachate of redroot pigweed plant, however,
the difference among plants treated with 5 % and
10 % leachate was only significantly different in
cucumber plant (p <0.01) (Table 2). Therefore,
according to this parameter, common beans and
bread wheat were the most resistant plants;
cucumber and alfalfa were the most sensitive
species to redroot pigweed plant.
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The results of seedling length were similar to the
results of shoot and seminal root length. Common
bean and bread wheat were classified as the most
resistant species, cucumber was moderately
susceptible and alfalfa was the most sensitive
species to redroot pigweed leachate (Table 2).

Redroot pigweed leachate increased shoot/seminal
root length ratio of cucumber, bread wheat and
common bean plants and the ratio was higher in
plants treated with 10 % leachate (Table 2). The
shoot/seminal root length ratio in cucumber,
common bean and bread wheat plants treated with
5 % leachate were 4.21, 2.98 and 3.71 times bigger
than in control plants, respectively. In bread wheat
and common bean plants treated with 10 %
leachate shoot/seminal root length ratio was 6.01
and 8.154 times higher, respectively, when
compared to controls. However, the effect of
redroot pigweed leachate on shoot/seminal root
length ratio and was not significant (p < 0.01).
Considering this parameter, among studied species
bread wheat and common bean can be classified as
the most resistant, cucumber as moderately
susceptible and alfalfa as the most sensitive to
redroot pigweed leachate.
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Table 2: The effect of different concentrations (5 and 10 %) of the redroot pigweed’s leachate on shoot, seminal root

and seedling length (mm) and shoot/seminal root length ratio of crop species (n =3, p <0.01).

Parameters
Plant Species Seminal root Seedling Shoot/ Seminal
Shoot Length
Length Length root

Control 61.07£2.99* 123.79+11.18 181.09+19.04 * 0.494+0.02 °
Cucumber 5% 63.67+2.46 30.99+4.41° 94.68+5.23° 2.081£0.31°

10 % 0.0£0.0° 0.0£0.0 0.0£0.0 © 0.0£0.0 ©
Control 11.46+1.10° 30.28+4.78 ° 41.75+535° 0.383+0.06 *

Alfalfa 5% 0.0£0.0° 0.0£0.0° 0.0£0.0° 0.0£0.0°

10 % 0.0£0.0° 0.0£0.0° 0.0£0.0° 0.0+£0.0°
Control 19.33+0.72 * 41.24+5.93 ¢ 60.57+6.46 ° 0.474+0.06 *
Common bean 5% 15.61+1.64° 11.95+4.04 ° 27.56+5.21° 1.416+0.51*°
10 % 13.99+0.83 * 6.12+3.71° 20.12+2.88"° 2.848+1.86
Control 54.13+10.99 ° 87.65£17.76 141.79+28.69 * 0.617+0.01°
Bread wheat 5% 22.66£1.70 ° 10.15£2.20° 32.81£3.70° 2.285+0.40 ®
10 % 9.12+1.81° 1.89+0.32° 11.02+1.48° 5.031£1.98°

3.4 Fresh and dry weight of seedlings

Both 5 and 10 % leachate leads to significant
decrease in seedling fresh weight of bread wheat,
cucumber and alfalfa plants (p < 0.01). In common
bean seedling fresh weigh decreased up to 34 %,
but the trend was not significant (p < 0.01). Alfalfa
growth was completely inhibited by both
treatments, whereas cucumber growth was only
inhibited with 10 % redroot pigweed leachate
(Table 3). Therefore, according to this parameter,
common beans and bread wheat were the resistant
plants; cucumber and alfalfa were the sensitive
species to redroot pigweed allelopathic effects.

The effect of redroot pigweed leachate on seedling
dry weight of cucumber and alfalfa plants was
similar to its effect on fresh weight. 5 % leachate
stimulated common bean dry weight, but
significant decrease occurred in plants treated with
10 % leachate in comparison with control plants
(p<0.01). However, the effect of leachate on
bread wheat plants dry weight was in contrast and

not significant. On the other hand, leachate of 5 %
reduced and leachate of 10 % stimulated dry
material accumulation in bread wheat plants (Table
3). Considering this parameter, bread wheat is the
most resistance and alfalfa is the most sensitive
species to redroot pigweed leachate.

3.5 Related growth rate (RGR)

Relative growth rate (RGR) varied between studied
species and redroot pigweed leachate treatments
(Table 3). In cucumber, RGR was considerably
decreased, while in bread wheat plants it was
slightly stimulated. Common bean was differently
affected by redroot pigweed leachate. In this plant
RGR was significantly increased (p < 0.01) by 5 %
leachate treatment, whereas 10 % leachate led to
considerable reduction. Considering the results of
this parameter, bread wheat and common bean are
the most resistance, cucumber is moderately
sensitive and alfalfa is the most sensitive species to
redroot pigweed leachate.
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Table 3: The effect of different concentrations (5 and 10 %) of the redroot pigweed’s leachate on fresh and dry
weight of seedlings (mg) and relative growth rate (RGR, 1.day™) of crop species in 7 day after treatment (n = 3,

p<0.01).

Parameters
Plant Species Treatments
Fresh Weight Dry Weight RGR
Control 320.12431.86 ° 31.7245.44 10.05+2.11°
Cucumber 5% 239.27+36.76 ° 24.94+3.08 ° 7.89+0.98 *
10 % 0.0+0.0 0.0£0.0° 0.0£0.0°
Control 25.08+2.69 * 0.64+0.05 ° 4.52+0.36°
Alfalfa 5% 0.0£0.0° 0.0£0.0° 0.0£0.0 ®
10 % 0.0£0.0° 0.0£0.0° 0.0£0.0°
Control 438+32.94° 233.15+16.93 © 13.22+0.96 ®
Common bean 5% 425.44+6.11° 251.16+25.97 14.27+1.47 °
10 % 288.75+86.62 ° 155.01+46.41° 8.79+2.64°
Control 142.33437.37 ° 27.44+1.32° 9.55+0.46 °
Bread wheat 5% 74.82+10.60 ° 26.70+5.77 ° 9.29+2.01
10 % 67.64+2.44° 31.22+1.76° 10.87+£0.62°
4 DISCUSSIONS

In the present study, different concentrations of
redroot pigweed’s leachate caused 6.90-100 %
reduction in seed germination of studied species.
Allelopathic  inhibitory potential of redroot
pigweed was frequently reported in the literatures
(Shahrokhi et al., 2011; Tejeda-Sartorius et al.,
2011; Amini et al.,, 2012; Dogaru et al., 2012;
Mlakar et al., 2012; Namdari et al., 2012;
Shahrokhi et al., 2012; Konstantinovi¢ et al.,
2014). Control of redroot pigweed is not necessary
in natural environments because its populations
have disturbed distribution and displaced by other
plants after several years over natural succession
(Costea et al.,, 2004). Most control methods
documented for this weed are specific to
agricultural systems (Costea et al., 2004; Rosskopf
et al., 2005; Zhang and Mu, 2008; Dogaru et al.,
2012). The use of herbicides as a thin layer on the
surface of soil is one of these methods (Sarabi et
al., 2011; Sodaei zadeh and Hosseini, 2012). The
development of resistant varieties from redroot
pigweed by using herbicides showed that these
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methods were not effective in long time periods
(Costea et al., 2004; Rosskopf et al., 2005; Sarabi
et al., 2011). Also, biological control of redroot
pigweed using insects was ineffective (Costea et
al., 2004; Rosskopf et al., 2005); however, there
are reports on different pigweed species control by
fungi Phomopsis amaranthicola Rosskopf, Charud,
Shabana & Benny. Sp. nov. in field conditions
(Rosskopf et al., 2005). Nowadays, only
cultivation of crop species which are resistant to
redroot pigweed allelochemicals in fields
aggressed with this plant appears to be promising.
The results of this study clearly showed that seed
germination and seedling growth of studied species
were differently affected by redroot pigweed
allelochemicals. According to recorded parameters,
common bean was sensitive in seed germination
but resistant in seedling growth stages. The exactly
contrast responses were observed in cucumber.
However, bread wheat plant was relatively
resistance species in both germination and
subsequent seedling growth phases. Although
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alfalfa slightly germinated in the presence of
redroot pigweed allelochemical but its seedling
growth and development was completely inhibited.
Therefore, this species was the most sensitive
species. The result of germination rate clearly
showed that redroot pigweed can reduce crop
plants seed germination, but the effective time is
different in species. While bread wheat seeds
germination started in first day, in other species
germination showed a delay phase up to 3 days.
Furthermore, seeds germination rate in treated
bread wheat plants was lower in comparison to
control, but the germination rate increased over
time and finally reached to control. Weaker
compensation ability was observed in other

species. Therefore, the allopathic effect of redroot
pigweed on the seeds germination of crops is
higher in short time and compensation capability
was dependent on plant species and leachate
concentration. The effect of redroot pigweed
leachate on seminal root length was higher than
that in shoot lenght. Measurements of other growth
parameters and studying of mechanisms involved
in resistance of these organs can be useful in fine
evaluation of this finding. Also conducting of this
experiment using soil, perlite or hydroponic culture
of plants could lead to reliable results for
evaluation of allopathic effects of redroot pigweed
on crops.

5 CONCLUSIONS

According to the results of presented study, bread
wheat and common bean were the most resistant
species, cucumbers was resistant species at low
redroot pigweed leachate concentration but
sensitive at high concentration, and alfalfa was the
most sensitive species to the redroot pigweed
leachate. Therefore, among the four studied crop

species the cultivation of bread wheat and common
bean plants in the regions with redroot pigweed’s
invasion is affordable, and avoidance of alfalfa
cultivation in these regions is essential because this
species is quite sensitive to compounds produce by
redroot pigweed.
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ABSTRACT

A laboratory experiment was conducted to determine the
effect of ultrasound (US) exposure time on germination
behavior of sesame seeds. All tests were carried out at 20 kHz
in a water bath ultrasonic device varying two factors,
treatment duration (10, 20 and 30 min) and germination
temperature (15, 20 and 25 °C). Parallel tests were run in
which seeds were soaked in water without sonication in order
to eliminate the effect of water from US test results. US
treatments enhanced seeds water uptake. At mild exposure
time it improved sesame seed germination performance and
seedling growth at suboptimal temperatures as indicated by
higher germination percentage and germination rate. US
applying for 20 min had relatively high superoxide dismutase
activity; however, had not significant differences with control
and US duration for 10 min. The catalase activity was strongly
increased by applying the US for a 10 and 20 min. Among the
treatments, application of US vibration for 10 and 20 min
reduced both of malondialdehyde and H,O, contents, however
high US duration (30 min) increased both of the traits. In
general, ultrasonic priming technique can be useful for early
planting the sesame seeds, and lead to higher yields.

Key words: enzyme activity, germination performance,
seedling growth, ultrasound, water uptake

IZVLECEK

SONIFIKACIJA SEMEN SEZAMA Z ULTRAZVOKOM
POVECA NJIHOVO KALITEV V RAZMERAH
HLADNEGA STRESA

V laboratorijskem poskusu smo dolocali udinke ultrazvoka
(US) na kalitev semen sezama. Vsi poskusi so bili izvedenei v
ultrazvocni vodni kopeli s frekvenco ultrazvoka 20 kHz , pri
¢emer smo spreminjali dva dejavnika in sicer trajanje
obdelave z ultrazvokom (10, 20 in 30 min) in temperaturo
kalitve (15, 20 in 25 °C). Vzporedno so potekali poskusi, v
katerih so bila semena samo namocena v vodi brez
ultrazvocne sonifikacije, da bi odpravili ucinke vode pri
ultrazvocno obdelanih  semenih. Obdelava semen z
ultrazvokom je v njih povecala privzem vode. Pri srednjih
obravnavanjih z ultrazvokom se je izboljsala kalitev in rast
kalic pri suboptimalnih temperaturah, kar se je odrazilo kot
vecji odstotek kalitve in njen hitrejsi potek. US obdelava za 20
min je rahlo povecala aktivnost superoksid dizmutase, vendar
v primerjavi s kontrolo in obdelavi z US 10 min ni bilo
znacilnih razlik. Aktivnost katalaze se je pri obdelavah z 10 in
20 min mo¢no povecala. Obdelava z ultrazvokom za 10 in 20
min je zmanj$ala vsebnost malondialdehida in H,0O,, obdelava
za 30 min pa je vsebnost obeh parametrov povecala. Na
splosno lahko na osnovi te raziskave povzamemo, da je
ultrasoni¢na predobdelava semen sezama koristna tehnika za
njegovo zgodnjo setev, kar vodi v vecje pridelke.

Kljuéne besede: encimska aktivnost, kalitev, rast kalic,
ultrazvok, privzem vode
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1 INTRODUCTION

Sesame (Sesamum indicum L.) is one of the most
important oilseed crops used by humans (Weiss,
2000). It has a high resistance level in drought
stress condition, and is therefore appropriate crop
for cultivation in dry-land conditions. But in these
regions, water availability in the soil can be
insufficient to support seed germination and early
seedling growth, which are the most sensitive
stages for water shortage. In order to conquer for
this problem, sesame seeds should be sown earlier
in the season, when a lot of water is available, so,
canopy closing and growth degree day (GDD)
requirement for completing the growing stage is
gain earlier and reproductive stage and following
seed development and maturity complete early.
One of the most important obstacles of this
approach is low temperature in the early stages of
season that negatively affects seed germination and
seedling establishment.

Seed germination and seedling establishment are
the most critical stages for survival of plants under
unfavorable conditions. One of the most important
factors that affect germination and subsequently
later stages is low temperature. Seeds can
germinate over a wide range of temperatures, but
maximum percentage germination is typically
reduced at the extremes of the range (Probert,
2000). Germination is divided into three phases:
imbibition, activation and post germination
growth. The major negative effects of low
temperature during germination seem to be
associated to the imbibition phase (Hoekstra et al.,
1992). Arin and Kiyak (2003) reported that
difficulty in water uptake under low temperature
can influence the later stage of growth and
development. For example, emergence percentage
decreased under the low temperatures.

Low temperature during imbibition phase of
germination leads to the increase of electrolyte
leakage from the seeds, which has been attributed
to the disturbance of plasma membrane integrity
(Hoekstra et al., 1992). Low temperature promotes
gel phase formation and increase rigidity, thereby
increasing the likelihood of imbibitional injury
(Crowe et al., 1989). Bochicchio et al., (1991)
reported that imbibition of seeds is necessary to
reorganize fully the structure of cell membrane
lipids, but, if during the imbibition process, the
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temperature is such that membrane lipids are in a
gel phase, formation of a continuous bilayer might
not be possible, or the bilayer formed might be
functionally imperfect. Sharma et al., (2011)
reported that oxidative stress may be a significant
factor in relation to low temperature damage in
plants. Reactive Oxygen Species (ROS) play a key
role in various events of seed life. In seeds, ROS
production has been considered for a long time as
being very detrimental, since the works dealing
with ROS were mainly focused on seed ageing or
seed desiccation, two stressful situations which
often lead to oxidative stress. At the opposite, it
now appears more and more clearly that ROS
would play a key signaling role in the achievement
of major events of seed life, such as germination or
dormancy release. Many reports have shown that
the transition from a quiescent seed to a
metabolically active organism (phase II of
germination) is associated with ROS generation,
suggesting that it is a widespread phenomenon
(Bailly, 2004). ROS are involved in endosperm
weakening during germination. Cellular
antioxidant mechanisms seem to tightly control
ROS concentrations, rather than to eliminate them
completely, suggesting that some ROS might play
normal physiological roles and act as signaling
molecules. The reactivation of metabolism
following seed imbibition may provide an
important source of active oxygen species (AOS).
For example, H,O, is produced at the early
imbibition period of soybean (Puntarulo et al.,
1991).

There are several techniques that have positive
effect on low temperature tolerance at germination
stage. Ultrasound is a novel physical method that
involves the application of sound frequencies in
the inaudible range (20-100 kHz) to interact with
the materials. It was proven that application of
ultrasound treatment could change the state of the
substances and even accelerate the reactions
(Aladjadjiyan, 2007). This technique is unique
among existing seed pretreatment methods in that
it is simple, cheap, environmentally friendly and
multifunctional  (Goussous et al, 2010).
Ultrasound treatment to stimulate germination has
been investigated in many seed types including
maize, barley, rice and sunflower (Aladjadjiyan,
2002; Florez et al., 2007; Yaldagard et al., 2008a,
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b). Goussous et al., (2010) and Yaldagard et al.,
(2008a) showed that US treatments increase seed
water uptake, the important stage that was
inhibited by low temperatures; so, we use this
technique to investigate the beneficial effect of US
on seed germination performance in low

temperatures. Besides, there has not been any
investigation on the effects of US treatment on
ROS and antioxidant enzyme content following the
ultrasonication. So this research was aimed to
determine whether ultrasonic treatment is usable as
a seed priming method for sesame.

2 MATERIALS AND METHODS

2.1 Seed materials

Native seed lots of sesame (Sesamum indicum
‘Oltan’) were obtained from Tabriz University,
Iran which collected the seed in the same year that
the study was undertaken.

2.2 Seed treatment

The ultrasonication experiments were carried out at
20 kHz on the ultrasonic generator (UW2200,
Berlin). All tests were performed on samples (50
seeds for each treatment) dispersed in 100 ml of
distilled water with direct sonication for 0, 10, 20
and 30 min. To rule out the effect of water in these
tests, a control replicate of each test was soaked in
a similar volume of water but without sonication.
Water circulating in ultrasonic equipment as well
as in the water bath was kept at 25 °C.

2.3 Germination tests

Three replicates of 50 seeds were placed in
covered 9-cm Petri dishes containing a single filter
paper with 5 mL test solutions. The Petri dishes
with seeds were put in sealed plastic bags to avoid
moisture loss. Seeds were germinated at constant
temperatures (T) of 15, 20 and 25 °C the dark in an
incubator. Germination was scored when the
seminal root was 2 mm long.

2.4 Germination performance measurements

At the end of experiment, Final germination
percentage (FGP), germination rates (GR),
germination uniformity (GU), seminal root and
shoot length were recorded to evaluate germination
performance. Daily germination percentage was
recorded and subjected to statistical analysis. GR
(Ts) was defined as days needed to reach 50 % of
FGP. GU (Tj¢.99) was defined as days needed for
10 % of FGP to 90% of FGP.

2.5 Seed water uptake

The water uptake of seeds necessary for
germination was determined under 15 °C. For this
purpose, three replications of 50 seeds were placed
in petri dishes as described for germination
experiments, removed at 15 min after initiation of
imbibition, drained and blotted with absorbent
paper, weighted and placed again into the petri
dishes. After 30 min, 1 h and 2 h, the seeds were
reweighted as described above. The water uptake
was expressed as the seed moisture content at
different times.

2.6 Enzyme extractions and assays

Measurements of enzyme activities, lipid
peroxidation and H,O, contents were carried out
with imbibed but non-germinated seeds and with
whole seedlings at 3 days after germination. In
order to better discriminate the behavior of the
seeds and seedlings, the temperature of 15 'C only
has been chosen.

Two grams of peeled seeds or whole seedlings
were used for enzymes extraction. The samples
were homogenized in 20 ml of 0.1 M potassium
phosphate buffer (pH 7.8) centrifuged for 15 min
at 16,000xg, at 0 °C. Extraction was at 4 °C. The
supernatant sample was then stored at -20 °C prior
to assaying. Superoxide dismutase (SOD, EC
1.15.11), catalase (CAT, EC 1.11.1.6) were
extracted and assayed according to Bailly et al.,
(1996), and expressed as units per gram FW.

2.7 Evaluation of hydrogen peroxide and
malondialdehyde contents

H,0O, concentration was measured by the methods
of Moloi and Westhuizen (2006). Results are
expressed in nmole per gram dry weight. Lipid
peroxidation was evaluated by measuring
malondialdehyde (MDA) content from 0.2 g (fresh
weight) of seeds or seedlings, according to Predieri
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et al. (1995). The samples were homogenized in
5ml sodium phosphate buffer followed by
centrifugation for 15 min at 8,000xg. A 0.5 ml
aliquot of the supernatant was combined with an
equal volume of thiobarbituric acid (TBA) reagent
and boiled for 20 min. Absorbance was determined
at 532 and 600 nm. MDA concentration was
expressed in micromoles per gram dry weight.

2.8 Data analysis

Analysis of variance appropriate to the
experimental design was conducted, using SPSS
software. Means of each trait were compared
according to Duncan multiple range test at P <
0.05. Excel software was used to draw figures.

3 RESULTS AND DISCUSSION

3.1 Effect of different exposure times on seed
water uptake

Before any treatment, seed moisture was 13 %.
With increasing the US exposure time, seed
moisture increased. At the early times, US treated
seeds, particularly US treatment for 30 min, had
rapid water uptake compared with control, then
water uptake slope (rate of water uptake) was
enhanced in control, while reduction was observed
in US for 20 and 30 min (Fig. 1). At the end, seed
moisture content of control and mild treatment
duration (10 and 20 min) were approximately
similar. However, at high US duration, seed

40 ~
35 A
30 A
25
20 A
15 -
10 -

Seed moisture content (%)

moisture content was lower than control. One of
the possible explanations could be that sonication
(for short periods) may create or enlarge fissures in
the protective coating surrounding the seed and
pericarp and after steeping in the water a
significant rise in seedling moisture resulted. US
treatment for high duration (30 min) might have
led to much cell wall disruption that allowed
greater accessibility of cell membranes to the
effects of US, thus increasing their permeability
and finally leading to post treatment water leakage.
Similar results were observed by Goussous et al.,
(2010).

0] 15 30

60 120

Time after initiation of imbibition (min)

Figure 1: Seed moisture content of sesame seeds soaked in water in ultrasonic device (US) for 0 - 120 min

3.2 Effect of different us exposure times and
temperatures on germination performance

Germination percentage (GP) of sesame seeds
increased with increasing the treatment duration,
reaching the limit (80 %) at 20 min. this GP value
was approximately 12 % above that of the control
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seeds. However, at long duration (30 min), GP
significantly decreased (approximately 18 %).
Similar result was reported by Goussous et al.,
(2010) that showed that application of mild US
duration improved germination percentage of
wheat seeds. The effects of ultrasonic treatment on
seed germination depend on frequency of
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ultrasonic wave and exposure time as well as on
plant species (Aladjadjiyan, 2012). It is noticeable
from Table 1 that significant differences also
existed in GP among incubation temperatures.
Seeds of sesame germinated better at 25 °C. It is
also observed that, at suboptimal temperature
(15°C), 20 min US treatment, enhanced GP by
22 %, but at optimal temperatures improvement of
GP by 20 min US was only 2 % above control.
Therefore, US treatment had more pronounced
effects on germination at low temperatures than at
optimum ones. US duration treatment significantly
affected germination rate (GR) and uniformity
(GU) (Table 1). With increasing the US duration,
GR increased. The highest GR (0.27) was obtained
at 30 min, reaching 28 % above control. GU
decreased by US treatments, however, difference
between control and 10 min US was not
significant. In general, US priming technique
improved sesame seed germination performance at
15 °C as indicated by higher GP and GR (Table 1),
indicating an improved of chilling tolerance.

Germination performance improvement by US
application had been reported by Goussous et al.
(2010) on wheat, Yaldagard et al. (2008) on barley
and Aladjadjiyan (2002) on carrot. It is

demonstrated that US exerts its major effects by
inducing mechanical effects (acoustic cavitation)
and disruption of plants cell walls, thereby
increasing water uptake, important phase of
germination that are negatively affected by low
temperatures. The extra absorbed water reacts
freely and readily with the cell embryo, so,
metabolic processes such as gibberellic acid
release and activation of enzymes expedited
(Yaldagard et al. 2008a), and then will
significantly reduce the mean germination time and
will increase the rate and yield of germination. At
long period of US (30 min) decreased germination
performance. It is possible that US treatment for 30
min was too extreme to be tolerated by the small
and fragile seeds of sesame leading to lysis of
cells.

In this study non-sonicated seeds only exposed to
water were used as control. Hydration of seeds by
soaking in water for various periods without
allowing seminal root emergence is one method of
priming, which generally improves germination
performance (Ashraf and Foolad 2005). Therefore,
sonication priming can be used instead of usual
priming ways (hydropriming).

Table 1: Germination percentage, rate and uniformity of sesame seeds exposed to different duration of ultrasound
(US) treatment and incubated at three temperatures; 15, 20 or 25 °C

UsS Temperature Germination
. Iz Percentage Rate Uniformit
duration (°C) g ”

» 62' 0.19 473"

0 20 7Odef 021h 4'07])0
25 82ab 023f 3‘690(1
15 720df 0201 432b

10 20 bl pod L3
- 84° 0.24° 3.77°
15 76abcd 025d 3‘670(1

20 20 80abc O26° 35d
25 843 022g 337d
0 o 0.317 3.74°

30 20 e 0o 74
25 64ef 022g 352d

Different letters in each column indicate significant difference at P<0.05.
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3.3 Seed germination trends

Control seeds were germinated well when
incubation temperature was 25 °C, but US
treatment seeds were not significantly affected by
temperatures at early stages of germination. Higher
temperature caused rapid germination in US and
control seeds (Fig. 2). The optimum temperature
for sesame seed germination is 25 °C (Bennet,
2011). The temperature below the optimum,
decreased germination rate (Bradford, 2002).
Langham (2007) reported that with soil
temperatures around 25°C, the seed imbibes
enough moisture and encourage a rapid
germination. At all of the temperatures, high US

duration (30 min) had lowest GP, but cumulative
GP slop (i.e. GR) was high. At low temperature
(15 °C), GP curve for control seeds was lower than
10 and 20 min US, however, with increasing the
temperature, GP curve for control seeds was
approached to 10 and 20 min US duration curves.
At 25 °C, control and mild US duration treatments
(10 and 20 min) had approximately similar curves
(Fig. 2). Therefore, US priming technique for
appropriate duration were more beneficial at
suboptimal temperature than optimal ones. And it
can improve germination performance of sesame
seeds under chilling stress.
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Figure 2: Cumulative seed germination of US treatment and control seeds under different temperatures (15, 20 and

25°C)
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3.4 Effect of us and temperature treatments on
seedling growth

Seedling length and dry weight were significantly
affected by priming technique. The size of the
seedlings was larger in treatments where seeds
were primed by 20 min or 10 min, and smaller in
control and 30 min US treatment. At all
temperatures, seedling size of mild US treated
seeds (20 min), was higher than control, but high
US duration at low incubation temperatures
produce more slender seedlings (compared to
control) (Fig. 3). At higher temperatures, 30 min
US treatment of seeds for 30 min decreased
seedling’s growth. Their size is lower than in
controls. According to literature low temperature
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»»»»»» 4+ control
15

Seedling dry weight (mg)

- - - US-10
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——t— US-20

— = — US30
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promotes gel phase formation and increase rigidity
of membrane, so, it seems that, in this situation,
membrane may be able to tolerate mechanical
changes that caused by US duration for 30 min. At
higher temperatures, however, membrane rigidity
is eliminated (Nijsse et al., 2004), which
presumably decrease tolerance to high duration US
treatment. In a research conducted by Fateh et al.
(2012) on fennel, they showed that US treatment
had adverse effect on seedling growth.
Aladjadjiyan (2012) reported that seedling length
of lentil had approximately linear relationship with
US exposure time, and with increasing the US
time, these traits increased.
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Figure 3: Effect of US treatments on seedling dry weight and length at different temperatures

3.5 Enzyme activities

SOD activity did not significantly change during
germination phase. So this enzyme activity was
similar from imbibition phase to seedling growth.
Whereas, about CAT activity; after imbibition,
CAT activity had increased by 29 % and the
activity of this enzyme was higher at seedling stage
than imbibition time (Fig. 4). It can be concluded
that SOD activity is not correlated with seed
germination, and it may be mainly involved in
preserving the viability of seeds and protecting
them from reactive oxygen species formed during
storage. CAT activity changes during germination
are demonstrating that this enzyme in addition to
had role in storage time; it had a detoxifying role at

germination stage too. These results are in
agreement with certain finding of Yeh et al.
(2005), which showed that activity of antioxidant
enzymes such as CAT and SOD is closely related
with germination and storage longevity.

Among the treatments, 20 min US treatment
induced relatively high SOD activity. There was,
however, not significant difference between this
treatment and shorter US treatment (10 min) and
the control. High duration of US (30 min)
decreased SOD activity. At all of the treatments,
SOD activity changes were not significant between
imbibed seeds and seedlings (Fig. 4). The CAT
activity was strongly increased by applying the US
for a moderate time (10 and 20 min), thus
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enhancing the antioxidant defence of the cells. Our
data also showed that US treatment for a long time
(30 min) reduced CAT activity in the both of
imbibed seeds and seedlings. Chen et al. (2013)
reported that seeds exposed to ultrasonic vibration
showed high CAT and SOD activities, so,
improved resistance to cadmium and lead in wheat
seedling. Stimulation of CAT activity by seed
priming was also reported by Bailly et al. (2002).

SOD (units mg protein -1)
(=] - N w » v o ~N 00

Control Us-10 Us-20 Us-30

Figure 4: Effects of US treatments on SOD and CAT activities in imbibed seeds [-Jand seedlings

3.6 Lipid peroxidation and H,0; content

Lipid peroxidation (degradation) was evaluated by
determination of seed malondialdehyde content.
MDA is one of the final products of the
peroxidation of wunsaturated fatty acids in
phospholipids and is responsible for cell membrane
damage (Sharma et al., 2011). MDA contents of
seeds and seedlings are summarized in Fig. 5. In
all of the treatments, MDA contents were higher in
imbibed seeds than in seedlings. Despite an active
metabolism associated with seedling growth, there
was no increase in lipid peroxidation. Our data
showed that hydrogen peroxide content was not
significantly changed during seedling development
following the imbibition, despite of producing by
mobilization of stored reserves by p-oxidation in
glyoxysomes, a type of peroxisome (Bewley and
Black, 1994). Indeed, peroxisomes are also the site
of localization of catalase, which eliminates H,O,.
Therefore, production of H,O, by converting the
lipid reserves into sugars during the first stages of
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The catalase intervenes in the respiration of plants,
which caused degradation of the endosperm and
cotyledons reserve substances and synthesis of
some necessary substances for nutrition and
embryo growth. Therefore, it seems that
stimulation of germination process and seedling
growth by ultrasonic vibration may be attributed to
CAT activity. Bailly et al. (2002) showed that
improvement of germination performance by
priming was clearly associated with higher CAT
activity.

CAT [nmol H,0, mg protein-t mint)
13
o

Control uUs-10 uUs-20 uUs-30

seedling development can be reduced by catalase
activity that increased in this period.

Among the treatments, application of US vibration
for 10 and 20 min reduced both of MDA and H,0,
contents, however high US duration (30 min)
increased both of the traits. It is notable that MDA
and H,0, enhancement in imbibed seeds is higher
than seedlings (Fig. 5). Imbibed control and US
treated seeds for 10 min, and further growth of
seedlings generated by these seeds, did not lead to
significant changes in H,O, content. It seems that
increase in MDA and H,0, content by US priming
may be attributed to increase in antioxidant
enzymes activity such as catalase that could be
able to eliminate these detoxifying agents.

The results obtained underline the likely
involvement of CAT in germination and early
growth of seedlings of sesame thus suggesting that
control of H,O, homeostasis is an important event
in expression of seed vigor. However, H,0,,
together with other ROS, may have many cellular
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targets, such as proteins and DNA (Sharma et al.,
2011). Alternatively, CAT also plays a key role in
H,0, removal during fatty acid B-oxidation in
glyoxysomes (Olsen and Harada, 1995). Therefore,

MDA (umol g DW-L)

Hs-1n 1530

s-2n

Comtrnl

Figure 5: Effects of US treatments on MDA and H,0, contents in imbibed seeds and seedlings

high CAT activity could be associated with better
mobilization of lipid reserves and faster seedling
development.

35 1

2,5 A
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4 CONCLUSION

Results of this research indicated that US treatment
effectively enhanced germination performance and
seedling growth of sesame seeds especially at
suboptimal temperatures. This increase in
germination performance could have a positive
impact on the success of early field establishment

and canopy closer leading to better plant
establishments and influence weed managements.
So, this technique can be useful for alleviating the
adverse effect of suboptimal temperature on seed
germination, therefore, it can be very important in
earlier canopy closing and finally improve yield.
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ABSTRACT

A field experiment was conducted at Rezvanshahr, Guilan
province, Iran, to evaluate the effects of phosphorus fertilizer
rate and Pseudomonas fluorescens strains on growth and yield
of field pea (Pisum sativum L.). The experimental design was
a randomized complete block in a factorial arrangement with
three replicates. Factors were phosphorus fertilizer rates (0,
25,50, 75, and 100 kg P,05 ha' as triple superphosphate), and
seed inoculation with P. florescens strains [control (non-
inoculated), inoculated with strain R41, and strain R187).
Analysis of variance showed that plant height, seed yield, pod
number per m?, 100-seed weight, biological yield, harvest
index, and leaf P concentration were significantly influenced
by phosphorus fertilizer rate and P. florescens strain. At the
same time, phosphorus fertilizer rate x P. fluorescens strain
interaction was significant only for 100-seed weight. On the
other hand, seed number per pod was significantly affected
neither by phosphorus fertilizer rate nor by pseudomonas
strains. Result showed that seed yield was significantly
increased from 1099 + 67 to 1898 + 118 kg ha™' as P,Os
application rate increased from 0 to 75 kg ha™', and thereafter
relatively remained constant. There was no significant
difference in seed yield between plants raised from inoculated
seeds with P. fluorescens, strain R187 (1664 + 97 kg ha™') and
those raised from inoculated seeds with P. fluorescens, strain
R41 (1669 + 104 kg ha™"). At the same time, plants raised from
inoculated seeds with P. fluorescens (both strains) produced
greater grain yield compared to those raised from uninoculated
seeds (1370 = 80 kg ha™"). Based on the results of this study,
P,Os application at the rate of 75 kg ha™ and inoculation with
pseudomonas bacteria are recommended for obtaining the
greatest seed yield in field pea.

Key words: phosphorus, plant growth-promoting rhizobacteria,
Pisum sativum
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IZVLECEK

UCINKI GNOJENJA S FOSFORJEM IN DODATKOV
SEVOV BAKTERIJE Pseudomonas fluorescens NA RAST
IN PRIDELEK POLJSKEGA GRAHA (P. sativum subsp.

arvense (L.) Asch.)

Z namenom ovrednotenja vplivov gnojenja z razli¢nimi odmerki
fosfornih gnojil in dodatkov sevov bakterije Pseudomonas
fluorescens na rast in pridelek poljskega graha (P. sativum subsp.
arvense (L.) Asch.) je bil izveden poljski poskus v provinci
Rezvanshahr, Guilan, Iran. Naért poskusa je bil naklju¢ni blo¢ni
faktorski poskus s tremi ponovitvami. Faktorji v poskusu so bili
gnojenje s fosforjem (0, 25, 50, 75 in 100 kg P,0s ha™, kot trojni
superfosfat) in inokulacija semen s sevi bakterije P. florescens
(kontrola (ne inokulirano), inokulirano s sevom R41 in sevom
R187). Analiza variance je pokazala, da so na parametre kot so
vi§ina rastlin, pridelek zrnja, Stevilo strokov na mz, masa 100-
semen, bioloski pridelek, zetveni indeks in vsebnost P znacilno
vplivala gnojenja s fosforjem in inokulacija s sevi bakterije P.
florescens, vendar je imelo hkratno gnojenje s fosforjem in
inokulacija s sevi bakterije P. fluorescens znacilen vpliv le na
maso 100-semen. Po drugi strani se Stevilo semen na strok ni
znacilno spremenilo niti z razli¢nimi odmerki fosforja niti z
dodatki sevov bakterij. Rezultati so pokazali, da se je pridelek
zrnja zna¢ilno povecal od 1099 + 67 na 1898 + 118 kg ha™, ko se
je uporaba P,0s povecala iz 0 na 75 kg ha”, in je potem ostal
relativno konstanten. Med rastlinami, katerih semena so bila
inokulirana s sevom bakterije P. fluorescens, R187 (1664 + 97 kg
ha™) in tistimi, katerih semena so bila inokulirana s sevom P.
fluorescens, R41 (1669 = 104 kg ha™) ni bilo znagilnih razlik v
pridelku zrnja, vendar je bil pridelek zrnja inokuliranih rastlin pri
obeh sevih vedji od neinokuliranih rastlin (1370 + 80 kg ha™). Na
osnovi izsledkov te raziskave lahko za doseganje vecjih pridelkov
poljskega graha priporocamo gnojenje s fosforjevimi gnojili v
odmerku 75 kg, P,Os ha' s hkratno inokulacijo s sevi zgoraj
omenjenih bakterij.

Kljuéne besede: fosforjeva  gnojila,

rizobakterije, Pisum sativum

rast-stimulirajoce
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1 INTRODUCTION

Pisum sativum subsp. arvense (L.) Asch., the field
pea which is also known as the garden pea, is one
of the most important pulse crop. World wide,
green peas is produced on 2.25 million ha, with an
estimated of total production of 18.5 million tons
and dry peas is produced on 6.76 million ha, with
an estimated of total production of 10.4 million
tons in 2012 (FAO, 2012). Field pea is a cool-
season crop which is usually cultivated in early-
November and harvested in late-May in northern
Iran. Field pea has a high nutritive value, and is
high in fiber, protein, vitamins (folate and vitamin
C), minerals (iron, magnesium, phosphorus and
zinc), and lutein (Urbano et al., 2003).

Phosphorus is one of essential nutrients for plant
growth and development. Phosphorus regulates
protein synthesis in plants, because it is a
component of the complex nucleic acid structure.
Phosphorus is important in cell division and
development of new tissue. Also, phosphorus plays
a vital role in plant energy reactions,
photosynthesis, respiration, genetic transfer, seed
and fruit production, and nutrient transport in
plants (Raghothama and Karthikeyan, 2005).
Phosphorus is also a component of phytin, a major
storage form of P in seeds, phospholipids, and
ATP. Moreover, phosphorus promotes root growth
and stimulates tillering and often hastens maturity.
The responses of leguminous crops to P fertilizer
are mainly determined by the soil P available, but
are not related to soil organic matter, total N, total
P, soil CaCOj; contents, and soil N available (Li et
al., 2011). Results show that, when the available P
in the soil was less than 10 mg kg, P fertilizer
gave good effect and application of P fertilizer was
required, while above 15 mg P kg™ the application
of P fertilizer alone had no consistent effect (Lin et
al., 1964). Li and Li (1992) reported that
leguminous crops had different response to P
application rate compared to cereal crops. They
reported that wheat yield was significantly
increased from 2040 to 4491 kg ha' as P rate
increased from 0 to 97.5 kg ha™. In contrast, the
highest pea yield was at the P rate of 78 kg P ha™,
and thereafter decreased. One of the reasons
proposed for explaining the difference in responses
to P fertilizer is the higher P demand of legumes
than non-legumes.
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Although P is abundant in soils in both organic and
inorganic forms (Khan et al., 2009), the amount of
available forms to plants is generally low, because
the majority of soil P is found in insoluble forms,
while the plants absorb it only in soluble ions
(H,PO, and HPO,” ) (Bhattacharyya and Jha,
2012). To overcome the P deficiency in soils,
phosphorus fertilizers must be frequently added to
agricultural fields, but regular application of
phosphate fertilizers is not only costly but is also
environmentally undesirable, as is possible cause
of eutrophication. This has led to search for an
economically viable and eco-friendly option for
improving crop production in low P soils. Legume
root is colonized by numerous rhizospheric
microorganisms, and these organisms have definite
influence on the survival and nodulation ability of
seed inoculated rhizobia (Dashti et al., 1998;
Davison, 1988). Phosphate solubilizing
microorganisms  could  convert  insoluble
phosphates into available forms for plant via the
process of acidification, chelation, exchange
reactions, and production of gluconic acid (Chung
et al., 2005; Gulati et al., 2010), and hence a viable
substitute to chemical phosphorus fertilizers (Khan
et al., 2006). Of the various phosphate solubilizing
microorganisms, Pseudomonas flurescens is
considered as one of the most significant
phosphate solubilizing bacteria, which not only
provide P to the plants, but also produce
siderophore, antibiotic, and phytohormones such as
indole-acetic acid (Leinhos and Nacek, 1994).
Some PGPR strains such as pseudomonas (Grimes

and Mount, 1984) enhance legume growth,
nodulation, and nitrogen fixation = when
coinoculated with rhizobia. Fluorescent

pseudomonads are also known to produce salicylic
acid, which acts as local and systemic signal
molecules in inducing resistance in plants (De
Meyer and Hofte, 1997). Benhamou et al. (1996 a,
b) found that Pseudomonas fluorescens induced
accumulation of lignin in pea roots. Pseudomonas
spp. can form gluconic acid through the oxidative
glucose metabolism (Gyaneshwar et al., 2002).
Sharma et al. (2003) point out that in 10 uM Fe—
citrate along with Pseudomonas strain GRP3
treatment, chlorophyll a, chlorophyll b and total
chlorophyll contents increased significantly by 34,
48 and 39 Y%, respectively, compared to the
control. In a field experiment, van Elsas (1986)
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reported significant increase in wheat seedling
growth after inoculation with pseudomonas and
bacillus. Inoculation of plants with PGPR can
enhance the drought tolerance (Figueiredo et al.,
2008), which can be attributed to the production of
IAA, cytokinins, antioxidants and ACC deaminase.
Sgroy et al., (2009) declared that several PGPR
strains such as Bacillus subtilis, B. licheniformis,
B. pumilus, and Pseudomonas putida have crucial
roles in cell elongation, increasing ACC deaminase
activity, and plant growth promotion. Inoculation
of  Pseudomonas fluorescens  significantly
increased total root length, surface area and
volume in tomato and cucumber (Saravanakumar
etal., 2007).

Reduced application rates of chemical fertilizers
through inoculation with plant growth-promoting
rhizobacteria were proposed by researchers.

Adesemoye et al. (2009) found that supplementing
75 % of the recommended fertilizer rate with
inoculants produced plant growth, yield, and
nutrient (nitrogen and phosphorus) uptake that
were statistically equivalent to the full fertilizer
rate without inoculants. At the same time,
Shaharoona et al. (2008) reported that N use
efficiency increased in response to inoculation with
Pseudomonas fluorescens at all fertilizer levels in
wheat, causing 115 %, 52 %, 26 %, and 27 %
increase over the uninoculated (control) at N, P,
and K application rates of 25 %, 50 %, 75 %, and
100 % recommended doses, respectively.

This experiment was conducted to evaluate the
response of field pea growth and yield to different
phosphorus fertilizer rate and Pseudomonas
fluorescens strains.

2 MATERIALS AND METHODS

A field experiment was conducted at Rezvanshabhr,
Guilan province, Iran, from early-November 2013
to late-May 2014. Some soil properties of the
experimental field were presented in table 1. The
experimental design was a randomized complete
block in a factorial arrangement with three
replicates. Factors were phosphorus fertilizer rates
(0, 25, 50, 75, and 100 kg P,Os ha' as triple
superphosphate which was applied as side
placement), and Pseudomonas florescens strains
[control (non-inoculated), seed inoculation with
strain R41, and strain R187]. These strains were
obtained from Soil and Water Research Institute,
Karaj, Iran. Some properties of florescent
Pseudomonads strains were presented in table 2.
Before the inoculation, the Gum Arabic (10 %)
was applied to the seeds. Then, the seeds of field
pea (P. sativum subsp. arvense ‘Utrillo’) were
inoculated with P. florescens strain R41, or strain
R187 in the proportion of 10 g of peat (10°* cells/g
peat) kg ' seed according to Ferreira et al. (2010).
The inoculated seeds were dried in sunshade for
five hours and then were planted in seven 3-m
rows spaced 30 cm apart at a density of 10 seeds
m™ (30 seeds in each row) on 5 November. N and
K fertilizers were applied just before final land
preparation as  recommended doses i.e.
15kg N ha'' (as starter in the form of urea), and
50 kg K,O ha' (as potassium sulphate). Weeds

were controlled manually during the experiment.
Plants were harvested on 28 May 2014.

Plant height was measured from the soil surface to
the top of the main stem at harvest stage. Ten
randomly selected plants were harvested from each
plot at ground level for measuring number of pod
per plant, number of seeds per pod, and 100-seed
weight. Aboveground biomass from 1 m® of each
plot was oven-dried at 70 °C for 96 h, and
weighted for biological yield determination. Seed
yield was determined by hand-harvesting the crop
plants from 2.5 m® per plot and was adjusted to
160 g kg™ seed moisture content. In each plot, field
pea leaves were oven-dried at 70 °C for 48 h and
grounded to pass through a 1-mm sieve and P
concentration ~ were measured using the
spectrophotometric method of Lowry and Lopez
(1946). Phosphorus concentration was expressed as
the percent of leaf dry weight.

Analyses of variance were conducted using SAS
procedures (SAS Institute, 2004) based on a
factorial trial and randomized complete block
design. For Pseudomonas fluorescens strains
factor, the F-ratios were found to be significant for
plant height , pod number per m?, seed number per
pod, biological yield and harvest index, so means
separations were conducted using fisher's protected
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LSD at the 5 % probability level. For P rate factor,
the F-ratios were found to be significant for plant
height, pod number per m% seed number per pod,
biological yield and harvest index, so linear or
quadratic regressions with standard error of the
mean were used to describe the relationship
between P application rate and these dependent

variables. For traits such as 100-seed weight and
leaf P concentration, the interaction between
Pseudomonas fluorescens strain and P rate was
significant. So, for each inoculation level, linear
regressions with standard error of the means were
used to describe the relationship between P
application rate and these dependent variables.

Table 1: Some soil properties (0-30 cm) of experimental field prior to sowing

oC Sand  Silt Clay EC Total N Available P Available K
pH Texture . . .

(%) (%) o) (%) (dsm™) (%) (mgkg™) (mgkg™)

3.25 7.1 544 172 284 sand loam 0.36 0.11 32 215

Table 2: Some bacteria properties using for this experiment (Soil and Water Research Institute, Karaj, Iran)

Siderophore production

Bacteria Accr;,iiirg:;ase Phospho;\;ltsi si(ilubmzmg IAA(EIOCII}T;:UOH (halo diameter/colony
p Y g diameter)
P. fluorescens
+ +
strain R187 > 0>
P. fluorescens n i 8.9 051

strain R41

3 RESULTS AND DISCUSSION

3.1 Plant height

Analysis of variance showed that the main effects
of phosphorus fertilizer rate and Pseudomonas
fluorescens strain were significant for plant height,
but the interaction between them was not
significant (Table 3). For both Pseudomonas
fluorescens strains and for the control, plant height
was significantly increased from 72.9 + 1.02 cm to
86.4 £ 1.71 cm as P,Os rate increased from 0 to
75kg ha', and thereafter remained statistically
constant (Figure 1). Phosphorus plays a vital role
in cell division and elongation and, therefore,
lower plant height in phosphorus-deficient plants
may be due to the reduction in cell division and
elongation (Kavanova” et al., 2006). Averaged
across P fertilizer rates, the plants raised from seed
inoculated with Pseudomonas fluorescens (both
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strains) was significantly taller than uninoculated
ones; however there was no significant difference
in plant height between plants raised from seed
inoculated with Pseudomonas fluorescens strain
R41 and strain R187 (Table 4). Pseudomonas
bacteria are considered as one of the most
significant phosphate solubilizing bacteria which
provide P to the plants. Promotion effect of high P
level and pseudomonas bacteria on plant height
was probably due to better development of root
system and nutrient absorption (Hussain et al.,
2006). In addition, Dey et al (2004) observed that
inoculation  of plant growth  promoting
rhizobacterial isolates Pseudomonas fluorescens
PGPR1 and Pseudomonas fluorescens PGPR2
significantly enhanced the plant height of peanut
(Arachis hypogaea L.).



Effects of phosphorus fertilization rate and Pseudomonas fluorescens ... growth and yield

Table 3: Mean squares of ANOVA for plant high (H), seed yield (Y), pod number per m* (PN), seed number per pod
(SP), 100-seed weight (SW), biological yield (BY), harvest index (HI) and leaf P concentration (LPC) as affected
by phosphorus rate and Pseudomonas fluorescens strain

S.0.V df H Y PN SP SW BY HI LPC

R 2 7™ 88109™ 1125™ 0.1™ 02™ 391806™ 1™  0.00002™
Phosphorus rate (P) 4 4717 9505497 4123° 2.4™ 3797 2480016~ 1147 0.00321"
Pseudomonas fluorescens «

) 2 79° 4409247 4176 17" 2027 2346986 137 0.00462""
strains (Ps)

P x Ps 8 3™ 30163™  431™ 0.1™ 1.6 214903 4™  0.00039"
Error 28 22 47994 1256 1.1 04 168554 4 0.00009
CV (%) - 6 14 7 16 3 7 6 3

* ** represent significance at 0.05 and 0.01probability level, respectively.

ns represents no significant difference

Table 4: Averages of plant high (H), seed yield (Y), pod number per m? (PN), seed number per pod (SP), biological
yield (BY), and harvest index (HI) response to Pseudomonas fluorescens strains as average across P rates

Traits
H Y PN SP BY HI
Pseudomonas strains

Control 79419 1370+£80.0 553£9.6 6.0+04 4714+150.0 29.040.7

Pseudomonas fluorescens Straindl g3, 5 | 16601 1040 553£9.6 6.5-03 5420+ 176.0 30.8+0.7

Pseudomonas fluorescens Strainl87 o3, 19 16644970 524493  67£04 53754 167.0  30.6+ 0.8

LSD (0.05) 3 164 26 08 307 L4

95 ~
y =-0.0007x* + 0.25x + 72.05, R*= 0.89, P < 0.05

90 +

1

80 -

{

70 T T T T 1
0 25 50 75 100

Plant height (cm)

Phosphorus rate (kg ha™)

Figure 1: Effect of phosphorus fertilizer rate on plant height as average across Pseudomonas fluorescens strains.
Vertical bars represent + 1 SE of means
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3.2 Seed yield

The main effects of phosphorus fertilizer rate and
Pseudomonas fluorescens strain were significant
for seed yield, while Pseudomonas fluorescens
strain X phosphorus fertilizer rate interaction was
not significant (Table 3). A quadratic equation
(Y =-0.049 X*> +12.96 X + 1103.77, R>= 0.98)
provided a good description of the relationship
between seed yield and P application rate. Seed
yield was significantly increased from 1099 + 67 to
1898 + 118 kg ha! as P,Os application rate
increased from 0 to 75 kg ha', and thereafter
relatively remained constant when averaged across
Pseudomonas fluorescens strains (Figure 2).
Regardless of P application rate, there was no
significant difference in grain yield between plants
raised from seed inoculated with Pseudomonas
fluorescens strain R187 (1664 + 97 kg ha™) and
those raised from seed inoculated with
Pseudomonas fluorescens strain R41 (1669 =+
104 kg ha™). At the same time, plants raised from
seed inoculated with Pseudomonas fluorescens

2400 -
2000 -
1600 -+

1200 -+

Seed yield (kg ha™)

800 -

400 -+

0 T T

(both strains) produced greater grain yield
compared to uninoculated (1370 + 80 kg ha™) ones
(Table 4). Pseudomonas bacteria not only could
convert insoluble phosphates into available forms
for plant via the process of acidification, chelation,
exchange reactions, and production of gluconic
acid (Chung et al., 2005; Gulati et al., 2010), but
also could produce siderophore (Dey et al., 2004),
ACC-deaminase enzyme (Dey et al, 2004;
Shaharoona et al., 2008) and phytohormones such
as indole-acetic acid (Leinhos and Nacek, 1994;
Dey et al., 2004). At the same time, leaf growth
depression under phosphorus deficiency is well
documented (Assuero et al., 2004; Kavanova’ et
al., 2006). Meanwhile, leaf number reduces by P
deficiency. Therefore, the reduction in leaf surface
area in phosphorus-deficient plants reduces light
interception and photosynthesis assimilates, which
in turn reduces plant dry matter. Also, the
metabolism of N is inhibited with an inadequate
supply of P, while the supply of N is necessary to
allow crops to use P (Li and Zhao, 1990).

y = -0.049%*+ 12.96x + 1103.77, R*=0.98, P < 0.01

0 25

50 75 100

Phosphorus rate (kg ha™)

Figure 2: Effect of phosphorus fertilizer rate on seed yield as average across Pseudomonas fluorescens strains.

Vertical bars represent + 1 SE of means

3.3 Pod number per m’

Analysis of variance showed that the main effects
of phosphorus fertilizer rate and Pseudomonas
fluorescens strain were significant for pod number
per m?, but the interaction between them was not
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significant (Table 3). Regardless of Pseudomonas
fluorescens strain, pod number per m’ was
increased from 516 + 12.0 to 574 £ 12.5 pod m™ as
P,0s application rate increased from 0 to 100 kg
ha! (Figure 3). Pod number per m’ was
significantly higher at inoculated plots (553 £ 9.6
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pod m? for both strains) than uninoculated ones
(524 + 9.3 pod m?) as averaged across P
application rates (Table 4). The increase in pod
number per m” at high P level may be due to the
positive P effects on increasing the flower

600 -
580 A
560 -

540 A

Pod number m

520 A

500 -

480 T T

formation and improving the fruit setting. Dey et
al. (2004) reported that pod number in peanut
(Arachis hypogaea L.) was significantly increased
by inoculation with Pseudomonas fluorescens
strain.

y=0.52x + 517.2, R°= 0.93, P < 0.01

0 25

50 75 100

Phosphorus rate (kg ha™)

Figure 3: Effect of phosphorus fertilizer rate on pod number per m” as average across Pseudomonas fluorescens

strains. Vertical bars represent + 1 SE of means

3.4 Seed number per pod

Analysis of variance showed that seed number per
pod was not significantly affected by phosphorus
fertilizer rate and Pseudomonas fluorescens strains.
At the same time, Pseudomonas fluorescens strains
x phosphorus fertilizer rate interaction was not
significant (Table 3 and 4).

3.5 100- Seed weight

Phosphorus  fertilizer rate and Pseudomonas
fluorescens strains had significant effect on 100-
seed weight. Moreover, a significant phosphorus
fertilizer rate x Pseudomonas fluorescens strain
interaction (P < 0.01) was found for 100-seed
weight (Table 3). For uninoculated treatment and
strain R41, 100-seed weights were linearly
increased as phosphorus fertilizer rate increased
from 0 to 75 kg P,0s ha'l, and thereafter remained

relatively constant (Figure 4). In contrast, for strain
R187, 100-seed weight was linearly increased as
phosphorus fertilizer rate increased from 0 to
100 kg P,Os ha” (Figure 4). Better growth and
development of crop plants due to phosphorus
supply and nitrogen uptake might have increased
the supply of assimilates to seed, which ultimately
gained more weight (Ali et al., 2004). This finding
is similar to the results of Ali et al. (2004), who
reported that the highest 1000-seed weight for
chickpea was obtained with seed inoculation and
90 kg ha™' phosphorus application, while the lowest
1000-seed weight was obtained with uninoculation
and zero applied phosphate. In addition, Dey et al.
(2004) reported that, in most cases, seed inoculated
plants produced significantly greater 100-seed
mass over control plants.
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32 -
®  Yeontrol = 0.038x + 22.03, R%= 0.84, P < 0.01
O Ygtrain R187 = 0.063x + 22.97, R2=0.83 , P < 0.01 5
30
Y Ysirain RA1 = 0.048x + 23.35, R2 =092, P < 0.01
2 28
=
=)
2
8 26 1 i
3 ¥
S 24
—
22 1
[)
20 T T T T 1
0 25 50 75 100

Phosphorus rate (kg ha™)

Figure 4: Phosphorus fertilizer rate x Pseudomonas fluorescens strains interaction effect on 100-seed weight.

Vertical bars represent £ 1 SE of means

3.6 Biological yield

Main effects of Pseudomonas fluorescens and
phosphorus fertilizer rate were significant for
biological yield, while Pseudomonas fluorescens
strain X phosphorus fertilizer rate interaction was
not significant (Table 3). The relationship between
P application rate and biological yield was well
fitted by a quadratic equation (y=-
0.12x*+25.16x+4438.28, R*=0.96). Regardless of
Pseudomonas fluorescens strain, biological yield
was significantly increased from 4483 + 165 to
5726 + 151 kg ha' as P,Os application rate
increased from 0 to 75 kg ha’, and thereafter
statistically remained constant (Figure 5). This
finding is similar to the result of Ali et al. (2004),
who reported that the highest and the lowest
biological yield for chickpea was obtained with 90
kg ha' and zero phosphorus application,
respectively. Averaged across P fertilizer rates,
biological yields were significantly increased by 15
and 14 % for plants raised from seed inoculated
with Pseudomonas fluorescens strain R41 and
those raised from seed inoculated Pseudomonas
fluorescens strain R187, respectively, compared to
plants raised from uninoculated seeds (Table 4).
Consistent with this result, Ali et al. (2004)
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reported that seed inoculated chickpea plants
produced  greater  biological yield than
uninoculated ones. In addition, our findings also
agree with those of Dey et al. (2004) who found
greater haulm yield in seed inoculated plants of
peanut (Arachis hypogaea L.) compared to control
plants. Phosphorus is a component of ATP the
"energy unit" of plants. ATP, forms during light
reactions of photosynthesis, is then available as an
energy source for dark reactions, which sugars are
used as building blocks to produce other cell
structural and storage components. At the same
time, phosphorus increases leaf area index through
increases in leaf number per plant, leaf cell
division and elongation, which in turn increases
radiation interception and plant photosynthesis rate

and, therefore, increases plant biomass
accumulation. Moreover, pseudomonas bacteria
improve plant growth through increasing

phosphorus availability to the plant as well as
producing siderophore (Dey et al., 2004), ACC-
deaminase enzyme (Dey et al., 2004; Shaharoona
et al., 2008) and phytohormone such as indole-
acetic acid (Leinhos and Nacek, 1994; Dey et al.,
2004).
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6200

6000 -

5800 o

5600 -

5400

5200 -+

5000 -+

Biological yield (kg ha™)

4800 -

4600 -

4400 -

y = -0.12x*+ 25.16x + 4438.28, R’°=0.96, P < 0.01

4200 T T
0 25

50 75 100

Phosphorus rate (kg ha™)

Figure 5: Effect of phosphorus fertilizer rate on biological yield as average across Pseudomonas fluorescens strains.

Vertical bars represent + 1 SE of means

3.7 Harvest index

Harvest index was significantly influenced by
Pseudomonas fluorescens strain and phosphorus
fertilizer rate (Table 3). However, the interaction
between pseudomonas strain and phosphorus
fertilizer rate was not significant (Table 3).
Averaged across Pseudomonas fluorescens strains,
harvest index was significantly increased from 24
+ 0.8 % to 32.5 + 0.7 % as P,Os application rate
increased from 0 to 75 kg ha”, and thereafter
slightly increased (Figure 6). Regardless of P
application rate, plants raised from uninoculated
seeds had lower HI than those raised from

inoculated seeds, but no significant difference in
HI was observed between those raised from
inoculated seeds with Pseudomonas fluorescens
strain R187 and strain R41 (Table 4). These
indicate that plant produced higher biomass and
advocated higher dry weight to seeds under high P
application rate and seed inoculation with
pseudomonas strains compared to low P
application rate and uninoculated conditions.
Similarly, Roy et al. (1995) concluded that HI for
gram (Cicer arietinum L.) was increased by
inoculation.
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36 -

34 -

32 A

30 A

28 -

Harvest index (%)
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y = -0.0009%° + 0.18x + 24.67, R°>=0.97, P < 0.01
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50 75 100
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Figure 6: Effect of phosphorus fertilizer rate on harvest index as average across Pseudomonas fluorescens strains.

Vertical bars represent + 1 SE of means

3.8 Leaf P concentration

Phosphorus  fertilizer ~ rate, =~ Pseudomonas
fluorescens, and phosphorus fertilizer rate x
Pseudomonas fluorescens strain had significant
effect on leaf P concentration (Table 3). Leaf P
concentration was more rapidly increased for seed
inoculated plants with strains R187 and R41 than
control plant when P,Os application rate increased
from 0 to 100 kg ha™. At the same time, the highest

leaf P concentration was recorded for seed
inoculated plants with strains R187 and plants
received 100 kg ha” phosphorus fertilizer (Figure
7). This finding is similar to the result of Dey et al.
(2004), who reported that seed inoculation with
some P. fluorescen strains significantly enhanced
the total phosphorus content in shoot of peanut
(Arachis hypogaea L.) compared to control
(uninoculated) plants.

Y control = 0.0002x + 0.16, R% = 96, P < 0.01
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Y Ystrain Ra1 = 0.0006x + 0.16, R% = 0.93, P < 0.01

]
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Figure 7: Phosphorus fertilizer rate x Pseudomonas fluorescens strains interaction effect on leaf P concentration.

Vertical bars represent + 1 SE of means
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4 CONCLUSIONS

The experiment illustrated that seed yield was
significantly increased from 1099 + 67 to 1898 +
118 kg ha' as P application rate increased from 0
to 75 kg ha™', and thereafter statistically remained
constant. Plants raised from seeds inoculated with
Pseudomonas fluorescens produced greater grain
yield compared to those raised from uninoculated
seeds. However, there was no significant
difference in grain yield between plants raised

from inoculated seeds with Pseudomonas
fluorescens strain R187 and those raised from
inoculated seeds with Pseudomonas fluorescens
strain R41. Based on the results of this study,
application of phosphorus at the rate of 75 kg ha™
and seed inoculation with  Pseudomonas
fluorescens is recommended for obtaining the
greatest seed yield in field pea.
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ABSTRACT

Seed filling and yield of soybean under water and radiation
deficits were investigated during 2011 and 2012. Treatments
were irrigations (I;, I,, I3 and 14 for irrigation after 60, 90, 120
and 150 mm evaporation from class A pan, respectively) in
main plots and light interceptions (L;: 100 %, L,: 65 % and
L;: 25 % sunlight) in sub-plots. Seeds per plant under I; and I,
decreased, but under I; and I, increased as a result of radiation
deficit. Maximum seed weight and seed filling duration of
plants under 25 % light interception (L;) were higher than
those under full sunlight (L;) and 65 % light interception (L,).
In contrast, plants under full sunlight had the highest seed
filling rate, particularly under water stress. Seed filling
duration under severe light deficit (L;) was about 9 days
longer than that under full sunlight (L,), leading to 15.8 %
enhancement in maximum seed weight. Decreasing seed yield
of soybean under well watering and mild water stress and
improving it under moderate and severe water deficit due to
low solar radiation are directly related with changes in seed
filling duration and consequently in seed weight and number
of seeds per plant under these conditions.

Key words: seed filling, shading, soybean, water deficit, yield

IZVLECEK

POMANJKANJE VODE IN SVETLOBE VPLIVATA NA
HITROST IN TRAJANJE POLNENJA SEMEN IN
PRIDELEK SOJE

Vpliv pomanjkanja vode in svetlobe na polnenje semen in
pridelek soje je bil preucevan v poljskem poskusu v letih 2011
in 2012. Obravnavanja so bila razli¢ni rezimi namakanja (I,
L, I3 in I kot namakanje po 60, 90, 120 in 150 mm
evaporacije iz razreda A) na glavnih poskusnih ploskavah in
razli¢ni svetlobni rezimi (L;: 100 %, L,: 65 % in Ls: 25 %
delez svetlobe) na podploskvah. Stevilo semen na rastlino se
je pri obravnavanjih I; in I, zmanjSalo, a se je pri
obravnavanjih I3 in I, povecalo kot posledica pomankanja
svetlobe. Najvedja masa semen in najdaljSe trajanje polnenja
semen sta bila vec¢ja pri rastlinah, ki so rastle pri 25 %
osvetlitvi (L;) kot pri rastlinah, ki so rastle na polni (L) in
65 % (L,) osvetlitvi.V nasprotju s tem, so imele rastline pri
polni osvetlitvi najvecjo hitrost polnenja semen, $e posebej ob
susnem stresu. Trajanje polnenja semen je bilo pri ve¢jem
pomanjkanju svetlobe (L;) za 9 dni daljSe kot pri polni
osvetlitvi (L), kar je vodilo k 15.8 % povecanju maksimalne
mase semen. Zmanj$anje pridelka semena soje pri polnem
zalivanju ali blagem su$nem stresu in njegovo povecanje pri
zmernem in velikem vodnem deficitu je bilo posledica manjse
osvetlitve, kar je neposredno povezano s spremembami v
trajanju polnenja semen in posledi¢no s spremembami v masi
semen in §tevilu semen na rastlino v teh razmerah.

Kljuéne besede: polnenje semen, sencenje, soja, vodni deficit,
pridelek
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1 INTRODUCTION

Soybean is an important seed legume due to its
high protein (35 %), oil and carbohydrate contents
(21 % and 34 %, respectively). Nitrogen fixing
ability (17-127 kg/ha/year) is another advantage of
soybean plants (Messina 1997). Growth,
development and yield of soybean are the result of
a genetic potential interacting with environment.
Soybean seed production may be limited by
environmental stresses and minimizing these
stresses will optimize seed yield (Mc Williams et
al. 2004).

One of the important environmental stresses that
affect crop production worldwide is water stress.
When the full crop requirements are not met, water
deficit in the plant can develop to a point where
crop growth and yield are affected. The need for
water in soybean increases with  plant
development, peaking during the flowering and
seed filling phases (7-8 mm day™') and decreasing
thereafter (Bertolli et al 2012). So, various growth
stages of soybean respond differently to water
stress (Egli and Bruening 2004). It has been
observed that maximum reduction in yield, due to
drought stress occurs during the pod set and seed
filling period (Desclaux et al. 2000).

Radiation is another important factor affecting crop
photosynthesis, development and yield (Zhao &
Osterhuis  1998). Reduction of solar radiation
imposes a limitation to biological productivity in
plant, although the extent of the limitation varies
with shade tolerance of the species and the

nitrogen supply (Wong 1991). Shade, regardless of
its source, reduces photosynthetically active
radiation (PAR) and alters spectral quality,
affecting plant photosynthesis (Bel et al. 2000). It
has been reported (Kobata & Takami 1986) that
inhibition of photosynthesis during the seed filling
period, due to environmental stresses like shading,
can result in a major reduction in seed yield of rice.
At this time the shortage of available assimilate
caused by shading during the early seed filling
period, restricts final seed weight at the fully ripe
stage, even if the shading is removed during the
remainder of the seed filling period. In
comparison, Nasrullahzadeh et al. (2007) showed
that shading increases seed filling duration and
seed weight of faba bean.

In most seed crops, individual seed weight is
commonly analyzed as the product of the
individual seed growth rate by the duration of seed
filling. In legume seeds, the active filling period
begins when the pod wall has approximately
reached its final size. At the end of this phase, cell
division stops, linear dry matter accumulation
begins in cotyledons and continues until
physiological maturity (Ney et al. 1993). Seed
filling  duration varies with changes in
environmental conditions (Dumoulin et al. 1994).
Thus, this research was arranged to evaluate
variation in seed filling rate and duration and yield
of soybean in response to different levels of
radiation and irrigation.

2 MATERIALS AND METHODS

Two field experiments were carried out at the
Research Farm of the University of Tabriz, Tabriz,
Iran (Latitude 38°05'N, Longitude 14°17'E,
Altitude 1360m above sea level) during the
growing seasons of 2011 and 2012. The soil of the
research area was sandy loam with an EC of
0.68 dS/m, pH of 8.1 and field capacity of 28.8 %.
The experiments were arranged as split plot on the
bases of randomized complete block design in
three replicates. Factors were four irrigation
treatments (I;, I, I3, I4: irrigation after 60, 90, 120
and 150 mm evaporation from class A pan,
respectively) in main plots and three levels of light
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interceptions (Li: 100%, L,: 65% and L;: 25%
sunlight) in sub plots. Seeds of soybean (Williams)
were treated with Benomyl at a rate of 2 g/ kg and
sown in prepared plots on May 2011 and 2012 at a
depth of about 4cm. Seeding rate was 64 seeds m™.
Plots were irrigated immediately after sowing, but
subsequent irrigations were carried out according
to the treatments. Hand weeding was done as
required. Shading nets were spread over an iron
frame (3m X 3m) 1.5 m above the soil to ensure
good ventilation. These nets were large enough to
fully cover the corresponding shaded plots
immediately after seedling establishment up to
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maturity. Averages of day length and solar
radiation (full sunlight) during plant growth and
development were 14.1 hours and 16.9 MJ/m*/day,
respectively.

During seed filling, plants were harvested at 8
stages with 5 days intervals. Seeds of each sample
were oven-dried at 130°C for 17 hours and then
seed dry weight was determined. Maximum seed
weight and seed filling duration were estimated,
using a two piece regression model:

W= jatht t<tm
e+ Bt L=

Where W is seed weight, a is the intercept, b is the
slope, t is days after anthesis and tm is the end of
seed filling period (time of mass maturity).

Subsequently, seed filling rate (SFR) was

calculated as:
SFR = MSW/SFD

Where MSW is maximum seed weight and SFD is
seed filling duration.

At maturity, 10 plants from each plot were
harvested and seeds per plant were counted, and
then mean number of seeds for each plot was
calculated. Finally, Im® in the middle of each plot
was harvested and seeds detached from the pods
and seed yield per unit area was determined.
Statistical analysis was performed with MSTATC
and SAS soft-wares and Excel soft-ware was used
to draw the figures. Duncan test was applied to
compare means of each trait at 5 % probability.

3 RESULTS

Combined analyses of variance (Tablel) showed
significant effects of year on seeds per plant, rate
and duration of seed filling and seed yield, but not
on maximum seed weight. Maximum seed weight,
seed filling duration and seed filling rate were not
significantly affected by irrigation intervals, while
the effects of irrigation on seeds per plant and seed
yield per unit area were significant. Rate and

duration of seed filling and maximum seed weight
were significantly influenced by radiation
deficiency. Interaction of irrigation x light
interception was also significant for seeds per
plant, seed filling rate and seed yield, but
interaction of irrigation x year was only significant
for seed yield (Table 1).

Table 1: Combined analyses of variance of the effects of different irrigation and shading treatments on soybean

Seeds per Maximum Segd Seed .
Source df lant seed filling filline rate Seed yield

P weight duration &
Year (Y) 1 341.47** 2.31 5288.23%* | 47.87** 146148.51%**
Rep (Y) 4 94.19 990.3 123.11 3.18 6324.38
Irrigation (I) 3 609.74* 110.68 13.29 0.832 46844.34%*
Y *1 3 39.3 851.98 26.29 0.471 4605.87**
Ea 12 26.26 313.81 78.91 0.758 2442.17
Light (L) 2 29.53 3606.51* | 718.09* 19.05* 241.67
I*L 6 126.73** 475.99 74.13 5.21%* 8157.65%
L*Y 2 8.15 169.89 35.81 0.87 230.31
L*I*Y 6 6.04 217.57 90.45 1.17 1789.64
Eb 32 27.1 438.28 93.37 1.34 1601.53
C.V (%) - 21.05 16 25.74 29.32 22.54

*2%%* Significant at p<0.05 and p<0.01, respectively

Number of seeds per plant in 2012 was higher than
that in 2011 (Table 2). Seeds per plant under I; and
I, decreased, whereas under I5 and I, increased as a

result of radiation deficit. The highest number of
seeds per plant was obtained from well watered
plants under full sunlight. In general, mean

Acta agriculturae Slovenica, 105 - 2, september 2015



Kazem GHASSEMI-GOLEZANI et al.

numbers of seeds per plant of soybean under I; and
I, were lower than that under [, and I, (Figure 1).

Maximum seed weight and seed filling duration of
plants under 25% light (L;) were higher than those
under full sunlight (L) and 65% light (L,). Mean
of seed filling duration in 2011 was significantly
higher than that in 2012, while seed filling rate in

2012 was significantly higher than that in 2011.
Seed filling rate of plants under full sunlight was
higher than that under shading treatments, with no
significant difference between L, and L; (Table 2).
Plants under full sunlight had the highest seed
filling rate under all irrigation treatments. This
superiority was more evident under water stress
(Figure 2).

Table 2: Means of maximum seed weight, seed filling duration and rate of soybean under irrigation and radiation
treatments in 2011 and 2012

Maximum | Seed filling | Seed filling
Seeds per . .

Treatments plant seed weight | duration 1rate_1 (mg
(mg) (day) day”)

Year

2011 22.55b 130.66a 46.11a 2.83b

2012 26.91a 131.01a 28.96b 4.52a

Light interception

L, 25.4a 125.15b 32.82b 3.81a

L, 25.34a 122.45b 37.67ab 3.25b

| 23.45a 14491a 42.11a 3.44b

Different letters in each column indicate significant difference at P < 0.05.
Ly, Ly, L3: 100 %, 65 % and 25 % light interception, respectively
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Figure 1: Seeds per plant under different irrigation and shading treatments. I, I,, 15, I,: Irrigation after 60, 90, 120
and 150 mm evaporation, respectively. L;, L,, L3: 100 %, 65 % and 25 % light interception, respectively
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Figure 2: Seed filling rate of soybean under different irrigation and radiation treatments. 1, I,, I3, I: Irrigation after
60, 90, 120 and 150 mm evaporation, respectively. L;, L,, L3: 100 %, 65 % and 25 % light interception,
respectively

Seed yield per unit area of plants under all  plants under I, and I, decreased, but under I5 and I,
irrigation treatments in 2011 was generally lower  increased as a result of shading. The highest seed
than that in 2012 (Figure 3). In general, seed yield yield was recorded under well watering with full
under I; and I, was higher than that under I; and I;  sunlight (Figure 4).
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Figure 3: Seed yield of soybean under different irrigation treatments in 2011 (Y;) and 2012 (Y,). I, I, L5, 14
Irrigation after 60, 90, 120 and 150 mm evaporation, respectively
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Figure 4: Seed yield of soybean under different irrigation and radiation treatments. I;, I, I5, I4: Irrigation after 60,
90, 120 and 150 mm evaporation, respectively. L;, L, L;: 100 %, 65 % and 25 % light interception, respectively

4 DISCUSSION

Similar maximum seed weight in two years was
the result of longer seed filling duration in 2011
and higher seed filling rate in 2012 (Table 2). It
has been reported that seed filling rate (Ghassemi-
Golezani et al. 2009) and seed filling duration (De
Souza et al. 1997) are positively associated with
maximum seed weight in soybean.

Although seed filling rate of plants under shade
was lower than that under full sunlight, lower
radiation increased seed filling duration (Table 2)
as a result of decreasing temperature (Ghassemi-
Golezani et al. 2013). Seed filling duration under
low radiation (L;) was about 9 days longer than
that under full sunlight (L;), leading to 15.8 %
enhancement in maximum seed weight. Similarly,
Nasrullahzadeh et al. (2007) reported that delaying
physiological maturity under low light increases
seed filling duration and consequently mean seed
weight of faba-bean. Hadi et al. (2006) also
showed that reduction in radiation could increase
seed filling duration and mean seed weight of
common bean. Seed weight is determined during
the seed filling process and duration of seed filling
is an important component of maturity (Monpara
2011).
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Reduction in seed filling rate due to shading,
particularly under severe water stress (Figure 2)
may be associated with reduction in cotyledon cell
division and cell number of soybean. It has been
suggested that both cotyledon cell number and
assimilate supply are important in determining
seed growth rate (Egli et al. 1989). According to
Egli and Bruening (2001), reduction in assimilate
availability due to shading decreases seed filling
rate and increases effective filling period in
soybean. Anyway, variation in seed filling rate
under different light interceptions had no
significant effect on final seed weight of soybean
(Table 2).

Increasing seed filling rate of non-shaded plants
with increasing water stress (Figure 2) is the result
of early senesces (Bahrani et al. 2009). It has been
reported that under water deficit, particularly when
there is access to carbohydrates either directly
from the leaf photosynthesis or from those pre-
stored in stems or leaves, seed filling rate increases
(Ahuja et al. 2008). Yang et al. (2001) suggested
that an altered hormonal balance in rice seeds by
water stress during seed filling, especially a
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decrease in GAs and an increase in ABA, enhances
the remobilization of pre-stored carbon to the seeds
and accelerates the seed filling rate.

Since there was no significant difference in
maximum seed weight between two years (Table
2), higher seed yield in 2012 (Figure 3) resulted
from greater number of seeds per plant under all

irrigation  treatments (Figure 1). However,
decreasing seed yield of soybean under well
watering and mild water stress and improving it
under moderate and severe water deficit due to
light deficit (Figure 4) are directly related with
changes in seed filling duration and consequently
in seed weight (Table 2) and number of seeds per
plant (Figure 1) under these conditions.

5 CONCLUSION

Plants could be subjected to different levels of
shading or solar radiation in intercropping,
agroforestry and cropping under fruit trees. Water
deficit may also occur in these conditions.
Therefore, it is very important to understand the
interactive effects of water and radiation deficits.

The results of this research clearly showed that
shading could reduce the drought impact on

soybean plants via enhancing seed filling duration,
seed weight, seeds per plant and consequently seed
yield per unit area due to reducing temperature.
However, soybean is not an appropriate crop to
grow under shade, when water supply is sufficient.
Similar works on different crops, particularly on
shade tolerant plants, can improve our knowledge
about these interactions.
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ABSTRACT

In order to examine allelopathic effect of Cannabis sativa L.
on germination capability and seedling growth of Lactuca
sativa L., a study was performed in laboratory conditions.
Treatments were set up in randomised block design in four
replications for each of four concentration ranges of 25, 50, 75
and 100 % of aqueous extract made of shoot parts and 4
identical extract concentrations made of root of cannabis.
Control variant was lettuce seed treated by distilled water.
During the studies shoot and seminal root length of lettuce
seedlings were measured after treatments with different
concentrations of extracts made of root and shoot parts of
cannabis, and the obtained values were compared with the
control. The obtained results suggest that the extract from the
shoot parts of cannabis in high concentrations of 75 and 100%
had inhibiting effect to the germination indices while the
extract from the root had no statistically significant effect on
germination of lettuce seeds. Extract made of root part of
cannabis showed also stimulatory effect to shoot and seminal
root length of lettuce seedlings in extract concentrations of 50,
75 and 100 %.

Key words: allelopathy, lettuce, aqueous extract, cannabis,
seed germination indices

IZVLECEK

ALELOPATICEN UCINEK KONOPLJE (Cannabis sativa
L.) NA KALITEV SEMEN VRTNE SOLATE (Lactuca
sativa L.)

V laboratorijskih razmerah je bil preucevan alelopati¢en
uéinek navadne konoplje (Cannabis sativa L.) na kalitev
semen in rast kalic vrtne solate (Lactuca sativa L.).
Obravnavanja so bila izvedena kot naklju¢ni blo¢ni poskus v
Stirih ponovitvah z vsako od $tirih koncentracij, 25, 50, 75
in100 %, vodnega izvlecka poganjkov in korenin konoplje. V
kontrolnem poskusu so bila semena vrtne solate tretirana na
enak nacin z distilirano vodo. Poleg indeksa kalitve sta bili v
poskusi merjeni Se dolzina poganjkov in semenskih korenin
kaleCe solate. Rezultati so pokazali, da je imel izvledek
poganjkov konoplje v ve¢jih koncentracijah, 75 in 100 %,
inhibitorni u¢inek na kalitveni indeks, medtemko izvlecki iz
korenin niso imeli statisticno znacilnega vpliva na iste merjene
parametre. Izvlecek iz korenin konoplje je imel stimulativni
ucinek na dolzino poganjkov in semenskih korenin vrtne
solate pri koncentracijah 50, 75 in 100 %.

Kljucne besede: alelopatija, vrtna solata, vodni izvlecek,
konoplja, kalitveni indeks

1 INTRODUCTION

Hundreds of medicinal plant species are being used
in modern medicines. They have been used as
remedy for different diseases e.g. fever, malaria,
cough, flu, asthma, colds, chest diseases, skin itch,
acne, headache, jaundice, nausea, ulcer, tumors,

typhus, stomach pain, heart attack, chills,
inflammation, herpes, hepatitis, swelling, etc
(Ishaque and Shahni, 1998). Most of them have
been collected from wild sources. There is an
increasing demand for medicinal plants-based
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drugs and pharmaceuticals in the world market.
However, pharmaceutically active compounds can
also behave as allelochemicals. These allelopathic
compounds can also be used as natural herbicides
and other pesticides (Einhelling, 1995).The term
"allelopathy" was proposed for expressing the
harmful, stimulatory, enhanced and beneficial
effects that one plant species has on another
through the formation of chemical retardants
escaping into the environment (Molisch, 1937).
Allelochemicals are plant metabolites present in
plants as end products and by-products. These
chemicals are present in different parts of plants
like stem, leaves, roots, flowers, inflorescence,
fruits and seeds. Out of these plant parts, leaves
seem to be the most consistent producers of these
allelochemicals. These allelochemicals are often
released from the plants by volatilization, leaching,
exudation and decomposition from plant residues
(Molisch, 1937). Major allelochemicals found in
plants with documented allelopathic activity are
phenolic compounds (Chon et al., 2002) that have
stimulatory effects on seed germination and
seedling growth of plants. This is generally
accepted in the literature that phenolic compounds
at low concentrations are stimulatory to
germination and plant growth (Hegab et al., 2008;
Ghareib et al., 2010), but higher concentrations
resulted in a sharp germination reduction. The
well-known terpenoids include menthol, camphor,
thujone and the cannabinoids are found in
Cannabis sativa (Ameh et al., 2010). Allelopathics
are often due to synergistic activity of
allelochemicals rather than to single compounds.
The additive or synergistic effects become
significant even at low concentrations of the
extracts (Einhelliing, 1995). The concept of
allelopathy was further supported and developed
by Bonner (1950), Grummer and Beyer (1960),
Evenari (1961), Whittaker (1970), Pitman and
Duke (1978) and Fischer et al. (1978). According
to Lavabre (1991), allelopathic effects are
controversial and still poorly understood. In

allelopathy, a major tool for research is bioassay
which controls laboratory conditions, high
sensitivity gives reproducible results, and takes
relative short time to perform. There are many
ways to evaluate the herbal aqueous extracts of
allelopathic activities. These are hydroponic
culture methods, Ratoon screening method, Plant
box method (Lee et al., 2003), a plastic tray with 6
holes (Fujii et al., 2004), Dish pack method - a
new bioassay for volatile allelopathy (Fujii et al.,
2005), Sandwich method (Fujii et al., 2003) and
Filter paper (Barbosal et al., 2008). The filter paper
is a suitable method because it can tolerate the
moderate temperature during incubation (25 °C) in
the laboratory. The aqueous extracts remain stable
for longer period of time. Millipore filter paper is
used to make the method sterile. The reason for the
use of filter paper in techniques is that, it is easily
available and free from contamination. It is easily
handled and a good media for germination, it has
high flow rate for movement of extracts and
porosity (Gill et al., 2009). Allelopathic effect of
medicinal species against other plants is well
studied (Wahab et al., 1967; Rice, 1971; Han et al.,
2008 and Li et al., 2009). Cannabis sativa is
known for centuries as an effective weeds
suppressing crop plant in Iran. Weeding role of this
plant is mainly attributed to its high
competitiveness for water, food and light, as it
overshadows the soil quickly after the initial
growth phase and therefore suppresses weed
growth (Ranalli, 1999). In general, crop rotation
and related practices should aim to give the
competitive advantage to the crops in rotation
against weeds. Only few studies concerned the
rotation effects of Cannabis sativa, as an annual
crop, fits well into crop rotation and can serve to
the control of pests, as it is not related to
conventional food crop species (Ranalli, 1999),
hence the main purpose of the present study is to
evaluate the allelopathic activity of medicinal
plant, Cannabis sativa L. ssp. sativa on lettuce
(Lactuca sativa L.).

2 MATERIALS AND METHODS

2.1 Plant material and extraction procedure

In the period 2013-2014, at farms near Mashhad,
parts of C. sativa L. ssp. sativa (‘TN-96-35") were
collected. Plant material was divided into shoot,
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i.e. stem plus leaf and root. Shoot and root parts
were pulverized, after which separate extracts were
made from each of these parts of of C. sativa L.
Ten g of fresh shoot or root parts were mixed with
100 ml distilled water in a blender. The
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homogenate was filtered through tissue paper after
10 minutes and the filtrate was centrifuged at 3000
x g for 20 min and the supernatant was used as
stock solution. Extract of shoot and and root part of
C. sativa was made in a range of concentrations of
25, 50, 75 and 100 % of stock solution

2.2 Seed germination test

Filter paper in Petri dishes, of 150 x 25 mm in size
was moistened by 5 ml of the obtained extracts,
and tested lettuce seed was germinated on it.
Control was moistened by distilled water. Lettuce
seed (Lactuca sativa'lLongifolia") surface was
sterilized before adding of extracts according to
Elemar and Filho (2005). Each concentration of C.
sativa extracts was made in four replications.
Samples were laid in thermostatic device at 22 +
2°C for 7 days. Laboratory tests were set up in
randomized block design in four replications. Each
Petri dish contained 25 lettuce seeds, i.e. 100 seeds
per treatment. Germination tests were performed
according to the rule issued by the International
Seed Testing Association. The number of
germinated seeds was noted daily for 7 days. Seeds
were considered as germinated when their seminal
root reached at least 1 mm length. In this study, we
used following germination parameters:
Germination percentage (GP, %), Germination rate
(GR), Relative germination percentage (RGP),
Mean germination time (MGT), Germination index
(GI) and Weighted germination index (WGI). Final
percentage germination (GP) for each treatment
was calculated after seven days. The germination
index (GI) is based on number of seeds that
germinated and the germination rate. These
parameters were also calculated from the formulas
proposed by (Figueroa and Armesto, 2001; Bu et
al., 2007; Wu and Du 2007).

GP =100 x GN/ SN (1)

GN is the total number of germinated seeds, SN is
the total number of seeds tested

RGP = GP treatment / GP control x 100 2)
GI = (2(N-1) x G;) x 100)/(N x GN) 3)

GI is a synthetic measure designed to reflect the
synthetical ~ germination  ability  including
germination rate and germination numbers. Where
1 is the number of days since the day of sowing and
Gi is the number of seeds germinated on day i.

A weighted germination index (WGI) as described
by Bu et al. (2007) was calculated with maximum
weight given to the seeds germinating early and
less to those germinating late

WGI = [Nxn+(N-1) X np+(N-Z) xny+...J/ NxN'  (4)

where nl, n2, ..., n60 are the number of seeds that
germinated on first, second, and subsequent days
until the 60th day, respectively; N is total days of
experiment; N’ is the total number of seeds placed
in incubation

GR=ZGi/2niGi (5)

Where i is the number of days since the day of
sowing and Gi is the number of seeds germinated
on day i

Vigor index = germination % x seedling length
(root + shoot). (6)

After an incubation period of 7 days, shoot and
seminal root length of seedlings were measured
using a ruler.

2.3 Data analysis

Significant differences for all statistical tests were
evaluated at the level of p < 0.05 with ANOVA.
All data analyses were conducted using SPSS for
Windows, Version 13.0.

3 RESULTS

Based upon conducted studies, data on effect of
extracts made of shoot and root parts of C. sativa
to germination indices and seedling growth of
L.sativa were obtained. Extracts made from shoot
parts in concentrations of 75 and 100 % showed
significant effects on germination indices and

seedling growth of lettuce including: germination
percent, relative germination percent, germination
rate, mean germination time, weighted germination
index and seminal root length, while all
concentrations of shoot extracts of C. sativa
showed no significant effect on germination index,
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vigor index and shoot length. Measured values of
lettuce seed germination treated by extract of the
shoot parts of C. sativa confirmed that extract
showed allelopathic — inhibitory effect to the
germination indices and growth of seminal root in
comparison to the obtained control values.

The obtained results for extract concentration of 75
% made of shoot parts of C. sativa showed that
germination percent and relative germination
percent were 90 % which was less in comparison
to the value of control of 100 %; for the medium
extract concentration of 100 % determined
germination percent was 76.67 %. For mean
germination time, at higher concentrations were
also established lower values. For extract
concentration of 75 %, MGT was 4.8 days,
whereas in the highest concentration of 100 %,
MGT of lettuce seeds was the lowest, 1. e. 4.53 in

comparison to control variant that was 5 days. For
concentration of 100 % of extract made of shoot
parts of C. sativa, the average value of WGI was
0.84, and control was 1, for concentration of
extract of 75 %, the established value of WGI was
0.93,while control was 8.09. Concentration of
75 % and 100 % resulted in GR of 0.45 and
0.38 Nday™', respectively, with control value of
0.5 Nday™'. For variant of 75 % of extract from the
shoot parts of C. sativa, lettuce seminal root length
was 2.3 cm. while control was 3.3 mm, the
application of highest concentration of extract
made of shoot part of 100 % resulted in average
seminal root length of 2.1 cm. Duncan test showed
statistically ~ significant  difference  (P<0.05)
between the most germination indices of lettuce
seed only in the case of the extract made of the
shoot parts of C. sativa in concentration of 75 and
100 % (Table 1).

Table 1: Statistical data (mean + standard error) on effects of the shoot parts of Canabis sativa L. to germination of

lettuce seeds

Shoot | GP(%) GR(Nd") | RGP MGT(day) | GI WGI VI Shoot Seminal
extract length(cm) | root
(%) length(cm)
0 100+ 0 0.5£0 100+ 0 | 5+ 0 333+ | 10 506.67+ | 2.1+£0.65 | 3.3£0.26
0 110
25 96.67+ 0.48+0.02 | 96.67 | 4.93+0.11 | 32.2+ | 097+ 575.6+ 2.86£0.7 | 3.06£0.11
5.7 +5.7 1.9 0.04 89
50 90+ 10 0.45+£0.05 | 90+ 10 | 4.8+0.2 29.9+ | 0.93+ 457.3+ 24+045 | 2.7+ 0.46
3.3 0.07 57.9
75 *90£ 0 *0.45+ 0 *90+ 0 | *4.8+0 333+ | *0.93+ | 483+99 | 2.8+0.36 | *2.3+0.6
0 0
100 *76.67+ | *0.38+ *76.67 | ¥*4.53+0.3 | 26.6+ | *0.84= | 361+ 2.6£0.26 | *2.1£0.32
15.2 0.07 +15.2 6.6 0.1 58.9

*Marked differences are significant at p<0.05

Bioassay revealed that for extract of the root of C.
sativa there were no statistically significant
deviations between values of lettuce seed GP,
RGP, MGT, GI, VI from control values. For
variant of 25, 75 and 100 % of extract from the
root parts of C.sativa, WGI of lettuce seeds was
0.97, while control was 1. The application of
highest concentration of extract made of root part
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of 100 % resulted in average GR of 0.46 Nday”,
whereas the average GR in control was 0.5 Nday™.
Length of lettuce seminal root in treatment with the
75 and 100 % extracts made of the root part of C.
sativa confirmed stimulatory effect in comparison
to the control variant. Extract made of root part of
C. sativa also did show stimulatory effect to shoot
length in extract concentrations of 50 % (Table 2).
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Table 2: Statistical data on effects of the root parts of Canabis sativa L. to germination of lettuce seeds

Root GP(%) | GR(Nd") | RGP | MGT(da | GI WGI VI Shoot Seminal root

extract(%) y) length(cm) length(cm)

0 1000 | 0.5£0 100+ | 5£0 333+ | 1£0 506.67+ | 2.1£0.65 3.3£0.26

0 0 110

25 96.67 0.48+ 100+ | 4.93+ 322+ | *0.97+ | 382.6+ 2.1+0.55 3.3£047
+5.7 0.02 0 0.11 1.9 0.04 105

50 96.67 0.5+0 100+ | 5+£0 333+ | 1£0 322+ 2.1£0.52 2.9+0.3
+5.7 0 0 423

75 96.67 0.48 96.67 | 4.93+ 32.2 *0.97+ | 314+ *3.36+£0.46 | *4.3+0.85
+5.7 +0.02 57+ | 0.11 +19 |0.04 16.9

100 93.33+ | *0.46 96.67 | 5.26+ 31.1 *0.97+ | 197.3+ 2.6+ 0.57 *4 3+ 0.51
5.7 +0.02 57+ | 0.64 +19 |0.04 62

*Marked differences are significant at p<0.05

4 DISCUSION

In the study, allelopathic effect of the medicinal
plant, C. sativa was established for germination
indices and early growth of lettuce. Extracts made
of shoot parts of C. sativa showed inhibitory
effects to lettuce seed germination indices except
from GI and VI. Extract made of the shoot parts, in
concentration of 75 and 100 % significantly
affected mentioned factors, while the lower two
concentrations did not show a significant effect.
Extracts made of shoot parts of C. sativa did not
show statistically significant effect to shoot growth
in any concentration. Extracts made of shoot part
of C. sativa in concentrations of 75 and 100 %
showed statistically significant effect to the growth
of seminal root, while concentrations of 25 and
50 % had no statistically significant effect.

The seeds imbibed with shoot extracts of C. sativa
delayed and inhibited germination in comparison
to control. The inhibitory effect of different
concentrations of shoot extract of C. sativa on seed
germination might be due to imbalance in
metabolism regulated by various enzyme activities
(Oyun, 2006). The structure of plasma membrane
might have become denatured by the phytotoxins
present in shoot extract of C. sativa when the seeds
were soaked in extract. Positive correlation was
observed between the increase in the concentration
of extract and the inhibition of germination
percentage. Allelochemicals are known to inhibit
the metabolic processes i.e. cellular respiratory

ability of the target plant and energy transfer which
is responsible for ATP synthesis (Demos et al.,
1974). The phytotoxins present in shoot extracts of
C. sativa might have arrested the protease, o -
amylase activity resulting in inhibition of protein
and starch breakdown which reduces the
germination process.

Extract made of root part of C. sativa had
stimulatory effect to shoot and seminal root length
in extract concentrations of 50, 75 and 100 %. The
similar phenomenon was observed by other authors
(Sun et al., 2006) analyzing the allelopathic effect
of Solidago canadensis L. on rape. Anjum et al.
(2010) performed laboratory experiments to
examine the allelopathic potential of some
medicinal plants on the germination and growth of
lettuce. Using sandwich method, Albezzia lebbeck
(L.) Benth. and Broussonetia papyrifera (L.) Vent.
have strong inhibitory effects on the seminal root
and hypocotyls growth of lettuce. However,
stimulatory effects were recorded with C. sativa
and Parthenium hysterophorus L. at 5mg leaves
concentrations (Anjum et al., 2010).

Extract from the shoot parts of C. sativa has a
higher inhibitory effect to lettuce germination and
seedling growth than extract from roots. Contents
of biologically active compounds in shoot and root
parts of C. sativa are probably different both
qualitatively and quantitatively.
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5 CONCLUSIONS

Higher content of allelochemicals present in
extract of shoot parts of C. sativa may be
responsible for the inhibition of metabolic
activities of lettuce in the laboratory bioassay tests

The study revealed reduced germination capability
of lettuce seeds after treatment by extract made of

the shoot parts of C. sativa which was supported
by calculated statistical significance that indicated
existence of allelopathic effect. Extract made from
the roots of C. sativa did not have allelopathic
effect to the growth of lettuce and seed
germination.
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ABSTRACT

To evaluate the effects of nitrogen rate and bio-fertilizer
application on grain, milling, and head rice yields, a field
experiment was conducted at Rice Research Station of
Tonekabon, Iran, in 2013. The experimental design was a
factorial treatment arrangement in a randomized complete
block with three replicates. Factors were three N rates (0, 75,
and 150 kg ha') and two bio-fertilizer applications
(inoculation and uninoculation with Nitroxin, a liquid bio-
fertilizer containing Azospirillum spp. and Azotobacter spp.
bacteria). Analysis of variance showed that rice grain yield,
panicle number per m% grain number per panicle, flag leaves
area, biological yield, grains N concentration and uptake, grain
protein concentration, and head rice yield were significantly
affected by N rate, while bio-fertilizer application had
significant effect on rice grain yield, grain number per panicle,
flag leaves area, biological yield, harvest index, grains N
concentration and uptake, and grain protein concentration.
Results showed that regardless of bio-fertilizer application,
rice grain and biological yields were significantly increased as
N application rate increased from 0 to 75 kg ha™', but did not
significantly increase at the higher N rate (150 kg ha™). Grain
yield was significantly increased following bio-fertilizer
application when averaged across N rates. Grains N
concentration and uptake were significantly increased as N
rate increased up to 75 kg ha™, but further increases in N rate
had no significant effect on these traits. Bio-fertilizer
application increased significantly grains N concentration and
uptake, when averaged across N rates. Regardless of bio-
fertilizer application, head rice yield was significantly
increased from 56 % to 60 % when N rate increased from 0 to
150 kg ha™'. Therefore, this experiment illustrated that rice
grain and head yields increased with increasing N rate, while
bio-fertilizer application increased only rice grain yield.

Key words: nitrogen fertilizer, plant growth-promoting
rhizobacteria, rice yield and yield components
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IZVLECEK

VPLIV GNOJENJA Z RAZLICNIMI ODMERKI
DUSIKOVIH GNOJIL IN BIO-GNOJIL NA PRIDELEK
ZRNJA IN MLEVSKE LASTNOST RIZA

Z namenom vrednotenja ucinkov gnojenja z razlicnimi odmerki
dusika in uporabe bio-gnojil na pridelek riza in njegove mlevske
lastnosti je bil izveden poljski poskus na Rice Research Station of
Tonekabon, Iran, v letu 2013. Nacrt poskusa je bil faktorski nakljuéni
blocni poskus s tremi ponovitvami. Preucevani dejavniki v poskusih
so bili tri gnojenja z razli¢nimi odmerki dusika (0, 75, in 150 kg ha™)
in uporaba dveh bio-gnojil (z ali brez inolukacije z bio-gnojilom
Nitroxin, tekoce bio-gnojilo, ki vsebuje bakterije iz rodov
Azospirillum spp. in Azotobacter spp.). Analiza variance je pokazala,
da je imelo gnojenje z dusikom znacilen ucinek na pridelek zrnja riza,
Stevilo latov na m? Stevilo zrn na lat, povriino najvisjega lista
(zastavarja), bioloski pridelek, privzem in vsebnost N v zrnju,
vsebnost beljakovin v zrnju in pridelek olus¢enega riza, uporaba bio-
gnojil pa je imela znacilen vpliv le na pridelek zrna riza, Stevilo zrn na
lat, povrSino najviSjega lista, bioloski pridelek, Zetveni indeks,
privzem in vsebnost N v zrnju in vsebnost beljakovin v zrnju.
Rezultati raziskave so pokazali, da sta se pridelek zrnja riza in njegov
bioloski pridelek povecala ne glede na uporabo bio-gnojil, ko se je
gnojenje z dusikom povecalo z 0 na 75 kg ha’', vendar gnojenje z
vedjimi odmerki N (150 kg ha™) ni imelo znadilnega vpliva na
povecanje teh dveh parametrov. Pridelek zrnja se je znacilno povecal
pri uporabi bio-gnojil pri vseh odmerkih dusika. Vsebnost in privzem
N v zrnje sta se znacilno povecala pri povecanju gnojenja z dusikom
iz 0 na75 kg ha”', vendar nadaljna poveé¢anja gnojenja z N niso imela
znacilnega vpliva na ta parametra. Uporaba bio-gnojil je znacilno
povecala vsebnost in privzem N v zrnju pri vseh odmerkih dusika. Ne
glede na uporabo bio-gnojil, se je pridelek olus¢enega riza znacilno
povecal iz 56 % na 60 %, ko se je gnojenje z N povecalo z 0 na 150
kg ha'. Izsledki te raziskave kaZejo, da se je pridelek zrnja riza in
olus¢enega riza povecal z ve¢jim gnojenjem z dusikom, uporaba bio-
gnojil pa je povecala le pridelek zrnja.

Kljucne besede: dusikova gnojila, rast stimulirajoce rizobakterije,
pridelek riza in njegove komponente
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1 INTRODUCTION

Rice (Oryza sativa L.) is the staple food crop for
about 3 billion world’s population. In many
countries, rice provides more than 70 % of human
caloric intake. In Iran, much of the population
consumes rice at least once a day (Kanawapee et
al., 2011). Iran’s total rice production stands at 2.2
million tonnes per annum, while its annual
consumption is about three million tonnes
(Rezazadeh et al., 2013). So, Iran has to import
about 800 thousand tonnes of rice from some rice
producing countries. Consequently, increasing the
rice production in the country is an essential.

Plant nutrients, which come primarily from
chemical fertilizer, are essential for crop
production. In agriculture, nitrogen is an essential
element for crop growth and development.
Nitrogen is a basic constituent of chlorophyll,
proteins and all enzymes are involved in
photosynthesis, especially Rubisco which alone
accounts for more than 75 % of the total leaf
nitrogen (Hak et al., 1993). Li et al. (2012) and
Manzoor et al. (2006) declared that rice grain yield
was significantly increased with increasing
nitrogen fertilizer application rate. At the same
time, nitrogen has been known as an important
factor influencing rice milling quality (Perez et al.,
1996). Dilday (1988) reported that the head rice
yield decreased 7 to 22% and 2 to 6% in
‘Lemont’ and Newbonnet” rice cultivars,

respectively, when no nitrogen applying compared
to applying 200 kg N ha”. Perez et al. (1996)
indicated that the head rice yield was significantly
increased as N rate increased from 0 to 225 kg ha™.

A lot of studies noted that the nitrogen use
efficiency is relatively low in paddy fields. This
indicates that a major portion of applied nitrogen is
wasted in paddy fields. Nitrogen losses occur
through denitrification, volatilization, and leaching
which may cause the air and water pollutions
(Brown et al., 2012). Therefore, reducing the
chemical nitrogen rate by applying the bio-
fertilizers may be a solution. Bio-fertilizers are
substances ~ which  comprise  of  living
microorganisms that stimulate the plant growth by
increasing the supply or availability of primary
nutrients to the plant and the synthesis of growth-
promoting substances. Hence, bio-fertilizers can be
expected to reduce the use of chemical fertilizers.
Plant growth-promoting rhizobacteria like as
Azospirillum and Azotobacter can supply nutrients
for crops through nitrogen fixation and produce
phytohormones like auxins, cytokinins,
gibberellins and ethylene (Keyeo et al., 2011).
Therefore, this experiment was conducted to
evaluate the effects of nitrogen rate and bio-
fertilizer application on rice grain yield, yield
components and head rice yield.

2 MATERIALS AND METHODS

2.1 Experimental site, design, and plant growth
conditions

A field experiment was conducted at Rice
Research Station of Tonekabon, Iran, in 2013. The
soil texture was loamy with 1.5 % organic matter
content, pH 7.7, total N 0.9 g kg, available
P5.0mg kg', and available K 140.0 mg kg'.
Three N rates (0, 75, and 150 kg ha™") and two bio-
fertilizer applications (inoculation and
uninoculation with Nitroxin, a commercial liquid
bio-fertilizer containing Azospirillum spp. and
Azotobacter spp. bacteria), organized into a
randomized complete block design with a 3 x 2
factorial treatment arrangement and three blocks,
were applied to plot area. The colony forming unit
(cfu) of Azotobacter and Azospirillum were
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10° cells per gram of carrier material. Bio-fertilizer
(Nitroxin) was applied at two stages according to
the manufacture recommendation, i.e. seed dipping
and seedling root dipping methods. Plot size was
3m by 4 m. Consistent with the lowland paddy
field practices in north of Iran, rice seeds
(‘Tarom’) were sown in a nursery seedbed on 18
April and seedlings from these seeds were
transplanted on 14 May at a hill spacing of 0.20 by
0.20 m, with three seedlings per hill. Fertilizer N
(as urea) was split-applied, with 34 % just before
final land preparation, 33 % at panicle initiation,
and 33 % at flowering stage. Also, all plots
received 100 kg P ha™ as triple superphosphate and
75 kg K ha as potassium sulfate just before final
land preparation. Additionally, all weeds were
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removed manually whenever necessary. Plots were
harvested on 21 August.

2.2 Plant sampling

At the soft dough stage, five randomly chosen
plants were removed from each plot and the flag
leaves area (cm”) was determined with an area
meter (Model LI-3100, LI-COR, Lincoln, NE,
USA). At maturity stage, rice grain yield (based on
14 % humidity) was determined from 2.5 m* per
plot. Moisture content of grains was measured
using a digital grain moisture meter (Model GMK-
303R5-Korea) and grain yield per pot was
calculated as ((100 - moisture content of the
sample) X fresh grain weight)/86 to convert the
sample to 14% moisture content. Yield
components, that is, number of panicles per square
meter, number of filled grains and 1000-grain
weight, were determined from 12 plants (excluding
the border ones) sampled randomly from each plot.
To determine aboveground biomass, a 1 m” sample
from each plot was randomly chosen, clipped at
the ground level, threshed, dried at 70°C for three
days, weighed, and expressed as the dry weight of
above-ground plant per hectare. Harvest index was
the proportion (percentage) of filled grain weight
to total above-ground dry biomas. For measuring
grain N concentration, rice grains were grounded
to pass through a 1-mm sieve. N concentration was
determined wusing micro-Kjeldahl method as
described by Pregl (1945) and was expressed as the
percent of grain dry weight. N uptake in grain was
calculated by multiplying grain dry weight by
grain N concentration. Grain protein concentration
was calculated as 6.25 X nitrogen content measured
by the micro Kjeldahl technique.

Paddy samples for milling quality evaluation were
harvested from the 2.5 m? per plot, threshed by a
simple motorized thresher and dried up to 8 %, wet
basis (w.b.) using the laboratory dryer (Memmart
Model 600, Germany) set at 45 °C. Paddy moisture
content was determined using the digital grain
moisture meter (Model GMK-303R5-Korea). After
drying process, 200 g of dried paddy from each
treatment were dehulled by a laboratory rubber roll
huller (SATAKE Co. Ltd, Japan) and then was
milled using a laboratory rice whitener (McGill
Miller, USA). Mass of each milled rice sample was
weighed by a laboratory scale with an accuracy of
0.01 g, separated into broken and head rice kernels
by sizing with a laboratory rotary sieve (SATAKE
TRGOS58, Japan) and then broken and whole kernel
fractions were weighed. Head rice yield was
determined as the mass of head milled rice after
milling, divided by the mass of dried paddy prior
to milling process (Zhao and Fitzgerald, 2013).
Milling yield was also measured as the mass ratio
of total milled rice to the un-hulled dried paddy
prior to milling process.

2.3 Data analysis

Data were analyzed by analysis of variance
(ANOVA) procedure using SAS program (SAS
Inst. 2004) and means were compared using
Fisher’s Protected LSD at the 0.05 level of
significance. Pearson correlation coefficients were
calculated using correlation analysis to assess the
interrelationships between the different measured
parameters.

3 RESULTS AND DISCUSSION

3.1 Yield and yield components

The main effects of nitrogen rate and bio-fertilizer
application were significant, but there was no
significant interaction of nitrogen rate and bio-
fertilizer application for grain yield (Table 1).
Regardless of bio-fertilizer application, rice grain
yield was  significantly  increased  from
4251.4+346.5 to 5016.2+349.3 kg ha™ (18 %) as N
application rate increased from 0 to 75 kg ha™', but
did not significantly increase at the higher N rate
(150 kg ha') (Table 2). Grain vyield was

significantly increased by bio-fertilizer application
when averaged across N rates (Table 2). Pedraza et
al. (2009) reported that inoculation of rice plants
with Azospirillum significantly increased grain
yield. Mukhopadhyay et al. (2013) also reported
that the highest grain yield for rice was obtained
when bio-fertilizer was applied with 60 % of
recommended N rate. Induction of longer roots
with increased number of root hairs and root
laterals is a growth response attributed to IAA
production by Azospirillum and Azotobacter,
which increase grain yield in inoculated plants

Acta agriculturae Slovenica, 105 - 2, september 2015

243



Saeed FIROUZI

(Keyeo et al., 2011). Panicle number per m*> was
significantly affected only by nitrogen rate, while
grain number per panicle was significantly
influenced by both nitrogen rate and bio-fertilizer
application. Regardless of  bio-fertilizer
application, the highest (323425.9 panicle) and the
lowest (248.2+18.1 panicle) panicle number per m>
was  observed in  plots  receiving 0
and 150 kg N ha”,  respectively  (Table  2).
Averaged across bio-fertilizer applications, grain
number per panicle was significantly increased
from 96.44+3.7 to 107.6+4.3 when nitrogen
application rate increased from 0 to 150 kg ha
(Table 2). These results indicated that nitrogen
application increased sink size by increasing both
panicle number per m”> and grain number per
panicle, while bio-fertilizer inoculation increased
sink size only by increasing grain number per
panicle. Similarly to these results, Weerakoon et al.
(2005) also reported that panicle number per m’
and grain number per panicle increased with
increases in N rate. On the other hand, 1000-grain
weight was significantly affected neither by
nitrogen rate nor by bio-fertilizer application
(Table 1 & 2). Contrary to this result, Weerakoon

et al. (2005) reported that 1000-grain weight
increased with increasing in N rate. Regardless of
N rate, grain number per panicle was significantly
increased by 11 % when bio-fertilizer was applied.
Similar  result was reported by others
(Mukhopadhyay et al., 2013; Isawa et al., 2010).
Bio-fertilizer application increased panicle number
per m> and 1000-grain weight by 17 % and 4 %,
respectively, but the increases were not statistically
significant. In contrast, Mukhopadhyay et al.
(2013) and Isawa et al. (2010) found that panicle
number per m” and 1000-grain weight for rice were
significantly increased following bio-fertilizer
application. The ANOVA also showed that the
interaction between nitrogen rate and bio-fertilizer
application were not significant for all of yield
components (Table 1). This indicates that all yield
components had similar responses to N rate with or
without bio-fertilizer application. Rice grain yield
was positively correlated with panicle number per
m’, grain number per panicle, 1000-grain weight,
flag leaves area, biological yield, harvest index,
grain N concentration, and grain N uptake at
P <0.01 level (Table 3).

Table 1: Mean squares of ANOVA for grain yield (Y), panicle number per m” (PN), grain number per panicle (GN),
1000-grain weight (ThGW), flag leaves area (FLA), biological yield (BY), harvest index (HI), grain N
concentration (GNC), grain N uptake (GNU), grain protein concentration (GPC), milling yield (MY), and head
rice yield (HRY) as affected by nitrogen rate and bio-fertilizer application

GNC
SOV Df Y PN GN ThGW  FLA BY HI GNU GPC MY HRY
(%)
R 2 43778™ 23.4™ 128" 1.39™  7647157™ 589981  1.4™ 0.002" 29™  0.01™ 96 1217
Nitrogen 2 1885091 374 1917 11.14™ 542592277 7098144 72" 0217 17297 837  1.9® 198"
N)
Bio- 1 52218347 37.9™ 6387 3.65™  20723922° 176081567 25.6° 0417 44027 1617 02 0.05™
fertilizer
B)
NxB 2 349822™ 1.2 19™  0.02™ 2085236™  1007564™  32™ 0017 188™ LI™ 16™ 028™
Error 10 294163 9.4 30 10.60 4583681 886630 42 0.2 156 0.8 0.9 1.49
CV (%) - 11 16 5 13 22 7 5 10 15 10 2 2
* ** represent significance at 0.05 and 0.01probability level, respectively
ns represents no significant difference
3.2 Biological yield and harvest index yield, while harvest index was significantly

Both nitrogen rate and bio-fertilizer application
had significant effects (P < 0.01) on biological
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influenced only by bio-fertilizer application (Table
1). Moreover, no significant interactions between
nitrogen rate and bio-fertilizer application were
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found for both biological yield and harvest index
(Table 1). Regardless of bio-fertilizer application,
biological yield increased from 10653.3+648.6 to
12159.1+637.3 kg ha' (14.1 %) when N rate
increases from 0 to 75 kg ha”, with no further
increase in biological yield as N rate increased
from 75 to 150 kg ha™ (Table 2). Harvest indices

were similar for all N rates when averaged across
bio-fertilizer applications (Table 2). Thus, the
increase in grain yield was due to an increase in
total biomass production rather than harvest index.
Mukhopadhyay et al. (2013) reported that harvest
index increased following bio-fertilizer
application.

Table 2: Grain yield (Y), panicle number per m* (PN), grain number per panicle (GN), 1000-grain weight (ThGW),
flag leaves area (FLA), biological yield (BY), harvest index (HI), grain N concentration (GNC), grain N uptake
(GNU), grain protein concentration (GPC), milling yield (MY), and head rice yield (HRY) response to nitrogen

rate and bio-fertilizer application

Traits GN
Y PN (No ThGW FLA BY HI GNC GNU GPC MY HRY
Factors (kg ha") Mont) ety @ (em’)  (kgha') (%) (%) (gha')  (kgha!) (1009 (%)
Nitrogen
rates
(kg ha™)
+ +
0 4251.4+346.5"  2482+18.1°  964+37° 227+ 1.0° 62221:'91,, 123235 39.6£0.9°  129+0.1°  55.66.9°  8.0:04°  69.8:0.6° 56.8+0.7%
A+ NES
75 5016.2+349.3°  306.8+23.7%  100.3£2.9" 23.5+0.9° 9191337223 126135793i 40.9+1.0°  1.59£0.0*°  81.6£11.3%  9.9:0.7°  69.9+0.7%  585+0.7°
2+ A4+
150 5342.84237.3°  323.0+259°  107.6+4.3% 254+ 1.4° 11221;’322,, 113)52373 41.8£0.7°  1.63x0.1*  87.5+63*  102+0.5*  70.8£0.5*  60.5£0.6°
LSD (0.05) 697.03 61.9 7.1 4.1 2754.03 1210.7 26 0.19 16.4 12 12 15
Bio-fertilizer
2+ 9+
application  5409.0£192.6*  315.0420.5  107.0+2.8°  24.3+1.0° 110258163; 1§i§592 42.0£0.6°  1.65+0.1*  90.0+7.1*  10.3+0.3*  70.3£0.5*  58.6+0.8°
+ +
No 43323£258.9°  2693+19.0°  95.0+24° 23409 836693 10878'3, 39.6+0.8°  135:0.0°  59.0+5.0°  84x0.5°  70.120.5%  58.9+0.6
application 870.7 495.0
LSD (0.05) 568.8 51.0 6.02 34 2140.0 989.0 2.1 0.15 134 1.0 0.9 13

3.3 Flag leaves area

There were significant effects of nitrogen rate and
bio-fertilizer application on flag leaves area, while
the interaction effect of nitrogen rate and bio-
fertilizer application was not significant (Table 1).
Regardless of bio-fertilizer application, flag leaves
area  was  significantly  increased  from
6216.1£224.9 to 12168.2+1239.2 cm” when N rate
increased from 0 to 150 kg ha' (Table 2).
Averaged across N rates, flag leaves area was
significantly increased following Dbio-fertilizer
application by 25 % (Table 2). Lemaire et al.
(2008) declared that N shortage reduced leaf
expansion in C; cereals plants. Insufficient N

availability during rice growth stage declined both
flag leaf size and number and, therefore, reduced
total net photosynthesis (Zong and Shangguan,
2014), which in turn decreased rice grain yield.
Besides, Toth et al. (2002) suggested that lower
rates of photosynthesis under low N supply are
often attributed to reduction in chlorophyll content
and Rubisco activity. Flag leaves area was
positively correlated with grain and biological
yields, yield components height, grain N
concentration and uptake, and head rice yield at
P < 0.01 level, but not correlated with HI, and
milling yield (Table 3).
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Table 3: Correlation coefficients for measurements of rice as influenced by N rate and bio-fertilizer application

Y PN GN  ThGW FL BY HI GNC GNU  GPC MY
PN 0.51" 1

GN 0.55" 0.49" 1

ThGW 0.54" 0.01™ 0.22™ 1

FL 0.57" 0.51" 0.60"  0.47™ 1

BY 0.97" 0.52" 0.58"  0.50 0.56" 1

HI 0.86" 0.42" 0.35™  0.52" 0.44" 0.73" 1

GNC 0.75" 0.65" 0.70"  0.42™ 0.65" 0.74" 0.62" 1

GNU 0.92" 0.60" 0.677"  0.52 0.66" 0.89" 0.78" 0.94" 1

GPC 0.75" 0.65" 0.70"  0.42™ 0.65" 0.74" 0.62" 099"  0.94" 1

MY 0.01™ -0.14™ 021" -0.24™  0.07™ 0.08"™ -0.09™  0.01™  0.01™  0.01™ 1
HRY 0.51" 0.15™ 0.26™ 022" 0.64" 0.42™ 0.29™ 0697  0.687 0697 054"

* ** represent significance at 0.05 and 0.01probability level, respectively

ns represents no significant difference

Y, Grain yield; PN, panicle number per m*; GN, grain number per panicle; ThGW, 1000-grain weight; FLA, Flag
leaves area; BY, biological yield; HI, harvest index; GNC, grain N concentration; GNU, grain N uptake; MY, milling

yield; and HYR, head rice yield

3.4 Grain N concentration, grain N uptake, and
grain protein concentration

The main effects of nitrogen rate and bio-fertilizer
application were significant (P < 0.01) for grain N
concentration, grain N uptake, and grain protein
concentration, but there were no significant
interactions of nitrogen rate X Dbio-fertilizer
application for all of them (Table 1). Regardless of
bio-fertilizer application, grain N concentration,
grain N uptake, and grain protein concentration
had similar responses to N rate. Grain N
concentration, grain N uptake, and grain protein
concentration were significantly increased as N
rate increased up to 75 kg ha’', but further
increases in N rate had no significant effect on
these traits (Table 2). Regardless of N rate, grain N
concentration, grain N uptake, and grain protein
concentration were significantly increased when
bio-fertilizer was applied (Table 2). The higher
grain N concentration resulting from inoculation
may be attributed to increased N uptake by a larger
root surface area associated with additional root
hairs and lateral root development and/or to
biological nitrogen fixation (Biswas et al., 2000).
Cong et al. (2009) and Pedraza et al. (2009) also
reported that rice grain N uptake was significantly
increased with applying bio-fertilizer.
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3.5 Milling yield and head rice yield

The ANOVA results showed that nitrogen rate and
bio-fertilizer application as well as the interaction
between them had no significant effects on milling
yield (Table 1). Head rice yield was significantly
affected by nitrogen rate, while bio-fertilizer
application and the interaction between nitrogen
rate and bio-fertilizer application were not
significant (Table 1). Averaged across bio-fertilizer
applications, head rice yield was significantly
increased from 56.8+0.7 % to 60.5+0.6 % when N
rate increased from 0 to 150 kg ha (Table 2). The
positive influence of nitrogen on head rice yield is
contributed to this fact that N fertilization increases
the packing of protein matrix between endosperm
starches in rice grains and grain protein makes it
more resistant to cracking and breakage during
milling process (Blumenthal et al, 2008).
Leesawatwong et al. (2005) also noted that the
head rice yield was positively correlated with
relative abundance of the storage protein in the
lateral section of the endosperm of rice kernels.
The positive effect of nitrogen on head rice yield
also was reported by Perez et al. 1996, and Dilday
(1988). Head rice yield was positively correlated
with grain yield, flag leaves area, grain N
concentration and uptake, grain  protein
concentration, and milling yield, but not correlated
with yield components, biological yield, and
harvest index (Table 3).
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4 CONCLUSIONS

This experiment illustrated that rice grain and head
yields increased with increasing N rate, while bio-

fertilizer increased only rice grain yield.
Regardless of bio-fertilizer application, rice grain
yield was  significantly  increased  from

4251.4+346.5 to 5016.2+349.3 kg ha' as N
application rate increased from 0 to 75 kg ha™', but
did not significantly increase at the higher N rate

(150 kg ha'). Grain yield was significantly
increased by bio-fertilizer application when
averaged across N rates. Regardless of bio-
fertilizer application, head rice yield was
significantly increased from 56.840.7 % to
60.5+£0.6 % when N rate increased from 0 to 150
kg ha™.
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ABSTRACT

The main objective underlying sunflower breeding programs
is to develop high-yielding productive F, hybrid cultivars.
This study was conducted to investigate the genetic control of
some agro-morphological traits of new sunflower F; hybrids.
For this purpose, fourteen inbred lines of sunflower were
crossed with three male sterile inbred lines. Their hybrids (14
hybrids) were then evaluated against three control cultivars.
The data thus obtained were analyzed using the nested model
(North Carolina Design I) as a completely randomized block
design (CRBD) with four replications. Analysis of variance
showed that the hybrids were significantly different in all the
traits studied, except for head and stem diameters. From
among the hybrids evaluated, Cms19 x Rn1-81 was found to
have the highest seed yield and oil content. Cluster analysis
classified the hybrids into four different groups. Genetic
analysis showed that days to maturity, seed weight, and oil
content (%) were under the additive gene action. Breeding
strategies based on selection could be suggested for the
improvement of these traits. Head angle, head diameter, seed
yield, and oil yield were under the dominance gene action;
breeding based on hybridization methods is, therefore,
proposed for these traits. Finally, both additive and dominance
gene actions were observed to play important roles in the
genetic control of plant height and stem diameter.

Key words: additive, dominance effect, evaluation of hybrids,
oil content, sunflower, yield

158, Iran, *corresponding author E-mail: golabadim@gmail.com

Isfahan Agriculture and Natural Resources Center, Isfahan, Iran

IZVLECEK

GENETSKA ANALIZA AGRO:MORFQLOgKIH
LASTNOSTI PRI OBETAJOCIH KRIZANCIH
NAVADNE SONCNICE (Helianthus annuus L.)

Glavni cilj zlahniteljskih programov navadne soncnice je
razvoj visoko produktivnih F; hibridnih sort. V raziskavi smo
preucevali genetsko kontrolo nekaterih agro-morfoloskih
lastnosti nekaterih novih F; hibridov navadne soncnice. V ta
namen smo opravili krizanja 14 inbridiranih linij navadne
soncnice s tremi mosko sterilnimi inbridiranimi linijami.
Dobljeni krizanci (14 hibridov) so bili ovrednoteni glede na tri
kontrolne sorte. Tako pridobljeni podatki so bili analizirani z
vgnezdenim modelom (North Carolina Design I) v blo¢ni
zasnovi s Stirimi ponovitvami. Analiza variance je pokazala,
da so bili krizanci znacilno razliéni v vseh preucevanih
lastnostih, z izjemo premera koska in premera stebla. Izmed
ovrednotenih krizancev je imel krizanec Cmsl9 x Rnl-81
najvecji pridelek semena in najvec¢jo vsebnost olja. Klastrska
analiza je razvrstila krizance v §tiri skupine. Genetska analiza
je pokazala, da so bile lastnosti, kot so $tevilo dni do zrelosti,
masa semena in vsebnost olja (%), pod aditivno gensko
kontrolo. Za izboljSanje teh lastnosti priporo¢amo
zlahniteljsko strategijo zasnovano na selekciji. Lastnosti kot so
naklon koska, premer koska, pridelek semena in pridelek olja
so bile dominantno dedovane, zato za te lastnosti priporo¢amo
zlahtnenje na osnovi krizanja. Pri lastnostih kot sta viSina
stebla in njegov primer smo opazili pomembni vlogi tako
aditivnega kot dominantnega delovanja genov.

Klju¢ne besede: aditivno dominantni ucinki genov,
vrednotenje krizancev, navadna soncnica,

pridelek, vsebnost olja
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1 INTRODUCTION

Sunflower (Helianthus annuus L.) is widely grown
in tropical, semi-arid, and arid regions such as Iran
(Weiss, 2000). It is an important oil crop of high
quality oil, good adaptation, and high seed yield
(Razi and Asad, 1999; Hu et al., 2010). Sunflower
oil contains approximately 12 % saturated fat and
64 % linoleic acid (an omega-6 essential fatty acid)
(Weiss, 2000). The genotypes possessing self-
incompatibility and cytoplasmic male sterility
(CMS) offer the potential for hybrid production
(Fick, 1987). Currently, the highest levels of
sunflower cultivars belong to hybrid varieties
grown in developed countries. The production of
hybrid varieties of sunflower in Iran is
accomplished by using CMS and restoring fertility
(RF) lines. Hybrids of sunflower are more stable
and highly self-fertile with a high yield
performance and greater uniformity at maturity
(Kaya and Atakisi, 2004). In some cases, the
hybrid genotypes have been found to be superior in
terms of seed yield to their parental lines.
Shahsavari et al. (2010) observed significant
differences in days to maturity, plant height, stem
diameter, head diameter, seed weight, seed yield,
and oil yield among twenty genotypes of sunflower
including new hybrids and parental genotypes. Haq
et al. (2006) also reported significant differences
among sunflower hybrids with respect to their
plant height, stem diameter, oil percentage, seed
yield, and seed weight. Similarly, Razi and Assad
(1999) reported significant differences in growth
period, head diameter, seed weight, as well as oil
and seed yields among the different genotypes of
sunflower they studied. The creation of new
sunflower hybrids with a high genetic potential for

seed yield requires information about their mode of
inheritance.

Various genetic mating designs have been used to
generate improved plants. All such designs are
meant to realize the following four main
objectives: 1) to obtain information about the
genetic control of the traits under study, 2) to
generate a breeding population for use as a basis in
the selection and development of potential
varieties, 3) to provide estimates of genetic gain,
and 4) to gain information about the parents used
in the breeding programs (Acquaah, 2012). North
Carolina Designs (I, II, and III) were developed by
Comstock and Robinson (1948). Design I (NCDI)
is commonly used for estimating the additive and
dominance variances (Acquaah, 2012). The main
advantage of this design is its ability to supply a
test of significance for the additive genetic
variance (Hill et al., 1998). The design has also
been successfully used in obtaining estimates of
genetic variance in sunflower. Knowledge of
genetic factors helps researchers select appropriate
breeding methods. The genetic components and
heritability of seed yield and its components in
sunflower hybrids have been identified by different
genetic designs such as NCD-II (Alza et al., 1997)
and line x tester (Ghaffari et al., 2011).

The present study was designed to evaluate both
the mean performance of some new F, hybrids and
the genetic control of such traits as stem diameter,
head angle, and days to maturity in sunflower via
the NCD-I genetic design.

2 MATERIALS AND METHODS

This research was conducted at the experimental
research farm of Agricultural Research Institute of
Isfahan, at Kabutar Abad region (51° 51" longitude
and 32° 31 latitude) in 2012-2013. The North
Carolina Design I was used to prepare a new
genetic population of sunflower hybrids with
improved traits. Three lines of cytoplasmic male
sterility (CMS14, CMS19 and CMS 522), as the
female parents, and 14 new restorer inbred lines
(Rn1-144, Rnl-56, Rn-14, Rn-1-128, Rnl-152,
Rnl1-60, Rn-864, Rn-1-76, Rn-1-130, Rnl-149,
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Rnl-4, Rnl-81, Rn4 and Rn-1-77), as the male
parents, were separately planted in one row 4 m
long in a small crossing plot at two different
planting dates in 2012. The CMS and restore lines
were prepared by oil seed research branch of
Agricultural Research Center of Isfahan, Iran. A
distance of 60 cm was left between the rows. Some
plants in every line were covered with sheer before
flowering time. For hand pollination, liberal
amounts of pollen were applied on three plants of
every male sterile on every second day of the
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flowering period for a total number of three times.
The seeds of 14 F, hybrids with three control
genotypes (‘Azargol’, ‘Allstar’, and ‘Haysan-33’)
were evaluated in a completely randomized block
design (CRBD) with four replications in 2013.
Each experimental plot consisted of four lines in
row of 5.5 m long each. The distances between and
within the rows were set to 60 cm and 25 cm,
respectively. The standard agronomic package of
practices and suitable plant protection were
adopted to raise healthy crops. Ten randomly
selected plants were taken from the two middle
rows of each experimental plot for evaluating their
traits.

2.1 Traits studied

Seed and oil yields of each plot were calculated
(kg/ha) after elimination of two margin lines. Seed
oil (%) was determined using the seeds collected
from ten random plants per plot by the NMR
(Nuclear Magnetic Resonance, H20-18-25A)
method. Plant height (cm) was measured as the
distance between soil surface and stem attachment
to the head. Head angle was defined as the
receptacle orientation expressed at maturity as an
angle in degrees. Analysis of variance was carried
out using the SAS 9.1 software. Mean comparison
was accomplished by the Least Significant
Difference (LSD) test at a probability of 5% and
cluster analysis was conducted using the Ward
method with the SPSS software. Finally, the
genetic population was subjected to genetic
analysis using the SAS software. The variance
components of NC-I are reported in Table 1.

Table 1: Analysis of variance and its components in North Carolina Design (I)
Source of Variation D.F Mean squares Expected Mean Related covariance
Squares
Replication r-1
Female f-1 M; o%+r o*gptrm 6% o%+r (Cov F.S — Cov H.S)+ rm
CovH.S)(
Female (male) f(m-1) M, o%tr 6%y o*tr (Cov F.S — Cov H.S)
Error mf-1) (r-1) M, o o

1, f, and m denote replication, female, and male, respectively

According to Table 1, dominance variance (GZD ) and additive variance (O'ZA) would be calculated (as F=1) using

the following Relation (Kempthorne, 1957):

1+F

Cov (F.S) = [(%)UZA +(T

)?o%p]and COV(H.S)=(¥)O'2A

Broad-sense and narrow-sense heritability of the studied traits (Mahmud and Keramer, 1951) and degree of
dominance (Kearsey and Pooni, 1996) were obtained using the following Relation:

2 2
o,+0p R H -

n

Hb: z+ 2+ 2
OpTO0Op +0,

2
O

ci+ol+o!

, d=+25%0 /64
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3 RESULTS AND DISCUSSION

Analysis of variance showed significant
differences among the entries for all the studied
traits (Table 2). Moreover, female and female
(male) mean squares were significant for all the
traits (Table 2). This indicates the existence of high
variations among the parental genotypes. The
control genotypes showed significant differences
in all the traits studied, except for seed diameter

and oil content. Comparison of F; hybrids vs.
controls showed significant differences between
the means of F; hybrids and the control genotypes
(Table 2). Previous studies have also reported
significant differences in growth period, plant
height, seed weight, oil yield, and seed yield on F,
hybrids of sunflower (Razi and Assad, 1999; Haq
et al., 2006; Arshad et al., 2007).

Table 2: Analysis of variance and genetic components for agronomic traits in 14 promising F; hybrids and 3 control
lines of sunflower with NCD-1

Mean squares

SOV DF DM PH HA HD SD SW SY oY oC
Rep. 3 8.46 690337 1421.6° 7238 6.94 154747 800496 96358  1.77
Entries 16  89.17 91557 120327 787" 38" 345.6" 1855859.9” 341647 14.57
Female 2 3889”7 77635 2059.6° 14.197 747  659.67"  1255622"° 2033127 4527
Female 11 408" 1602 653277 5.72° 1.5° 90.3™ 344780° 80274" 9.5
(Male)
Control 2 76.58" 198233 354377 1433  0.02 119588 72845715 1411360 2.46
Control 1  45.817 7368.43" 84221 595 29457 969.18" 88207909 1353993 31.5"
vs. Fy
Residual 48  5.31 72.6 269.62 2.8 0.58 2431 105113 38774 2.1
Genetic
estimates
o2 12.43 21.22 50.23 0.30 0.21 20.33 32530 4394.2 1.38
oo 2 10.9 70.79 0.57 0.12 6.33 43651.7 8177.8 0.38
d 0.56 0.99 1.67 1.95 1.08 0.78 1.63 1.92 0.74
h?, 91.57 64.44 6422  60.57 6981 81.43 75.34 56.46 77.10
h?, 78.86 43.10 26.65 3128  43.86 62.10 31.74 19.1 60.43

** *: Significant at 1% and 5%, respectively; ns: not significant

Abbreviations: DM: days to maturity, PH: Plant height, HA: Head angle, HD: Head diameter, SD: Stem diameter,
SW: Seed weight, SY: Seed yield, OY: Oil yield, OC: Oil content.

d =average of dominance, h? ,= broad-sense heritability, h%,

3.1 Genetic components analysis

The genetic components of the studied traits were
calculated and reported in Table 2. The variance of
female (0%) (CMS lines) and female (male) (6%gy)
(restorer fertility lines) were significant for all the
studied traits, implying the important effects of
both additive and dominance gene actions on the
genetic control of the traits investigated. The
variance among the CMS lines (female) for all the

252 Acta agriculturae Slovenica, 105 - 2, september 2015

: Narrow-sense heritability

traits were greater than that among the male lines
(restorer), indicating the possible existence of
some degree of maternal effects for the genetic
control of the studied traits (Ghaffari et al., 2011).
Alza et al. (1997) reported that female variance
was significant for seed weight and oil content.
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3.2 Days to maturity

According to Table 2, o”a (12.43) is larger than

oo (2) for days to maturity (Table 2).
Comparison of the variance components, the value
of dominance ratio (0.56), and the high narrow-
sense heritability (78.86) indicate the importance
of the additive gene action for the genetic control
of days to maturity. In agreement with our
findings, Saeidi et al. (2009) reported that additive
genetic effects had a greater contribution to the
genetic control of days to maturity than did the
non-additive ones. Wehner (1984) reported that
dominance variance was greater than additive
variance for days to germination as a phenological
trait. Ghaffari et al. (2011) reported both additive
and dominance gene actions to be effective in the
genetic control of days to maturity.

3.3 Plant height

A major objective in sunflower breeding programs
is to improve crops by reducing plant height.
Genetic analysis in the present case showed that

the value of o°a (22) was larger than that of o’p
(10.9) for plant height (Table 2). Similar to the
findings of Gaffari et al. (2011) and Ortegon et al.
(1992), the dominance ratio (d=1) in the present
study implied the importance of both additive and
dominance gene actions in the genetic control of
plant height. Also, Miller and Hammond (1991)
reported that additive gene action played a more
important role than the dominance one did.

3.4 Head angle and head diameter

. . 2
Dominance variance (o p) was found to be

greater than ¢ a for head angle and head diameter
(Table 2). This indicates the predominant roles of
the dominance over the additive gene action in the
genetic control of these traits. Gangappa et al.
(1997) reported that non-additive gene action was
predominant for the genetic control of head
diameter, which is in agreement with our results.
Contrary to our results, however, Ghaffari et al.
(2011) reported additive ones to be important for
the genetic control of head diameter. To the best of
our knowledge, no study has been reported on the
genetic control of head angle in sunflower.

3.5 Stem diameter

Increasing stem diameter is
objective in sunflower

another major
breeding programs.

Analysis of genetic components showed that A

(0.21) was greater than o’o (0.12) for stem
diameter (Table 2). Comparison of variance
components, dominance ratio (1.08), and medium
narrow-sense heritability (43.86) implied the
importance of both additive and dominance gene
actions in the genetic control of stem diameter.
These results confirm those reported by Miller and
Hammond (1991).

3.6 Seed weight

According to Table 2, o’ (20.33) was greater

than b (6.33) for seed weight (Table 2). The
dominance ratio (0.78) and the high narrow-sense
heritability (62.10) obtained in this study showed
the predominant role of the additive over the
dominance gene action in the genetic control of
seed weight. This is in agreement with the findings
of Ghaffari et al. (2011). However, Bajaj et al.
(1997) reported the dominance gene action to be
important for the genetic control of seed weight,
which is not in agreement with our results. The
differences between the results could be explained
by differences in the genotypes used and the
environmental effects in each study.

3.7 Seed and oil yield

The magnitude of o’p (as compared to o”a), the
dominance ratio, and the low value of narrow-
sense heritability obtained in this study indicate the
importance of the dominance gene action for the
genetic control of the plant traits investigated
(Table 2). The importance of dominance gene
action for seed yield has also been reported
elsewhere (Khani et al., 2005; Skoric et al., 2000;
Ghaffari et al., 2011). Gomez et al. (1999) reported
that line and line x tester mean squares were not
significant for seed yield in sunflower. In
agreement with our results, however, other studies
performing line X tester analysis in sunflower have
indicated that oil yield is governed by the non-
additive gene action (Kadkol et al., 1984; Ghaffari
etal., 2011).
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3.8 Oil content (%)

Genetic analysis showed thato’a (1.38) was

greater than o’p (0.38) (Table 2). The high values
obtained for the narrow-sense heritability (60.43)
and dominance ratio (0.74) indicate the importance
of the additive gene action for the control of oil
content. In agreement with our results, Saeidi et al.
(2009) reported that additive gene action was more
important than the non-additive effects for the
genetic control of seed oil content. Contrary to our
results, Andarkhor et al. (2013) reported the
significant role of dominance gene action for the
genetic control of oil yield.

3.9 Heritability of traits

Broad-sense heritability varied between 91.57
(days to maturity) and 56.46 (oil yield) (Table 2).
This is while narrow-sense heritability varied
between 78.88 (days to maturity) and 19.1 (oil
yield) (Table 2). The low-medium values obtained
for the narrow-sense heritability demonstrated the
low contribution of the additive genetic variance to
the total genotypic variance (Kearsey and Pooni,
1996).

3.10 Mean comparison of F; hybrids and
controls

The mean comparison of the studied traits is
presented in Table 3. Earliness is an important trait
in most regions of sunflower cultivation in Iran,
where sunflower is grown as the second crop
following the last irrigation of a main crop or in
rotation with cereal crops. Early maturing hybrids
are, therefore, appropriate for cultivation in these
areas. Also, early maturity enables sunflower
genotypes to avoid environmental stresses,
especially biotic (diseases and insects) or abiotic
stresses (heat and drought) at the ripening stage. In
this study, days to maturity was found to range
between 93 (Cmsl4xRnl-56) and 106.5
(Cms19%xRnl1-77) days (Table 3). Depending on
the specific genotype used and the environmental
conditions, different ranges have been reported for
days to maturity in sunflower hybrids (Razi and
Assad, 1999; Ghaffari, 2003). In the present study,
the Cms14xRnl-144, Cms14xRnl-56,
Cms522/2xRnl4, Cms522/2xRn864, and
Cms19%xRnl-76 hybrids showed a shorter growth
period than did the ‘Allstar’ hybrid (as the earliest
hybrid in Iran) (Table 3). These promising hybrids
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could, therefore, be applied in breeding programs
aimed at producing early maturity genotypes of
sunflower. Plant height was found to range from
107 (Cms19xRnl1-77) to 156.3 cm (Hysun-33) in
the hybrids (Table 3). Plant height was shorter in
all the test hybrids than in the two control
(‘Haysan-33> and ‘Azargol’) ones. It may,
therefore, be concluded that the hybrids
investigated in this study exhibited reduced plant
heights as compared to the control genotypes. Razi
and Assad (1999) reported that plant height in their
study ranged between 124.3 and 2229 (cm) in
sunflower.

Head diameter in the present study ranged between
199 cm in Cmsl9%xRnl-149 and 15.9cm in
Cms14xRnl1-56 (Table 3). Based on these results,
the hybrids were found superior to the control with
respect to head diameter. Stem diameter ranged
between 19.6 mm in Cms19%Rnl-60 to 15.9 mm
in Cms19xRn1-76 (Table 3). These results indicate
a high variability in the hybrids with respect to
stem diameter. Regarding seed weight, the values
were observed to range between 75.9 (‘Azargol’)
and 42.6 (Cms522/2xRn864) (g) (Table 3).
Finally, seed yield recorded the highest values in
‘Azargol’, ‘Haysan-33’, and ‘Allstar’ as compared
to the other hybrids (Table 3). The highest seed
yield (4104.17 Kg/ha) was recorded for
Cms19xRnl1-81 (Table 3). However, no other
significant differences, were observed between this
hybrid and the control genotypes (Table 3). This
finding is in agreement with those of Haq et al.
(2006), Razi and Assad (1999), Ghaffari (2003),
and Arshad et al. (2007). Generally speaking, the
hybrid derived from the Cms-19xRn1-81 cross was
found to be the best for seed yield among the
hybrids investigated in this study.

Improvement of seed yield and oil content forms a
major goal in hybrid production programs. Oil
yield is an important sunflower trait which justifies
the economical production of specific hybrids
since the oil from properly selected and modified
genotypes offers a good potential for improving
food products while it also has many industrial
applications (Seiler, 2007). However, it is not easy
to improve these traits due to the low heritability
and high sensitivity of the plant to genotypic
interactions with the environment (Marinkovic,
1992). The experiments in this study showed that
oil yield ranged between 44.7% (Cms19%xRnl-81)
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and 39.9% (Cmsl19xRnl1-76) (Table 3). The
hybrids of Cms522/2xRn1-4 and Cms19xRn1-81
showed to be superior with respect to seed and oil
yields (Table 3). Cms19xRn1-77 was found to be
the unsatisfactory hybrid in this study as it
recorded the lowest seed and oil yields and the
longest growth period. Some hybrids showed early
maturity compared to ‘Allstar’ which is known as
an early maturity genotype.

Cluster analysis, as a multivariate analysis, is
widely used to describe genetic diversity based on
similarities or differences among genotypes
(Peeters and Martinelli, 1989). The genotypes
investigated in this study were subjected to cluster
analysis using the Ward method which yielded a
classification of genotypes into four distinct groups
(Figure 1), with 6 hybrids assigned to group 1, 6 to
group 2, 4 to group 3, and 1 to group 4.

The mean comparison of different traits is
presented in Table 4. Significant differences were
observed among the groups in all the traits studied,
except for stem diameter (Table 4). The differences
in days to maturity, plant height, head angle, and
head diameter observed among the groups were
highly significant (Table 4).

The second group exhibited the highest values of
seed yield, oil yield, seed weight, and plant height.
The two control hybrids (‘Azargol’ and ‘Haysan-
33’) were in this group as well. Based on the mean
values obtained for all the traits in the hybrids
investigated, the hybrids Cms19xRn1-130,
Cms19xRn1-149, and Cms19%Rn1-81 along with
the control “‘Azargol’ and ‘Haysan-33’ were found
to have the best seed yields. Thus, these hybrids

could be recommended for further evaluation from
a seed vyield improvement viewpoint. The third
group was identified as the earliest maturity group.
It also exhibited acceptable seed and oil yields.
The genotypes in this group could be
recommended for cases of limited planting season.
The hybrid Cms19xRn1-77, in group 4, recorded
the highest number of days to maturity among the
four groups evaluated and ranked the lowest with
respect to plant height, head angle, seed weight,
and seed yield (Table 4). The highest value for
head diameter belonged to this hybrid as well. The
hybrids from common parents (i.e., Cms 522/2 and
Cms 14) were classified in the same groups,
indicating identical effects of parents on the
progeny and probably the existence of strong
maternal effects in the parents. In contrast, those
from the parent Cms-19 were placed in different
groups, indicating less of similar parental effects
on the progeny.

Generally speaking, the hybrids Cms-19xRn1-81,
Cms19xRn1-130, and Cms19xRn1-149 had the
best conditions for seed and oil yields. On the other
hand, Cmsl14xRn1-56, Cmsl14xRn1-144, and
Cms19xRn1-76 with suitable seed and oil yields
were identified with earliness in growth period.
Therefore, depending on the regional conditions, it
seems better when selecting the best hybrids to
make a tradeoff between yield and growth period.
Alba et al. (2010) used cluster analysis for
categorizing 11 sunflower hybrids based on 8
agronomic characters including oil yield with
different sowing dates. The hybrids were classified
by cluster analysis with respect to their
performance into groups that could be differenced
by means and stability.
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Table 3: Mean comparison of different studied traits in promising hybrids and control genotypes of sunflower

cote frenene DM G M am ) @ Keha) Kenad) 09
1 Cmsl4xRnl-144 93.5 122 10.7 17.5 18.2 72.8 3166 1269.5 40.7
2 Cmsl14xRnl-56 93 112.7 26.5 15.9 17.9 539 3552 1454.7 40.9
3 Cms522/2xRnl4 94 137 44 17.5 18.4 52.6 3447 1493.6 434
4 Cms522/2xRnl-4 102.2 122 39.2 16.5 18.1 454 3437 1538.5 44.7
5 Cms522/2xRn864 93.7 129.25 44.5 16.5 17.7 42.6 3044.5 1353.6 44.5
6 Cms522/2xRn4 97.7 138.5 53 16.5 17.7 44.6 3666.6 1530.2 41.7
7 Cms19xRn1-28 100.7 149.25 54.7 18.1 16.6 59 3116.6 1326.8 42.6
8 Cms19xRn1-52 101.2 147. 25 48 16.7 19.1 61.7 3839.5 1684.6 43.9
9 Cms19xRn1-60 97.2 132.75 42.2 17.6 19.6 56.8 3668.7 1565.8 42.9
10 Cms19xRnl-76 96.2 114.25 12 17.6 15.9 58. 8 3229.1 1292.4 399
11 Cms19xRnl1-130 103.5 149.75 50 17.5 16.3 62.2 3858.3 1666.4 434
12 Cms19xRn1-49 104 136 34 19.9 17.2 64.1 39249 1620.9 41.3
13 Cms19xRnl-81 100.2 138.5 46.7 19.2 17.4 59.8 4104 1821.6 443
14 Cms19%xRnl-77 106.5 107 8 20 17.6 47.5 2287.4 944 4 41.6
15 Allstar 96.7 115.5 20.2 17 18.1 65.9 4358.3 1815.9 41.6
16 Hysun-33 104.7 156.25 42 20 19.2 61.2 4985.4 2035.1 40.8
17 Azargol 102.2 150 57.5 19.5 17.7 759 4986. 2 2132.3 42.9

LSD (P=0.05) 3.19 11.8 22.7 2.31 1.05 6.83 449.3 272.9 2.08

Abbreviations: DM: days to maturity, PH: Plant height, HA: Head angle, HD: Head diameter, SD: Stem diameter,
SW: Seed weight, SY: Seed yield, OY: Oil yield, OC: Oil content.
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Hﬂl

a
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Figure 1: Cluster dendrogram of 17 sunflower genotypes based on Euclidean rescaled distances

The biplots, therefore, provide more useful
information for sunflower breeders and PCA can
be performed based on agronomic traits data for
the determination of real hybrid performances.

Agronomic traits with favorable values of principal
components were effectively used to discriminate
entries for multivariate selection. Acute angle for
seed yield and oil yield indicated a positive
relationship between these traits (Figure 2). Seed
weight, days to maturity, and head diameter were
also closely associated (Figure 2). The associated
traits can be, therefore, used for the selection of
one of these traits, and this would provide the
opportunity to implement a multi-trait selection
process in sunflower breeding programs. Oil

content was found not to be associated with seed
yield or oil yield; rather, oil content exhibited
strongly negative associations with oil yield and
seed yield because of the obtuse angle of their
vectors. Therefore, biplots provide more useful
information in this case for sunflower breeders and
PCA can be performed based on agronomic traits
to determine the real performance of the hybrids.
According to Figure 2, Cmsl9xRnl-52,
Cms19%xRnl1-130, and Cms19xRnl-81 hybrids
were the superior ones with respect to plant height,
oil content, and stem diameter. The hybrids
Cms19%Rnl-76 and Cms19%Rnl-77 showed the
least PC values, demonstrating the low breeding
value of these hybrids for seed and oil
improvement.
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Figure 2: Biplots for the 1* and 2" principal components used for mean agronomic traits in sunflower

Abbreviations: DM: days to maturity, PH: Plant height, HA: Head angle, HD: Head diameter, SD: Stem diameter,
SW: Seed weight, SY: Seed yield, OY: Oil yield, OC: Oil content;

Table 4: Means comparison of groups from cluster analysis based of LSD test for sunflower hybrids

Means of groups

Trait" Mean squares

Group 1 Group 2 Group 3 Group 4
DM 033" 97.71b° 102.58% 94.875° 106.5°
PH (cm) 605.63" 134.46° 146.62° 116.12° 107°
HA 1392.137 45.17° 48.62° 17.37° 8°
HD (cm) 3.137 16.89° 19.04° 17° 20°
SD (mm) 2.34™ 18.43° 17.4* 17.49* 17.6*
SW (g) 422.45 50.62a° 63.69* 62.86 47.55°
SY (kg/ha) 18831.78" 3517.43° 4162.63 3576.56" 2287.47°
OY (Kg/ha) 5502 1527.7° 1767.18° 1458.14° 944.37°
0OC (%) 16.05 43.53° 42.54 40.77° 41.36™

** *: significant at 1% and 5%, respectively.

¥: Abbreviations: DM: days to maturity, PH: Plant height, HA: Head angle, HD: Head diameter, SD: Stem diameter,
SW: Seed weight, SY: Seed yield, OY: Oil yield, OC: Oil content.

Means followed by the same letter in each row are not significantly different at P = 0.05.
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4 CONCLUSION

This paper exploited the North Carolina Design 1
analysis to investigate the genetic implications
regarding seed vyield, oil yield, and certain
agronomic traits in different new F; hybrids of
sunflower. Cluster analysis revealed significant
differences among all the study groups for all the
traits investigated, except for head diameter. The
second group with six hybrids showed the highest
values for grain yield, yield components, and oil
yield. Therefore, the hybrids in this group may be
recommended for application in breeding
programs. Moreover, the predominance of additive
gene action in explaining genetic variations
observed in days to maturity, seed weight, and oil

content (%) supports the statement that genetic
improvement may be suggested through
accumulation of favorable alleles from parents and
using such proper methods as recurrent selection.
The predominance of the dominance gene action in
explaining the genetic variation observed in head
angle, head diameter, seed oil, and seed yield
supports the claim that hybridization breeding
methods are required to improve these traits. The
importance of both additive and dominance gene
actions for the genetic control of plant height and
stem diameter supports breeding methods based on
both selection and hybridization for improving
these traits.
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ABSTRACT

To reduce the use of synthetic pesticides and their negative
effects on the environment, leaves extracts of Artemisia herba-
alba Asso, Eucalyptus camaldulensis Dehnh and Rosmarinus
officinalis L. were obtained with petroleum ether, ethanol and
distilled water as solvents. These extracts were evaluated
under laboratory conditions for their insecticidal effect against
3 to 4 days-old Myzus persicae individuals (Homoptera:
Aphididae) at 1, 2.5, 5, and 10 %. We made observations after
24 hours. Etheric extract of all plants was effective and caused
mortalities (100 %, 53 % and 60 % respectively) at the highest
concentration. However, ethanolic and aqueous extracts did
not show any significant insecticidal effect. The
phytochemical screening showed the richness of etheric
extract in terpenes. The results obtained suggest that we can
make bioinsecticides based on leaves etheric extracts from
these plants for use in integrated pest management.

Key words: Artemisia herba-alba, botanical insecticides,
Myzus persicae, Eucalyptus camaldulensis,
Rosmarinus officinalis

IZVLECEK

INSEKTICIDNO DELOVANJE IZVLECKOV TREH
RASTLIN NA LISTNO US Myzus persicae (Sulzer, 1776)
IN NJIHOVA FITOKEMICNA ANALIZA

Z namenom zmanjSevanja negativnih ucinkov sinteti¢nih
pesticidov na okolje so bili narejeni izvlecki listov s
petroletrom, etanolom in distilirano vodo iz naslednjih treh
rastlin Artemisia herba-alba Asso, Eucalyptus camaldulensis
Dehnh. in Rosmarinus officinalis L.. Insekticidni uéinki teh
izvleCkov so bili ovrednoteni v laboratorijskih razmerah na 3
do 4 dni starih osebkih listnih uSi vrste Myzus persicae
(Sulzer, 1776), Homoptera: Aphididae) v 1, 2.5, 5, in 10 %
razred¢itvah. Opazovanja so bila opravljena 24 ur po uporabi.
Ucinkoviti so bili izvlecki s petroletrom vseh rastlin, ki so
povzrocili smrtnost (100 %, 53 % in 60 %) pri najvecjih
koncentracijah. Etanolni in vodni ekstrakti niso imeli
znacilnega insekticidnega delovanja. Fitokemi¢na analiza
ekstraktov je pokazala veliko vsebnost terpenov v izvleckih,
dobljenih s petroletrom. Rezultati raziskave nakazujejo, da
lahko naredimo bioinsekticide iz analiziranih rastlin na osnovi
izvleC¢kov s petroletrom in jih uporabimo v integriranem
varstvu rastlin.

Kljuéne besede: Artemisia herba-alba, botani¢ni insekticidi,
Myzus persicae, Eucalyptus camaldulensis,
Rosmarinus officinalis

1 INTRODUCTION

Chemical pest control employs potent chemical
pesticides to reduce or eliminate pests and
constitutes the major way in crop production
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throughout the world. In fact, the use of these
conventional insecticides have over the years
manifested a number of disadvantages, the most
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important of which are the risks involved for
human health and for the environment (Ofuya and
Okuku, 1994). To reduce the use of synthetic
pesticides on fruit and vegetable plantations,
phytochemicals and plant extracts have long been a
subject of research in an effort to develop
alternatives to conventional insecticides but with
reduced health and environmental impact
(Dancewicz et al., 2011). Most plant species that
are used in phytomedicine contain ingredients,
which inhibit the development of insects, hinder
their feeding (antifeedants) or act as repellents and
confusants (Laznik et al., 2010).

The green peach aphid, Myzus persicae (Sulzer,
1776) is found throughout the world. In addition to

attacking plants in the field, green peach aphid
readily infests vegetables and ornamental plants
grown in greenhouses (Capinera, 2011). Its
management is generally based upon the use of
synthetic insecticides (Ciarla et al., 2005).
Unfortunately, there is little knowledge in the
literature about the effect of a plant extracts such
as Artemisia herba-alba Asso, Eucalyptus
camaldulensis Dehnh. and Rosmarinus officinalis
L. against aphids.

This study aims to determine the toxicity of
Artemisia herba-alba, Eucalyptus camaldulensis
and Rosmarinus officinalis leaves extracts against
Mpyzus persicae by using several concentrations.

2 MATERIALS AND METHODS

2.1 Selection of plant species and preparation
of leaves extracts

In April 2013, leaves of Artemisia herba-alba,
Eucalyptus  camaldulensis and  Rosmarinus
officinalis were collected from Batna in the East of
Algeria. It is located at 35° 61" N latitude and 6°
24" E longitude with an elevation of 1048 meter
above sea level.

We prepared the extracts according to the method
presented by N’guessan et al. (2009) using various
techniques. First, we dried samples at 40 °C into an
oven before grinding them with an electric grinder.
Crude extracts were obtained by successive
extractions with three solvents ordered by
increasing polarity. In this order, we used
petroleum ether, ethanol and distilled water. For
extraction with petroleum ether, we dissolved 80 g
of powder obtained from leaves in 240 mL of
petroleum ether. A manual agitation was done for
10 min. Then, we filtered the mixture. The filtrate
obtained was named etheric filtrate 1. On residual
marks, we added 240 mL of petroleum ether; after
10 min of agitation and filtration, we obtained the
etheric filtrate 2. The same operation allowed
getting the etheric filtrate 3. These three filtrates
were grouped together and concentrated on a bath
sand. These series of operations resulted in a
concentrated solution called etheric extract. After
exhaustion by petroleum ether, residual marks
were dried. The powder was recovered in 240 mL
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of ethanol. Homogenization by manual agitation
during 10 min allowed getting the ethanolic filtrate
1. The same operation was repeated and gave the
ethanolic filtrate 2. The ethanolic filtrates were
also grouped and concentrated on a bath sand to
give ethanolic extract. To prepare the aqueous
extract, we infused dried powder in 800 mL of
distilled water during 15 min. After filtration, we
obtained aqueous extract. Finally, 4 concentrations
were prepared from these extracts: 1, 2.5,5 and
10 %.

2.2 Aphid collecting and rearing

We collected last stage larvae of Myzus persicae
(Sulzer, 1776) in April 2014 from Biskra in the
East of Algeria. It is located at 34° 52" N latitude
and 5° 45" E longitude with an elevation of 120
meter above sea level. These larvae were found on
Malva sylvestris L.

A mass rearing of the green peach aphid was
started on broad beans (Vicia faba L.) in a
greenhouse. Each plant was inoculated with
apterous adult when emerging in the morning.
Aphids were collected after 10 days by brushing
them carefully from the leaves.

2.3 Bioassay test

To determine the insecticidal effect of etheric,
ethanolic, and aqueous extracts of selected plants,
15 M. persicae apterous larvae (3 to 4 days-old)
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were placed in a Petri dish containing three leaves
of V. faba soaked in different concentrations (1,
2.5,5 and 10 %) of these extracts with three
replications. The experiment was carried out in the
laboratory. The mortality was determined after 24
hours from the beginning of exposure. When no
leg or antennal movements were observed, insects
were considered dead (Salari et al., 2010).

2.4 Phytochemical screening

We characterized the different chemical groups of
plants extracts using standard procedures as
described by Kayani et al. (2007), Benmehdi et al.
(2012), and Rahim et al. (2012).

2.4.1 Test for alkaloids

0.2 g of each extract was warmed with 2 % H,SO,
for two minutes. Then, few drops of Dragendorft's
reagent (solution of potassium bismuth iodide)
were added. Presence of orange red precipitate
indicated as positiveness for alkaloids.

2.4.2 Test for terpenoids (Salkowski test)

0.2 g of each extract was mixed in 2 mL of
chloroform, and concentrated H,S0, (3 mL) was
carefully added to form a layer. A reddish brown

coloration of the inter face was formed to show
positive results for the presence of terpenoids.
2.4.3 Test for saponins

0.2 g of each extract was shaken with 5 ml of
distilled water. Then, it heated to boil. Frothing
(appearance of creamy miss of small bubbles)
shows the presence of saponins.

2.5 Statistical analysis

The efficiency (E %) of different extracts was
calculated according to the Schneider-Orelli
formula:

E % = [ (b- K)/(10C- k) ] » 100

in which: b = percentage of individuals in the
treated sample, and k = percentage of individuals
found dead in the witness sample (Tomescu ef al.,
2009).

A chi-square test was applied to estimate the
correlation between mortality and concentrations.
Afterwards, data were subjected to the logistic
regression  model to  determine  lethal
concentrations. We used the statistical program
Statistica 8 (StatSoft, Inc., Tulsa, OK) for all
analyses.

3 RESULTS AND DISCUSSION

In the conducted experiment, effects of the A.
herba-alba, E. camaldulensis and R. officinalis
leaves extracts were recorded in the control of the
green peach aphid (Myzus persicae) after 24 hours.

The statistical analyses indicated that only etheric
extracts of all plants showed a dependence
between the mortality and different concentrations
(P <0.01) (Table 1).

Table 1: Mortality of Myzus persicae larvae with different types of plants extracts

Plant Extract X P
Artemisia herba-alba Etheric extract 146 0.00
Ethanolic extract 2.0 0.4
Aqueous extract 4.0 0.1
Eucalyptus camaldulensis Etheric extract 75.81 0.00
Ethanolic extract 4.0 0.1
Aqueous extract 2 0.4
Rosmarinus officinalis Etheric extract 91.7 0.00
Ethanolic extract 1 0.6
Aqueous extract 1 0.6
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We obtained the greatest percentages of mortality
of the aphid, 93 % and 100 %, with the two highest
concentrations (5 % and 10 %) of A. herba-alba. In

the case of E. camaldulensis, the percentage of
mortality was almost 53 % at 10% and 60 % for R.
officinalis at the same concentration (Figure 1).
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Figure 1: Average mortality (% + standard error) of Myzus persicae larvae with leaves extracts from A. herba-alba,
E. camaldulensis and R. officinalis with several concentrations after 24 hours of exposure

However, ethanolic extract of all plants did not
show any dependence between mortality and
concentrations (Table 1). The mortality of M.
persicae obtained was 0% for all plants at a
concentration of 5%, and almost 9% at 10 % when
E. camaldulensis was used (Figure 1). Also, no
dependence  between the mortality and
concentrations concerning aqueous extract of all
plants (P > 0.05) (Table 1) was established. Nearly
8 % was obtained with 4. herba-alba at 10 % and
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13 % with R. officinalis at the same concentration
(Figure 1).

From the Logit analyses, the LCsy (Lethal
Concentration) was 2.07 % for A. herba-alba, 8.35
% for E. camaldulensis and 6.6 % in the case of R.
officinalis. These data proved that A. herba-alba is
more toxic than the other two plants etheric
extracts (Table 2).
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Table 2: Toxicity of etheric extracts on M. persicae larvae (LCsy’s [%] calculated by logistic regression)

Plant extract B | Wald »? P Odds Ratio | LCs, (%)
A. herba-alba etheric extract 0.8 67.5 <0.01 2.2 2.1%
E. camaldulensis etheric extract | 0.3 69.0 <0.01 1.3 8.3 %
R. officinalis etheric extract 0.22 48.0 <0.01 1.2 6.6 %
Soliman (2007) reported that Artemisia herba-alba  al. (2012), the mortality rate of the

oil gave a high toxicity with LCsy 0.023 % and
caused 90.44 % reduction in the population on
Aphis gossypii (Glover , 1877). Abdel-Shafy et al.
(2009) evaluated the crude extracts with different
solvents of A. herba-alba against the third instar
larvae of Chrysomyia albiceps (Wiedemann,
1819). Results showed that all extracts had toxic
effects on larvae. The settling of M. persicae on
host plant leaves was strongly deterred by
wormwood (Artemisia absinthium L.) (Dancewicz,
2008). Artemisia seiberi Besser oil extract was the
most toxic to woolly apple aphid (Eriosoma
lanigerum [Hausmann, 1802]) in terms of
concentration and time responses compared with
other tested oil extracts (Ateyyat et al., 2012). Isik
and Goriir (2009) demonstrated that between 7
essential oils used against cabbage aphid
(Brevicoryne  brassicae  [Linnaeus, 1758]),
rosemary oil can be considered as an important
aphidicide to control aphid population. It can be
used also as an acaricide against the two-spotted
spider mite (Tetranychus urticae Koch, 1836),
causing complete mortality in the laboratory at
concentrations that cause no phytotoxicity to host
plants (Miresmailli, 2006). According to Rojht et

Acanthoscelides obtectus (Say, 1831) adults after 7
days using ethanol extract of R. officinalis reached
91.2 % between the concentrations of 50 % and
100 %. The use of rosemary essential oils could
significantly affect pest insects as well. In fact, the
longevity, fecundity, and fertility of the cowpea
weevils (Callosobruchus maculatus [Fabricius,
1775]), (Coleoptera, Bruchinae) were negatively
affected by these oils (Douiri et al., 2014).
Furthermore, 81.7 % adult mortality at 1 %
concentration on sycamore lace bug (Corythucha
ciliata [Say, 1832]) (Rojht et al., 2009). The
highest mortality percentage against Hyalopterus
pruni (Geoffroy, 1762) adults was achieved with
extract of E. camaldulensis leaves, reached 92.6 %
at 10 % after 48 days of treatment (Haji Younis,
2013). Elbanna (2006) recorded that 20 ml of the
eucalyptus seed extract at concentration 1000 ppm
caused 80 and 100 % mortality in larvae of Culex
pipiens (Linnaeus, 1758) within 14 hours.

Phytochemical screening showed the presence of
terpenoids in the etheric extract of all plants used
in this study (Table 3).

Table 3: Phytochemical screening of A. herba-alba, E. camaldulensis and R. officinalis using different solvents

Plant species Alkaloids Terpenoids Saponins

PE E W PE E W PE E W
A. herba-alba - - - + + _ _ T
E. camaldulensis - - - + + - - +
R. officinalis - - + + + + - - +

(+) : positive, (-) : negative
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Many works showed the richness in terpenoids of
A. herba-alba, like monoterpene hydrocarbons
(Behtari, 2012), oxygenated monoterpenes (Hudaib
and Aburjai, 2006) and sesquiterpenes (Laid, 2008;
Paolini, 2010). Qualitative and quantitative
analyses of A. herba-alba and Artemisia
monosperma Delile essential oils showed that both
oils were mainly characterized by high
concentration of total terpene compounds (75.281
and 78.69 % respectively) and low concentration
of sesquiterpenes (24.357 and 21.023 %
respectively) (Soliman, 2007). Miresmailli et al.

(2006) and Verma (2012) pointed out the presence
of monoterpenes in rosemary whereas Zhang et al.
(2014) reported its richness in diterpenoid and
triterpenoid glycosides. Terpenoids are abundant
also in the foliage of E. camaldulensis, providing
the characteristic smell as well as being valuable
economically and  influencing  ecological
interactions (Leicach, 2010; Kiilheim et al., 2015).
Moreover, in E. camaldulensis oil, monoterpenes
were prevalent while sesquiterpene hydrocarbons
and oxygenated sesquiterpenes were less
represented (Mediouni Ben Jemaa, 2012).

4 CONCLUSIONS

A. herba-alba, E. camaldulensis and R. officinalis
leaves etheric extract were efficacious against
Myzus persicae. The results obtained suggest that
we can make bioinsecticides based on extracts
from these plants for use in integrated pest
management, which are a good alternative to

conventional synthetic insecticides. This study is a
first step and its purpose was to compare the effect
of several plants leaves crude extracts against
aphids. More studies will necessary to test the
activity of each identified compounds against
aphid species and other pests.
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ABSTRACT

The effect of wet and dry pre-chilling duration, pH, osmotic
stress, salt stress and planting depth on seed germination and
seedling emergence of three foxtail species (Setaria glauca, S.
verticillata and S. viridis) was investigated in a series of
laboratory and greenhouse experiments. Both wet and dry pre-
chilling for 45 days promoted seed germination of S. glauca
compared with the control. Pre-chilling was not significantly
effective in seed dormancy breaking of S. viridis and S.
verticillata. The maximum germination of foxtails (S.
verticillata, S. viridis) was obtained when seeds were treated
with pH 7 buffer solution. Increasing of osmotic and salt stress
decreased seed germination of foxtails. Setaria verticillata
seed germination was more tolerant than those of S. glauca
and S. viridis to high water stress condition. Setaria glauca
and S. verticillata seed germination were more tolerant to high
salinity stress than S. viridis. Seedling emergence decreased
with increasing the burial depth and no germination observed
at 8 cm soil depth.

Key words: osmotic and salt stress, seed depth burial.

germination, S. glauca, S. verticillata and S.
viridis
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IZVLECEK

UCINKI HLADNEGA PREDTRETIRANJA IN
OKOLJSKIH DEJAVNIKOV NA PREKINITEV
DORMANCE IN KALITEV TREH VRST MUHVICEV

U¢inki trajanja mokrega in suhega hladnega predtretiranja,
pH, ozmotskega in solnega stresa ter globine setve na kalitev
in vznik so bili preuc¢evani pri treh vrstah muhvica (sivozeleni
muhvi¢- Setaria pumila (Poir.) Roem. & Schult.( = S. glauca
auct.)., vretenéasti muhvi¢ - S. verticillata (L.) P. Beauv. in
zeleni muhvi¢ - S. viridis (L.) P. Beauv.) v rastlinjaku in
laboratoriju. Mokro in suho hladno predtretiranje v trajanju 45
dni je pospesilo kalitev semen sivozelenega muhvica v
primerjavi s kontrolo. Isto obravnavanje ni imelo znacilnega
vpliva na prekinitev dormance semen pri zelenem in
vretenCastem muhviéu. Najve¢ja kalitev muhvicev (S.
verticillata, S. viridis) je bila dosezena pri semenih, tretiranih s
pufersko raztopino s pH 7. Povecanje ozmotskega in solnega
stresa je zmanjSalo kalitev vseh vrst muhvi¢ev Semena
vretencastega muhvica so bila bolj odporna na vecji susni
stress kot semena zelenega in sivozelenega muhvica. Semena
sivozelenega in vretenCastega muhvica so bila bolj odporna na
velik slanostni stress kot semena zelenega muhvica. Vznik
vseh treh vrst muhviev se je zmanjSeval s povecevanjem
globine setve, na globini 8 cm kalitve ni bilo.

Kljuéne besede: ozmotski in solni stress, globina setve,
kalitev, Setaria pumila, S. verticillata and
S. viridis
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1 INTRODUCTION

Foxtail species (Setaria pumila (Poir.) Roem. &
Schult. = Setaria glauca auct., S. verticillata (L.) P.
Beauv. and S. viridis (L.) P. Beauv.); are member
of Poaceae family and native to the Eurasia.
Foxtails are the worst weeds that are interfering
with world agriculture (Holm et al., 1977) and are
considered as problematic in many crops such as
corn (Zea mays L.), wheat (Triticum aestivum L.),
soybean (Glycine max L.), potato (Solanum
tuberosum L.) and sugarcane (Saccharum
officinarum L.). Due to high competitive ability
and reproductive potential, these species are
expected to be a serious threat to summer crops
and orchards in north of Iran.

Seed germination is one of the critical phases in
plant life cycle (Shoab et al., 2012) which is
affected by dormancy and environmental factors
such as light, soil pH, osmotic potential, salt stress,
temperature and burial depth. The foxtails seeds
are characterized by dormancy and a long period of
survival in soil. Setaria glauca, S. viridis and S.
verticillata are able to survive in soil for 13 to 39
years (Dekker, 2003).

Dormancy can be defined as an inhibition
mechanism of seed germination of intact viable
seed to optimize the distribution of germination

over time (Bewley and Black, 1983; Hilhorst,
1995) and is one of the survival mechanisms of
invasive annual weeds (Baskin et al. 2004). Seed
dormancy is categorized as physical, physiologic,
morphologic, morpho-physiologic and combined
dormancy (Baskin and Baskin, 2004). For breaking
dormancy and enhancing of seed germination,
moist chilling or cold stratification has been widely
used in different plants (Schopmeyer, 1974;
AOSA, 1992; ISTA, 1999; Wang and Berjak,
2000).

Investigation of germination requirements show
how a species germination process is adapted to
habitat conditions and regulated by environmental
factors (Van Assche et al., 2002). Thus, finding of
some information about factors effective in seed
dormancy breaking and optimal condition of
germination and seedling growth are necessary for
management of weeds. The aim of the present
study is promotion of seed germination of foxtail
species by means of moist and dry chilling and
also investigation of effect of environmental
factors such as soil pH, water and salt stress on
seed germination and burial depth on seedling
emergence.

2 MATERIALS AND METHODS

2.1 Plant materials and

conditions

experimental

Laboratory and greenhouse experiments were
carried out at Department of Agronomy, Sari
University of Agricultural Sciences and Natural
Resources, Sari, Iran during 2013.

The mature seeds of Setaria glauca, S. verticillata
and S. viridis were collected from more than 200
plants in 2012, Qaemshahr, Iran. Seeds were
cleaned and stored in paper bags in darkness at
room temperature (23+2 °C) until start the
experiments.

Prior start laboratory experiments, seeds were
surface-sterilized by soaking in 1 % sodium
hypochlorite (NaOCl) for 1 min and subsequently
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rinsing with distilled water. Twenty five seeds
were placed in Petri dishes (8 cm diameter) lined
by two sheets of filter paper (Whatman No. 1). The
filter paper was moistened with 5 ml of distilled
water or treatment solutions. Petri dishes were
sealed with Parafilm to reduce the water loss and
placed in germinator with 16/8 h (day/night)
photoperiod and 25/15 °C (day/night) fluctuating
temperature with a light intensity of 300 pmol m’
*s!. Germinated seeds with at least 2 mm long
seminal root were counted after a period of four
weeks. The percentage of germinated seeds was
calculated using following equation: number of
germinated seeds/number of total seeds x 100.

2.2 Pre-treatment by cold stratification

To verify the effectiveness of the pre-chilling
treatments, moisturized seeds with distilled water
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and dry seeds were placed in refrigerator at
temperature of 4 °C for 15, 30 and 45 days. After
the pre-chilling period; seed germination was
tested as in the plant materials and experimental
conditions section described.

The best pre-treatment of wet or dry pre-chilling
that promoted the maximum germination was
considered as pre-treatment for further experiments
(pH, osmotic stress, salt stress and seed burial
depth).

2.3 Effect of pH on seed germination

The effect of pH on seed germination was
determined by using different buffer solutions of
pH 3, 5, 7, 9 and 11 prepared according to the
method described by Chachalis and Reddy (2000).
Seed germination tested by method described in
the plant materials and experimental conditions
section.

2.4 Effect of osmotic stress on seed germination

To evaluate the effect of osmotic stress, different
levels of osmotic potential including 0, -0.1, -0.25,
-0.5, -1 and -1.5 MPa were prepared by dissolving
of 0, 994, 157.1, 2222, 3142, 3848 g
polyethylene glycol 6000 (Merck, Germany) in 1 L
distilled water, respectively. Five ml of
polyethylene glycol 6000 solution was added to the
Petri  dishes. Seed germination was tested
according to the plant materials and experimental
conditions section.

2.5 Effect of salt stress on seed germination

The effects of salt stress on seed germination were
evaluated by soaking seeds in solution of 0, 10, 20,
40, 80, 160 and 320 mM sodium chloride (NaCl)
(Merck, Germany). Germination was tested
according to the plant materials and experimental
conditions section.

2.6 Effect of seed burial depth on seedling
emergence

Fifty seeds of foxtails were planted in soil in 16-
cm-diameter plastic pots (30 cm height) at the
depths of 0, 2, 5 and 8 cm in greenhouse. Soil used
for experiment was a clay soil (clay, 61.4 %,; silt,
7.9 %; sand, 30.7 %) with 7.49 pH and 2.58 %
organic carbon. The temperature of the greenhouse
was set at 28/20 °C (day/night) with a natural
photoperiod. Pots were irrigated as needed to
maintain soil moisture in field capacity. Seedling
emergence was recorded as coleoptiles appeared.
Seedling emergence counted every 7 days for 28
days.

2.7 Statistical analysis

All experiments were conducted in a complete
randomized design with four replicates. Analysis
of variance was performed on transformed
(Arcsine  transformation)  data.  Significant
difference of means were identified by protected
LSD test (p = 0.05) and standard error bars. The
SAS program (SAS Institute Inc., Cary, NC, USA)
was used for the statistical analyses.

3 RESULTS AND DISCUSSION

3.1 Effect of wet and dry pre-chilling pre-
treatment on seed dormancy breaking of
foxtails

Germination of foxtails seeds was significantly
affected by wet and dry pre-chilling durations.
Initial germination (control treatment) of S. glauca,
S. verticillata and S. viridis was 41.54 %, 47.89 %
and 53.78 %, respectively (Table 1). Both wet and
dry pre-chilling for 45 days increased seed
germination of S. glauca about 32.35% and
48.61 % compared with the control, respectively
(Table 1). In contrast, seed germination of S.
verticillata and S. viridis did not significantly
increase by both wet and dry pre-chilling in

comparison with control (Table 1). Therefore, for
continuing the experiments just S. glauca seeds
were dry pre-chilled for 45 days prior pH, osmotic
potential, salt stress and seed burial depth
experiments. Positive effects of wet and dry pre-
chilling on seed germination of different weed
species was previously reported by Wartidiningsih
et al. (1994) and Baskin et al. (1992). For Poaceae
family it is well known that the duration of
stratification from 3 days to 6 weeks improve seed
germination (Williams 1983, Smith-Jochum and
Albrecht 1988, Matus-Cadiz et al. 2001, Matus-
Cadiz and Hucl 2003). The cold pre-chilling may
change the hormonal balance of seed and increase
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germination through enhancement of gibberellic
acid and cytokinin activity and/or the decline of
abscisic acid (Copeland and McDonald, 2001). The
wet pre-chilling provides enough moisture to

activate the hydrolytic enzymes that make seeds
ready to germinate once they were moved to the
warm temperature.

Table 1: Effect of wet and dry pre-chilling duration on germination of foxtail seeds

Germination (%)

Wet pre-chilling

Dry pre-chilling

S. glauca S. verticillata S. viridis S. glauca S. verticillata S. viridis
41.5440.81° 47.89+0.99° 53.78+0.91° 41.54+0.81° 47.89+0.99°  53.78+0.91°
52.60+1.03 ° 48.45+0.47 60.35+1.59° 46.161.42° 33.08+1.12°  49.70+1.75%®
56.83+0.64% 39.22+0.48° 34.43+1.50° 52.92 £3.27° 29.83+1.22°  41.94+2.15°
61.40+0.65° 34.28+1.38° 57.00+1.50° 80.8342.68 19.53+1.70°  59.2242.19°

Notes: Mean+Se; Values in each column followed by different superscripted letters indicate significant differences

(p< 0.05).

3.2 Effect of pH on seed germination of foxtails

Seed germination of foxtails was significantly
influenced by pH solution. Approximately, 40 %
of seeds of S. glauca germinated at pH 3, 5 and 7
(Fig. 1a). The maximum seed germination of S.
verticillata and S. viridis occurred at pH 7 (Fig. 1b
and 1c). The pH 9 and 11 had an inhibitory effect
on both S. glauca and S. verticillata seed
germination (Fig. 1a, 1b) However, about 25 % of
S. viridis seeds germinated at pH 9 (Fig. lc).
Inhibition of germination at pH 9 and 11 shows
that soil pH is a limiting factor for seed
germination. Wilson (1979) and Singh and
Achhireddy (1984) indicated that a narrow range
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of pH from 6 to 7 was needed for germination of
canadian thistle (Cirsium arvense L.) and strangler
vine (Morrenia odorata Lindl.). Chachalis and
Reddy (2000) showed that trumpet creeper
(Campsis radicans L.) germination was limited by
extreme pH range (pH 4 or 10). In contrast,
Chachalis et al. (2008), Fani Yazdi et al. (2013)
and Rezvani and Fani Yazdi (2013) reported that
seed germination of venice mallow (Hibiscus
trionum L. HIBTR), sheep sorrel (Rumex
acetosella L.) and black nightshade (Solanum
nigrum L.) occurred over a wide range of pH, that
shows pH should not be a limiting factor for
germination of some plants.
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Figure 1: Effect of pH on germination of foxtails seed. Setaria glauca (a), S. verticillata (b) and S. viridis (c). The
columns with the same letter are not significantly different. Vertical bars are standard error of the means.

3.3 Effect of osmotic stress on seed germination
of foxtails

Osmotic  stress significantly affected seed
germination of Setaria glauca, S. verticillata and S.
viridis. With increasing osmotic stress a decline in
seed germination of foxtails was recorded (Fig. 2a,
2b and 2c¢). At osmotic stress -0.5 MPa, S.
verticillata seed germination was higher than those
of S. glauca and S. viridis (Fig. 2a, 2b and 2c).
Seed germination of S. verticillata was more
tolerant to high water stress than S. glauca and S.
viridis. About 40.35 % of S. verticillata seeds

germinated at -0.5 MPa (Fig. 2b). Seed
germination of S. glauca and S. viridis was
33.05% and 29.09% at -0.5 MPa osmotic
potential, respectively (Fig. 2a and 2c).
Germination of foxtail seeds was inhibited when
seeds were exposed to osmotic potential lower than
-0.5 MPa. These results show that foxtails seeds
are sensitive to high osmotic stress and
germination is favored by a moist environment.
Therefore, low moisture of soil from mid spring up
to summer could be a limiting factor of emergence
of foxtails in the north of Iran. Manthey and
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Nalewaja (1987) showed that germination of S.
glauca and S. viridis was reduced by water stress
and S. viridis germinated more rapidly than S.
glauca.

Germination of horseweed (Conyza canadensis
(L.) Cronquist) decreased as osmotic potential
increased from 0 (distilled water) to -0.8 MPa
(Nandula et al.,, 2006). Our results are in
agreement with the work of Shaw et al. (1991) on
redvine (Bunnichia sp.) and Reddy and Singh

(1992) on hairy beggarticks (Bidens pilosa L.).
Low osmotic potential was found to inhibit
germination of trumpet creeper (Chachalis and
Reddy, 2000), texasweed (Caperonia palustris (L.)
A. St. Hil.) (Koger et al., 2004) and cadillo (Urena
lobata) (Wang et al., 2009). Rezvani and Fani
Yazdi (2013) and Fani Yazdi et al. (2013) reported
that low water stress significantly reduced the
germination of both black nightshade and sheep
sorrel.
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Figure 2: Effect of osmotic stress on germination of foxtail seeds. Setaria glauca (a), S. verticillata (b) and S. viridis
(¢). The columns with the same letter are not significantly different. Vertical bars are standard error of the means
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3.4 Effect of salt stress on seed germination of  germination of S. viridis decreased significantly as
foxtails salt concentrations increased and no seed
The germination of S. glauca seeds was not germination was observed at 1.60 mM NaCl (Elg'
S . . 3c). These data show that foxtails seeds were fairly
significantly differed among treatments in the .
. tolerant to salt stress. Zia and Khan (2004), Koger
range of 10 to 80 mM NaCl concentration. When
. et al. (2004), Nandula et al. (2006) and Lu et al.
seeds were treated with 320 mM NaCl, seed .
.. R . . (2006) also reported negative effect of salt stress
germination was inhibited (Fig. 3a). Similarly, SO .
L . on seed germination of different plants. Rao et al.
seed germination of S. verticillata was not (2008) showed that ot ¢ Ameri
significantly differed in comparison with the SHOWe al scfiinaton o merican

control as salt stress increased from 10 to 80 mM sloughgrass was inhibited at 300 mM NaCl

NaCl. No germination occurred as seeds were concentration.
treated with 320 mM NaCl (Fig. 3b). The
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Figure 3: Effect of NaCl concentration on germination of foxtail seeds. Setaria glauca (a), S. verticillata (b) and S.

viridis (c). The columns with the same letter are not significantly different. Vertical bars are standard error of the
means
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3.5 Effect of seed burial depth on seedling
emergence of foxtails

Seed burial depth markedly influenced on seedling
emergence of Setaria glauca, S. verticillata and S.
viridis. The maximum seedling emergence of
foxtails was found where seeds were sown on the
soil surface. The lowest seedling emergence was
obtained where planting depth was 8 cm (Fig. 4a,
4b, 4c). Decreasing in seedling emergence due to
increasing burial depth could be linked primarily to
seed energy reserves (Mennan and Ngouajio,
2006). Seeds of bigger size have higher energy
reserve than those of smaller seed size; therefore
can emerge from higher depth. Chauhan et al.

(2006) indicated that light and seed size generally
limit seedling emergence from deep in the soil.
Also, low emergence from bigger depths because
of the lack of oxygen diffusion and the presence of
CO, deriving from soil biological activity has been
reported by Benvenuti and Macchia (1995).

Decreased emergence by increasing in planting
depth has been reported in several weed species,
including hairy beggarticks (Reddy and Singh,
1992), horse purslane (Trianthema portulacastrum
L.) (Balyan and Bhan, 1986), stranglervine (Singh
and Achhireddy, 1984), and horseweed (Nandula
et al., 2006).
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Figure 4: Effect of burial depth on germination of foxtail seeds. Setaria glauca (a), S. verticillata (b) and S. viridis
(¢). The columns with the same letter are not significantly different. Vertical bars are standard error of the means
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4 CONCLUSIONS

Seed dormancy of foxtails species showed
different responses to pre-chilling treatments.
However, dry pre-chilling was only significantly
effective in seed dormancy breaking of S. glauca.
Moreover, pH, salt and osmotic stress and seed
planting depth significantly altered seed
germination of foxtails. The results of the
experiments could be effective in understanding
the distribution of foxtails in agricultural

ecosystems in the future. High seedling emergence
of these species on the soil surface could be
suggesting  light  requirements.  Therefore,
spreading of foxtails would be higher in fields with
no-tillage or minimum-tillage practices. Our results
suggest that increasing of tillage depth could be an
effective weed management strategy to reduce
seedling emergence of foxtails.
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ABSTRACT

In the study the previously calibrated LINGRA-N model was
used for a long term simulation (1964-2013) of the herbage
dry matter yield (GRASS) and growth analysis of Cock’s foot
(Dactylis glomerata L.) in Jablje. Changes in the yearly
GRASS variability are reflected in the appearance of outliers in
the second half of the study period. The biggest reductions in
GRASS are seen in the years 1992, 1993 and 2003. These are
the driest years according to meteorological variables (high
maximum and minimum air temperatures, low precipitation)
and also according to the simulations, with the lowest
reduction factor for crop growth due to drought. The potential
yield (YIELD) is not linearly dependent on meteorological
variables. Some growth components were compared on a daily
basis in a dry year (1993) and an average year (1994). In 1993,
for instance, 53 % of photosynthetically active radiation was
intercepted, against 75 % in 1994. Seasonal development of
the actual soil moisture content was linked to the development
of the leaf area index and consequently to the mass of green
leaves, to the roots mass, to the mass of dead leaves and to
GRASS. The results highlight the need for further research, on
field and with simulations. As regards the latter, we have to
keep in mind that they inevitably involve various
uncertainties.

Key words: simulation, LINGRA-N, cock’s foot, herbage
yield, drought, growth analysis

IZVLECEK

SIMULACIJA PRIDELKA ZELINJA IN KOMPONET
RASTI NAVADNE PASJE TRAVE (Dactylis glomerata L.)
V JABLJAH Z UMERJENIM MODELOM LINGRA-N

Predhodno umerjen model LINGRA-N smo uporabili za
simulacijo pridelka suhega zelinja (GRASS) in komponent
rasti navadne pasje trave (Dactylis glomerata L.) v 50-letnem
obdobju (1964-2013) v Jabljah. Izkazalo se je, da so se v
drugi polovici obravnavanega obdobja pri simulacijah GRASS
na letni ravni zacCeli pojavljati osamelci. GRASS je bil
najmanjsi v letih 1992, 1993 in 2003. To so tudi najbolj suha
leta, tako na podlagi meteoroloskih spremenljivk kot tudi na
podlagi simuliranega faktorja zmanj$anja rasti zaradi suSe.
Potencialni pridelek (YIELD) ni linearno odvisen od
meteoroloskih spremenljivk. Dolo¢ene komponente rasti smo
na dnevni skali primerjali v suSnem letu 1993 in povpre¢nem
1994. V letu 1993 je bilo na primer prestrezenega
fotosintetsko aktivnega sevanja 53 %, v letu 1994 pa 75 %.
Razvoj stanja vode v tleh tekom leta smo povezali z razvojem
indeksa listne povrsine ter posledi¢no z razvojem mase zelenih
listov, mase korenin, mase odmrlih listov in GRASS. Rezultati
opozarjajo na pomembnost nadaljnjih raziskav, tako poljskih
poskusov kot tudi modelskih simulacij. Pri slednjih se moramo
zavedati, da nosijo s seboj negotovosti iz razli¢nih virov.

Kljuéne besede: modeliranje, LINGRA-N, navadna pasja
trava, pridelek travne ruSe, suSa, analiza
rasti
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1 INTRODUCTION

Annual grass production varies widely, even under
standard management conditions (Laidlaw, 2009).
The considerable year-to-year and seasonal
variation in grassland production is of major
importance, as production systems must allow for
the risk of unfavourable weather conditions (Trnka
et al., 2006). The dependence of grassland herbage
dry matter (DM) production on weather factors and
their interaction with soil conditions, sward
composition and management have been shown in
many analyses (Trnka et al., 2006; Barrett et al.,
2005; Cop, 1992).

Even individual variables important in the
description of grassland growth like leaf area index
(LAI) are strongly weather dependent. For
example, when there are sufficient mineral
nutrients in the soil, the development of the canopy
(with LAl < 4) of a perennial ryegrass crop during
regrowth after winter or after a cut in spring time,
essentially depends on the temperature (Lambert et
al., 1999).

Drought is one of the most important weather
phenomena, having a major impact on grass sward
growth and herbage yield. In contrast to majority
field crops, grasses which constitute major part of
seminatural grasslands are perennial plants and
grow for several years. According to Tehnoloska
priporocila ... (2008), the consequences of severe
droughts affect grassland sward productivity over
the next years through the changes in the botanical
composition of the sward, which is adapting to
new growth conditions. This effect is long term
and it 1S not obvious in monocultures, which are
sown every few years. Another problem is that
when rain returns after a period of drought
precipitation may mnot be in excess of
evapotranspiration so soil moisture content may
not increase significantly (Laidlaw, 2009). So
grassland sward makes use of periods when
enough water is available and the abundant spring
growth is often followed by summer hibernation.
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Laidlaw (2009) states that early summer droughts
may not have a long term impact on yield.

In Slovenia, periods of drought are becoming
increasingly problematic for forage production in
summer months, especially on lighter soils
(Dolnicar, 2013). For example, in 2006 74 % of
agricultural area damaged by drought was under
permanent grasslands and pastures (Susnik, 2006).
According to climate change scenarios for
Slovenia by the middle of the century
(Prihodnje ..., 2014) we can expect continuous
problems with drought stress due to higher air
temperatures and, at least in the southern part of
the country, lower summer precipitation rates.

Appropriate knowledge and understanding of the
impact of climate variability on agricultural
production is therefore essential for devising an
adaptation strategy (Ceglar and Kajfez-Bogataj,
2012). From this point of view, crop modelling is
very important for studies of the impacts of
weather and climate on production. In this paper
the work with the calibrated LINGRA-N model
(Wolf, 2012), is described. The aim was to use the
model for a long term simulation (50-year period)
of the herbage dry matter (DM) yield of a grass
monoculture, which brings the opportunity to
observe the year-to-year variability and yield
declines in years of drought. Furthermore, the
growth analysis was undertaken with the intention
of better understanding the interactions between
growth components. This has an important role in
grassland management science, as growth analyses
of grass crop are rare in Slovenia, on the field or in
the lab. Even if there is one, the experiment cannot
be maintained for such a long period of time.
Additionally, some variables of water balance were
studied — their influence on the yield, its year-to-
year variability or their development during
average and dry years. The comparison was made
with year-to-year variability of meteorological data
for the central Slovenia (meteorological station
Brnik).
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2 METHODS AND DATA

The simulations were made with the LINGRA-N
model, which was previously calibrated with
herbage DM vyield data for cock’s foot (Dactylis
glomerata L.) in Jablje from the experiment (KIS,
2014) that was performed in the periods 1998—
2003 and 2008-2013. The average measured
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herbage DM yield for both periods together was
9525 kgpyha' with the standard deviation of
1742 kgpyha!  (Figure 1). The performance of
LINGRA-N was good, with RMSE% =12 % and
with the index of agreement (Willmott, 1982)
d=0.84 (Pogacar et al., 2015).

1998
1988
2000
2001
2002
2003

2004

2005
2006
2007
2008
2009
2010
2011
2012
2013

Figure 1: Average measured yearly herbage DM yield of cock's foot in Jablje for the periods 1998-2003 and 2008—

2013 (data: KIS, 2014)

Slika 1: Povprecni izmerjen letni pridelek suhega zelinja navadne pasje trave v Jabljah za obdobji 1998-2003 in

2008-2013 (podatki: KIS, 2014)

2.1 Input data

The 50-year period of the simulation was set to
1964-2013 due to the availability of the
meteorological data. For Jablje, the most
representative meteorological station is Airport
Ljubljana (Brnik). However, the distance of 12 km
between the two brings some uncertainty to the
modelling results, especially in the case of summer
local convective events. The input for LINGRA-N
includes daily data on minimum and maximum air
temperatures (°C), precipitation (mm), mean wind
speed (ms™), global radiation (kJ m?) and early
morning vapour pressure (kPa), all obtained from
the Slovenian Environment Agency (ARSO,
2014).

Air temperatures were lower at the beginning of
the 50-year period (Figure 2, left) and so was
global radiation (Figure 2, right). For the whole
period, the average of average minimum daily air
temperatures for the vegetation period (April-
September) (TminVP) is 9.3°C, the average of
average summer (June-August) minimum daily air
temperatures (TminS) is 12.1°C, the average of
average maximum daily air temperatures for the
vegetation period (TmaxVP) is 22°C, and the
average of average summer maximum daily air

temperatures (TmaxS) is 25°C. In the second half
of the period TmaxS dropped below this average in
just seven years. TmaxS was extremely high in the
years 2003, 2013, 2012, 1992 and 1983. It is clear
that not only air temperatures but also their year-
to-year variability are increasing. Something very
similar holds true for the other presented air
temperatures. However, the year-to-year variability
of TminVP and TminS was higher in the first half
of the period, due to a possibly non-climatic jump
around the year 1978. Global radiation is
increasing even more notably. Very high values
were all reached after the year 2000: in 2011,
2003, 2009, 2000, 2007, 2012 and 2013.

The 50-year average of precipitation during the
vegetation period (RRvp) is 734 mm, of which on
average 396 mm fell in the summer time (RRS)
(Figure 2, right). The decrease in precipitation is
not obvious, but the variability increased in the
second half of the 50-year period in both cases.
There have lately been more years with low RRvp
and especially with low RRs. RRvp was less than
500 mm in the years 1992, 2003, 1983 and 1993,
while RRs was less than 250 mm in the years 1983,
1992, 2001, 2003, 2013 and 1993.
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Figure 2: Left: Average minimum daily air temperature for the vegetation period (TminVP), average summer
minimum daily air temperature (TminS), average maximum daily air temperature for the vegetation period
(TmaxVP) and average summer maximum daily air temperature (TmaxS) in the period 1964-2013. Right:
Precipitation during the vegetation period (RRvp), summer precipitation (RRs), and global radiation sum for the

vegetation period (RDvp) in the period 1964-2013

Slika 2: Levo: Povpreéna minimalna dnevna temperatura zraka za vegetacijsko obdobje (TminVP), povpre¢na
poletna minimalna dnevna temperatura zraka (TminS), povpre¢na maksimalna dnevna temperatura zraka za
vegetacijsko obdobje (TmaxVP) in povpre¢na poletna maksimalna dnevna temperatura zraka (TmaxS) v obdobju
1964-2013. Desno: Koli¢ina padavin v vegetacijskem obdobju (RRvp), poletna koli¢ina padavin (RRS) in vsota
globalnega obsevanja v vegetacijskem obdobju (RDvp) v obdobju 1964-2013

The used soil type in Jablje is pseudogley-gley,
deep and moderate, the texture is silty clay. The
description can be found in TajnSek (2003). Soil
moisture content at saturation is 0.5 cm® cm”, soil
moisture content at field capacity is 0.36 cm® cm™
and soil moisture content at wilting point is
0.14 cm® cm”. The initial soil water content is set
to field capacity (Pogacar et al., 2015). The rooted
zone is changing with the growth of roots, every
year from 30 to 40 cm. Four mowings are assumed
and are set on fixed dates: 12 May, 1 July, 30
August and 17 October. The grass sward is
fertilized on 1 April (60 kgy ha™") and on the first
day after the first (50 kgyha™) and the second
(46 kgy ha™") mowing.

Furthermore, calibrated crop and soil parameters
are required as input. There are 27 of them, the
most influential (Pogacar et al., 2015) are the
thresholds for reductions of radiation use
efficiency due to low minimum temperature
(TMNFTB =-3°C) or high soil temperature
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(TMPFTB = 25°C), the leaf area index after
mowing (CLAI = 0.8 m?m?), the maximum light
use efficiency (RUETB = 2.6 goy MJ'par), the
fraction of precipitation lost by surface runoff
(RUNFR =0.08), the initial number of tillers
(TILLI = 7000 m), the mineral soil nitrogen (N)
available at the start of the growth period
(NMINS = 400 kgy ha™), the fraction of total
biomass to roots under stressed conditions
(FRT = 0.2) and the recovery fractions of fertiliser
N applications (NRFTAB = 0.7).

2.2 Overview of output variables in the
LINGRA-N model

From each simulation run two output files are
obtained. One gives the daily results (as model
time step is 1 day) for each simulated year (Table
1). The other contains yearly cumulative or
average (depending on the characteristics of the
variable) values for most of the variables
(exceptions are marked grey in Table 1).



Table 1: Output variables of LINGRA-N simulated for each day (DM: dry matter, N: nitrogen). Variables for which
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model does not calculate yearly cumulative or average values are marked grey

Preglednica 1: Izhodne spremenljivke modela LINGRA-N, simulirane za vsak dan (DM: suha snov, N: dusik). S

sivo so oznacene spremenljivke, za katere model ne izracuna letnih povprecij oz. vsot

Variable

Unit

Description

Water balance variables

DRAIN mm cumulative drainage

ESOIL mm cumulative soil evaporation

IRR mm cumulative irrigation

RAIN mm cumulative precipitation

RUNOF mm cumulative runoff

SMACT cem’ cm” actual soil moisture content in rooted zone
WAVT mm available water in rooted zone

WTOT mm water in rooted zone

TRANS mm cumulative crop transpiration

Variables based on nitrogen

NLIV kgy ha™! amount of N in living crop organs
NLOSS kgy ha™! N loss in dead crop organs and cut grass
o Tl amount of organic N potentially available by mineralization from the
NMIN kgy ha soil
NMINT kgn ha’! mineral N directly available from soil and fertiliser
NNI / nitrogen nutrition index (range 0-1)
NUPT kgy ha N uptake by crop from soil
Crop variables
DVS - development stage
LAI m’ m™ leaf area index
PAR MJ m™d’ daily amount of photosynthetically active radiation
PARAB MJ m3d! daily amount of PAR as intercepted by the crop canopy
TILLER m” number of tillers
TRANRF / reduction factor for crop growth due to drought/wetness (range 0-1)
WLVD kgpm ha'! mass of dead leaves in the field
WLVG kgpy ha™! mass of green leaves in the field
WRE kgpy ha™ mass of reserves (storage carbohydrates)
WRT kgpm ha’! roots mass
TSUML °C temperature sum from emergence
TADRW kgpy ha™' mass of green and dead leaves in the field plus herbage DM yield
GRASS kgpy ha™ herbage DM yield
YIELD kgpy ha™! mass of harvestable leaves in the field plus herbage DM yield
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In the second output file there are also yearly
values of nitrogen use
efficiency (NUE, kgpy kg'N),  radiation  use
efficiency (RUE, gpy MJI'par) and water use
efficiency (WUE, gpm kg 'lwater).

In this paper some of the simulated variables are
studied. In the first place the herbage DM yield of
grassland (GRASS) and the potential yield
(YIELD), in connection with input weather
variables and the reduction factor for crop growth
due to drought (TRANRF) on a yearly basis. The
dependence of RUE on TRANRF is shown. To
further describe the water status, the yearly
development of the actual soil moisture content in
the rooted zone (SMACT) is examined during a dry
year (1993) and an average year (1994), in which
GRASS is very close to the average GRASS for the
whole period. Also, the daily amount of
photosynthetically active radiation (PAR) and the
daily amount of PAR as intercepted by the grass
crop canopy (PARAB) are compared with each
other in the two years. This kind of a comparison is
also made for the variables of the daily growth of
the grass crop like the mass of green leaves
(WLVG), the roots mass (WRT) and the mass of
dead leaves (WLVD). Furthermore, the leaf area
index (LAI) progress during dry and average years
is presented.

To better understand the simulation of those
variables there is a short description based on Wolf
(2012) of how they are calculated in the LINGRA-
N model (sections 2.3 to 2.5).

2.3 Growth variables

Growth variable PARAB (MJ m™d™") is calculated
as the daily amount of incoming PAR (MJ m?d™)
times the fractional light interception:

PARAB= PAR(1—e "ot (1)
where Kpe is the extinction function for visible
incoming radiation with the calibrated value of 0.6.

The daily assimilate production of the crop
(GTWSO,, kgpy ha'd™) is dependent on PARAB,
RUE, correction factors for temperature, high
radiation levels, and atmospheric CO,, and
reduction factors for water and N stress (via
TRANRF and nitrogen nutrition index NNI). The
sum of GTWSO; and the available amount of
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reserves (WRE, kgpum ha'l) is labeled as GTWSO,
(ngM ha'ld'l).

The sink limited increase in leaf area (GLAISI, ha
ha'd™) is calculated from the number of tillers and
the leaf elongation rate. The sink limited increase

in total biomass (GTWSI, kgpyha'd') is

calculated as

GTWS| = GLAISI 2
SLA-(1-FRT)

where SLA (with the calibrated value of 0.0025
ha kg 'py) is a specific leaf area and 1-FRT (with
the calibrated value of 0.8) is the above ground
allocation fraction.

The actual grass growth may switch between sink
and source limited growth limitation. If
GTWSO, > GTWSI, the growth rate (GTW,
kgpw ha'd™) is equal to GTWSI and the additional
amount of assimilates results in an increase in
reserves. If GTWSO,<GTWSI then GTW is equal
to GTWSO,. The increase in leaf mass (GLV,
kgpw ha'd™) is calculated from the total growth
rate GTW and the partitioning factor (1-FRT), to
determine the mass of green leaves (WLVG,
kgpm ha). With the FRT factor the roots mass is
obtained (WRT, kgpy ha™). The daily increase in
LAI (GLAI, d") is simulated as

GLAI =GLV -SLA, 3)

with SLA as in (2).

Furthermore, the relative death rates of the leaves
(RDR, d) due to N shortage (with NNI < 1; RDR,,
d™) and due to ageing as dependent on the mean
daily temperature (RDRy,, d), due to shading (with
high LAI values; RDRg, d™') or due to drought (as
dependent on TRANRF; RDRy,, d'l) are
determined:

RDR=RDR, +max(RDR,,RDR,,RDR, ). 4)

Next, the death rate of leaves (DLV, kgpy ha™'d™)
is calculated from RDR, followed by the
calculation of the mass of the dead leaves (WLVD,
kgpm ha'). The decrease in LAl (DLAI, d) is
calculated practically in the same way as the leaf
death rate. Only to allow regrowth after, for
example, a period of severe drought stress, LAl (m®
m?) remains during the growth period always at
least on the value of predefined CLAI. The change
in the leaf area (RLAI, d) is equal to GLAI minus
DLAI
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2.4 Herbage DM yield, potential yield and crop
efficiency

For the calculation of the herbage DM yield
(GRASS, kgpy ha'), the harvestable leaf mass
(HRVBL, kgpy ha™) has to be determined first. It is
equal to the green leaf mass in the field (WLVG)
minus the leaf mass that remains in the field after
mowing;:

HRVBL =WLVG —% (%)
SLA
where CLAIl is the leaf area index after

mowing (0.8 m* m™) and SLA is as in (2). GRASS
increases at every mowing by the value of HRVBL
on the mowing day. Potential yield (YIELD,
kgpy ha™') is determined by the equation

YIELD = GRASS + HRVBL. (6)

For the crop efficiency simulations another
variable TADRW (kgpy ha™) is determined as

TADRW = GRASS +WLVG +WLVD. (7
It presents the mass of green and dead leaves in the
field together with the herbage DM yield.
Radiation use efficiency (RUE, gpum MJ’IPAR) is
derived at the end of the growth period from
TADRW divided by the total intercepted solar
radiation during the growth period. The calculation
of water use efficiency (WUE, gpum kg"water) is
similar: at the end of the growth period TADRW is
divided by the total water amount used by
evapotranspiration during the growth period.

2.5 Water balance

LINGRA-N calculates evapotranspiration and
water balance in the same way as the WOFOST
model (Supit and Van der Goot, 2003). The
processes directly affecting the root zone soil
moisture content are percolation, surface runoff,
infiltration, crop transpiration and soil evaporation.
The actual soil moisture content (SMACT,
cm’ cm™) can be established according to Driessen
(1986 op. cit. Supit and Van der Goot, 2003):

INup—+_(|NI0w Ta)At (8)
RD
where the rate of net influx through the upper root
zone boundary (INyp, cm d')is
IN,=P+I,-E;,—SR )
and the rate of net influx through the lower root
zone boundary (INjey, cm d'l) 1S
IN,,, =—PERC (10)

and T, (cmd') is the calculated actual
transpiration rate of crop, RD (cm) the calculated
actual rooting depth, At the determined time step
(1 d), P (cmd™") input daily precipitations, I
(cmd"') from input recalculated effective daily
irrigation (not used — it is not a common practice to
irrigate grass swards), Es (cm d™) the calculated
soil evaporation rate, SR (cmd™) the calculated
rate of surface runoff and PERC (cmd"') the
calculated percolation rate.

The method, introduced by Penman (1956, 1948
op. cit. Supit and Van der Goot, 2003) and adapted
according to Choisnel et al. (1992 op. cit. Supit and
Van der Goot, 2003), is used for daily totals of
canopy transpiration and soil evaporation and is
described in Supit and Van der Goot (2003). The
reduction of the grass growth rate and the
transpiration rate due to drought stress is calculated
via:

SMACT =

TRANRF=T, /T, = SMACT - SMW (11)
SMCR—SMW

where T, and SMACT are defined as in (8), T,
(cm d) is the potential transpiration rate of crop,
SMW (cm’ cm™) soil moisture content at wilting
point and SMCR (cm® cm™) critical soil moisture
content. SMCR is defined as the quantity of stored
soil moisture below which water uptake is
impaired and the plant closes its stomata. TRANRF
affects RUE and the growth rate of the crop, the
leaf death rate and the distribution of assimilates to
the roots.

3 RESULTS AND DISCUSSION

As previously mentioned, there is great year-to-
year variation of grassland herbage DM yields.
Coefficient of variation for experimental herbage
DM yield data in Jablje is 18 %. For instance,
measured annual grassland herbage DM yields in

Austria tend to vary within £10-20 %, but during
some years (e.g. 2003) these deviations can be
much greater (Schaumberger et al., 2007). In the
period 1995-2004, the average coefficient of
variation for experimental grassland herbage DM
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yields in France was about 16 % (Smit et al.,
2008).

The simulated GRASS (Figure 3) has about the
same variability throughout the 50-year period,

however, in the second half outliers start to appear,
which can be alarming in terms of the negative
effect of climate change.
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Figure 3: Upper: Boxplots of simulated yearly herbage DM yield (GRASS) of cock’s foot in Jablje for the first
(1964—-1988) and the second (1989-2013) half of the 50-year period. Lower: Simulated yearly herbage DM yield
(GRASS) of cock’s foot in Jablje for the whole period 1964-2013

Slika 3: Zgoraj: Okvirja z rocaji za simuliran letni pridelek suhega zelinja (GRASS) navadne pasje trave v Jabljah v
prvi (1964-1988) in drugi (1989-2013) polovici obravnavanega 50-letnega obdobja. Spodaj: Simuliran letni
pridelek suhega zelinja (GRASS) navadne pasje trave v Jabljah za celotno obdobje 1964-2013

The biggest reductions in the simulated herbage
DM vyield are seen in the years 1992, 1993 and
2003 (approximately 4 t ha'year). As it is seen in
Figure 2, these are also years with very low
precipitation in the summer and in the vegetation
period. Only 47 % of average summer precipitation
for the period 1964-2013 was measured in 1992,
53 % in 2003 and 59 % in 1993. For the vegetation
period proportions were a little higher, 55, 59 and
62 %, respectively. Also, in the years 1992 and
2003 extremely high minimum and maximum
daily air temperature averages were recorded for
both the summer and the vegetation period. As
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regards global radiation, it was extremely high in
the vegetation period of 2003. Altogether, it is
clear that the GRASS reductions were due to
drought conditions.

Susnik and Pogacar (2010) studied indicators like
the number of dry days and soil moisture deficit to
define drought years for grass sward in six
locations across Slovenia for the period 1973—
2009, and compared them to drought reports
published in Agrometeorological bulletins, which
can be found in the archive of the Slovenian
Environment Agency. In years 1992, 1993 and



Simulation of herbage yield and growth components ... in Jablje using the calibrated LINGRA-N model

2003 the most intense and the longest droughts
were detected in all locations, which correspond to
the simulation results.

Furthermore, the observed connections led to the
testing of YIELD dependence on weather variables.
YIELD was used in this case instead of GRASS to
avoid a direct influence of the mowing dates on the
final result. Among all input weather variables,
calculated as the average or sum for the summer
and for the vegetation period, there is none linearly
related to YIELD. However, it can be again seen
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(Figure 4) that very low YIELD is connected to
very high (maximum) air temperatures and very
low precipitation. Smit et al. (2008) claim the grass
sward production in Europe to be strongly
correlated with the annual precipitation and less
with the annual temperature sum or the length of
the growth period. On the other hand, the 20-year
experiment on permanent grassland in Ljubljana
also showed only very small positive correlation
between the annual precipitation and the herbage
DM yield (LekSan, 1995).
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Figure 4: Scatterplots of the potential yield (YIELD) versus the summer average of maximum daily air temperature
(left) and YIELD versus the vegetation period sum of precipitation (right) for cock’s foot in Jablje for the whole

period 1964-2013

Slika 4: Razsevna diagrama, ki prikazujeta potencialni pridelek (YIELD) v odvisnosti od poletnega povprecja
maksimalne dnevne temperature zraka (levo) in v odvisnosti od koli¢ine padavin v vegetacijskem obdobju
(desno) za navadno pasjo travo v Jabljah za celotno obdobje 1964-2013

The given years with the lowest GRASS were also
the years with the lowest TRANRF (Figure 5). As
TRANRF is the model’s measure of drought
conditions, these were detected as the driest years

in the simulation. Also, in the years 1971, 1983,
1994, 2001, 2006, 2007, 2011, 2012 and 2013
TRANRF fell under 0.95, denoting dry years.
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Figure 5: Simulated reduction factor for crop growth due to drought (TRANRF) for cock’s foot in Jablje for the

whole period 1964-2013

Slika 5: Simuliran faktor zmanj$anja rasti zaradi suse (TRANRF) navadne pasje trave v Jabljah za celotno obdobje

1964-2013
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Smit et al. (2008) also claim that are herbage DM
yields especially affected by droughts. Also similar
as in our case, in Ireland, herbage DM yield
reductions of 1.4 to 4.0 tha'year' have been
estimated to be lost for intensively managed
grassland in the driest regions due to limiting soil
moisture availability (Brereton and Keane, 1982
op. cit. Laidlaw, 2009).

1.5 4

Drought stress has a major influence on RUE
(Bonesmo and Belanger, 2002). This can be seen
in Jablje as the course of RUE is very similar to the
course of TRANRF (Figure 6). For RUE versus
TRANRF (not presented) the coefficient of
determination is r* = 0.84, which means that 84%
of RUE variability can be explained with the
changing TRANRF.

» L]
1.4 - n "
i et Rpme oo n :
ri3e™ >\ M\ [ W\ [\ \ -.' AN -
u f e \ | " om " ra
g 12 e g g/l TR
- I |
. . \ f o | o .
41 | | | | )
w i |
@ | | 1 |
S 1 | | | |
Y 09 . \/
r L 1/
08
n
07 4
06
T W 0 O N 5 O 00 O N g W 00 O N g W0 0o O N g O 0O O ™~
w0 O 9O I~ I~ I~ I~ I~ 00 00 © W W 9@ @ D D D O O Q0 O 9 T
o O O oo O 0o 0o o 0o 0o ;o 0o oo 00 ;60 00 00 0§ 00 0 0 0O o o O
eeeeeeeeeeeeeeeeee NN NN ™

Figure 6: Simulated radiation use efficiency (RUE) of cock’s foot in Jablje for the whole period 1964-2013
Slika 6: Simulirana u¢inkovitost izrabe son¢nega obsevanja (RUE) navadne pasje trave v Jabljah za celotno obdobje

1964-2013

Water status can be also monitored as actual soil
moisture content on a daily scale with variable
SMACT. Figure 7 (upper right) shows a pattern of
SMACT in the dry year of 1993 and in the average
year of 1994. In 1993 SMACT stayed on a very low
level from the beginning of May to the end of the
August, while in 1994 it only fell to this level
twice in the whole year. This is reflected very
strongly in other variables. YIELD (Figure 7, upper
left) was not increasing at all in the dry period of
1993, the same happened in 2003. In contrast, for
example in the years 1994 and 2010 YIELD was
increasing almost steadily throughout the
vegetation period, only a little more slowly in the
summer time. Naturally, YIELD depends on LAl
(Figure 7, lower left), which remained under
2m’m? during the dry period of 1993. In 1994
LAl was below this value just at the beginning and

288 Acta agriculturae Slovenica, 105 - 2, september 2015

at the end of the year, and on mowing days (four
extreme falls of LAl can be seen). Otherwise it rose
as high as 5 to 9 m*m™.

Cumulative PARAB in Jablje was 1100 MJpar m’
*year” in the dry year of 1993, which is 53 % of
PAR, and 1650 MJpar m'zyear'1 in 1994, which is
75 % of PAR (Figure 7, lower right). For example,
in the research of Wolf (2006), who made
simulations of rye grass growth with LINGRA for
five years for optimal water and nutrient supply,
YIELD appears to increase from Wageningen (The
Netherlands) to Bologna (Italy) to Sevilla (Spain).
He claims this was caused by the length of the
growing season and by cumulative PARAB, which
increased for the three locations from 1200-1600
Mlpar m2year” to 1700-2000 MJpar m~year” and
2700-2800 MJpsr m ™ year™, respectively.
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Figure 7: Simulated potential yield (YIELD, upper left), soil moisture content (SMACT, upper right), leaf area index
(LA, lower left), cumulative amount of photosynthetically active radiation (PAR) and cumulative amount of PAR
as intercepted by the crop canopy (PARAB) (lower right) of cock’s foot in Jablje in the dry year of 1993 and the
average year of 1994 (YIELD also in 2003 and 2010)

Slika 7: Simuliran potencialni pridelek (YIELD, zgoraj levo), vsebnost vode v tleh (SMACT, zgoraj desno), indeks
listne povrSine (LAI, spodaj levo) ter kumulativno fotosintetsko aktivno sevanje (PAR) in prestrezeno
fotosintetsko aktivno sevanje (PARAB) (spodaj desno) za navadno pasjo travo v Jabljah za suho leto 1993 in
povprecno leto 1994 (YIELD tudi za leti 2003 in 2010)

According to Wolf (2006), the increase in PARAB  leaf senescence due to self-shading. The same can
results in a higher YIELD and in a much higher be said for the simulations in Jablje (Figure 7,
WLVD, because the higher biomass production  Figure 8).

results on average in a higher LAl and thus in more
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Figure 8: Simulated mass of green leaves (WLVG), mass of dead leaves (WLVD) and roots mass (WRT) of cock’s
foot in Jablje in the dry year 1993 (left) and in the average year of 1994 (right)

Slika 8: Simulirana masa zelenih listov (WLVG), masa odmrlih listov (WLVD) in masa korenin (WRT) navadne pasje
trave v Jabljah v suhem letu 1993 (levo) in v povpre¢nem letu 1994 (desno)
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As expected from the definition, the shape of the
WLVG curve is the same as the shape of the LAI
curve, due to constant SLA. In 1993, during the
long summer drought WLVG was almost 0 all the
time, so two intermediate mowings cannot be seen
(Figure 8, left). On the other hand, four mowings
are clearly seen in four extreme decreases of

WLVG in 1994 (Figure 8, right). Because of the
drought, roots also grew very slowly in 1993 and at
the end of the growth period reached only half of
the WRT that was reached at the end of 1994. What
is more, the mass of dead leaves (WLVD) in 1993
was only 44 % of the WLVD in 1994, due to low
available green biomass.

4 CONCLUSIONS

Fundamentally, this research shows the value of
applying the calibrated LINGRA-N model for a
50-year (1964-2013) herbage yield simulation and
growth analysis. It provides insights in the
interactions between several weather and crop
variables or their seasonal development and
herbage yield variability. It is important to have an
opportunity to better understand the growth
components, and simulations can reveal their
dynamics and impacts on herbage yield, based on
weather and soil conditions. Overall, crop models
are a very useful and important tool for this kind of
research.

As regards the simulated herbage DM yield
(GRASS), recent changes in its variability are
reflected in the appearance of outliers in the second
half of the study period. The biggest reductions in
GRASS were detected in the years 1992, 1993 and
2003. These years were also recognised as years
with very low precipitation and very high
minimum and maximum daily air temperature
averages in the summer and in the vegetation
period, so we were able to conclude that the
GRASS reductions were due to drought conditions.
The given years with the lowest GRASS were also
the years with the lowest reduction factor for crop
growth due to drought (TRANRF). As the latter is
the model’s measure of drought conditions, these
were detected as the driest years in the simulation,
too.

Radiation use efficiency variability was strongly
dependent on TRANRF. Drought had a major
impact on the cumulative amount of PAR as
intercepted by the crop canopy (PARAB), which
reached just 53 % of PAR in the dry year of 1993.
Seasonal development of the actual soil moisture
content (SMACT) was linked to the development of
the leaf area index and consequently to the mass of
green leaves, to the roots mass, to the mass of dead
leaves and to GRASS.
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However, some of the obtained results remain
indicative without confirmation of the simulated
values through field measurements. Angulo et al.
(2013) also recommend that future work should
focus on obtaining more comprehensive, high
quality data allowing application of improved
methods for model calibration. For modelling it
would be of great importance to plan grassland
field experiments multiple years in advance that
would, in addition to measurements of herbage
yield, include measurements of variables or
parameters like leaf area index, specific leaf area,
leaf appearance rate, tiller density or mass of green
leaves. Measurements of soil moisture content
would also be useful. Further important factors
include the vicinity of the meteorological station,
the availability of soil data and, possibly, swards to
be one to two years old. Naturally, this would be a
major project with a great need of financial
support.

The results highlight the need for further research,
on field and with simulations. As regards the latter,
we have to keep in mind that they inevitably
involve various uncertainties. These uncertainties
originate from input (meteorological, soil,
management) data, from calibrated (for a specific
period) model parameters, from model structure
and concept. In order to identify potential problems
caused by seasonal weather variability, which is
increasing due to climate change, and to
objectively assess its impact on the grassland
production, it is necessary to perform various
different simulations. For Slovenia, it would be of
greater importance to make such simulations for
permanent grasslands, but as for now the
calibration has not been successful (Pogacar et al.,
2015) we need to first obtain results for various
grass monocultures and various locations, and try
to proceed from there.
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ABSTRACT

The velvetleaf is an important annual weed in the Mazandaran
province, Iran. Seeds are the only way of propagation and
renewal of this weed. More knowledge was gained regarding
soil seed bank and its seed production to improve the
management of the velvetleaf weed in the future. There is a
minimal information concerning the impact of the soybean
planting pattern on the dynamics of the velvetleaf population.
For this reason two different fields have been studied with the
cooperation of the Agriculture Discipline of the Islamic Azad
University, in Qaemshahr, Iran, during 2009 and 2012. In this
study the effect of two types of soybean row spacing were
used, 50 cm-wide and 36 cm - narrow, and three emergences
of the velvetleaf weed population (periods 0-10, 10-20 and 20-
30 days after soybean sowing were implemented) were
studied. Seed production, leaf area and dry matter increased in
each plant population of the velvetleaf weed in the 50-cm
soybean rows. Mortality rates were decreased in velvetleaf’s
seedling population in the wider spaced rows. By observation
it was seen an increased production of seeds in the first batch
of seedlings. It appears that we must remove the first weed
emergence flushes within three to four weeks after the
soybean emergence to prevent reduced yields in the soybean
crop and further increase of the velvetleaf seed bank.

Key words: row spacing, cohort, velvetleaf, soybean

1ZVLECEK

PREUCEVANJE RAZMERJA MED PROSTORSKO
UREDITVIJO SETVE SOJE (Glycine max (L.) Merr.) IN
POPULACIJSKO DINAMIKO BRZUNASTEGA
OSLEZOVCA (Abutilon theophrasti L.)

Brzunasti oslezovec je pomemben enoletni plevel v provinci
Mazandaran, Iran. Njegovo razmnozevanje je izkljucno s
semeni. V raziskavi so bila pridobljena nova spoznanja o
semenski banki in produkciji semena za izboljSanje
uravnavanja brZunastega oslezovca v bodoce. Malo je
informacij, ki se nanaSajo na vpliv nadina setve soje na
dinamiko polpulacij brzunastega oslezovca. V ta namen sta
bili v sodelovanju z Agriculture Discipline of the Islamic Azad
University, Qaemshahr, Iran, v letih 2009 in 2012 preucevani
dve polji, na katerih sta bila preucevana nacina setve soje v
vrstah s $irSim razmikom, 50 cm, in v vrstah z ozjim
razmikom, 36 cm, na vznik populacij brzunastega oslezovca v
treh razlicnih obdobjih po setvi soje (0-10, 10-20 in 20-30
dni). Produkcija semena, listna povrSina in vsebnost suhe
snovi so se povecali v vsaki naslednji populaciji brZzunastega
oslezovca pri setvi soje v vrstah s §irS§im, 50 cm razmikom.
Mortaliteta kalic brzunastega oslezovca se je pri tem nacinu
setve soje iz populacije v populacijo zmaj$evala. Pri tem smo
opazili povecano produkcijo semena rastlin brzunstega
oslezovca, ki so vzkalile v prvem obdobju po setvi soje. Iz
tega lahko zakljuc¢imo, da je potrebno zatiranje plevelov v
prvem obdobju po setvi soje, to je v treh do Stirih tednih po
vzniku soje, ¢e hoCemo prepreciti zmanjSanje pridelka soje in
nadaljne poveCevanje semena brzunastega oslezovca Vv
semenski banki. Neupostevanje Sirine razmika med vrstami pri
setvi soje kaze na pomen tega dejavnika pri uravnavanju
populacij te plevelne vrste.

Kljuéne besede: razporeditev vrst setve, kohorte, brzunasti
oslezovec, soja
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1 INTRODUCTION

Several new methods and technologies were used
to reduce the population of the weed to adequate
levels. However for preserving the existing
environment and other natural resources it is
essential the wuse of various methods and
techniques such as integrated weed management
control (IWM). The purpose of this method in this
part is to reduce our reliance on chemical weed
control which can be accomplish through
development and utilization of integrated weed
management (IWM) as well as integrating other
preventive measures (Knezevic and Horak, 1998).
Integrated weed management (IWM) emphasizes
the health of the product, and a crucial
understanding of this method and its accurate
application (Swanton et al., 2008). This approach
has demonstrated the relevance and importance of
weed mortality and decline of the weeds fitness
(Williams et al., 1998). It is a combination of
various methods by cultural, chemical and
mechanical means (Swanton et al., 2008) as well as
agronomical operations which also play a vital role
(Pylon et al., 1997; Hock et al., 2005). Articles on
the timing and placement of fertilizer, seeding rate
and reducing crop row spacing have been studied
and reported by Walker and Buchanan, (1982).
Planting the soybean with a smaller distance
between the plant rows leads to acceleration in
canopy closure thus increasing its relative
competitiveness and weed suppression particularly
in the final weed cohorts (Knezevic et al., 2003b;
Mickelson and Renner, 1997; Mulugeta and
Boerboom, 2000; Nice et al., 2001; Yelverton and
Coble, 1991; Yong et al., 2001). Knezevic et al
(2003 a, b) demonstrated in his study that with
decrease in row spacing of the soybean the
toleration of the crop was increased to constrain
the weed competition at the onset of the season.
The critical weed free period was delayed and in
general severity of weed damage declined. Other
studies have shown that by increasing the plant dry
mass, the seed production per bush were increased
(Martens and Jansen, 2002; Thompson et al., 1991;
Samson and Werk, 1986). Therefore, it can be
purposed that the crop planting pattern affects the
production ability of velvetleaf seed. It is
insufficient research regarding the influence of the
planting pattern on the velvetleaf seed production.
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Effective, logical and long term weed management
is based on the constant reduction of weeds’
population and seed bank density. One of the most
important factors in this area is to minimize seed
production per plant. This result has been done by
reduction of weed density or by mean of
diminishing the seed production.

Process of emergence is a critical event in the life
cycle of the velvetleaf weed (Forcella et al., 2000).
Period of weed emergence and dynamics of weed
emergence flushes play a critical role on loss of the
crop yield (O'Donovan et al., 1985; Swanton et al.,
2008). The growth of the velvetleaf seedlings
which emerge at the beginning of the season is
often compared with the later ones. The seedlings
developed in the early part of the season
demonstrate more competitiveness, produce a
higher biomass and number of seeds, and
furthermore have added impact on the crops’ yield
ability (Massinga et al., 2001; Norsworthy et al.,
2007; Steckel and Sprague, 2004).

The low competitiveness of the seedlings which
emerge later in the season is mainly due to the
interspecies competition and their mortality rate
under the canopy. This was noted to occur most
likely in the dense row spacing and it was as a
consequence of shading by crop (Buehring et al.,
2002; Norsworthy et al., 2007).

For the future success and development of
integrated weed management (IWM), further
biological studies of the various weeds inhibiting
the soybean culture is necessary. Velvetleaf is a
serious and troublesome weed of the soybean in
the north of Iran and a global dilemma (Shafigh et
al., 2006; Rezvani et al., 2008; Sadeghi et al.,
2003; Warwick and Blank, 1988; Hock et al.,
2005; Zeinali and Ehteshami 2003). The majority
of the wvelvetleaf seedlings sprouted at the
beginning of the season and some emerged mid-
season (Egley and Williams, 1991). Velvetleaf
seedlings are able to complete their life cycle in the
crop canopy (Mitch, 1991) and can produce as
much as 17000 seeds per plant (Warwick and
Black, 1988).

The goal of this study is to see the interactions
between the various velvetleaf cohorts during (0-
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10, 10-20, and 20-30 days after crop planting) in
the disparate soybean planting patterns (36 and 50-

cm row spacing).

2 MATERIAL AND METHODS

This experiment has been done in the scientific-
research fields of the Islamic Azad University in
Qaemshahr, Iran; formatted and randomized in
complete block design, in three replications in the
two season crops of 2009 and 2012. Treatments for
this study were different planting patterns in the
soybean culture. Soybean seeds were planted in
two different row spacing in order to achieve a 45
plants per m™ on 15 April 2009 and 18 April 2012.
At the first plant-group, the distance between rows
was 36 cm (narrow spaces) and the seedlings
intervals were 6 cm in the rows and in the second
plant-group the distances between rows were 50
cm (wide spaces) and 4 cm intervals between the
seedlings in the row, respectively.

The soybean seeds (’JK’ variety) were disinfected
with Benomyl fungicide (2000 ppm), and then
planted at a depth of 2 cm. A segment of the
university’s research-field was selected which was
known to be positive for contamination of the
velvetleaf seed. Experimental units were 7 m long
and 3.2 m up to 4.5 m wide with 10 rows.

The field was tillaged twice (the autumn in
previous year and prior to planting after the next
year). According to the soil tests there were no
need to apply potassium (K,O), however,
phosphorus (P,Os) and nitrogen (urea) fertilizers
were used at 80 kg h™' and 5 kg h™', respectively.

By Auger, five soil samples were taken from each
plot, prior to sowing the soybean seeds, the
diameter and depth of each sample was 6 cm and
10 cm, respectively. The purpose of these samples
were to confirm the presence and removal of the
velvetleaf seeds (Abutilon theophrasti Medik), all
samples were taken to the university laboratory.
Soil samples were put into plastic bowls which

contained potassium hexametaphosphate (5 %),
then were mixed with distilled water disintegrating
soil structures, then the solution of soil solid
particles was filtered through a sieves of 1 mm
diameter, at last following confirmation and
identification of the velvetleaf seeds, the seeds
were collected. Subsequent to counting the seeds in
the augered sectioned areas, the seeds’ density per
unit soil surface was estimated.

For recording and sampling during the growth
season two quadrats, Im x 1m, were selected in the
center of each plot. For determination of the effects
of the velvetleaf seedlings emergence stages their
appearance were divided into three cohorts: zero to
10, 10 to 20 and 20 up 30 days after soybean
sowing. Calculations for the number of seed per
unit soil volume and surface, rate of recruitment
was measured. The seedling mortality was also
calculated in the form of percentage. The other
undesirable weeds were controlled by hand-hoeing.

Developmental stages were based on the number
of fully expanded leaves per plant (Fehr and
Cavines, 1977). Velvetleaf bushes were clipped at
the soil surface, divided into 40 - cm segments,
then leaves, stems and capsules were separated
from each other at physiological maturity of the
soybean. The leaf area (LA) of the velvetleaf was
measured with a leaf area meter (LTD AM 200).
Different plant components were then dried at
80 C° in the oven (Memmert DIM 40050) and
weighed. Seeds that had scattered on the ground
before or at the final harvest were not collected,
and seeds losses were not estimated. Analysis of
variance was performed using PROC MIXED
(SAS, 1999) to test data normality and significance
(P < 0.05) of growing scenario, soybean row
spacing and velvetleaf relative emergence.

3 RESULTS AND DISCUSSION

The average number of velvetleaf seed in the soil
was 943 and 991 seeds m™? at the 2009 and 2012,
respectively. This amount was in agreement with

other studies (Lindquist et al., 1995; Munger et al.,
1987). This result could have risen from the
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intense contamination of soil with this weed or was
caused by a lack of continual crop planting.

Initially, the rate of the velvetleaf seedlings
emergence cannot be influenced by a soybean
planting pattern. Differences in the velvetleaf
seedlings emergence in two different rows
spacing’s can be related to their content on the
weed seed bank (Table 1). The mean of the

velvetleaf seed density during two years of study in
the soil seed bank in wide and narrows rows were
1215 and 720 seed per m™Therefore higher
number of velvetleaf seedlings in wider rows
soybean planting appears to be a logical outcome.
The lack of necessity to light for velvetleaf seed
germination may explain this result (Bello et al.,
1995).

Table 1: Velvetleaf seed rate in seed bank, emergence seedlings density and recruitment percentage in various

soybean row spacing for 2009 and 2012

Year Seed bank (sb) Seedling density (sd) Recruitment
(seed/m?) (p/m?) sd/sbx100
Row spacing (cm) Row spacing (cm) Row spacing (cm)
36 50 36 50 36 50
2009 708 1179 10 22 1.4 1.8
2012 732 1251 12 25 1.6 2.0

1- Within a row the same letter indicates that the values did not differ significantly by LSD test, according to P=0.05

Velvetleaf population recruitment was insignificant
regarding planting pattern (averaging 26 %, Table
1). In comparison with other experiments our study
gave results with smaller values of this parameter
(Puricelli et al., 2002). Lindquist et al (1995) also
found this consistency in his study. This
information can be used to predict the approximate
amount of emergence percentage from the weed
seed bank. Of course, in the majority of weed
species more differences are recorded between the
content in weed seed bank and emerging seedlings
(Forcella et al., 1997). These variations maybe
caused by the sizes of the sampling areas or the
time of samplings (Derksen and Watson, 1998).

The rate of the velvetleaf seedlings mortality was
lower in the wide-rows (Table 2). Despite slower
growth of velvetleaf seedlings in the narrow rows,
they were able to survive relative to their condition
(higher in the second cohort). Puricelli et al (2002),
in his study regarding the interference between
Anoda cristatae L. and the soybean, reported
similar results. However, Scursoni et al (1999)
observed mortality of Avena fatua L. plants in the
densest stands of barley, due to the acceleration in
the canopy closure. Nonetheless, in this study,
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further delay in the emergence of the velvetleaf
population relative to the soybean caused the
decrease in their survival. High survival of early
cohorts of velvetleaf seedlings in both row spacing
of soybean indicated important role on information
of their soil seeds bank.

Observation of the velvetleaf seedling population
in the last cohorts, during the soybean harvest it
has shown that they did not survive. Therefore it
was noted that the control measures must be
predominantly focused on the removal of the early
cohorts. Therefore the results were demonstrated
that the loss of the soybean yield was a result of
the competition with the first cohorts of velvetleaf
seedlings (Cowan et al., 1998; Dielman et al.,
1996; Steckel and Sprague, 2004). Researches
have showed that velvetleaf plants which emerged
35 days after soybean planting did not decrease
crop yield significantly (Zimdahl, 1988). This
indicates the importance of time of velvetleaf
seedlings emergence for their survival (Hock et al,
2005), the same was proved also for Digitaria
sanguinalis (L.). (Gallart et al, 2010; Oreja and
dela Funte. 2005) and some other weed species
(Lindquist et al., 1995).
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Table 2: Emerged seedlings number, mortality and survival percentage of velvetleaf in cohorts and planting patterns

for 2009 and 2012
Vear Cohorts! Emerged seedling number (p/m?) Mortality (%) Survival (%)
row spacing row  spacing row spacing
36cm 50 cm 36 cm 50 cm 36 cm 50 cm
2009 1 5b1 l4c 43 ¢ 40 ¢ 57¢ 60 c
2 3a 5b 60b 66 b 40b 340
3 2a 3a 100 a 100 a Oa Oa
2012 1 7c¢ 18¢c 40 c 37¢ 60 c 63 ¢
2 4b 9b 51b 60b 491 40b
3 2a 4a 98 a 100 a 2a Oa

1-It means emergence date of velvetleaf at 10 th intervals after soybean planting (for details refer to the text in table

3)

2-Within a top column, the same letter indicates that the values did not differ significantly by LSD test, according to

P=0.05

Dry matter accumulation in the velvetleaf
population was affected by the planting pattern
(Table 3). The velvetleaf populations benefited
more in their biomass in the wide soybean row
spacing. Seedlings that emerged in the first cohort
in 50-cm row generated almost four times higher
plants with respect to the second cohort. Similarly
the velvetleaf populations in the narrow soybean
row spacing as with the first cohort in comparison
with the second cohort had 200 % more dry matter.
Overall the seedlings that were emerged earlier
produced additional biomass. These outcomes
were confirmed by the findings of Massinga et al.
2001, Puricelli et al. 2002 and Hock et al., 2005.

Leaf areas of velvetleaf plants accumulated in the
third and fourth layer 77 % and 71 % for the 50-
cm-row and 36-cm-row soybean respectively, an
average in both years. The highest Ieaf
accumulation area in the upper strata's of the
velvetleaf canopies indicates higher efficiency in
competition for intercepting the light in
comparison with the soybean. Other experiments
have reported similar reactions during mixed
culture between soybean with velvetleaf (Heindl
and Burn, 1983; Hock et al., 2005) and the redroot
pigweed (Legere and Schreiber, 1989). Hock et al
(2005) reported that velvetleaf population had low
leaf area in the lower layers when it was located
with soybean in mixed cultures.
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Table 3: Velvetleaf seed production and plant dry mass in cohorts at different planting patterns different for 2009

and 2012 season

Row Emergence date Leaf stage Seed number Plant dry mass
Year spacing of velvetleaf of soybean per plant (2)
2009 36 May 15 May 25 Vg 1098 (143) 18.4
May 26 Jun4 Vi 509 (143) 9.6
Jun5 Jun 14 V, 0 0
50 May 15 May 25 Vg 2372 (143) 39.96
May 26 Jun4 Vi 683 (143) 10.0
Jun5 Jun 14 V, 0 0
2012 36 May 19 May 29 Vg 716 (26) 17.9
May 30 Jun?9 Vi 264 (29) 6.6
Jun 10 Jun 19 V, 0 0
50 May 19 May 29 Vg 1881 (169) 37.6
May 30 Jun9 Vi 527 (47) 7.9
Jun10 Jun 19 Vv, 90 (8) 0

1- Standard error based on least square means (P=0.05)

The velvetleaf leaf area was influenced by the
soybean-planting pattern and its’ relative time of
emergence (P < 0.05) (Figure 1). Leaf area of
velvetleaf plants within the soybean showed more
reduction in 36-cm-row planting at the second
cohort. In the narrow-row spacing on average in
both years the leaf area of velvetleaf population in
the first and second cohort were reduced up to
24 % and 30 %, respectively. With a further-
decline of the leaf area in 36-cm-row; expressing
further competition for the light, more so in the
second cohort.

The time of emergence plays an important part in
the velvetleaf seedlings survival, in so far as those
emerging early produced a higher seed population
and increased further soil seed banks, as illustrated
in Table 3. The variations are demonstrated and
can be justified by the unsymmetrical competition
for plants in different cohorts (Schwinning and
Weiner, 1998). Thus, the bushes which were
emerged early had a longer growing period and
also were larger. Hock et al (2005) and Gallart et
al (2010) demonstrated the importance of time
emergence for seed production in velvetleaf and
orchard grass weed populations. Thus the
dynamics of the seed bank can be influenced by
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each cohort and were resulted in producing seeds
with different dormancy’s and reactions of their
environmental conditions (Baskin and Baskin,
2001).

Seed production in the velvetleaf populations were
reduced in the narrow-row spacing and due to their
delayed time of emergences (Table 3). Seedlings
that emerged in the first cohort in wide rows
generated twice the amount of seeds on each of the
plants.

These differences were smaller in the later cohorts.
Furthermore, the seed production in different
flushes in the wide rows had a higher variance. The
competition for light accounts for the decline in
seed productions (Puricelli et al., 2002; Buehring
et al., 2002; Benvenuti et al., 1994). It appears that
the first flushes must be removed to prevent further
weed population from the seed banks, and planting
pattern of the crops should be considered as well.

For both soybean planting patterns an increase in
weed mass were observed, with the increase of dry
matter in each plant, seed production was raised
(Figure 2). For this reason the mean of seed
numbers in the remaining plants at the end of the
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seasons’ growth for the first flush were measured.
Higher seed production in each velvetleaf bush in
the wide-rows can be correlated to the differences
in biomass and percentage of mortality in both
planting patterns. It was used a simplest linear
model for calculation of the seed productions
where the independent variable was the weight of
each plant (Mertens and Jansen, 2002). Intercept of
regression model for seed production was
increased when seedling size rose, this situation
was seen in the wide-rows. For this reason the
number was 181 in the wide rows spacing (as it
was compared to 102 in narrow-rows). Similar
trends were seen during various other studies, such
as the effect different row spacing’s for wheat on

the seed production in a three weed species study
(Mertens and Jansen, 2002).

The treatments in this study demonstrated that the
narrow — row spacing resulted in less seed
production and bigger seedling mortality. Dry
matter and seed production was estimated for each
plant (as an alternative of per area unit). This
method has some advantages. At first, it revealed
the weed community increase or decrease.
Moreover, the velvetleaf population had no even
distribution in the field. Therefore we should not
compare our results on the dry matter and seed
density of velvetleaf with those obtained per unit
area, the comparisons would have been incorrect.

Year 2009 2012 2009 2012
Soybean row spacing 50 cm 36cm
| 15| 0 | 2 | 2
0 121 | 0 | 12 I 13
E 1209 D 401 |:| 1150 H 203
Velvetleaf Emerg
Cohort 1 I:l 640 D 324 D 410 H 181
| o [] s 0 | 155
| 0 H 180 | 0 H 137
T‘L’;a('cF:Li;‘t 19716 1158 1813 689
oo 0 | 0 | 0
| 4 | 0 | 0 | 0
U 210 H 195 H 140 H 143
Velvetleaf E
wettmes o | a | s
| 0 | 0 | 0 | 0
| 0 | 0 | 0 | 0
Total Plant
A (cm2) 216 201 141.7 146

Figure 1: Velvetleaf leaf area (LA) distribution at soybean maturity for years 2009 and 2012 as influenced by crop
row spacing and time of velvetleaf emergence in velvetle af-soybean plots. Each rectangle represents a 40 — cm
height increment. Total LA is shown at the bottom each symbolic plant.
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This study emphasizes the importance of integrated
weed management through the method of weed
emergence control time and using an inexpensive
planting patterns. Furthermore, the data on leaf
area, total of dry matter and seed production also
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suggested the greater need for control of early
emerging rather than late-emerging velvetleaf of

populations.
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Figure 2: Relationship between the number of seeds produced by velvetleaf plant and plant dry mass in various

soybean planting patterns for years 2009 and 2012

4 CONCLUSIONS

A long term integrated weed management plan
should be considered for early control of the
velvetleaf population rather than the late-emerging
population. The data collected in this study on the
leaf area, total dry matter and seed production
confirm the need for better control techniques of
the velvetleaf population. Furthermore, this study
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has demonstrated a necessity for further studies
and research for successful results such as
reduction and effective control of the weed seed
stocks in the soil. These methods and techniques
would not degrade the environment, quality of the
land or agricultural crops and most of all it is very
important their cost effect.
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ABSTRACT

Carrot (Daucus carota L. ssp. sativus (Hoffm.) Arcang.) is a
significant source of vitamins (A, B, C) and beta carotene. Further it
contains vitamins B, C, E, H, folic acid and pantothenic acid. Carrot is
an important source of trace elements (K, Na, Ca, Mg, P, S, Mn, Fe,
Cu and Zn). Consumption of carrot improves eyesight, lowers
cholesterol and improves digestion. In this work we evaluated and
compared content of total polyphenols, B-caroteneand antioxidant
activity in five varieties of carrot (*Jitka’, Kardila’, Katlen’, Rubina’
and Koloseum’) Samples of carrot were collected at full maturity
stages from area of Bardejov. Samples of fresh carrot were
homogenized (25 g) in 50 ml 80 % ethanol and analysed after sixteen
hours. The content of the total polyphenols was determined by using
the Folin-Ciocalteu reagent (FCR). The content of B-carotene was
determined spectrophotometricaly at 450 nm. Antioxidant activity was
measured using a compound DPPH" (2.2-diphenyl-1-picrylhydrazyl)
at 515.6 nm using spectrophotometer. Total polyphenols content in
samples ranged from 81.25 + 13.11 mg/kg to 113.69 + 11.57 mg/kg
and content of B-carotenes ranged from 24.58 + 2.38 mg/kg to 124.28
+ 3.54 mg/kg. We also evaluated and compared the antioxidant
activity in selected varieties of carrot, which varied from 6.88 + 0.92
% to 9.83 + 0.62 %. Statistically significant the highest value of total
polyphenols was recorded in variety of Koloseum (113.69 + 11.57
mg/kg). This variety is also characterized by the highest content of B-
carotene (124.28 + 3.54 mg/kg )as well as the highest value of
antioxidant activity (9.83 = 0.62 %).

Key words: carrot, cultivar, B-carotenes, polyphenols, antioxidant
activity

Republic

Republic

Republic

Slovak Republic

IZVLECEK

KORENJE (Daucus carota L. ssp. sativus (Hoffm.) Arcang.)
KOT VIR ANTIOKSIDANTOV

Korenje (Daucus carota L. ssp. sativus (Hoffm.) Arcang.) je
pomemben vir vitaminov (A, B, C) in beta karotena. Dodatno vsebuje
vitamine B, C, E, H, folno in pantotentsko kislino. Korenje je tudi
pomemben vir elementov v sledeh kot so K, Na, Ca, Mg, P, S, Mn, Fe,
Cu in Zn. Uzivanje korenja izboljSuje vid, zmanjSuje koli¢ino
holesterola in izboljSuje prebavo. V tej raziskavi smo ovrednotili in
primerjali vsebnost celokupnih polifenolov, beta karotena in
antioksidacijsko aktivnost v  petih sortah korenja (’Jitka’,
‘Kardila’, Katlen’, Rubina’ and Koloseum’). Vzorci korenja so bili
nabrani ob tehnoloski zrelosti na obmocju Bardejova. Vzorci svezega
korenja so bili homogenizirani (25 g) v 50 ml 80 % etanola in
analizirani po 16 urah. Vsebnost celokupnih polifenolov je bila
doloc¢ena z uporabo Folin-Ciocalteu reagenta (FCR). Vsebnost beta
karotena je bila dolofena spektrofotometricno pri 450 nm. Tudi
antioksidacijaka aktivnost je bila izmerjana spektrometri¢no z uporabo
DPPH" (2.2-difeenil-1-pikcrilhidrazil) pri 515.6 nm. Vsebnost
celukopnih polifenolov v vzorcih je bila med 81.25 + 13.11 mg/kg in
113.69 + 11.57 mg/kg, vsebnost B-karotena pa med 24.58 + 2.38
mg/kg in 124.28 + 3.54 mg/kg. Ovrednotili in primerjali smo tudi
antioksidacijsko aktivnost v izbranih sortah korenja, ki je bila med
6.88 £ 0.92 % in 9.83 + 0.62 %. Najvecjo, statisticno znacilno
vsebnost polifenolov smo izmerili pri sorti Koloseum (113.69 + 11.57
mg/kg). Ta sorta je bila znacilna tudi po najvecji vsebnosti - karotena
(124.28 + 3.54 mg/kg) kot tudi po najvecji antioksidacijski aktivnosti
(9.83 £0.62 %).

Klju¢ne besede: korenje, sorta, B-karoten, polifenoli, antioksidacijska
aktivnost
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1 INTRODUCTION

Carrots in Slovak Republic are among most
popular root vegetables. It is the most important
crop of Apiaceae family. Member of this family
have small, mostly white, S5-parted flowers
arranged in umbrella-like inflorescence called
umbel (Essig, 2013).Carrots were first used for
medical purposes and gradually used as food
(Carlos and Dias, 2014). This vegetable is an
important source of bioactive compounds with
beneficial effect for the consumer health.Carrots
are consumed in different ways, they can be eaten
raw or cooked.

Fruits and vegetables are an important part of our
diet. They provide, not only the major dietary fiber
component of food, but also a range of
micronutrients, including minerals, vitamins and
antioxidant compounds, such as carotenoids and
polyphenols (Augspole et al., 2014). Increased
consumption of fruits and vegetables containing
high levels of phytochemicals has been
recommended to prevent chronic diseases related
to oxidative stress in the human body (Liu 2003;
Rao and Rao, 2007; Pandey and Rizvi, 2009. Fruits
and vegetables are valuable sources of health-
promoting substances active in neutralization of
reactive oxygen species (Augustynowicz et al.,
2014). Among them carrot belongs to horticultural
crops of high recognition and importance due to its
nutritional value and high concentration of
bioactive constituents (Leja et al., 2013).

Carrot is one of the most important vegetables in
the world; its bioactive constituents may be
beneficial to a vast number of consumers. It is rich
in pro-healthy antioxidants both of lipophilic
(carotenoids) and  hydrophilic (phenolic
compounds) characters (Hager and Howard, 2006;
Sharma et al., 2012; Leja et al., 2013). Carrots are
a good source of carbohydrates and minerals like
Ca, P, Fe and Mg (Sharma et al., 2012).

This  root  vegetable contains  valuable
phytochemicals. The presence of phytochemicals,
in addition to vitamins and provitamins, in fruits
and vegetables has been recently considered of
crucial nutritional importance in the prevention of
chronic diseases, such as cancer, cardiovascular
disease, and diabetes (Nambia et al., 2010; Jamuna
et al.,, 2011; Myojin et al., 2008). The complex
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mixture of phytochemicals in fruits and vegetables
provides a better protective effect on health than
single phytochemicals. Carrot could release
approximately half of their phytochemical contents
in the colon (Chu et al., 2002).

Carrots are noted for their rich antioxidants,
especially B-carotene. In recent years, worldwide
consumption of carrots has been steadily
increasing because of their nutritional benefits.
Carrots have potentially beneficial health effects,
anti-carcinogenic, antioxidant, and immune-
boosting properties, as well as the pro-vitamin
activity of some carotenoids (Fiedor and Burda,
2014; Tanaka et al., 2012). The most important
micronutrient is [B-carotene, which is a lipid-
soluble carotenoid. Its typical chemical structure,
consisting of a polyene chain with 11 conjugated
double bonds and B-ring at each end of the chain
(Augspole et al., 2014).

Oxygen is a highly reactive atom that is capable of
becoming part of potentially damaging molecules
commonly called “free radicals.” Free radicals are
capable of attacking the healthy cells of the body,
causing them to lose their structure and function
(Gupta et al., 2012; Pandey et al., 2012; Prasad and
Rajkumar, 2014). Antioxidants are our first line of
defence against free radical damage, and are
critical for maintaining optimum health and
wellbeing. Antioxidants can scavenge free radicals
and protect the human body from oxidative stress,
which is the main cause of some cancers and heart
diseases (Sun et al., 2003).

Vitamin C, vitamin E, and beta carotene are among
the most widely studied dietary antioxidants.
Vitamin C is important water-soluble antioxidant
in extracellular fluids. It is capable of neutralizing
free radicals in the aqueous phase. Vitamin E, a
major lipid-soluble antioxidant, is the most
effective chain-breaking antioxidant within the cell
membrane where it protects membrane fatty acids
from lipid peroxidation. Vitamin C regenerates
vitamin E. Beta carotene and other carotenoids are
also believed to provide antioxidant protection to
lipid-rich tissues (Shukla et al., 2014; Kumari et
al., 2014).
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Polyphenols can be characterized as products of
plants secondary metabolism of. The phenolic
compounds contain aromatic ring with one or more
substituent —OH groups. Polyphenols are formed
by many and very diverse group of substances,
simple phenolic and polymerized phenolic
compounds. Therefore they are often called
polyphenols (Balasundram, 2006).

Phenolic compounds can act as antioxidants by
interfering with oxidation processes through
chainbreaking  reaction  activities (primary
oxidation) or through scavenging of free radicals

(secondary oxidation) (Ndhlala et al., 2010;
Augspole et al., 2014). Antioxidants are capable of
stabilizing, or deactivating, free radicals before
they attack cells (Kumari et al., 2014; Agarwal,
2012).

The presented work is a part of a broader topics
dealing with polyphenolic compounds and
carotenes with antioxidant effects in selected
varieties of carrot. The main purpose of this study
was to determine the influence of cultivar on the
content of the total polyphenols, carotenes as well
as antioxidant activity in carrot.

2 MATERIALS AND METHODS

2.1 Climate conditions of location

This study was carried out in area of Bardejov,
area without negative influences and i mission
sources. It is located in the north-eastern Slovakia
of region Sari§, with 49.1357, 20.4335 coordinates.
The attitude of the village is in the middle of 276
m a.s.l. Average annual air temperature is 7.4 °C,
and annual rainfall is 700 mm.

2.2 Plant samples

Five carrot (Daucus carota L. ssp. sativus (Hoffm.)
Arcang.) cultivars
(Jitka’, Kardila’, Katlen’, Rubina’ and Koloseum")
were obtained from a local producer in are
Bardejov, Slovak Republic. All cultivars were
cultivated conventionally under the same
condition. Only NPK fertilization has been used
for the achievement of favourable soil
macroelements content. The soils on which the
carrots were grown, can be characterized as acidic
to neutral (pH/KCI = 5.51 — 6.60), with medium to
high content of humus (% Hum. = 2.98 to 3.76),

very high phosphorus (P = 257.50 -
310.15 mg/kg), potassium (K = 321.19 -
387.6 mg/kg) and magnesium content

(Mg=221.30 — 276.53 mg/kg). Samples of five
cultivars of carrots were collected at full maturity
stages. From the same places, from the arable layer
(0 — 20 cm), soil samples were also taken with
pedological probe GeoSampler fy. Fisher.

2.3 Characteristics of varieties

Jitka is medium-late varieties of carrot. It is well
storable and suitable for industrial processing.

Kardila is a late variety, suitable for winter storage.
Koloseum is late variety of carrot, well storable
and suitable for eating.

The variety has high dry matter content and long
shelf life.

Katlen is late variety, very profitable for the
storage and industrial processing.

Rubina is late, traditional variety of carrot.

2.4 Sample preparation

Samples of selected varieties of carrot were
homogenized (25 g) in 50 mL 80 % ethanol for
sixteen hours.Samples were kept under laboratory
room temperature in dark bottles and dark light
conditions until pre-analytical operations. These
extracts were used for analyze. The experiment
was based on four replications.

2.5 Determination of total polyphenols

Total polyphenols were determined by the method
of Lachman et al. (2003) and expressed as mg of
gallic acid equivalent per kg fresh mater. Gallic
acid is usually used as a standard unit for phenolics
content determination because a wide spectrum of
phenolic compounds. The total polyphenol content
was estimated using Folin-Ciocalteau assay. The
Folin-Ciocalteau phenol reagent was added to a
volumetric flask containing 100 ml of extract. The
content was mixed and 5 ml of a sodium carbonate
solution (20 %) was added after 3 min. The volume
was adjusted to 50 ml by adding of distilled water.
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After 2 hours, the samples were centrifuged for 10
min. and the absorbance was measured at 765 nm
of wave length against blank. The concentration of
polyphenols was calculated from a standard curve
plotted with known concentration of gallic acid.

2.6 Determination of carotens

B-carotene after releasing by ethanolic hydroxide
and after extraction into petrolether could be
determined by spectrophotometry at wavelength
450 nm. Content of B-carotene in carrot was
assessed by method of calibration curve with
measuring of absorbance of standard solutions of
potassium dichromate. Carrot (1 g) was put in flask
and added 20 ml of ethanolic solution NaOH, then
20 ml of HCI (1:1) was added. The flask content
was quantitatively put on filter and washed by
acetone till its non-soluble part was colourless.
Filtrate was put into separating funnel (500 mL),
added 40 ml petrolether and filled to % water
content. The procedure is 2 — 3 times repeated till
the water ethanolic phase is colourless.

2.7 Determination of antioxidant activity

Antioxidant activity was measured by the Brand-
Williams et al. (1995) method-using a compound
DPPH"  (2.2-diphenyl-1-pikrylhydrazyl).  2.2-
diphenyl-1-pikrylhydrazyl (DPPH") was pipetted
to cuvette (3.9 ml) then the value of absorbance
which corresponded to the initial concentration of
DPPH’" solution in time Ao was written. Then 0.1
ml of the followed solution was added and then the
dependence A = f(t) was immediately started to
measure. The absorbance of 1, 5 and 10 minutes at
515.6 nm in the spectrophotometer Shimadzu
UV/VIS - 1240 was mixed and measured. The
percentage of inhibition reflects how antioxidant
compound are able to remove DPPH" radical at the
given time.

Inhibition (%) = (Ao - At/ Ao) x 100

2.8 Statistical analysis

Results were statistically evaluated by the Analysis
of Variance (ANOVA — Multiple Range Tests,
Method: 95.0 percent LSD) using statistical
software STATGRAPHICS (Centurion XVLI,
USA).

3 RESULTS AND DISCUSSION

In this work the content of total polyphenols in
carrot was watched and evaluated. The results are
shown in Table 1.

Table 1: Average content of total polyphenols (mg/kg) in selected varieties of carrots

vegetable variety TPC (mg/kg)
Jitka 81.25+13.11°
Kardila 88.71 + 7.47%
Katlen 97.10 + 11.38%
Rubina 102.18 + 6.68™
Koloseum 113.69 + 11.57°
HDy o5 15.8749
HDg 21.9469

LSD Test on the significance: a: < 0.05
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Total polyphenols content in samples ranges from
81.25 £ 13.11mg/kg to 113.69 + 11.57 mg/kg.
Statistically significant the highest value of total
polyphenols was recorded in variety of Koloseum
(113.69 £ 11.57 mg/kg). The lowest content of
total polyphenols was recorded in variety of Jitka
(81.25 £ 13.11 mg/kg). Based on the measured
values of total polyphenols varieties of carrot can
be classified as follows: Koloseum (113.69 mg/kg)
> Rubina (102.18 mg/kg) > Katlen (97.10 mg/kg)
> Kardila (88.71 mg/kg) > Jitka (81.25 mg/kg)
Algarra et al. (2014) reported that the content of
polyphenols in carrot was 94 mg/kg. Bembem a
Sadana (2014) determined higher content of
polyphenols in carrot, in comparison with our
results. Their value was 320 mg/kg. The highest
levels of polyphenols in carrots recorded Leahu et
al. (2013), namely 652 + 0.85 mg/kg. Jamada et al.

(2011) referred that the content of total
polyphenols was in interval from 455 to
697 mg/kg. Polyphenols are the most widespread
and most numerous group of plant secondary
metabolites and are an integral part of the diet of
all living organisms. Natural polyphenolic
compounds are ranked among the most abundant
substance exhibiting antioxidant activity in our
diet.

Another indicator that has been evaluated and
compared was the content of B-carotenes in
varieties of carrot. Carrot is considered one of the
most important source of carotenoids, especially 53-
carotene.

The results of the determinations of B-carotenes in
the samples of carrot are shown in Table 2.

Table 2: Average content of B-carotenes (mg/kg) in selected varieties of carrots

vegetable variety B-carotenes (mg/kg)
Jitka 24.58 £2.38°
Kardila 47.42+397°
Katlen 44.19+3.01°
Rubina 29.19 + 3.76°
Koloseum 124.28 £3.54°

HD,) o5 5.10442

HDy 7.05682

LSD Test on the significance: a: <0.05

On the basis of gained results we can conclude,
that statistically significant the highest value of B-
carotenes was recorded in variety Koloseum
(124.28 £ 3.54 mg/kg). The lowest content of B-
carotenes was detected in variety Jitka (24.58 +
2.38 mg/kg). In variety Koloseum the average
content of B-carotenes was 5.05 times higher than
in the variety Jitka.

Karnjanawipagul et al. (2010) reported that the
content of B-carotenes in carrot samples was in the
range from 72.3 — 145.9 mg/kg. Ullah et al. (2011)
indicated 112.1 mg/kg B-carotenes in carrot.
Rebecca et al. (2014) published a higher value of

B-carotenes in carrot. Their value represented 183
mg/kg B-carotenes in carrot.

Carotenoids with polyphenols are a
phytochemicals that are responsible for the
antioxidant activity of carrots. They protect human
body against cardiovascular disease,
arteriosclerosis and cancer (Ciccone et al., 2013;
Relevy et al., 2015).

In the present work it was detected, that
antioxidant activity in samples of carrot ranges
from 6.88 = 0.92 % (in variety of Jitka) to 9.83 £
0.62 % (in variety of Koloseum) (Table 3).
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Table 3: Average values of antioxidant activity (% inibition) in carrot

vegetable variety AOA (% inhibition)

Jitka 6.88 £0.92*

Kardila 9.42 £ 0.68°

Katlen 8.75+0.78"

Rubina 7.54 % 0.94™

Koloseum 9.83 £0.62°
HDy 05 1.20821
HDy,1 1.67034

LSD Test on the significance: a: <0.05

In the variety Koloseum the average value of
antioxidant activity is 1.4- times higher than that of
the variety Jitka (6.88 %) and 1.3- times higher
than in the variety Rubina (7.54 %). Our obtained
results are in accordance with findings Algarra et
al. (2014), who also determined the values of
antioxidant activity in carrot in the interval from
1.4 % to 17.6 %. Bembem et al. (2014) also
determined the value of antioxidant activity in
carrot (11.2 %).

In this paper also relations among content of
polyphenols, B-carotenes and antioxidant activity
were evaluated (Figure 1 — 6). Our work was in
coherence with the findings of Ciz et al. (2010),
Hu (2012) who indicated correlations between
content of polyphenols in the onion, carrot, potato,
cabagge and antioxidant activity.
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4 CONCLUSION

Vegetable generally is a source of substances of
high biological and nutritional value. Carrot is
important in human nutrition and also in animal
nutrition. Carrot is very popular vegetable for its
important vitamins (group B, provitamin A,
vitamin C), sugars and minerals in particular Ca, F,
Se and Mg. It is also a rich source of
chemoprotective compounds that protect the body
against many diseases of civilization. The content
of biologically active substances (polyphenols) in

carrot root depends on various factors such as: area
in which the carrot is grown (agrochemical
characteristic of soil), climatic conditions in the
region during the growing season, cultivation
technology but also the variety. The obtained
results suggest that the carrot is a rich source of
carotenes. We determined the highest content in
‘Koloseum’ 113.69+11.57 mg/kg and also there
was determined the highest value of antioxidant
activity 9.83+0.62.
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ABSTRACT

This study was conducted to evaluate the effects of planting
arrangement and phosphate biofertilizer on soybean yield and
yield components under different weed interference periods at the
Agricultural Research Farm of Razi University, Kermanshah,
west Iran. The experiment was a factorial with three factors
arranged in a randomized complete block design with four
replications. The first factor was planting arrangement (50 and 5
cm (P1) or 25 and 10 cm (P2) for inter-row and inter-plant
spacings, respectively), the second factor was phosphate
biofertilizer (no-inoculation (I0) and inoculation (I1)) and the
third factor was weed treatment (full season weed-free condition
(W0), weedy condition until soybean 4-trifoliate stage (W1),
weedy condition until soybean flowering stage (W2) and full
season weedy condition (W3)). Results revealed that the highest
soybean yield occurred when weeds were controlled throughout
the growing season and soybean was planted at the inter-row and
inter-plant spacings of 25 and 10 cm, respectively (P2) whether
phosphate biofertilizer was used or not. For both planting
arrangements, full season weedy condition at the lack of the
biofertilizer led to the lowest soybean yield produced. Weed
biomass was not significantly affected by use of biofertilizer. The
highest weed biomass was established in plots without weed
control throughout the whole growing season and soybean was
planted in a wider row spacing and a less uniform spatial
arrangement (P1). Moreover, For W2 and W3 treatments, soybean
planted in a narrower row spacing and a more uniform spatial
arrangement (P2) produced a notable lower weed biomass, so that,
this planting arrangement reduced weed biomass by 31.8 and
31.7% in W2 and W3, respectively as compared to the Pl
planting arrangement. It can be concluded that soybean planting in
a more uniform spatial arrangement via a narrower row spacing
can significantly improve soybean yield and suppress weeds.
Phosphate biofertilizer had no significant effect on soybean yield
when soybean was planted as the P2 and weeds were controlled
throughout the growing season.

Key words: Glycine max, phosphate biofertilizer, planting
arrangement, soybean yield, weed control
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IZVLECEK

UCINKI NACINOV SETVE IN UPORABE
FOSFORJEVIH BIO-GNOJIL NA PRIDELEK SOJE OD
CASOVNO RAZLICNIH ZATIRANJ PLEVELOV

V raziskavi, ki je bila izvedena na Agricultural Research Farm, Razi
University, Kermanshah, zahodni Iran, so bili ovrednoteni ucinki
prostorske razporeditve rastlin (nacinov setve) in uporabe fosforjevih
bio-gnojil na pridelek soje in njegove komponente pri razlicnih
zapleveljenostih. Poskus je bil zasnovan kot naklju¢ni blocni,
trifaktorski poskus s §tirimi ponovitvami. Prvi preuéevani dejavnik je
bila razporeditev rastlin v odvisnosti od nacina setve, 50 in 5 cm (P1)
ali 25 in 10 cm (P2), kot razdalji setve med vrstami in znotraj vrste.
Drugi dejavnik je bila uporaba fosforjevih bio-gnojil (brez inokulacije
(10) in z inokulacijo (I1)) in tretji je bilo obravnavanje s pleveli (cela
sezona brez plevelov (WO0), zapleveljeno do stopnje razvoja, ko ima
soja 4 trojnate liste (W1), zapleveljeno do zacetka cvetenja soje (W2)
in zapleveljeno celo rastno sezono (W3). Rezultati so pokazali, da je
bil pridelek soje najvecji pri zatiranju plevelov skozi celo rastno
sezono in ko je bila soja posejana v vrstah s 25 cm razmikom in z
10 cm razdaljo med rastlinami v vrsti (P2), ne glede na uporabo
fosforjeva bio-gnojila. Zapleveljenost celo sezono in odsotnost
gnojenja z bio-gnojili je dala ne glede na nadin setve najmanjsi
pridelek. Uporaba bio-gnojil ni znacilno vplivala na biomaso plevelov.
Najvecja biomasa plevelov je bila, kadar ti niso bili zatirani celo
rastno sezono in, ko je bila soja posejana v vrstah s §irS§im razmikom,
torej z manj enakomerno prostorsko razporeditvijo (P1). Pri
obravnavanjih W2 in W3, ko je bila soja posejana v vrstah z manjsim
razmikom in so bile rastline bolj enakomerno razporejene (P2), so
imeli pleveli opazno manj$o biomaso. Taksni razporeditvi rastlin soje
(W2 in W3) sta zmanjSali biomaso plevelov za 31.8 in 31.7 %, v
primerjavi z raporeditvijo pri obravnavanju P1. Zaklju¢imo lahko, da
setev soje v vrstah z 0zjim razmikom znacilno poveca njen pridelek in
zavre rast plevelov. Uporaba fosforjevih bio-gnojil ni imela
znacilnega vpliva na pridelek soje, kadar je bila ta posejana v vrstah z
ozjim razmikom, P2, in ¢e so bili pleveli nadzorovani celo rastno
sezono.

Kljuéne besede: Glycine max, fosforjeva bio-gnijila, razporeditev
rastlin, pridelek soje, nadzor plevelov
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1 INTRODUCTION

Soybean (Glycine max L.) is an important two-
purpose crop which is extensively grown as a
source of edible oil and protein for human nutrition
in Iran. In soybean, weed infestation is considered
a persistent and complex constraint in many
regions of the world, as it influences soybean
growth and development through competition for
nutrients, water and light (Vollmann et al. 2010) as
well as the production of allelopathic compounds
(Rice 1984; Bhowmik and Doll 1982). Weeds are a
serious constraint to easy harvesting in soybean
and can reduce yield and economic returns. Thus,
weed control is considered a key factor for
successful soybean production, and various weed
management systems have been developed for that
purpose (Buhler and Hartzler, 2004). Weed control
in soybean can be labor intensive or involve the
intensive use of herbicides in Iran. Intensive
herbicide use can increase costs, pose a threat to
the environment and may promote the
development of herbicide resistancein weeds. The
implementation of an integrated weed management
(IWM) system is seen by many weed scientists as a
means of achieving the goal of reducing the
amount of herbicide used while still maintaining
crop yield (Swanton and Weise 1991).

According to Johnson et al. (1997) there is a trend
towards reducing crop row width as a means of
increasing crop competition to suppress weeds.
Early results in narrow-row soybean show that this
method can provide adequate weed control and
soybean yield (Steckel et al. 1990; Prostko and
Meade 1993). Narrow rows make more efficient
use of available resources and should allow
quicker canopy closure and thus quicker shading of
the ground thereby improving weed control
(Fernandez et al. 2002). In general, crop
competitive ability can also be increased by
improving planting uniformity. Olsen et al (2005a;
2005b) reported that wheat produced more biomass
and had less weed biomass as crop planting
uniformity increased. According to Weiner et al.
(2001) a more uniform planting distribution should
enable crops to compete more successfully with
weeds. In Iran, soybean is usually planted in a
wide row spacing (50 cm). This row spacing can
reduce potential crop yield and economic return
due to less efficient use of available resources such
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as light, water and nutrients by the soybean plants
and increase weed infestation.

Moreover, the competitive relationship between
crop and weeds is highly dependent on many
factors including the characteristics of the crop and
the weeds, the environmental variables, the cultural
practices (Knezevic et al. 2002) and supply and
availability of nutrients (Evans et al. 2003; Di
Tomaso 1995). The availability of nutrients can
influence the timeliness and extent of early season
competition from weeds (Weaver et al. 1992).
Phosphorus is an important element which can
affect the competitive interactions between a crop
and weeds. It is only second to nitrogen as a
mineral nutrient required for plant growth (Ogbo
2010). Most of the soils in Iran are phosphorous
deficient or marginally deficient and a massive
increase in the rate of application of chemical
fertilizers has been adopted to ameliorate this
deficiency (Cox et al. 1993). However, a large
proportion of the phosphorous content of chemical
fertilizers is quickly transformed to the insoluble
form such as calcium phosphate, thereby making
them unavailable to plants. In addition, there are
global concerns that the un-balanced use of
chemical fertilizers has a role in environmental
degradation and climate change (Day and Quinn
1989; Daynard et al. 1971). However, nutrients
applied to soils are also available for weeds and
these un-wanted plants are better able to utilize
added nutrients than crops (Carlson and Hill 1986;
Peterson and Nalewja 1992). Therefore, in an
attempt to reduce environmental risk and cost with
chemical fertilizer use and increase crop nutrient
use  efficiency, phosphorous  biofertilizers
(phosphate-solubilizing microorganisms) has been
considered as possible substitutes for traditional
mineral P fertilizer. These microorganisms have
been distinguished by their relative ability to
dissolve calcium phosphate and apatite in
association with plant roots. This activity was
attributed to organic acid and chelating metabolites
produced by these microorganisms (Deinum et al.
1996; Dong and Pierdominici 1995). However,
phosphate biofertilizer have shown variation in
their performance in related to their environmental
condition.
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This study was carried out to investigate the effects
of phosphorus biofertilizer and planting

arrangement on soybean under different weed
pressure treatments in Kermanshah, west Iran.

2 MATERIALS AND METHODS

The study was carried out in 2009 at the
Agricultural Research Farm of Razi University,
Kermanshah, west Iran. The soil type was a silty
clay with a pH of 7.8 and 0.8 % organic matter.
The land was plowed and disked before planting.
The soybean cultivar was ‘Williams’ (a cultivar
that is commonly planted in the region). All
soybean seeds were inoculated  with
Bradyrhizobium japonicum Kirchner bacterium
prior to sowing. The crop was planted on 9 May
2009 at a constant density of 40 plants m™.
Soybean is a summer and irrigated crop in western
Iran; therefore, it is not dependent on seasonal
rainfall. Irrigations were carried out at 7-9 day
intervals throughout the growing season in term of
crop need.

The experiment was a factorial with three factors
arranged in a randomized complete block design
with four replications. The first factor was planting
arrangement (50 and 5 cm (P1) or 25 and 10 cm
(P2) for inter-row and inter-plant spacings,
respectively), the second factor was phosphate
biofertilizer (no-inoculation (I0) and inoculation
(I1)) and the third factor was weed treatment (full
season weed-free condition (W0), weedy condition
until soybean 4-trifoliate stage (W1), weedy
condition until soybean flowering stage (W2) and
full season weedy condition (W3)). Each plot
consisted of six soybean rows of 8§ m long with
predetermined inter-row and inter-plant spacings.
Before planting, the seeds were also inoculated
with phosphate biofertilizer (Barvar 2) containing

the phosphate solubilizing microorganisms
Pantoea agglomerans Eving and Fife and
Pseudomonas putida Trevisan. Weed removal was
carried out by hand.

At maturity, soybean plants located at 4 m’> from
each plot were harvested by hand and allowed to
dry to a constant mass and weighed and biological
yield (total aboveground dry mass) was
determined. Subsequently, they were threshed and
cleaned and seed yield was calculated. Then
harvest index (HI) was calculated according to the
following equation:

HI = (Seed yield / Biological yield) x100

Additionally, 100-seed weight were determined
according to the recommendations of the
International Seed Testing Association (ISTA)
(Draper, 1985). Before harvesting, the number of
pods per plant and the number of seeds per pod
were measured on 5 randomly selected plants in
the centre rows of each plot, except from the rows
that were used for yield measurement. Weed
biomass was also measured by harvesting weeds at
the ground level in three random 0.5x0.5 m
quadrats in each plot at the end of the growing
season for the W3 treatment and before each weed
removal for the W1 and W2 treatments. Then
weeds dried at 75° C to constant mass and
weighed. Data analyses were carried out using
SAS (SAS Institute 2003).

3 RESULTS AND DISCUSSION

Analysis of variance (Table 1) revealed that all of
the traits under study including soybean seed yield
(SY), the number of pods per plant (PPP), the
number of seeds per pod (SPP), 100-seed weight
(SW), harvest index (HI) and weed biomass (WB)
were significantly affected by weed treatments (at
the 0.01 level of probability). There was a
significant three-way interaction (weed
treatmentxplanting arrangementxphosphate

biofertilizer) for SY, PPP and SPP. The significant
two-way interactions including weed
treatmentxplanting arrangement, weed treatmentx
phosphate biofertilizer and planting
arrangementxphosphate biofertilizer were
observed for HI. However, SW was significantly
affected by the two-way interactions including
weed treatmentxplanting arrangement, weed
treatmentxphosphate biofertilizer. However, WB

Acta agriculturae Slovenica, 105 - 2, september 2015

315



G. R. MOHAMMADI et al.

biofertilizer alone or in combination with other
factors had no significant effect on this trait.

was influenced by a two-way interaction (weed
treatmentxplanting arrangement) and phosphate

Table 1: Analysis of variance of the traits under study

Mean Square
Source of Variance

Seed yield Pod/plant Seed/pod 100-seed  Harvest Weed biomass
weight index
Replication 309.03 ns 7.80 ns 0.04 ns 0.33ns 1.24ns 672420.05 ns
Weed Interference (WI) 94876.00 ** 6854.90 ** 0.19 ** 1.80** 314.09**  2231939.50 **
Phosphate Biofertilizer (PB) 1407.20 * 172.50 ** 0.01 ns 0.94* 28530 ** 150.60 ns
Planting Arrangement (PA) 5682.70 ** 3719.40 ** 0.03 ns 1.02* 3.77ns 3226900.00 **
WIxPB 2124.90 ** 752.40 ** 0.09 ** 0.91* 42.80 ** 236226.10 ns
WIXPA 113.50 ns 658.60 ** 0.06 ** 1.09**  57.30 ** 926873.05 *
PBxPA 989.40 ns 516.90 ** 0.08 ** 0.02ns  147.80 ** 74342.09 ns
WIXPBXPA 3973.90 ** 204.12 ** 0.06 ** 0.57ns  25.15ns 53670.50 ns
Error 335.60 17.23 0.01 0.23 9.32 257976.06

ns, * and **: Non significant and significant at the 0.05 and 0.01 level of probability, respectively

The highest SY was obtained when weeds were
controlled for all of the growing season (WO0) and
soybean was planted at the inter-row and inter-
plant spacings of 25 and 10 cm, respectively (P2)
whether phosphate biofertilizer was used or not
(Table 2). For both planting arrangements, full
season weedy condition (W3) and at the lack of the
biofertilizer (10) led to the lowest SY (Table 2). It
seems that in weed free condition and a more
uniform planting arrangement soybean yield is not
significantly affected by phosphate biofertilizer
due to a lower competition for this essential
element. However, in the presence of weeds,
phosphate biofertilizer could reduce the harmful
effects of these unwanted plants. In general,
soybean seed yield decreased when the weed
interference period increased. Although, in most
cases, the reductions were lower when soybean
was planted as the P2 planting arrangement when
compared with the P1 planting arrangement (Table
2). Row spacing and spatial uniformity can play
important roles to manage weeds in cropping
systems. Mohammadi et al. (2012) reported that
corn yield was improved and weed biomass was
decreased in response to decreasing row spacing.
Moreover a more uniform crop spatial (as seen at
the P2 planting arrangement)  decreases

316 Acta agriculturae Slovenica, 105 - 2, september 2015

competition within the crop population early in the
growing season (Olsen and Weiner 2007) and
maximizes the total shade cast by the crop by
reducing self shading (Weiner et al. 2001).
According to Kristensen et al. (2008) in the
presence of weeds the highest yields were obtained
with high spatial uniformity.

The highest PPP was occurred in the plots in which
weeds were removed throughout the growing
season, phosphate biofertilizer was applied and
soybean was planted as the P2 planting
arrangement (Table 2). This can be attributed to
the lack of weed harmful effects on the crop, more
crop spatial uniformity and consequently a lower
competition among the soybean plants. Moreover,
many researchers have reported an improve in
growth and P-uptake by crops through the
inoculation of phosphate solubilizing
microorganisms in pot experiments (Vassilev et al.
2006; Omar 1998) and under field conditions
(\Valverde et al. 2006; Duponnois et al. 2005; De
Freitas et al. 1997). In a study, Mittal et al. (2008)
observed two-fold increase in seed number of
chickpea due to the use of phosphate solubilizing
microorganisms.
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Table 2: Soybean plant traits as influenced by weed treatment, planting arrangement and phosphate biofertilizer

Weed Planting Phosphate Soybean plant traits
treatment arrangement biofertilizer Seed yield Pods/plant Seeds/pod
(g m?)

WO Pl 10 305.6b 86.6 ¢ 2.1 ef

I 3193 b 66.3d 2.3 cde

P2 10 323.3 ab 101.7 b 2.3 cde

I 346.9 a 117.1a 2.4 abc

Al P1 10 189.5 ef 553 fg 2.5ab

I1 206.9 de 63.5 de 2.4 abc

P2 10 2393 ¢ 68.8d 2.5ab

1 200.1 de 82.5¢ 2.1ef

w2 P1 10 161.3 gh 56.2 fg 2.1ef

I1 191.9 ef 43.21 2.2 def

P2 10 220.1 cd 63.0 de 2.4 abc

I1 173.7 fg 52.4 gh 2.2 def

W3 P1 10 134.3 4 492 h 2.1ef

I1 141.6 hi 38.41ij 2.1 ef

P2 10 114.9; 36.7] 2.1ef

I 182.9 efg 58.5ef 2.2 def

LSD (0.05) 26.1 5.9 0.2

Dissimilar letters at each column indicate the significant difference at the 0.05 level of probability (LSD test).

Abbreviations: W0, W1, W2 and W3: full season weed free condition, weedy condition until soybean 4-trifoliate
stage, weedy condition until soybean flowering stage and full season weedy condition, respectively. P1: soybean
planted at the inter-row and inter-plant spacings of 50 and 5 cm, respectively; P2: soybean planted at the inter-row
and inter-plant spacings of 25 and 10 cm, respectively. 10 and I1: no inoculation and inoculation with phosphate

biofertilizer, respectively.

The number of seeds per pod didn’t show an
obvious response to the treatments under study,
although, in most cases, full season weedy
condition and weedy condition until soybean
flowering stage led to the lowest values of this trait
(Table 2). Weed interference until 4-trifoliate stage
didn’t significantly influence 100-seed weight
when compared with full season weed free
condition, although, the longer weed interference
reduced this yield component, notably (Fig. 1).

However, for all of the weed treatments, the use of
phosphate biofertilizer didn’t significantly affect
soybean 100-seed weight (Fig. 1). Moreover, for
all weed treatments, 100-seed weight was higher
when soybean was planted as the P2 planting
arrangement (Fig. 2). Although, the positive effect
of this planting arrangement on soybean seed mass
was more obvious in the plots in which weeds
were controlled throughout the growing season

(Fig. 2).
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Figure 1: The effect of phosphate biofertilizer on soybean 100-seed weight under different weed treatments.
Abbreviations: W0, W1, W2 and W3: full season weed free condition, weedy condition until soybean 4-trifoliate
stage, weedy condition until soybean flowering stage and full season weedy condition, respectively.
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Figure 2: Soybean 100-seed weight as influenced by different planting arrangements and weed treatments.
Abbreviations: W0, W1, W2 and W3: full season weed free condition, weedy condition until soybean 4-trifoliate
stage, weedy condition until soybean flowering stage and full season weedy condition, respectively. P1:
soybean planted at the inter-row and inter-plant spacings of 50 and 5 cm, respectively; P2: soybean planted at the
inter-row and inter-plant spacings of 25 and 10 cm, respectively.
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Harvest index was significantly influenced by
phosphate  biofertilizerxplanting  arrangement
interaction (Table 1). The highest HI was observed
in the more uniform spatial arrangement (P2) and
when phosphate biofertilizer was applied (Fig. 3).
Moreover, weed free condition for the entire
growing season led to the highest HI when soybean
was planted as the P2 planting arrangement (Fig.
4). Harvest index is the fraction of the total crop

40

biomass allocated to the economic yield (Williams
et al. 1989; Sto"ckle et al. 1994) and a higher HI
indicates a more crop efficiency to allocate the
produced biomass to the seeds. It seems that, the
lower inter- and intra-specific competitions and
higher phosphorus available for the crop can
significantly increase the biomass allocated to
soybean generative organs and consequently
improve HI.

O Without biofertilizer
B With biofertilizer

35

b
30

25

20

15

Harvest index (%)

10

P1

P2

Planting arrangement
Figure 3: The effect of phosphate biofertilizer on soybean harvest index under different planting arrangement.
Abbreviations: P1: soybean planted at the inter-row and inter-plant spacings of 50 and 5 cm, respectively; P2:
soybean planted at the inter-row and inter-plant spacings of 25 and 10 cm, respectively.

40

35 +— D
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Harvest index (%)

10 A

WO w1
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Weed treatments
Figure 4: Soybean harvest index as influenced by different planting arrangements and weed treatments.
Abbreviations: W0, W1, W2 and W3: full season weed free condition, weedy condition until soybean 4-trifoliate
stage, weedy condition until soybean flowering stage and full season weedy condition, respectively. P1:
soybean planted at the inter-row and inter-plant spacings of 50 and 5 cm, respectively; P2: soybean planted at the
inter-row and inter-plant spacings of 25 and 10 cm, respectively.
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Weed biomass was also significantly affected by
weed treatmentxplanting arrangement interaction
(Table 1). The highest weed biomass was produced
when weeds were not controlled throughout the
growing season and soybean was planted in wider
row spacing and a less uniform spatial arrangement
(P1) (Fig. 5). For W2 and W3 treatments, soybean
planted in a narrower row spacing and a more
uniform spatial arrangement (P2) produced a
notable lower weed biomass, so that, this planting
arrangement reduced weed biomass by 31.8 and
31.7 % in W2 and W3, respectively as compared to
the P1 planting arrangement. However, in W1
treatment there was no significant difference
between the two planting arrangements in term of
weed biomass (Fig. 5) indicating the important
weed suppressing effect of a more uniform
planting arrangement in the higher weed pressure
conditions. In general, crop canopy expansion and
soil cover vary with planting arrangement (Ottman
and Welch 1989; Tetio-Kagho and Gardner 1988).

Weed biomass (g.m
=
Ul
o
o

W1

According to Fernandez et al. (2002) radiation
interception and use efficiencies as well as
nitrogen use efficiency of crop were positively
related to the increased planting uniformity and for
maximum weed suppression, crop should be
planted in a square or triangular lattice
arrangement. In another study, Mohammadi et al.
(2012) found that both crop yield and weed control
can be improved by increasing the planting spatial
uniformity in a corn cropping system.

There was a negative and significant correlation
between soybean yield and weed biomass
produced (r = -0.76). It can be concluded that
increasing soybean yield in the P2 plots is mainly
due to a higher weed suppressive effect of this
planting arrangement. However, a lower intra-
specific competition can also play an important
role. Kristensen et al. (2008) reported that in the
presence of weeds the highest yields were obtained
with high crop density and high spatial uniformity.

W2

Weed treatments

Figure 5: Weed biomass as influenced by different planting arrangements and weed treatments.
Abbreviations: W0, W1, W2 and W3: full season weed free condition, weedy condition until soybean 4-trifoliate
stage, weedy condition until soybean flowering stage and full season weedy condition, respectively. P1: soybean
planted at the inter-row and inter-plant spacings of 50 and 5 cm, respectively; P2: soybean planted at the inter-
row and inter-plant spacings of 25 and 10 cm, respectively.
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4 CONCLUSION

This study revealed that soybean planting in a
more uniform spatial arrangement via a narrower
row spacing can significantly improve soybean
yield and reduce weed growth especially in a
higher weed pressure condition. Phosphate
biofertilizer had no positive effect on soybean
yield when soybean was planted in a more uniform
spatial arrangement (P2) and weeds were

controlled for the entire growing season. However,
in the presence of weeds and a decreased planting
uniformity  (P1), the biofertilizer could
significantly improve soybean yield indicating a P-
limitation in this condition probably due to the
higher intra- and inter-specific competitions for
this essential element.
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IZVLECEK

V prispevku predstavljamo parazitoidno oso, katero smo v
Sloveniji prvi¢ nasli avgusta 2014, in sicer v jajénem leglu
kapusove sovke (Mamestra brassicae) na zelju. Parazitoidna
osa Trichogrammma brassicae spada med jajéne parazitoide
in je znana kot naravni sovraznik metuljev (Lepidoptera).
Prvotno so omenjeno parazitoidno oso uporabljali za zatiranje
koruzne vesée (Ostrinia nubilalis), pozneje pa je pridobila na
pomenu tudi pri biotiénem zatiranju nekaterih ostalih
gospodarsko pomembnih Skodljivih vrst metuljev. S prvo
potrditvijo zastopanosti T. brassicae v Sloveniji je izpolnjen
prvi pogoj za njeno uvrstitev na Seznam domorodnih vrst
organizmov za namen biotiCnega varstva rastlin in s tem za
njeno prakticno uporabo pri biotiénem zatiranju Skodljivih
metuljev pri nas.

Kljuéne besede: Trichogramma brassicae, jajéni parazitoidi,
bioti¢no varstvo rastlin, gosenice

ABSTRACT

FIRST RECORD OF PARASITIC WASP Trichogramma
brassicae BEZDENKO, 1968 (Hymenoptera,
Trichogrammatidae) IN SLOVENIA

The paper presents the parasitic wasp, which occurrence in
Slovenia was first confirmed in August 2014 on egg layers of
cabbage moth (Mamestra brassicae) from cabbage. The wasp
Trichogrammma brassicae belongs among egg parasitoids and
it is especially known as biological control agent of
lepidopteran pests. In the beginning the wasp was used for
controlling European corn borer (Ostrinia nubilalis), later it
becomes an important biological control agent of some other
economically important lepidopteran pests. With the first
confirmation of occurrence of T. brassicae in Slovenia first
condition for its placing on the List of indegenous biological
control agents - it contains the organisms which practical use
in Slovenia is allowed - is fulfilled.

Trichogramma brassicae, egg parasitoids,
biological control, caterpillars

Key words:

1 UVOD S POUDARKOM NA POMENU JAJCNIH PARAZITOIDOV IZ RODU Trichogramma

V rod Trichogramma uvr§¢amo jajéne parazitoide,
ki so pomembni naravni sovrazniki v varstvu
gojenih rastlinskih vrst Ze vec kot 70 let (Kuske et
al., 2003), tudi masovno namnozevanje omenjenih
parazitoidov z namenom ciljnega spuScanja na
kmetijska zemljis¢a pa se v svetu pojavlja Ze skoraj

100 let (Eizaguirre et al., 1998; Lundgren in
Heimpel, 2003). Parazitoidne ose iz omenjenega
rodu so naravni sovrazniki nekaterih Skodljivcev
vrtnin in polj$¢in, uporabne pa so lahko tudi pri
zatiranju $kodljiveev gozdnega drevja (Bai et al.,
1995; Kuske et al., 2003). Vrste iz rodu
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Trichogramma so generalisti. Samice lahko
odlagajo jajceca v jajceca priblizno 200 razli¢nih
gostiteljev. Tako parazitirajo jajCeca metuljev

(Lepidoptera), dvokrilcev (Diptera), hroscev
(Coleoptera), kozekrilcev (Hymenoptera),
mrezekrilcev  (Neuroptera) in  velekrilcev

(Megaloptera) (Kuske et al., 2003). Iz trznega
vidika so poleg vrste Trichogramma brassicae
Bezdenko, 1968 zanimive Se vrste Trichogramma
pintoi Voegele, 1982, Trichogramma evanescens

Westwood, 1833, Trichogramma dendrolini
Matsumura, 1925 in Trichogramma cacaeciae
Marchal, 1927 (List of biological ..., 2014).

Odrasli osebki iz rodu Trichogramma se
prehranjujejo z nektarjem, pelodom, medeno roso,
obCasno pa tudi s jajéno vsebino njihovih
gostiteljev (Coombs in Coombs, 2003). Vsako leto
se bioti¢no varstvo gojenih rastlin z uporabo
parazitoidov iz rodu Trichogramma izvaja na vec
kot 32 milijonov ha (Chailleux et al., 2012).

2 OPIS IN RAZVOJNI KROG VRSTE Trichogramma brassicae

Obravnavana parazitoidna vrsta izhaja iz
Moldavije. V Francijo so jo vnesli z namenom
zatiranja  koruzne ve$€e (Ostrinia nubilalis
[Hiibner, 1796]) in to metodo tam uspes$no
uporabljajo od osemdesetih let prejSnjega stoletja
(Eizaguirre et al., 1998). Parazitoid Trichogramma
brassicae prezimi kot predbuba v jajéecih
gostiteljev (Babendreier et al., 2003). Jajceca iz
rodu Trichogramma so prosojna. Njihov premer je
0,04 mm, v dolzino pa merijo 0,14 mm. Po 24 urah

{

se razvije li¢inka, ki ima srpasto oblikovane
celjusti. Li¢inka poje vso vsebino jajceca gostitelja.
Samica navadno parazitira sveze odloZena jajceca.
Licinke se §tirikrat levijo, nato se zabubijo. Pri tem
jajCece gostitelja pocrni. Bube so svetle. Malo pred
izvalitvijo odraslega osebka se na zadku pojavijo
Crte. Izvalitev odrasle Zuzelke (slika 1) se navadno
zgodi v jutranjem c¢asu. Samice merijo v dolzino
0,6 mm. Njihova glava in oprsje sta ¢rna (Malais in
Ravensberg, 2012).

Slika 1: Parazitoid Trichogramma brassicae Bezdenko, 1968 pred DNA ekstrakcijo (foto: Stefan Schmidt)

Na razvojni krog in sposobnost parazitiranja
parazitoidne ose T. brassicae ima pomemben vpliv
temperatura (Chihrane in Laugé, 1996). Pri 25°C
traja razvojni krog (od jajceca do odraslega
osebka) 10 dni, pri 23°C se razvojni krog sklene v
12 dneh (Chailleux et al., 2012). Razvoj je tudi pri
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drugih wvrstah iz rodu Trichogramma mocno
odvisen od temperature. Visja kot je temperatura,
hitrej$i je razvoj vrste (Coombs in Coombs, 2003).
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Razvoj poteka pri samcih hitreje kot pri samicah.
Ustrezne gostitelje i8¢e T. brassicae od tal proti
vrhu rastline. Najvi§ja temperatura, pri Kkateri
razvoj Se poteka, je 38°C. Poleg temperature okolja
pa na uspesnost parazitiranja vpliva tudi vrsta
gostitelja, dostopnost hrane in velikost jajéec. Ce

so slednja premajhna, do parazitiranja ne pride. V
vecja jajceca pa lahko samica odlozi veC jajcec,
lahko tudi do 30. V enem jajéecu gostitelja pride
lahko do razvoja obeh spolov vrste T. brassicae.
Parazitirana jajCeca postanejo pri 24°C ¢rna po 4
dneh (slika 3).

Slika 2: Moski spolni organ vrste Trichogramma brassicae ventralno, mikroskopska slika (foto: Juan Carlos Monje)

Odlaganje jajéec samic T. brassicae je najbolj
intenzivno v prvih dveh dneh po izletu iz gostitelja.
Razmerje v spolih po izvalitvi je v prid samic. V

jajcece iz druzine sovk (Noctuidae) parazitoidna
osa odlozi 2-3 svoja jajceca.

3 PARAZITOID Trichogramma brassicae V SLOVENIJI

18. avgusta 2014 smo na njivi z zeljem (Brassica
oleracea L. var. capitata L.f. alba) v blizini kraja
Zvir¢e (zemljepisna  S$irina:  46°19'49.09"N,
zemljepisna dolzina: 14°16'46.41"E, nadmorska
viSina 496 m) v ob¢ini Trzi¢ nasli ve¢ razliénih
jajénih legel sovk (Noctuidae). Liste zelja, na
katerih so bila jajéna legla, smo nabrali in jih
prenesli v Laboratorij za entomologijo Katedre za
fitomedicino, kmetijsko mehanizacijo,
poljedelstvo, pasniStvo in travnis§tvo Oddelka za

agronomijo Biotehniske fakultete, kjer smo jih
shranili v steklenem insektariju. Ugotovili smo, da
jajéna legla pripadajo kapusovi sovki (Mamestra
brassicae (Linaeus, 1758)). Jajceca v nekaterih
jajénih leglih so bila temna — parazitirana (slika 3).
Legla smo pustili v insektariju 3 tedne, nakar smo
v njih pobrali izletele parazitoidne ose in jih
shranili v mikrocentrifugitki z 70 % etanolom.
Morfolosko  identifikacijo  osebkov je v
Zoologische Staatsammlung v Miinchnu opravil
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Dr. Stefan Schmidt, Dr. Juan Carlos Monje
(Staatliches Museum fiir Naturkunde v Stuttgartu)

pa je z genetsko analizo potrdil vrsto T. brassicae.

Slika 3: Parazitirana (érna) jajéeca v jajénem leglu kapusove sovke (Mamestra brassicae), najdenem v Zviréah na

Gorenjskem (foto: J. Rupnik)

4 POMEN V VARSTVU RASTLIN S SKLEPI

V aplikativnem bioticnem varstvu se parazitoidna
osa T. brassicae uporablja predvsem za zatiranje
koruzne vesce (Hassan in Zhang, 2001). Pri tem
porocajo tako o uspelih, kot tudi o neuspelih
poskusih vnosa (Lundgren in Heimpel, 2003).
Neuspeli poskusi so vezani predvsem na nacin
razmoZevanja obravnavanih parazitoidnih os.
Znano je mnamre¢, da se vrste iz rodu
Trichogramma  vefinoma  razmozujejo  z
arhenotokijo (iz neoplojenih jajcec se razvijejo
samo samci). Populacije, ki so nastale z telitokijo
(iz neoplojenih jajcec se razvijejo samo samice), pa
vsebujejo endosimbiontsko vrsto bakterije iz rodu
Wolbachia, ki vpliva na ve¢jo smrtnost vrst iz rodu
Trichogramma (Lundgren in Heimpel, 2003).

Glede na podatke Fauna Europea (2015) je bila osa
T. brassicae v Evropi doslej najdena v Avstriji,
Italiji, Franciji, Nemciji, Romuniji, Moldaviji,
Bolgariji, Belgiji, Svici, na Nizozemskem in v
Ukrajini, po podatkih EPPO (List of biological...,
2015) pa parazitoida uporabljajo pri bioti¢nem
zatiranju uporabljajo v Awvstriji in Belgiji, na
Ceskem, Danskem, Finskem, v Franciji, Nemciji,
Gr¢éiji, Italiji, Jerseyu, Jordaniji, na Nizozemskem,
Slovagkem, v Spaniji, Svici in Veliki Britaniji.
UspesSnost vnosa parazitoidnih os iz rodu
Trichogramma je pogojena z razli¢nimi dejavniki,
kot so wuporaba fitofarmacevtskih sredstev,
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vremenske razmere, razvojni stadij gostitelja in
Stevilo izpuSc¢enih osebkov (Thomson et al., 2003).

Pri uporabi parazitoidov iz rodu Trichogramma v
aplikativnem bioticnem varstvu lahko vecjo
ucinkovitost dosezemo s casovno nadzorovanim
izpus€anjem parazitoidov v okolje (Coombs in
Coombs, 2003). Na razli¢nih obmog¢jih sveta vrsto
T. brassicae masovno namnozujejo in/ali trzijo
razli¢na podjetja. Od Sestih podjetij sta dve locirani
v Evropi.

Obravnavana koristna vrsta je ucinkovita tako pri
parazitiranju posameznih jajéec, kot na jajcnih
leglih. Najveckrat so parazitirana jajceca, ki so jih
gostitelji  odlozili zelo kratek cCas pred
parazitiranjem. Pri uporabi pripravkov na podlagi
vrste T. brassicae je pomembno, da vnos opravimo
ze zelo zgodaj v rastni dobi, ko je populacija
Skodljivca majhna. Ce prvi izpust opravimo
prepozno, obravnavana koristna vrsta nima vpliva
na zmanjSevanje populacij skodljivih organizmov.
Ker je vrsta T. brassicae jajéni parazitoid, mora
biti ciljni Skodljivi organizem v casu vnosa
naravnega sovraznika prisoten v razvojnem stadiju
jajéec. Potrebno Stevilo izpuScenih osebkov
parazitoidne ose pa je odvisno tudi od gostiteljske
rastline.
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Osa T. brassicae se v pripravkih nahaja v
razvojnem stadiju bube v parazitiranih jajcecih
mocne vesCe (Ephestia kuehniella Zeller, 1879).
Uporabnost omenjene parazitoidne ose ima velik
potencial pri zatiranju gospodarsko Skodljivih vrst
metuljev na poljscinah, vrtninah in ostalih gojenih
rastlinah. EPPO (List of biological..., 2015) kot
najustreznejSega gostitelja za vrsto T. brassicae
navaja koruzno vesco. Zaradi velike obcutljivosti
na uporabo insekticidov (ki vsebujejo aktivne
snovi iz skupine piretroidov) moramo biti pozorni,
da je njena aplikacija povezana predvsem z
ostalimi alternativnimi metodami v varstvu rastlin.

NaSa raziskava omogoc€a uvrstitev obravnavane
koristne vrste na Seznam domorodnih vrst
organizmov za namen bioti¢nega varstva rastlin,
kot dolo¢a Pravilnik o bioticnem varstvu rastlin
(Uradni list RS, 45/06). Z navedeno razsiritvijo
seznama bo dovoljena uporaba vrste T. brassicae
za zatiranje koruzne ves¢e (in morda tudi pri
zatiranju nekaterih drugih vrst gospodarsko
pomembnih Skodljivih metuljev) v okoljsko
sprejemljivih sistemih pridelovanja gojenih rastlin.

5 ZAHVALA

Prispevek je nastal s finanéno pomoc¢jo Ministrstva
za kmetijstvo, gozdarstvo in prehrano — Uprave RS
za varno hrano, veterino in varstvo rastlin v okviru

strokovnih nalog s podro¢ja zdravstvenega varstva
rastlin.
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IZVLECEK

Ameriski Skrzatek (Scaphoideus titanus Ball, 1932) je zuzelka
iz druzine malih $krzatkov (Cicadellidae), izvorno razsirjena
po Severni Ameriki. Vrsta je bila vneSena v Evropo, kjer
napada vinsko trto in je znana predvsem kot prenasalec
fitoplazme Grapevine Flavescence dorée (FD) (Candidatus
Phytoplasma vitis), ki povzroca bolezen zlato trsno rumenico.
Ameriski skrzatek je bil v Sloveniji prvi¢ najden leta 1983 na
Primorskem. Zlata trsna rumenica je bila v Sloveniji potrjena
leta 2005. Za zatiranje ameriSkega Skrzatka se uporabljajo
insekticidi, saj ZuZzelka zaenkrat nima ucinkovitih naravnih
sovraznikov, ki bi lahko zmanjsali populacijo pod gospodarski
prag Skodljivosti. Nekateri raziskovalci so mnenja, da je na
obeh celinah (Severna Amerika, Evropa) Stevilénost naravnih
sovraznikov ameriskega Skrzatka zelo majhna. 1z ZDA
porocajo, da nekateri parazitoidi (Drynidae: Hymenoptera in
Pipunculidae: Diptera) parazitirajo ameriSskega Skrzatka,
vendar je odstotek ucinkovitosti zelo majhen (od 1,3 do
0,8 %). Med naline integriranega varstva vinske trte pred
mnozi¢nim pojavom ameriskega skrzatka so doslej uporabljali
metode zbeganja, termoterapije in privabilne posevke.

Kljuéne besede: ameriski skrzatek, Scaphoideus titanus,
bioticno varstvo rastlin, integrirano varstvo
rastlin

ABSTRACT

POSSIBILITIES OF ENVIRONMENTALLY
ACCEPTABLE CONTROL METHODS OF AMERICAN
GRAPEVINE LEAFHOPPER (Scaphoideus titanus Ball,
1932)

The American Grapevine Leafhopper (AGL) (Scaphoideus
titanus Ball, 1932) is a small insect of the family leafhoppers
(Cicadellidae), originally spread across North America. Specie
has been introduced to Europe, where is known primarily as a
vector of phytoplasma Grapevine flavescence dorée (FD),
(Candidatus Phytoplasma vitis), a disease-causing grapevine
yellows. AGL was first found in Slovenia in 1983. First
occurrence of grapevine yellows was confirmed in Slovenia in
2005. Since no effective biological control agents are known
to date, AGL populations are suppressed using insecticides
during the host plant's growth period. Some researchers
reported that it is in both continents (North America, Europe)
abundance of natural enemies of the AGL very small.
Researchers reported that some parasitoids (Drynidae:
Hymenoptera and Pipunculidae: Diptera) parasitize the AGL,
but the percentage of efficiency is very low (from 1.3 to
0.8 %). Among the methods of integrated pest management of
AGL methods of mating disruption, thermotherapy, and cover
crops are used.

Key words: The American Grapevine Leathopper,
Scaphoideus titanus, biological control,
integrated pest management

1UVOD

AmeriSki Skrzatek (Scaphoideus titanus Ball,
1932) je glavni prenasalec zlate trsne rumenice na
zlahtni vinski trti, ki jo povzroCa karantenska

fitoplazma Grapevine Flavescence dorée (FD),
(Candidatus Phytoplasma vitis). Zlata trsna
rumenica je bila v Sloveniji potrjena leta 2005 v
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okolici Kopra, v letu 2008 na Dolenjskem, v letu
2009 pa tudi na obmocju severovzhodne Slovenije
(Stajerska in Prekmurje) (Matko in sod., 2013).
AmeriSki $krzatek izvira iz Severne Amerike, od
koder naj bi bil s sadilnim materialom, na katerem
so bila odlozena njegova jajceca, zanesen Vv
Evropo. V Evropi je bil ameriski Skrzatek prvic
ugotovljen v Franciji (Decante in van Helden,
2006), od tam pa se je razsiril v Spanijo in na
Portugalsko. Njegovo Sirjenje se je nadaljevalo
preko Italije do drzav na Balkanskem polotoku
(Battle in sod., 2000; Angelini in sod., 2001;
Krnjaji¢ in sod., 2007; Deli¢ in sod., 2011; Zezlina
in sod., 2013). Prvi¢ je bil ameriski Skrzatek v
Sloveniji najden Ze leta 1983 na Primorskem, v
letu 2003 pa tudi v severovzhodnem delu Slovenije
(Seljak, 2008). Danes je razSirjen v vseh
vinorodnih dezelah Slovenije (Matko in sod.,
2013).

Bionomija ameriSkega Skrzatka je dobro znana
(Rigamonti in sod., 2011). Matko in sod. (2013)
navajajo, da je Skodljivec univoltilna vrsta, saj
razvije le en rod na leto. Prezimi v stadiju jacec na
dve- in triletnem lesu trte (Bertin in sod., 2007;
Rigamonti in sod., 2011). Li¢inke se iz jajCec
izlezejo v drugi polovici maja in se Stirikrat levijo
(do petostopenjske li¢inke). Fitoplazme prenasajo
navadno odrasli osebki ameriskega Skrzatka. Seljak
(1993) sicer navaja, da so vektorji povzrociteljic
zlate trsne rumenice lahko tudi liinke tretje
stopnje. Sprva so bili raziskovalci mnenja, da
zlahnta vinska trta (Vitis vinifera L.) predstavlja
edino gostiteljsko rastlino za amerisSkega Skrzatka

zlatica (Ranunculus repens L.) (Jermini, 2011) in
navadni srobot (Clematis vitalba L.) (Angelini in
sod., 2004).

Za zatiranje ameriSkega Skrzatka se uporabljajo
insekticidi, saj zuzelka nima ucinkovitih naravnih
sovraznikov, ki bi lahko zmanjSali Stevilénost
njegovih  populacij pod gospodarski prag
skodljivosti (Malausa in sod., 2003; Nusillard in
sod., 2003; Boudon-Padieu in Maixner, 2007;
Zezlina in sod., 2013). Prav tako v strokovni
literaturi ni navedenih drugih moZnosti okoljsko
sprejemljivih nacinov zatiranja Skodljivca, ki bi
bili dovolj uéinkoviti. Zezlina in sod. (2013)
navajajo, da je vzdrzevanje majhnih populacij
ameriSkega Skrzatka kljutnega pomena pri
preprecevanju Sirjenja okuzb rastlin vinske trte z
zlato trsno rumenico. Seljak (2008) poroca, da je
Stevilénost ameriskega Skrzatka mo¢no zmanjSana
predvsem pri uporabi insekticidov, katerih aktivne
snovi predstavljajo klorpirifos-etil in klorpirifos-
metil. ZeZlina in sod. (2013) so v sorodni
raziskavi, ki je potekala med leti 2010 in 2011
preucevali pet sinteti¢nih insekticidov za zatiranje
ameriSkega Skrzatka. Nanos je bil opravljen v
juniju, saj so se raziskovalci zeleli izogniti
morebitnemu pojavu ostankov FFS v vinu (Bosio
in sod., 2003). Rezultati njihove raziskave so

pokazali, da je aktivna snov tiametoksam
ucinkovala najbolje, saj so potrdili kar 96 %
smrtnost li¢ink ameriskega Skrzatka. Ostale

preucevane aktivne snovi so delovale slabse
(Zezlina in sod., 2013).

(Vidano, 1966), vendar so nekatere novejse Y  prispevku  Zelimo predstaviti ~dosedanje
raziskave pokazale, da lahko $kodljivec del raziskave na podro¢ju preucevanja naravnih
razvojnega kroga prezivi tudi na drugih  sovraZnikov ameriSkega Skrzatka in drugih
gostiteljskih rastlinah, kot so plazeta detelja  okoljsko  sprejemljivih  naCinov  njegovega
(Trifolium repens L.) (Jermini, 2011), plazeta  Zzatiranja.

2 BIOTICNO VARSTVO

Znanstveni izsledki, ki navajajo moznosti
bioticnega zatiranja ameriSkega Skrzatka, so zelo
skopi. Pregledni Clanek, ki sta ga objavila Chuche
in Thiéry (2014) podaja nekaj informacij, ki so jih
raziskovalci na omenjenem podro¢ju raziskav
potrdili do sedaj. Populacija ameriskega skrzatka
na vinski trti je v Franciji znatno vecja kot v ZDA
(Maixner in sod., 1993). Omenjeno dejstvo je
vodilo v hipotezo, da v ZDA obstajajo naravni
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sovrazniki ameriSkega Skrzatka, ki populacije te
zuzelcje vrste ucinkovito zmanjSujejo. Maixner in
sod. (1993) v svojem delu zakljucujejo, da se v
Evropo poleg ameriSkega Skrzatka najverjetneje
niso prenesli tudi njegovi naravni sovrazniki, ki
sicer obstajajo v ZDA. Nekateri drugi raziskovalci
so mnenja, da je na obeh celinah (Severna
Amerika, Evropa) Stevil¢nost naravnih
sovraznikov ameriskega Skrzatka zelo majhna, v
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primerjavi z naravnimi sovrazniki nekaterih drugih
Skodljivih zuzelcjih vrst, ki se pojavljajo na vinski
trti (Schvester in sod., 1962; Bernard in Du Fretay,
1988; Malausa in Sentenac, 2011). Kot zgled
navajajo gosenice krizastega grozdnega sukaca
(Lobesia botrana (Denis & Schiffermiiller, 1775)),
katerih populacije lahko naravni sovrazniki
zmanjSa od 50 do 80 %, seveda v odvisnosti od
vinograda (Marchesini in Monta, 1994; Thiéry in
sod., 2001; Bagnoli in Lucchi, 2006). 1z ZDA
porocajo, da nekateri parazitoidi (Drynidae:
Hymenoptera in Pipunculidae: Diptera) parazitirajo
ameriSkega  Skrzatka, vendar je odstotek
ucinkovitosti zelo majhen (od 1,3 do 0,8 %)
(Barnett, 1976). Malausa in sod. (2003) pa
porocajo, da parazitoidi iz druzin Mymaridae
(Hymenoptera) in Trichogrammatidae
(Hymenoptera) parazitirajo ameriskega Skrzatka,
vendar je odstotek zelo majhen. Kot zanimivost naj
navedemo posebno sozitje, ki sta ga razvila
ameriSki Skrzatek in plenilska stenica Malacocoris
chlorizans (Panzer, 1794), Hemiptera: Miridae.
Omenjena stenica se ne hrani z ameriskim
Skrzatkom, vendar podobno kot v sozitju med
mravljami in listnimi u$Smi (Stadler in Dixon,
2005) omenjena stenica ob stiku z zadkom ali

tipalkami ameriSkega Skrzatka povzroc¢i, da zacne
Skrzatek izlocati medeno roso (Carle, 1965). Na
podlagi opazovanj v vinogradih so ugotovili, da se
omenjeni zuzel¢ji vrsti zelo pogosto pojavljata v
mesanih populacijah (Carle, 1965).

Potekali so tudi poskusi uporabe razli¢nih bioti¢nih
agensov z namenom zmanjSanja populacije
ameriSkega Skrzatka (preglednica 1). Poskusi so
vkljucevali tako zglede klasi¢nega biotiCnega
varstva (nacrten vnos tujerodne koristne vrste za
zatiranje tujerodnega Skodljivega organizma, ki se
je razsiril od drugod in v novem okolju nima
ucinkovitih naravnih sovraznikov) kot tudi
varovalnega  biotinega  varstva  (varovanje
domorodnih koristnih organizmov in vzpodbujanje
njihovega razmnozevanja in naselitve). Obe
strategiji sta se sicer izkazali kot neucinkoviti pri
zatiranju ameriSkega Skrzatka (Malausa in
Sentenac, 2011). V Franciji so na dveh lokacijah
vnesli parazitodino osico Gonatopus clavipes
(Thunberg, 1827), Hymenoptera: Dryinidae. V
triletnem poskusu so vnesli 368 osebkov
parazitodine osice in preverili parazitiranost 46.000
ameriSkih Skrzatkov. Stopnja parazitiranja je
znaSala le 0,4 % (Malausa in Sentenac, 2011).
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Tabela 1. Naravni sovrazniki ameriSkega $krzatka (Scaphoideus titanus Ball, 1932)

Red Druzina Vrsta Tip Ciljni Drzava | Vir
naravnega | stadij
sovraznika
Pipunculidae Eudorylas sp. | parazitoid | li¢inka, | Francija | Malausa in Sentenac,
Diptera imago 2011
Syrphidae - plenilec licinka | Francija | Schvester in sod.,
1962
Hemiptera Reduviidae - plenilec licinka | Francija | Schvester in sod.,
1962
Dryinidae Anteon masoni | parazitoid | li¢inka, | ZDA Malausa in sod.,
Olmi, 1984 imago 2003
Anteon parazitoid | li¢inka, | Francija | Malausa in Sentenac,
pubicorne imago 2011
(Dalman,
1818)
Esagonatopus | parazitoid | li¢inka, | ZDA Malausa in sod.,
niger (Fenton, imago 2003
1924)
Esagonatopus | parazitoid | li¢inka, | ZDA Malausa in sod.,
Hymenoptera niger imago 2003
Esagonatopus | parazitoid | li¢inka, | ZDA Malausa in sod.,
perdebilis imago 2003
(Perkins,
1907)
Gonatopus parazitoid | li¢inka, | Francija | Malausa in Sentenac,
audax (Olmi, imago 2011
1984)
Gonotopus parazitoid | li¢inka, | Francija | Malausa in Sentenac,
clavipes imago 2011
(Thunberg,
1827)
Gonatopus parazitoid | li¢inka, | Francija | Malausa in Sentenac,
lunatus Klug, imago 2011
1810
Gonatopus parazitoid | licinka, | ZDA Malausa in sod.,
peculiaris imago 2003
Brues, 1903
Lonchodryinus | parazitoid | li¢inka, | ZDA Malausa in sod.,
flavus  Olmi, imago 2003
1984
Mymaridae Polynema sp. | parazitoid | jajéece | ZDA Malausa in sod.,
2003
Trichogrammatidae | Oligosita sp. parazitoid | jajéece | Evropa | Malausa in sod.,,
2003
Acarina Anystidae Anystis plenilec licinka | Francija | Bernard in  Du
baccarum (L.) Fretay, 1988
Araneae Philodromidae - plenilec licinka | Italija Chuche in sod., 2011
Thomisidae - plenilec licinka | Italija Chuche in sod., 2011
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3 INTEGRIRANO VARSTVO

v sklop integriranega varstva sodi
odstranjevanje/uni¢evanje rastlin zlahtne vinske
trte v opuscenih vinogradih oziroma drugih vrst iz
rodu Vitis, saj lahko take rastline sluzijo kot
rezervoar tako zlate trsne rumenice kot tudi
njenega vektorja S. titanus. Nekateri raziskovalci
(Caudwell in sod., 1997; Dupraz in Schaub, 2007;
Linder in sod., 2011) porocajo o moznosti
tretiranja sadilnega materiala z vro¢o vodo (t.i.
termoterapija). Znano je, da na ta nacin lahko
uni¢imo tako zlato trsno rumenico kot tudi jajceca
ameriSkega Skrzatka. Med nacine integriranega
varstva vinske trte pred mnozi¢nim pojavom
ameriskega Skrzatka so doslej uporabljali metodo
zbeganja in privabilne posevke (push-pull strategy)
(Chuche in Thiéry, 2014).

Za ameriskega Skrzatka je znacCilno, da poteka
parjenje z zaznavanjem vibracij, ki jih zaznava iz
okolja. Raziskovalci so preucevali moznosti
uporabe metode zbeganja s spreminjanjem vibracij,
s katerimi bi otezili process parjenja amerisSkega
Skrzatka (Mazzoni in sod., 2009; Eriksson in sod.,
2012). Rezultati so bili obetajoc¢i predvsem v
laboratorijskih poskusih, njihova implementacija

za razmere na prostem, pa do danes Se ni bila
ucinkovita (Mazzoni in sod., 2009; Eriksson in
sod., 2012). Omenjena metoda se lahko uporablja,
ko je ameriski Skrzatek v razvojnem stadiju
odraslega osebka, saj v stadiju li¢inke ne zaznava
vibracij iz okolja (Chuche in sod., 2011).

Strategija “push and pull” vkljuuje manipulacijo
obnaSanja Zuzelk s kombinacijo rabe rastlinskih
atraktantov in repelentov , ki povzrocijo premik
ciljne zuzelke na obmocje, kjer jo zatremo (Cook
in sod., 2007). V Izraelu so izvedli raziskavo, kjer
so z omenjeno metodo ucinkovito zatrli Skrzata
Hyalesthes obsoletus Signoret, 1865 (Hemiptera:
Cixiidae), ki prenasa fitoplazme na vinski trti
(Zahavi in sod., 2007). Stevilni viri navajajo, da so
ameriSke vinske trte bolj dovzetne za napad
ameriSkega Skrzatka kot sorte evropske zlahtne
vinske trte (Tubajika in sod., 2007; Marko in sod.,
2008). Omenjeni raziskovalci navajajo moznost, da
bi v vinograde s sortami Zzlahtne vinske trte
posadili izmeni¢no ameriske vrste trt, na katere bi
se naselili ameriski skrzatki iz evropskih trt. Skorjo
amerisSkih vrst bi nato tretirali z mineralnimi olji
(Chuche in Thiéry, 2014).

4 ZAKLJUCKI

Strategija pridelave hrane, ki sledi vse strozji
okoljski politiki, vse bolj temelji na zmanjSani
uporabi sinteticnih fitofarmacevtskih sredstev.
Razvoj novih, okoljsko sprejemljivih nacinov
varstva rastlin, zato vse bolj pridobiva na pomenu.
Na podlagi znanstvenih virov ugotavljamo, da je
ameriskega Skrzatka brez uporabe sinteticnih
insekticidov trenutno nemogoce =zatirati. Zato
bomo morali $e naprej iskati bodisi ustreznejse

bioticne agense (entomopatogene ogorcice,
entomopatogene glive, plenilce in parazitoide)
oziroma druge okoljsko sprejemljive nacine
varstva zlahtne vinske trte, s katerimi se bo
mogoCe  uspeSneje  zoprstaviti  ameriSkemu
Skrzatku, ki kot prenasalec zlate trsne rumenice
povzroca veliko tezav gojiteljem zlahtne vinske
trte po svetu.

5 ZAHVALA

Prispevek je nastal s finan¢no pomoc¢jo Ministrstva
za kmetijstvo, gozdarstvo in prehrano RS — Uprave
RS za varno hrano, veterinarstvo in varstvo rastlin

v okviru strokovnih  nalog s
zdravstvenega varstva rastlin.
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IZVLECEK

Oljka je anatomsko-morfolosko in fiziolosko zelo dobro
prilagojena na pomanjkanje vode v tleh. Kljub temu lahko
vodni primanjkljaj vpliva na slab$o rast in rodnost oljk, v
kolikor se pojavi v fazi razvoja (med rastjo poganjkov,
razvojem cvetnih brstov, cvetenjem, nastavljanjem plodov,
delitvijo in rastjo celic ter akumulacijo olja), ki je za susni
stres najbolj obcutljiva. Slovenska Istra se sooca s povecanim
tveganjem pojava su$, zaradi ¢esar bo kontrolirano deficitno
namakanje oljk postalo nepogresljiv element kmetijske prakse.
Klju¢ne besede: oljka, namakanje, rast,
evapotranspiracija, susni stres

pridelek,

ABSTRACT

DEFICIT IRRIGATION PRINCIPLES APPLIED TO
OLIVE ORCHARD IN SLOVENE ISTRIA

The olive tree has anatomical-morphological and
physiological adaptations which enable it to cope well with
dry conditions and water deficits. However, if water shortage
occurs during the development phases (shoot growth, flower
bud development, bloom, fruit set, cell division and
enlargement and oil accumulation), which are the most
susceptible to stress, it can also have a negative effect on the
growth and productivity of olive trees. The Slovenian Istria is
facing with increased risk of drought. Due to increased
occurrence and intensity of agricultural droughts controlled
deficit irrigation will become an inevitable element of
agricultural practice in Slovene Istria.

Key words: olive, irrigation, growth,

evapotranspiration, drought stress

yield,

1UVOD

Slovensko ozemlje zavzema 2.072.277 ha
povrsine. Najvecji del ozemlja prekrivajo gozdovi
54 % (1.184.526 ha) in kmetijska zemljisca 23 %
(479.653 ha) (Statisti¢ni letopis, 2013). V strukturi
kmetijskih zemljis¢ prevladujejo travniki in paSniki
(59 %). Manjsi del kmetijskih zemljis¢
predstavljajo trajni nasadi 5,6 % (26.867 ha), od
katerih 7,3 % (1.968 ha) predstavljajo olj¢niki.
Ceprav oljkarstvo zavzema le 0,38 % kmetijskih
zemljis¢, je pomembna kmetijska panoga
slovenskega prostora, saj poleg ohranjanja kulturne
dedis¢ine Sredozemlja, omogoca razvoj turizma in
zaposlovanje lokalnega prebivalstva Istrske regije

' Univerza na Primorskem, Znanstveno-raziskovalno srediide,

maja.podgornik@zrs.upr.si

dunja.bandelj@zrs.upr.si

Institut za oljkarstvo, Garibaldijeva 1,

ter prispeva tudi k vecCanju samooskrbe z

rastlinskimi olji v Sloveniji.

Oljéno olje Slovenske Istre je od leta 2007 kot prvi
slovenski proizvod vpisan v evropski register
»Register zaSCitenih oznacb porekla in zasCitenih
geografskih oznaCb« zascitenih izdelkov, za katere
velja, da morajo biti pridelani, predelani in
pripravljeni na dolo¢enem geografskem obmocju

tako, da je zagotovljena stalna kakovost in
sledljivost zivila (Breznik in sod., 2007).
Poimenovanje zasCitenega porekla »EDOOSI

Z0OP« velja izkljuéno za »Ekstra deviska oljcna

6000 Koper, Slovenija,

Univerza na Primorskem, Fakulteta za matematiko naravoslovje in informacijske tehnologije, Glagoljaska 8, 6000 Koper, Slovenija,
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olja Slovenske Istre«, ki ustrezajo vi§jim
kakovostnim  kriterijem v skladu z Uredbo
Komisije (EGS) st. 2568/9 navedenim v Elaboratu
za postopek priznanja oznacbe geografsko poreklo
»EDOOSI« §t. 324-01-7/2002/27. »EDOOSI ZOP«
je olje iz razlicnih sort oljk ('Istrska belica',
'Leccino’, 'Buga’, 'Crnica', 'Maurino', 'Frantoio' in
'Pendolino') ali iz ene sorte oljk, pridelanih na
obmocju Slovenske Istre. V sortni sestavi
predelanih oljk mora biti najmanj 30 % sorte
'Istrska belica'. Sortna znacilnost 'Istrske belice' je
grenkoba, ki pa se v su$nih letih lahko pojavi v
tako veliki intenzivnosti, da je olj¢no olje pridelano
iz nje izrazito neharmoni¢no in potros$niku
neprijetno (Bandelj, 2012).

Podatki kazejo, da ima Slovenija dovolj padavin,
vendar zaradi neenakomerne razporeditve postaja
slovenski prostor ¢edalje bolj ranljiv zaradi suse. V
zadnjih 25 letih se v povpre¢ju vsako tretje leto
sreCujemo s suSnimi razmerami. Tudi projekcije
spremembe podnebja in potencialni vplivi na
evapotranspiracijo in pogostnost kmetijskih sus
niso obetavni. Pomanjkanje padavin ali njihova
nepravilna Casovna razporeditev ze predstavljata
problem, tveganje in veliko su$no ogrozenost v
jugozahodni Sloveniji (Susnik, 2003), kjer so
vodni viri za namakanje kmetijskih povrSin
omejeni (Glavan in sod., 2012; Susnik, 2003).

V Sloveniji se trenutno po podatkih Registra
kmetijskih gospodarstev (RKG, 2014) namaka
19 ha olj¢nikov, v katerih se vecina posluzuje
principa »kriznega namakanja, ki pa je po mnenju
strokovnjakov posledica pomanjkanja primarnih
strategij rabe vode za potrebe rastlinske pridelave,
saj gre za Casovno in koli¢insko nekontrolirano
dodajanje vode (Pintar in sod., 2010, Podgornik in
sod., 2012a). Stevilne raziskave na obmodju
Sredozemlja so pokazale, da je v pridelavi oljk,
kjer so razpoloZzljivi vodni viri izjemno omejeni,
primernejSa  uporaba  principa  »deficitnega
namakanja«, kjer lahko kljub manjsi koli¢ini
dodane vode (kot je to optimalno potrebno)
poveCamo rodnost rastline in s tem hkrati
zagotovimo vecji pridelek ter trajnostno rabo
vodnih virov (Patumi in sod., 1999; Melgar in sod.,
2008; Goémez-Rico in sod., 2007; Fernandes-Silva
in sod., 2010; Podgornik in sod., 2012b).

Z namenom, da bi opredelili pozitivne in negativne
vplive susnega stresa na rast in rodnost oljke ter
sistematicno  predstavili ~ deficitni  princip
namakanja oljk, smo izvedli pregled in vsebinsko
analizo dostopnih znanstvenih in strokovnih
publikacij. S primerjalno analizo pridobljenih virov
je bil osnovan teoreticni okvir in pridobljen
osnovni vpogled v problematiko pomanjkanja vode
in kmetijskih sus v olj¢nih nasadih, ki bo v pomo¢
pri nadaljnji vzpostavitvi strategije namakanja
slovenskih olj¢nikov.

2 PREGLED DOSEDANJIH OBJAV

2.1 Izracun izgube vode iz tal in rastline

Na izgube vode iz tal v ve¢ji meri vpliva
izhlapevanje vode s povrSine tal oz. proces
evaporacije (E) in izhlapevanje vode z listne
povrsine v atmosfero oz. proces transpiracije (T).
Procesa evaporacija in transpiracija sestavljata
pojav evapotranspiracije (ET), ki ga izrazamo v
debelini vodne plasti, ki izhlapi v dolocenem
¢asovnem intervalu (npr. mm/mesec, mm/dan). V
izogib  tezavam  pri  doloCanju  stopnje
evapotranspiracije za vsako posamezno rastlino in
njeno razvojno fazo je bil definiran koncept
referencne evapotranspiracije, ki nam omogoca
primerjavo evapotranspiracije med razlicnimi
okolji in letnimi Casi (Allen in sod., 1998; Habjan,
2008; Cesar, 2011). Referencna evapotranspiracija
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(ETo) predstavlja koli¢ino vode, ki glede na
lastnosti atmosfere in koli¢ine razpoloZljive
energije lahko pride v atmosfero z obmocja
pokritega z referencno kulturo - travnato ruso
(visine 0,12 metra, s konstantno povrSinsko
upornostjo 70 m/s, albedom 0,23) in dobro
oskrbljenega z vodo.

Vrednosti referencne evapotranspiracije (ETo) se
lahko skupaj s koeficientom rastline (Kc), uporabi
za izraCun potreb po vodi za izbrano rastlino.
Koeficient rastline nam pove, kolikSen je popravek
referenéne evapotranspiracije za izbrano rastlino v
posamezni razvojni fazi v doloceni geografski
regiji. V klimatskih razmerah Slovenske Istre se v
izraCunih za oljko upoSteva koeficient rastline
(zimski in pomladni meseci - 0,70; poletni mesecih



- od 0,50 do 0,58; jesenski meseci - od 0,65 do
0,69), ki ga je Organizacija za prehrano in
kmetijstvo — FAO (Food and Agriculture
Organization) dolo¢ila za subhumidno podnebje
Sredozemlja. Produkt referenCne
evapotranspiracije in koeficienta rastline definira
evapotranspiracijo rastline (ETc), ki predstavlja
najve¢jo koli¢ino vode, ki glede na lastnosti
atmosfere in kolicine razpoloZljive energije lahko
pride v atmosfero z neprekinjenega obmocja, v
celoti prekritega z izbrano rastlino in dobro
oskrbljenega z vodo (Miko§ in sod., 2002) v
standardnih razmerah ter izraza koli¢ino vode, ki jo
rastlina potrebuje za njen nemoten razvoj (Allen in
sod., 1998).

2.2 Prilagoditev in odziv oljke na su$ni stres

Oljka je anatomsko-morfolosko in fiziolosko zelo
dobro prilagojena na pomanjkanje vode v tleh,
visoke temperature in intenzivho  soncno
obsevanje. Debeli usnjati listi z majhnimi listnimi
ploskvami, ki imajo listno povrhnjico na zgornji
strani prekrito s kutikulo, na spodnji strani pa s
kratkimi zvezdastimi laski, zmanjSujejo izgubo
vode skozi povrSino lista, kar rastlini omogoca
boljse gospodarjenje z vodo v ekstremnih razmerah
(Connor in Fereres, 2005).

Oljka se na pomanjkanje vode v tleh odzove tudi z
zapiranjem listnih reZ oz. zmanjSano stomatalno
prevodnostjo, ki poveca ucinkovitost izrabe vode
(WUE — water use effciency) v ekstremno susnih
razmerah. V sus$nih razmerah se v listu rastline
mo¢no zmanj$a vodni potencial lista. Zaradi
zmanj$anja tla¢ne komponente vodnega potenciala,
turgorja, v  listni  povrhnjici pride do
hidropasivnega zapiranja listnih rez in s tem do
zmanjSanja stomatalne prevodnosti in izgube vode
skozi listno povr§ino. Ob zmanjSanju vsebnosti
vode in vodnega potenciala v tkivih oljke je
rastlina  sposobna vzpostaviti velik gradient
vodnega potenciala med listi in koreninami, zaradi
Cesar je oljka v suSnih razmerah sposobna
sprejemati tudi vodo, ki je v tleh vezana s silo do
2.5 MPa oz. 25 barov (Wahbi in sod., 2005).
Xiloyannis in sod. (1999) ugotavljajo, da vodni
stres pri oljki povzroca ustavljanje rasti poganjkov,
ne vpliva pa na fotosintetsko aktivnost, kar
omogoc¢a kontinuirano sintezo asimilatov in
njihovo akumulacijo v razli¢nih delih rastline, Se
posebno v koreninskem sistemu. Pri zapiranju
listnih rez v su$nih razmerah ima pomembno vlogo
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tudi zmanjSanje vodnega potenciala v tleh in
dehidracija koreninskega sistema. V suhih tleh se v
dehidriranem koreninskem sistemu sprozi sinteza
abscizinske kisline (ABA), ki se prenese Vv
nadzemne dele rastline in v listih spodbudi
hidroaktivno zapiranje listnih rez. S hidroaktivnim
in hidropasivnim zapiranjem listnih rez se zmanjsa
stomatalna prevodnost, ki lahko ob manjSem
suSnem stresu izboljSa absorpcijo vode v rastlino
ter poveca ucinkovitost izrabe vode (WUE — water
use effciency) (Bongi in Palliotti, 1994; Taiz in
Zeiger, 2010).

Navkljub morfoloskim, anatomskim in fizioloskim
prilagoditvam oljke na omejene vodne zaloge v
tleh, so daljSa susna obdobja v fazi rasti eden
najpomembnejsSih vzrokov za pojav majhne in
izmenicne rodnosti (Cimato in sod., 1999).

Reakcija rastlin na susni stres je odvisna tudi od
fizioloskega stanja ter razvojne faze rastline
(Stampar, 2006). V kolikor se susni stres pojavi v
casu, ko oljka najbolj potrebuje vodo za rast in
razvoj, torej med rastjo poganjkov, razvojem
cvetnih brstov, cvetenjem, nastavitvijo plodov,
rastjo plodov (intenzivna delitev in rast celic) in
akumulacijo olja (Fernandez in Moreno, 1999),
lahko sus$ni stres negativno vpliva na metabolne
procese, sprejem hranil, fotosintezo, razvoj
generativnih organov, venenje listov ter posledi¢no
na kakovost in koli¢ino pridelka (Orgaz in Fereres,
2004).

Poznavanje razseznosti problematike vodnega
stresa pri gojenju oljk, ki na eni strani pozitivno
vpliva na akumulacijo olja v plodovih in na drugi
strani v ekstremno su$nih razmerah privede do
kolapsa metabolnih procesov v rastlini, je temelj za
dolocitev optimalnega praga susnega stresa, ki
zagotavlja uravnotezeno razmerje med velikostjo
pridelka in vsebnostjo olja (Bandelj, 2012).

2.3 Deficitni princip namakanja
tehnologije dodajanja vode

oljk in

Pomanjkanje vode v tleh nadomes¢amo z ukrepom
namakanja, s katerim z dodajanjem vode v Casu
suSnega stresa zagotovimo  koli¢insko in
kakovostno primeren pridelek. Pri optimalnem
namakanju z namakalnim obrokom nadomestimo
izgubljeno koli¢ino vode, ki je enaka celotni
dejanski evapotranspiraciji rastline in nam v Casu
kmetijskih su§ zagotovi konstantne in kakovostne
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pridelke (Pintar in sod., 2010). Izhajajo¢ iz
casovnih in koli¢inskih omejitev razpolozljivih
vodnih koli¢in v sredozemskem prostoru in ob
poznavanju problematike vpliva susnega stresa na
gojenje oljk, se uporaba principa »optimalnega
namakanja« v oljkarstvu ne priporoca (Pintar in
sod., 2010, Podgornik in sod., 2012 b).

Rezultati Stevilnih raziskav so pokazali, da lahko v
oljkastvu tudi z uporabo »deficitnega namakanja«,
kjer namakalni obrok ne pokriva koli¢ine celotne
evapotranspiracije rastline (ETc¢), pozitivno vpliva
na koli¢ino pridelka (Patumi in sod., 1999; Melgar
in sod., 2008; GoOmez-Rico in sod., 2007;
Fernandes-Silva in sod., 2010). Pri »deficitnem
namakanju« oljko namerno oskrbimo z manj vode,
kot je to optimalno potrebno. S tem zmanjSamo
koli¢ino dodane vode na od 41 % do 85 %
optimalnega namakalnega obroka (Pintar in sod.,
2010, Podgornik in sod., 2012 b). Deficitno
namakanje temelji na nacelu, da obrok vode
dodamo takrat, ko rastlina dodano vodo najbolj
gospodarno uporabi. Kljub temu osnovnemu
nacelu pa se nacini aplikacije vode pri deficitnem
namakanju moc¢no razlikujejo.

Dodajanje namakalnega obroka lahko izvedemo
tako, da je vodni primanjkljaj enakomerno
razporejen preko celotne rastne dobe (CDI -
Continus deficit irrigation) (Giorio in sod., 1999),
da vodo dodamo samo v kriti¢ni razvojni fazi (RDI
— regulated deficit irrigation) (Iniesta in sod., 2009)
ali da polovico korenskega sistema izbrane rastline
izpostavimo suSnemu stresu, drugo polovico pa
optimalno oskrbimo z vodo (PRD - Partial
rootzone drying) (Fernandez in sod., 2006).

Optimalno velikost namakalnega obroka je pri
deficitnem principu namakanja oljk zelo tezko
ovrednoti, saj poleg lastnosti tal, meteoroloskih
parametrov ter agrotehni¢nih ukrepov na koli¢ino
dodane vode mocno vpliva tudi specificni odziv
izbrane sorte na vodni deficit. Na podlagi
rezultatov triletnega poskusa namakanja oljk
'Istrske belice' v Slovenski Istri izvedenega v
okviru Ciljno raziskovalnega programa (CRP)
»Konkurencnost ~ Slovenije =~ 2006-2013« -
Prilagajanje tehnologij pridelave vremenskim
razmeram za doseganje visokih in kakovostnih
pridelkov oljk in olj¢nega olja (V4-0557) je bilo
ugotovljeno, da je v ekstremno susni rastni dobi
(koli¢ina padavin od maj do novembra: 262 mm)

340 Acta agriculturae Slovenica, 105 - 2, september 2015

za deficitno oskrbo oljk z vodo, kjer je namakalni
obrok enak 33 % ETc, potrebno dodati 1.728 m>/ha
vode. V povpre¢ni rastni dobi oljke (maj—
november), ko koli¢ina padavin znasa 463 mm pa
le 729 m’/ha, kar je v skladu s koli¢inami vode
(500 - 2.500 m’/ha) izraGunane v okviru
Slovenskega namakalnega projekta za povprecna
leta. Znatno manjSe koli¢ine vode za deficitno
namakanje oljk z namakalnim obrokom enakim
33 % ETc priporo¢ajo Patumi in sod. (2002), ki so
s prouCevanjem vpliva namakanja na sorto
'Kalamata' na jugu Italije ugotovili, da je med
rastno dobo, ko koli¢ina padavin ne preseze 95 mm
0z. 74 mm, potrebno dodati samo 290 m’/ha
oziroma 490 m’/ha vode. Zgoraj navedene razliéne
koli¢ine dodane vode pri namakalnem obroku
enakem 33 % ETc narekujejo, da je potrebno
optimalne odmerke vode za deficitno namakanje
dolociti za vsako pridelovalno obmocje posebe;,
saj poleg odziva sorte na vodni deficit, lastnosti tal,
meteoroloskih  parametrov  ter  agrotehni¢nih
ukrepov na optimalno velikost namakalnega
obroka vpliva tudi prilagoditev sortnega izbora na
pridelovalni okolis.

Za izvedbo deficitnega principa namakanja oljk je
poleg principa dodajanja vode potrebno izbrati tudi
primerno tehnologijo namakanja, saj se te med
seboj razlikujejo po delovanju namakalne opreme,
nacinu dodajanja in koli¢ini porabljene vode.
Namakalna tehnika, ki omogoc¢a najintenzivnej$o
rastlinsko pridelavo ob najvec¢jem varovanju okolja
je kapljicno namakanje, ki poleg majhne porabe
energije (delovanje pri nizkem tlaku), zagotavlja
racionalno in gospodarno porabo vode. S
kapljicnim namakanjem ne namakamo celotne
povrsine nasadov, ampak vodo dodamo veckrat v
manjsSih obrokih glede na dejanske potrebe rastline
in to samo v obmocje korenin. Rastlina zato razvije
koreninski sistem v manjSem volumnu tal, ki je ob
morebitni okvari namakalnega sistema bolj
izpostavljena su$i. Celoten namakalni sistem je
poloZen na povrsino ali vkopan v tla, zato se listne
povrSine ne omocijo, zaradi ¢esar ni nevarnosti
pojava bolezni, kot je le to pri namakanju z
oroSevanjem (Pintar, 2003).

Namakanje z oroSevanjem izvajamo z razprsilci, ki
z delovanjem pri visokem tlaku omogocajo
enakomerno razporeditev vode po celotni povrsini.
Vodo pri tehniki oroSevanja na namakano povrsino
dodajamo ¢im manjkrat v ¢im vecjih odmerkih



oziroma v tako velikih odmerkih kolikor to
dopuscajo lastnosti tal in lastnosti izbrane rastline.
Zaradi delovanja namakalne opreme pri visokih
tlakih in vecjega dela omocene povrSine je poraba
energije in izgube vode pri namakanju z
oroSevanjem zelo velika (Pintar, 2003).

Na obmod¢jih, kjer razpolagamo z velikimi
koli¢inami vode in kjer so nakloni obdelovalnih
povrsin  majhni, se v oljkastvu posluzujejo
namakanja s poplavljanjem in namakanja v brazde.
Pri namakanju s poplavljanjem dodamo vodo na
celotno povrsino nasada, tako da se tla popolnoma
napojijo z vodo. Na podobnem principu temelji
namakanje v brazde, kjer v namakalni kanal
(globine 20-30 cm), ki smo ga predhodno zorali s
plugom, dodamo vodo (Pintar, 2003; Cetin in sod.,
2004).

2.4 Vpliv deficitnega namakanja na vegetativno
rast in velikost pridelka

Izsledki proucevanja vpliva namakanja na sorte
'Chetoui', 'Chemlali', 'Coratina', 'Picholine' in
'Manzanilla' v Tuniziji (Aiachi-Mezghani in sod.,
2012) so pokazali, da vegetativna rast oljk ni
odvisna samo od velikosti namakalnega obroka
ampak tudi od obremenitve drevesa in koliine
pridelka. Stevilni avtorji navajajo, da je v letih z
veliko koli¢ino pridelka in veliko obremenitvijo
dreves zmanjSana rast poganjkov (Lavee in sod.,
1999; Melgar in sod., 2008; Martin-Vertedor in
sod. 2011). Posledica je zmanjSano Stevilo socvetij
in manj$i pridelek v naslednjem letu. Manjsa
vegetativna rast oz. rast poganjkov pri vecji
obremenitvi drevesa in ve¢ja vegetativna rast pri
manj$i obremenitvi drevesa vpliva na nihanje
koliCin pridelka med leti (izmeni¢na rodnost), ki jo
kljub optimalni velikosti namakalnega obroka
(100 % ETc) ne moremo popolnoma odpraviti
(Pierantozzi in sod., 2013). Pri tem pa avtorji
ugotavljajo, da je ne glede na velikost pridelka in
dolzino poganjka, razvoj socvetij in cvetov mocno
odvisen od prisotnosti suSnega stresa v ¢asu pred in
med cvetenjem (Orgaz in Fereres, 2004). Z
dodajanjem vode med oblikovanjem socvetij,
cvetov, oploditvijo in zacetno fazo razvoja plodov
lahko povecamo Stevilo plodov na poganjek,
Stevilo plodov na socvetje ter gostoto plodov na
poganjek (Grattan in sod., 2006).

Ustrezno dodajanje vode med rastno dobo lahko
zagotovi tudi vecji prirast debla. Debelino debla, ki
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jo v vrhunsko dovrSenih namakalnih sistemih
spremljajo z dendrometri, uporabljajo kot
parameter za dnevno uravnavanje koli¢ine
namakalnega obroka (Moriana in sod., 2013).
Rezultati poskusa namakanja sorte 'Cobrancosa' na
Portugalskem (Fernandes-Silva in sod., 2010) in
izsledki proucevanja vpliva namakanja na sorto
Tstrska Belica' v Slovenski Istri (Podgornik in
sod., 2012b) so pokazali, da je povprecni prirast
obsega debla za polovico manjsi (letni povprecni
prirast debla: 13 % oz. 17 %) pri nenamakanih
drevesih, kot pri drevesih izpostavljenih razlicnim
namakalnim rezimom (povprecni prirast debla
sorte 'Cobrancosa’: 25 % - 100 % ETc, 20 % -
30 %ETc; povprecni prirast debla sorte 'Istrska
Belica": 51 % - 100 % ETc; 47 % - 66 % ETc;
40 % -33 % ETc).

Stevilne raziskave namakanja oljk so pokazale, da
se pridelek oljk linearno povecuje s koli¢ino
dodane vode (Patumi in sod., 1999; Melgar in sod.,
2008; Moriana in sod., 2003; Gémez-Rico in sod.,
2007, Ahmed in sod., 2007). Rezultati poskusa
namakanja sorte 'Cornicabra' na jugu Spanije
(Gémez-Rico in  sod., 2007) in izsledki
proucevanja vpliva namakanja na sorto 'Chemlali'
v Tuniziji (Ahmed in sod., 2007) so pokazali, da
lahko z deficitnim namakanjem oljk doseZemo do
35 % vecje pridelke, saj so pri nenamakanih
drevesih izmerili manjSe pridelke (39 kg/drevo;
26 kg/drevo), kot pri drevesih, ki so bila razli¢no
namakana (52-53 kg/drevo; 35-37 kg/drevo). Med
razlicnimi namakalnimi rezimi ni bilo statistino
znaCilnih razlik. Podobni rezultati so bili
ugotovljeni tudi v S$tudiji prouevanja vpliva
namakanja na pridelek oljk sorte 'Istrske belice' v
Slovenski Istri, v kateri je bilo dokazano, da so
pridelki pri deficitnem principu namakanja z
namakalnim obrokom 33 % ETc (23 kg/drevo) in
66 % ETc (21 kg/drevo) za 25 % oz. 19 % vecji
kot pri kontroli, kjer voda ni bila dodana (17
kg/drevo). Vecji pridelek pri 33 % ETc
obravnavanju  je najverjetneje posledica
neheterogenih rastnih razmer, saj je bil poskus
namakanja zastavljen na razlicnih terasah, kjer
pogosto prihaja do robnih efektov. Vecji povprecni
pridelek (31 kg/drevo — 55 %) kot pri kontroli je
bil ugotovljen tudi pri namakalnemu obroku 100 %
ETc (Podgornik in sod., 2012b).

Z vecanjem koli¢ine dodane vode se poleg pridelka
linearno povecuje tudi Stevilo plodov na drevo
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(Tognetti in sod., 2006; Grattan in sod., 2006) ter
zmanjsuje zrelostni indeks plodov in akumulacija
olja v plodovih (Gdémez-Rico in sod., 2007
Grattan in sod., 2006). Rezultati raziskav Patumi in
sod. (2002), Fernandes-Silva in sod. (2010) ter
Podgornik in sod. (2012a) so pokazali, da lahko
najvecjo vsebnost olja v plodovih pri sortah
'Kalamata', 'Cobrangosa' in 'Istrska belica'
dosezemo z namakalnim obrokom 33 % ETc oz.
66 % ETc. Nekateri avtorji zakljucujejo, da je
ekstrakcija olja iz optimalno namakanih plodov

(100 % ETc), ki zaradi pomanjkanja su$nega stresa
dozorijo kasneje in imajo vecjo vsebnost vode kot
olja, tezja kot iz plodov, ki so izpostavljeni
zmernemu su$nemu stresu in  dozorijo prej
(Fernandes-Silva in sod., 2010). Zaradi kasnejSega
dozorevanja in tezje ekstrakcije olja iz optimalno
namakanih plodov (100 % ETc) Grattan in sod.
(2006) priporocajo, da pridelke izpostavljene
suSnemu stresu poberemo pred pridelki, ki so
optimalno oskrbljeni z vodo.

3 ZAKLJUCKI

Izhajajo¢ iz casovnih in koli¢inskih omejitev
razpolozljivih vodnih virov v sredozemskem
prostoru in ob poznavanju problematike vpliva
suSnega stresa na gojenje oljk, se v oljkarstvu za
zagotavljanje boljsih  gospodarskih rezultatov
izvaja ukrep »deficitnega namakanja«. Z
»deficitnim principom namakanja«, kjer namakalni
obrok pokriva le 30 % - 60 % evapotranspiracije

(ETc), lahko ob socasni zmanjSani porabi vode
poveCamo rodnost rastline in s tem zagotovimo
vedjo vegetativno rast, ve¢ji pridelek in trajnostno
rabo vodnih virov ter zagotovimo boljSo kondicijo
dreves. Kljub spodbudnim rezultatom Stevilnih
raziskav v sredozemskem prostoru, pa je potrebno
optimalne odmerke vode za deficitno namakanje
dolociti za vsako pridelovalno obmocje posebe;.
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IZVLECEK

Namerno spros¢anje gensko spremenjenih vi§jih rastlin
(GSVR) v okolje je v Sloveniji regulirano z Zakonom o
ravnanju z gensko spremenjenimi organizmi (ZRGSO) Ur. 1.
RS 23/2005 in 21/2010, III. poglavje. Za vsako namerno
spro$¢anje GSR v okolje je potrebno pridobiti dovoljenje, ki
ga izda Ministrstvo za okolje in prostor (MOP). Vloga oz.
prijava mora vsebovati zelo natanfen in kompleksen opis
GSR, njivo, kjer bo spros¢ena GSR in SirSo okolico oz. okolje.
Prijavo sestavlja Priloga 2 z dodatki: 1. Del A (tehni¢ni
podatki za izdajo dovoljenja za namerno spros¢anje GSR v
okolje); 2. Del B (ocena okoljskega tveganja); 3. Povzetek
prijave za sproscanje GSR v slovenskem in angleskem jeziku,
ki ga MOP posreduje v Bruselj in 4. Izpis za njivo iz
zemljiskega katastra, na katero se bo spros¢alo GSR. Postopek
spros¢anja do tu tece po omenjenem zakonu, ki velja ze nekaj
let in v katerem je jasno opredeljeno, da je sproscanje v
Sloveniji mogoce. V konkretnem primeru GS riza iz leta 2011
je zakon veljal do izbire lokacije poskusa. Tu zakon ni bil
gozdov ter obcinski sklep, ki sta bila mocnejSa od
nacionalnega zakona in sta onemogocila gojenje GS riza na
povrsini, ki je po zakonu primerna za spros¢anje v okolje. Riz
se v Sloveniji ne goji in nima divjih prednikov oz. bliznjih
sorodnikov, s katerimi bi se lahko krizal. Najblizje obmocje
pridelovanja je v sosednji Italiji, ki je od potencialno izbrane
lokacije v Sloveniji oddaljeno vec kot 70 km.

Klju¢ne besed: gensko spremenjene rastline, namerno
spro$¢anje, okolje, tveganje, zakonodaja

ABSTRACT

DELIBERATE RELEASE OF GENETICALLY
MODIFIED PLANTS INTO THE ENVIRONMENT IN
SLOVENIA

Deliberate release of genetically modified higher plants
(GMHPs) into the environment in Slovenia is regulated by the
Law on the Management of Genetically Modified Organisms
(ZRGSO) Ur. 1. RS 23/2005 and 21/2010, III chapter. For each
deliberate release of GMPs into the environment a license
issued by the Ministry of Environment and Spatial Planning
(MESP) must be acquired. The application or notification
should contain a very accurate and complex description of the
GMP, of the field where it will be released and of wider
surroundings or environment. The application consists of
Annex 2 with accessories: 1. Part A (technical data for the
authorization of deliberate GMP release into the environment);
2. Part B (environmental risk assessment); 3. Application
summary in Slovenian and English language) for the release of
GMP into environment, which is transmitted to Brussels by
MESP; 4. Extract from the Land Cadastre of the field to which
the GMP will be released. The release procedure runs (till
here) under the above mentioned Law, which has been in
place for several years and which clearly defines that it is
possible to release GMP in Slovenia. In the case of GM rice in
2011, the law applied till the site selection of the experiment.
Here, the law was not sufficiently taken into account. It was
prevailed by the regulation of Farmland and Forest Fund of
the Republic of Slovenia and municipal decision, which was
stronger than the national law and prevented the cultivation of
GM rice in an area that is legally suitable for release of GMO
into the environment. Rice is not grown in Slovenia and does
not have wild ancestors or close relatives with whom it might
mate. Nearest area of cultivation is in neighboring Italy, which
is from potentially selected location in Slovenia more than 70
km away.

Keey words: genetically modified plants, deliberate release,
environment, risk, legislation
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1UVOD

Gensko spremenjeni organizmi (GSO) so rezultat
sodobne biotehnologije, katere tehnike in
metodologije so omogocile proucevati in

uporabljati bioloske sisteme v koristne namene
CloveStva. Moderna biotehnologija ima svoje
korenine v bazi¢nih raziskavah osnovnih bioloSkih
mehanizmov, ki so vplivali na razvoj orodij za
manipulacijo z DNA ter prenos genetskega
materiala med razlicnimi vrstami organizmov.
GSO so pridobljeni z izolacijo molekul nukleinske
kisline enega organizma in vnosom teh molekul v
drugi organizem tako, da postanejo sestavni del
njegove dedne informacije, ki je sposobna
dedovanja. GSO so odprli nove moznosti v
bioloskih raziskavah, vplivali so na proucevanje
funkcije doloCenih genov, mehanizme kontrole
izrazanja genov in ponudili veliko aplikativno

vrednost. Njihovi produkti se Ze desetletja
uporabljajo v medicini za  proizvodnjo
biofarmacevtikov, kjer so  vkljueni GS

mikroorganizmi, evkariontske celi¢ne linije in visji
organizmi. Genska terapija se ukvarja in poskusa
nadomestiti manjkajoce ali okvarjene gene. GSO
se uporabljajo tudi v drugih vejah gospodarstva,
predvsem v kmetijstvu in prehrambeni industriji
(Seidman in Moore, 1999).

Uporaba GSO, tako kot kakrsnihkoli, lahko
pomeni tudi potencialne nevarnosti za okolje ter
zdravje ljudi in zivali. Te nevarnosti izhajajo iz
dejstva, da GSO pomenijo novost v naravi in niso
bili podvrzeni naravni selekciji in evoluciji ter iz

tega izhaja negotovost glede njihovih kratkoro¢nih
in dolgoro¢nih vplivov na okolje ter zdravje ljudi
in zivali. Zaradi kompleksnosti ni mogoce
predvideti in utemeljiti vseh negotovosti, ki so
povezane z obnaSanjem organizmov in bioloskih
sistemov, katerih del so (Wheelis in sod., 1998).

V Evropi je uveljavljeno nacelo previdnosti pri
ravnanju in uporabi proizvodov moderne
biotehnologije. Previdnostni pristop izhaja iz
predpostavke, da GSO predstavljajo morebitno
nevarnost za okolje ter zdravje ljudi in zivali. Zato
sta uporaba in delo z GSO regulirana z evropskim
zakonom in direktivami, ki jih imajo v svojo
zakonodajo vkljuCene tudi ostale clanice na
nacionalni ravni. Zakonodaja, kot bistveni del,
zahteva oceno tveganja, ki ga novonastali GSO
predstavlja za okolje, zdravje ljudi in zivali ter
upravljanje s tveganjem, to je izvajanje ukrepov, ki
zmanjSujejo tveganje na najniZjo mozno raven
(Directive 2001/18/EC, 2001).

V Sloveniji je v veljavi Zakon o ravnanju z GSO
(ZRGSO, Ur. 1. RS 23/2005 in 21/2010), ki ureja
delo z GSO in doloca ukrepe za preprecevanje in
zmanjsevanje moznih Skodljivih vplivov na okolje
in zdravje ljudi ter zivali. Zakon regulira delo z
GSO v zaprtih sistemih, namerno spros¢anje GSO
v okolje in dajanje GSO oz. njihovih izdelkov na
trg.

2 DELO Z GSO JE ZAKONSKO REGULIRANO

Delo z GSO se odvija na prej omenjenih treh
ravneh. Njihovo ravnanje mora biti prijavljeno, za
katero poskrbi prijavitelj, ki je fizi¢na ali pravna
oseba. Ta v okviru svoje dejavnosti izvaja delo z
GSO v zaprtem sistemu, namerava namerno
sproscati GSO v okolje ali dati izdelek na trg. Pred
pricetkom dela mora oddati vlogo s predpisanimi
podatki na Ministrstvo za okolje in prostor (MOP),
na podlagi katere pridobi potrdilo oz. dovoljenje za
delo z GSO.

Delo z GSO v zaprtih sistemih, tudi prostor, kjer se
to delo izvaja, je opredeljeno z ZRGSO. Zaprti
sistem je fizicno omejen prostor, lahko je
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laboratorij, proizvodni oddelek, rastlinjak ali drug
zaprti prostor, kjer se opravlja delo z GSO. Delo z
GSO v zaprtem sistemu zajema gojenje GSO,
razmnozevanje, shranjevanje, prevazanje,
premescanje, odstranjevanje in unicevanje, pri
katerem se izvajajo  zadrZevalni  ukrepi.
Zadrzevalni ukrep je fizicna zapora ali kombinacija
fizi¢ne zapore s kemicno ali biolosko omejitvijo, ki
uposteva nacela dobre laboratorijske in proizvodne
prakse, za omejitev stika GSO z okoljem in
prebivalstvom ter izkljuCuje ali zmanjSuje
sposobnost razmnozevanja GSO ali prenosa
spremenjenega genskega materiala izven zaprtega
sistema.



Namerno spro$¢anje gensko spremenjenih rastlin v okolje v Sloveniji

Delo z GSO v zaprtem sistemu je uvrs¢eno v Stiri
varnostne razrede, ki izhajajo iz ravni tveganja, ki
ga GSO in delo z njimi predstavljajo za zdravje
ljudi, zivali in okolje. Merila, po katerih se delo z
dolo¢enim GSO wuvrsti v posamezni varnostni
razred, so dolo¢ena z Uredbo o merilih za uvrstitev
dela z GSO v zaprtem sistemu v varnostni razred
in o zadrzevalnih ter drugih varnostnih ukrepih za
posamezen varnostni razred (Ur. 1. RS, st
71/2011).

2.1 Namerno spros¢anje GSO — rastlin v okolje

Po zakonu (ZRGSO 23/2005, 21/2010) in direktivi
(Directive 2001/18/EC) je namerno spros$canje
GSO v okolje vsak nameren vnos, ki zagotavlja
veliko stopnjo varnosti, razen dajanja izdelkov na
trg, pri katerem se ne izvajajo zadrZevalni ukrepi
za omejitev stika GSO z okoljem in prebivalstvom.
Izdelek je GS ali kombinacija GS, ki je sestavljen
ali vsebuje GSO ali kombinacijo GSO in je dan na
trg. Dajanje na trg je posredovanje oz. dajanje
izdelkov osebam proti pla¢ilu ali brez njega. Za
dajanje na trg se Steje tudi uvoz izdelkov na
carinsko obmocje Evropske skupnosti. Za dajanje
na trg se ne Steje dajanje GSO osebam za delo z
GSO v zaprtih sistemih ali za namerno spros¢anje
GSO v okolje skladno z zakonom.

V primeru namernega spro$¢anja GSR v okolje,
vlogo sestavlja obrazec t.i. Priloga 2 in dodatki.
Obrazec Priloga 2 je razdeljen na poglavja oz. dele,
ki v strnjeni obliki zajemajo tehni¢ne podatke o
GSR ter priloge. Obvezne priloge so: 1. Ocena
tveganja namernega sproscanja GSR v okolje
(krajSe: ocena okoljskega tveganja); 2. Izpis za
njivo iz zemljisSkega katastra, na katero se bo
spros¢alo  GSR; 3.  Povzetek  tehni¢ne
dokumentacije; 4. in druge priloge, ki so vezane na
specificnosti spros¢anja (zaupni podatki itd.).

Dodatki so napisani ob$irno in temeljito ter so
podkrepljeni z literaturnimi navedbami. Sestavlja
jih: 1. Del A - tehni¢ni podatki za izdajo dovoljenja
za namerno sproscanje GSR v okolje; 2. Del B -
ocena okoljskega tveganja, ki je istoCasno tudi
obvezna priloga obrazca Priloga 2; 3. Povzetek
prijave za sproScanje GSVR v slovenskem in
angleskem jeziku.

1. Tehni¢ni podatki so zbrani v delu A,
strnjena verzija se vpiSe v obrazec Priloga 2,
razSirjena in  podkrepljena z literaturnimi

navedbami se pripravi posebej kot dodatek in je v
grobem sestavljena iz 7 informacijskih poglavij:

A. Splosne informacije o prijavitelju: ime,
strokovna izobrazba, poklicne izkusnje odgovornih

in naslov projekta;
B. Informacije o prejemnem organizmu: Vvrsti,
sorti, ki je bila predmet GS; dejavniki, ki vplivajo
na razmnozevanje; obdobje oz. trajanje ciklusa
razmnozevanja, ki je povezano z okoljskimi in
genetskimi dejavniki; spolna kompatibilnost z
drugimi gojenimi in divjimi vrstami ter razsirjenost
kompatibilnih ~ vrst;  sposobnost  prezivetja;
razSirjenost prejemne ali starSevske rastline;
morebitni toksi¢ni uéinki za c¢loveka, Zzivali in
druge organizme;

C. Informacije o genski
uporabljenih metod za GS;

spremembi:
narava in

opis

izvor
uporabljenega vektorja; velikost in ime donorjev in
funkcija fragmentov (insertov oz. vkljuckov)
predvidenih za vkljucitev;

D. Informacije o GSR: opis
spremenjenih lastnosti in znacilnosti ter namen

uvedenth ali

uvedbe; informacije o vsakem vklju¢enem ali
odstranjenem nukleotidnem zaporedju; velikost in
struktura ter Stevilo kopij vklju¢enega zaporedja;
metode vnosa; izrazanje vkljucka, ¢as in nacin ter
mesto izrazanja; metode spremljanja; informacije o
razlikah med GSR in prejemno rastlino glede
razmnozevanja, sposobnosti prezivetja, genske in
fenotipske  stabilnosti  vkljucka, = morebitne
spremembe sposobnosti GSR za prenos genskega
materiala na druge rastline in bakterije, mozna
toksi¢nost, alergenost ali drugi $kodljivi ucinki za
zdravje ljudi in zivali, interakcije z abiotskim
okoljem;

E. Informacije o kraju namernega spro$éanja
GSR: lega in velikost kraja spro$Canja; opis

lokalnega ekosistema, vklju¢no s podnebjem, floro,
favno in analizo tal ter vode v primeru zalivanja
posevka;  prisotnost naravnih ali  gojenih
kompatibilnih vrst in sort; navede se tudi bliznje
uradno priznane biotope;

F. Informacije o namernem spro$¢anju: namen,
metoda, zaCetek in trajanje sprosc¢anja; metoda
priprave in upravljanja z mestom spro$¢anja pred,

med in po spros¢anju vkljuéno s prisotnimi
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kulturami in naéini pobiranja oz. Zetve; ocenjeno
Stevilo sprosc¢enih GSR;

G. Informacije o nacrtih monitoringa, kontrole
kraja in odpadkov po spros¢anju: morebitni
varnostni ukrepi; potrebna razdalja od drugih
divjih in gojenih kompatibilnih vrst; ukrepi za

zmanj$anje Sirjenja reproduktivnih organov, pelod,
pozig ostankov takoj po Zetvi, obdelava tal; opis
nacrtov monitoringa in pripadajocih tehnik; opis
nacrtov ob izrednih stanjih; metode in zas¢itni
postopki za zavarovanje kraja spro$c¢anja;

H. Uporabljena literatura in priloge: biografija in
bibliografija prijavitelja; nukleotidna zaporedja

vkljuckov; restrikcijska analiza vektorja itd.

Povzetek tehni¢nih podatkov prijave spro$¢anja, ki
ga sestavljajo prej omenjena kljucna poglavja v
strnjeni obliki.

2. Ocena okoljskega tveganja je priloga oz.
dodatek obrazca Priloga 2 in je predstavljena v t.i.
delu B, ki ga sestavljajo Stiri poglavja:

1. Karakteristike GSR in spro$¢anje v okolje:
informacije o prejemnem organizmu (sistematika,
izvor, sorta); opis genske spremembe in GSR
(tkivna lokacija in raven izrazanja GS lastnosti);
predvideno sproscanje (kraj, namen, specifi¢ni
pogoji); pridelovalne tehnike; aktivnosti
monitoringa med in po spro$anju; opis
prejemnega okolja, interakcije med GSR in
okoljem;

2. Ocena okoljskega tveganja: wuvod, kratka
predstavitev genske spremembe in prejemne
rastline (obicajno je to Ze uveljavljena sorta);
moznosti in ocena Siritve GSR v okolje s cvetnim
prahom, semeni in ostalimi deli rastline, Siritev oz.
premiki, ki jih povzrocajo zivali, ptice in Cloveske
napake — nesrece; prezivetje v okolju; potencialni
drugi negativni ucinki; ocena tveganja Siritve za
Clovesko in zivalsko zdravje ter okolje; izvajanje
strategij za obvladovanje tveganj zaradi spros¢anja
v okolje; moznosti in ocena prenosa genskega
materiala med spolno kompatibilnimi in
nekompatibilnimi  organizmi tudi tistimi, ki
pripadajo razlicnim taksonomskim skupinam in
potencialni negativni ucinki; ocena potencialnih
posledic prenosa genskega materiala; ocena
tveganja vezanega na genski prenos za Cloveka,
zivali in okolje; izvajanje strategij za obvladovanje
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tveganj pri spro§€anju v okolje; potencialni
negativni ucinki izpostavljenosti GSR na kraju
spros¢anja z drugimi prisotnimi organizmi: s
¢lovekom, drugimi vretencarji (ptice, glodalci),
nevretencarji (Zuzelke, mikroorganizmi); izvajanje
strategij za obvladovanje tveganj je vezano na
velikost in naravo sprosCanja, na tehnologijo
pridelave ter na genetsko in fenotipsko stabilnost
lastnosti, na mesto izrazanja lastnosti ali je po celi
rastlini, ali samo v posameznem organu oz. tkivu;

3. Zaklju¢ke o potencialnem okoljskem ucinku
spros¢ene GSR: posebej se izpostavi morebitne
moznosti, da GSR postane invazivnejSa od
gostiteljske ali sorodnih rastlin na obmodju
spros¢anja ali v naravnih habitatih; morebitne
selektivne prednosti ali slabosti GSR; potencialne
moznosti genskega prenosa GSR v razmerah
pridelave na spolno kompatibilne rastlinske vrste
ter morebitne selektivne prednosti ali slabosti, ki
jih pridobijo omenjene rastline z genskim
prenosom; potencialne takoj$nje ali poznejse
okoljske ucinke, ki so rezultat posrednih in
neposrednih interakcij med GSR in ciljnimi
organizmi (roparice, paraziti, patogeni) ter
neciljnimi organizmi, tudi tistimi, ki medsebojno
delujejo s ciljnimi organizmi na ravni populacij

tekmecev, rastlinojedov, simbiotov, ki so
parazitoidni in patogeni; mozni vplivi na
clovekovo zdravje izhajajo¢ iz posrednih in

neposrednih interakcij GSR z osebami, ki jih
uporabljajo, pridejo v stik z njimi ali se nahajajo v
blizini krajev spro$¢anja; mozni vplivi na Zivali in
posledice za prehransko verigo, ¢e je GSR in iz nje
pridobljen produkt namenjen za zivalsko prehrano;
mozni vplivi na biokemi¢ne procese, ki izhajajo iz
interakcij GSR in ciljnih in ne-ciljnih organizmov
na kraju in v blizini izpusta;
4. Uporabljena literatura:
okoljskega tveganja;
Povzetek ocene okoljskega tveganja, ki ga
sestavljajo kljuéna prej omenjena poglavja v
strnjeni obliki.

za pripravo ocene

3. Povzetek prijave za sproscanje GSR tudi v
angleSkem  jeziku  (Summary  notification
information format for the release of genetically
modified higher plants - SNIF), ki ga MOP
posreduje v Bruselj.
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2.2 Ocena tveganja pri delu z GSO - rastlinami

Ocena tveganja, ki ga novonastali GSO predstavlja
za okolje, zdravje ljudi in zivali ter izvajanje
ukrepov, ki zmanjSujejo tveganje na najnizjo
mozno raven, je osrednjega pomena pri delu z
GSO. Tveganje pri delu z GSO je verjetnost, da bo
ravnanje z GSO posredno ali neposredno, takoj ali
kasneje ali dolgorocno kumulativno $kodljivo
vplivalo na zdravje ljudi, zivali in okolje.
Predvsem glede ohranjanja biotske raznovrstnosti,
ohranjanja avtohtonih rastlinskih populacij, sort in
zivalskih pasem, rodovitnosti plodne zemlje,
prehranjevalne verige ali zdravja ¢loveka in zivali.
Lastnosti nevarnih dejavnikov, ki so lahko
kemi¢ni, fizicni ali bioloski, so dolo¢ene glede na
naravo in glede na skodljivost posledic, ki jih
lahko povzrocijo ljudem, zivalim ali okolju.
Nevarne dejavnike se poskusa omejiti z razli¢nimi
zadrzevalnimi ukrepi, tako da vsaka potencialna
nevarnost ne pomeni avtomati¢no tudi tveganja.
Nevarnost in tveganje sta razlicna, vendar
soodvisna pojma, ki opredeljujeta stopnjo tveganja
(Kinderlerer, 1997; Levin, 1997; McColl in sod.,
2000; Jardine in sod., 2003).

Tveganje je torej doloCeno =z verjetnostjo
uresnicitve nevarnosti in z resnostjo potencialnih
Skodljivih posledic. Tveganje pri delu z bioloskimi
dejavniki pomeni, kaks$na je verjetnost, da pridemo
v stik z mikroorganizmom (kontaminacija),
rastlino (kontaktne spremembe zaradi izloCanja
rastlinskih snovi) in kak$ne so lahko posledice
stika. Te so lahko zanemarljive, lahko pa v primeru
patogenega bioloSkega organizma ta povzrocCi
infekcijo, obolenje ¢loveka in v najhujsi obliki tudi
smirt.

Tveganje zaradi uporabe GSR je obicajno
predstavljeno z nekim splosnim vzorcem in je
opredeljeno z nevarnostjo in izpostavljenostjo
GSR. Nevarnost je potencialni pojav Skodljivih
vplivov zaradi dejanskih lastnosti organizma,
medtem ko je izpostavljenost potencial, da bo
prejemnik (osebek, populacija, sistem) v stiku s
tem organizmom. Dolocitev nevarnosti (ang.
hazard identification) je povezana z lastnostjo
GSR, ki lahko v okolju povzro¢i Skodo (npr.
toksi¢nost, invazivnost). Ocena izpostavljenosti
(ang. exposure assessment) je mera verjetnosti, da
bo prislo do izpostavljenosti okolja in ekosistema z
morebitnimi nevarnimi lastnostimi GSR. Presoja
vpliva (ang. effects assessment) je verjetnost, da bo

zaradi izpostavljenosti priSlo do nezazelenih
vplivov in je predstavljena s funkcijo nevarnosti in
izpostavljenosti, ki predstavlja merilo vpliva.
Dolocitev  stopnje  tveganja  (ang.  risk
characterization) je povezano z oceno tveganja na
osnovi presoje vpliva in doda se kriterij, ki doloci
razlicne stopnje tveganja, npr. nizka, srednja,
visoka stopnja tveganja (Pravilnik o oceni tveganja
za delo z GSO v zaprtem sistemu, Ur. 1. RS
45/2004; Pravilnik o oceni tveganja za namerno
spros¢anje GSO v okolje, Ur. 1. RS 4/2006;
Pravilnik o oceni tveganja za dajanje izdelka, ki
vsebuje GSO, na trg, Ur. 1. RS 13/2006).

Velikost tveganja se lahko dolo¢i na dva nacina.
Prvi nacin je izkustveni, kjer stopnjo tveganja
dolo¢imo na osnovi znanih primerov, ki so se Ze
zgodili v preteklosti. Drugi na¢in ocene tveganja je
posreden, kjer se oceni teoreticne moznosti za
uresnicitev morebitne izpostavljenosti nevarnim
dejavnikom. Potencialne posledice pa se dolo¢i s
pomocjo opravljenih eksperimentalnih $tudij in
povzame literaturne navedbe.

Ocena tveganja vkljuCuje ugotavljanje in
ovrednotenje tveganja, ki bi lahko nastalo zaradi
dela z GSR v zaprtem sistemu, namernem
spros¢anju GSR v okolje ali dajanja izdelka na trg,
za vsak primer posebej. Ocena tveganja zelo
temeljito oZje in SirSe ter z interakcijami nezivega
in zivega okolja predstavlja in umes$¢a GSR v
okolje in opozarja na morebitne Skodljive ucinke
na ljudi in Zivali.

Pri tveganju se i8¢e ravnotezje med sprejemljivim
tveganjem in koristjo, ki ga prinasa dolocen
nevaren dejavnik. GSO prinaSajo dolo¢ene koristi
za Clovesko druzbo, po drugi strani pa tako kot vse
ostalo, predstavljajo  doloene  potencialne
nevarnosti za ljudi in okolje. Zato poskusa druzba
najti ustrezno ravnovesje pri uporabi GSO, med
tveganjem in koristmi ter uporabo GSO regulira z
zakoni (ZRGSO, 2005 in 2010).

2.3 Nesreca in monitoring pri delu z GSO -
rastlinami

Zakon opredeljuje tudi nesreCo 0z. nenamerno
spros¢anje GSO v okolje. To je vsak izreden
dogodek ali vrsta dogodkov, kadar pri delu z GSO
v zaprtem sistemu in tudi pri namernem spros¢anju
pride do nepredvidenega spros¢anja GSO v okolje,
ki lahko pomeni takojSnjo ali kasnejSo nevarnost
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za okolje ali zdravje ljudi in zivali. Vsako delo z
GSO, predvsem namerno sproscanje, zahteva
monitoring oz. spremljanje in nadzorovanje GSO
in prejemnega okolja, procesov in postopkov ter
moznih Skodljivih vplivov skladno s predpisi.

Posebno tezo ima monitoring pri namernem
spros¢anju GSR v okolje, ki naj bi se izvajal vsaj
dve do tri leta po konanem sproscanju v okolje
(Gebhard in Smalla, 1999).

3 POSKUSNO NAMERNO SPROSCANJE GS RIZA V OKOLJE

Italijanska industrijska sorta riza CR W3 je bila
pozlahtnjena z biotehnoloskimi postopki v zaprtem
sistemu, v namene pridobivanja farmakoloske
ucinkovine, encima B-glukozidaze za zdravljenje
dedne presnovne bolezni. V laboratoriju in
rastlinjaku so bile opravljene potrebne Studije. Za
nadaljnja proucevanja, ki se zakljucijo z
registracijo zdravila, bi bilo potrebno vsaj dveletno
poskusno gojenje na polju (Patti in sod., 2012).

3.1 Genska sprememba riza sorte CR W3 in
uporabnost rekombinantnega encima

CR W3 je italijanska potrjena, a ne gojena
industrijska sorta riza za pridobivanje Skroba z
okroglimi semeni, razmerje dolzina/Sirina je pod
1,75. Je zelo rana in na bolezni odporna sorta,
predvsem na rjo. Zaradi majhne vsebnosti amiloze,
slabe  konsistentnosti in  velikega indeksa
lepljivosti, ki jo dolo¢a vosfen - waxy tip
endosperma, je popolnoma neprimerna za
prehrano. Semena se pri 10 do 15 minutnem
kuhanju popolnoma razkuhajo, postanejo lepljiva
in neuporabna. Zaradi navedenih lastnosti je bila
predmet genske spremembe. Na Univerzi v Vidmu
(Udine) so, s posredno metodo z bakterijo
Agrobacterium tumefaciens, uspeli v omenjeno
sorto vnesti gen, katerega produkt, encim f-
glukozidaza se izraza v osrednjem endospermu.
Transgeni riz sorte CR W3 se od netransgene sorte
lo¢i samo po sintezi encima B-glukozidaze. V vseh
ostalih lastnostih je popolnoma enak sorti CR W3.
Transgeni riz je izklju¢no namenjen farmakoloski
pridelavi ucinkovine za medicinske potrebe oz.
zdravljenje in ne za prehrano, saj ze osnovne
lastnosti sorte to ne dopuscajo (Patti in sod., 2012).

Rekombinantni encim B-glukozidaza se uporablja
za nadomestno zdravljenje genske avtosomno-
recesivne Gaucherjeve bolezni. Ta nacin dedovanja
se pojavlja pretezno pri presnovnih boleznih, med
katerimi je tudi Gaucherjeva bolezen. To je redka
genska okvara, ki prizadene priblizno 40.000
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prebivalcev na svetu, 3.000 v Evropi in v Sloveniji
je trenutno registriranih 19 bolnikov tipa 1 od treh
poznanih. Pri tipu 1 je zmanjSana encimska
aktivnost, znaki so anemija, trombocitopenija,
levkopenija, povecana jetra in vranica, zmanj$anje
kostne mase se lahko pokaZzejo Sele v odrasli dobi.
Pri tipu 2 se poleg poveCanja jeter in vranice
pojavijo Se okvare centralnega zivénega sistema,
zaradi Cesar bolniki redko zivijo ve¢ kot dve leti.
Pri tipu 3 so znaki podobni kot pri tipu 1, prisotne
so tudi nevroloske motnje, ki se z leti vecajo.
Mocno prevladuje tip 1, nevropatoloski simptomi
se pojavljajo le pri 5-10 % bolnikov. Pri vseh treh
oblikah je prisotno pomanjkanja encima
glukocerebrozidaze (B-glukozidaze), kar se odraza
v nepravilni razgradnji mascobe glukocerebrozida,
ki je produkt odmrlih rdecih in belih krvnih celic.
Zaradi odsotnosti oz. nefunkcionalnosti encima
glukocerebrozidaze se  glukocerebrozid ne
razgrajuje, ampak se kopi¢i v celicah - v tkivnih
makrofagih. Ko je nerazgrajene mascobe v celicah
zelo veliko, se te povecajo, postanejo okrogle in
niso veC sposobne opravljati svojih nalog -
imenujejo se Gaucherjeve celice. NajvecC jih je v
kostnem mozgu, vranici in jetrih, Kkjer
onemogocajo normalno delovanje teh organov. To
ima za posledico poveCanje in odpoved jeter,
vranice, slinavke in tezave z okostjem. Zelo
pomembno je, da se zdravljenje za¢ne ¢im prej v
otrostvu (Grabowski in sod., 1998). Bolezen se ne
da ozdraviti, mozni so trije nacini zdravljenja,
presaditev kostnega mozga, genska terapija in
encimska terapija, ki se izvaja tudi v Sloveniji
(Grabowski in sod., 1995; Benedik-Dolni¢ar in
Kitanovski, 2003). Terapija z injekcijami, ki
nadomes¢ajo pomanjkanje encima je za pacienta
nujna in dozivljenjska ter draga. Zaradi visokih
stroSkov je terapija nedosegljiva pacientom iz
Stevilnih  afriskih, azijskih, juZnoameriskih,
srednjevzhodnih in evropskih drzav. Zato se iS¢ejo
nacini za nadomestno zdravljenje.
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3.2 Pridobivanje encima p-glukozidaze in
nadomestna encimska terapija

Prvi klini¢ni poskusi nadomestne encimske terapije
so se pojavili sredi 70. let, v splo$ni uporabi pa je
od leta 1991. Encim f-glukozidaza se je do leta
1994 pridobival iz cloveskih placent, sedaj se v
Evropi pridobiva z rekombinantno celi¢no linijo
ovarijev kitajskih hrckov, v katere je bil vnesen
Cloveski gen za glukocerebrozidazo. Povprecni
stroSek zdravljenja je 200.000 evrov letno z
minimalno dozo, ki pa vsem pacientom ne
zadostuje (Pentchev in sod., 1973; Reddy in sod.,
1985). Veckrat se zgodi, da je zaradi okvar
bioreaktorjev ali mutacij celi¢nih linij, na trgu
pomanjkanje encima, kar ima za posledico
zmanjS$anje minimalno potrebnih doz. Zdravljenje
0z. potreben nivo encima v organizmu se vzdrzuje
z intravenoznim dodatkom vsak drugi teden. Leta
2012 je ameriska administracija za hrano in
zdravila (FDA) odobrila pridobivanje encima, prav
tako v bioreaktorju, s celino linijo gensko
spremenjenega korenja (Morrow, 2012). Da bi se
zadostilo potrebnim letnim koli¢inam encima za
vse paciente, se s ponujeno gensko spremembo riza
poskusa dvigniti proizvodnjo B-glukozidaze.

3.3 Opravljene raziskave z GS rizem v
zaprtem sistemu in poskusi namernega
sprosc¢anja v okolje

V Italiji je bilo Ze opravljeno gojenje v rastlinjaku
in pridobivanje oz. ekstrakcija encima f-
glukozidaze na manjSem vzorcu semen ter ¢isCenje
in priprava zdravila. Te preliminarne S$tudije in
raziskave so pokazale, da je sintetizirana in
nalozena [-glukozidaza zelo Ccista in zato
enakovredna oz. primernejSa za zdravljenje kot
pridobljena z do sedaj uveljavljenim postopkom.
Za Kklini¢no testiranje na vecjem vzorcu in za
pridobitev registracije zdravila ter potrditev
stabilnosti izrazanja lastnosti v okoljskih razmerah,
bi bilo potrebno opraviti vsaj dveletno poskusno
gojenje GS riza na prostem.

Zaradi negativnega javnega mnenja v Evropi, ki je
proti spro$¢anju GSO v okolje, in dolgih
postopkov pridobitve dovoljenja za gojenje na
prostem, tega niso opravili v prvotno izbrani Italiji
in ne v Spaniji. Eden od razlogov, ki je preprecil
namerno spros¢anje GS riza je bil tudi ta, da se v
obeh drzavah goji riz in da bi lahko prislo do
krizanja. Drugi razlog pa je bil v dolgotrajnih

postopkih za pridobitev dovoljenja. V Italiji
postopek traja 2 do 3 leta, v Spaniji je krajsi in
traja 6 do 8 mesecev, v Sloveniji je najkrajsi in
traja 1,5 do 2 meseca. Zaradi tega se je poskusalo
pridobiti dovoljenje pri nas. Riz se v Sloveniji ne
prideluje in nima generativno kompatibilnih divjih
sorodnikov ter vrst, s katerimi bi se lahko krizal.
Najblizja pridelava riza je v sosednji Italiji, ki je od
izbrane lokacije oz. polja oddaljena priblizno 70
km. Na obmocjih, kjer se riz prideluje, se
pojavljajo divji tipi s katerimi se kultiviran riz
lahko kriza. Slovenija ni pridelovalno obmocje
riza, zato pri nas niso prisotne kompatibilne
endemicne, spontane ali divje vrste, niti ne naravne
ali gojene sorte, s katerimi bi se lahko GS riz
krizal.

Obi¢ajno so poskusna polja z GSR nizje rasti
obdana z naravni fizi¢nimi pregradami, s pasom
koruze ali industrijske konoplje, ki zraste tudi do 3
m in s tem zadrzevalnim ukrepom se preprecuje
genski prenos s cvetnim prahom. Rizeva pelodna
zrna se v obic¢ajnih okoljskih razmerah ne dvignejo
vi§je od 1,5 m in prej omenjene fizicne pregrade
lahko delno varujejo pred Siritvijo transgenega
peloda (Jackson in Lyford, 1999; Song in sod.,
2001; Song in sod., 2004).

3.4 MozZnosti namernega spros¢anja GSR v
Sloveniji in obstojece ovire

Vloga za namerno spro$¢anje GS riza je bila
temeljito pripravljena po clenih III. poglavja
ZRGSO, Ur. 1. RS 23/2005 in 21/2010. Manjkal ji
je samo katastrski izpis za izbrano njivo. Pred
uradno oddajo na MOP je bila vloga na MOP
pregledana in pozitivno ocenjena. Izbrana 0,2 ha
njiva je del 16 ha polja oz. kompleksa, ki je obdano
z ograjo in urejeno je tudi namakanje, ki je
potrebno v obdobju cvetenja riza in formiranja
semen. Dostop na polje je mozen samo zaposlenim
in pooblas¢enim osebam. To je fizicni zadrZavalni
ukrep in razlog, razen urejenega namakanja, zakaj
smo izbrali to njivo. Poskusno naj bi bilo posajenih
20 rastlin/m’ oz. priblizno 40.000 rastlin/0,2 ha,
kar bi zado$Calo za klini¢ne S$tudije in razvoj
industrijskega nacrta pridobivanja encima.

Preden smo zaprosili za katastrski izpis, smo o
nameri seznanili obCino v kateri se nahaja njiva.
Vecina slovenskih obc¢in je podpisala peticijo
Instituta za trajnostni razvoj proti gojenju GSR na
njihovem ozemlju. Izbrana lokacija je v eni od teh
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cev v

gozdov RS, katerega smo tudi obvestili, da
nameravamo gojiti GS riz na njihovi njivi. Z obeh
strani smo dobili odklonilni odgovor. S pogovori

na MOP in prisotnimi iz MKGP ter veljavnem
nacionalnem Zakonu o ravnanju z GSO nismo
uspeli, saj je bil mocnejsi obCinski sklep in

cev v

4 ZAKLJUCEK

Ponesrecena izbira njive za katero sta bila lokalni,
obc¢inski sklep o razglasitvi obmocja brez GSO in
ki zavezuje zakupnika, da ne bo sejal GSR,
mocnejSa od nacionalnega zakona in verjetno edina
ovira, zakaj gojenje GS riza pri nas ni uspelo.
Ceprav so bile s predhodnim gojenjem v
rastlinjaku simulirane naravne razmere
pridelovanja v manjSem obsegu, je potrebno vsaj
dve letno poskusno gojenje na prostem za potrditev

stabilnosti izrazanja lastnosti v okoljskih razmerah
in za pripravo programa Siritve povrSin ter
tehnoloskega procesa pridobivanja zdravila.
Priblizno 7 kg GS riza sintetizira in nalozi v
endospermu semen zadostno koli¢ino encima f-
glukozidaze za celoletno intravenozno zdravljenje
enega bolnika, kar bi bistveno pocenilo trenutne
stroske zdravljenja in dostopnost =zdravila v
optimalni koncentraciji ve¢jemu Stevilu pacientov
z Gaucherjevo boleznijo tipa 1.
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SUBJECT INDEX BY AGROVOC DESCRIPTORS
PREDMETNO KAZALO PO DESKRIPTORJIH AGROVOC

abutilon theophrasti 293-302
agrometeorology 279-292
allelopathy 193-202, 233-239
amaranthaceae 193-202
antioxidants 303-311
artemisia 261-267
azospirillum 241-248
azotobacter 241-248
biofertilizers 313-322

biological competition

193-202, 233-239, 293-302

biological control

323-327, 329-335

biological pest control

323-327, 329-335

botanical insecticides 261-267
cannabis 233-239
cannabis sativa 233-239
carotenes 303-311
carotenoids 303-311
caterpillars 323-327
chemical composition 303-311

crop management

225-232, 313-322

crop yield 213-224, 225-232, 241-248, 249-260,
279-292, 313-322, 337-344

crops 193-202

dactylis glomerata 279-292

daucus carrota 303-311

drought

175-191, 279-292

drought stress

175-191, 337-344

environment 345-353
environmental control 225-232
environmental impact assessment 345-353
enzyme activity 203-212
eucalyptus camaldulensis 261-267
evapotranspiration 337-344
extracts 233-239
field experimentation 175-191
genetic control 249-260
genetically modified organisms 345-353

germination

193-202, 203-212, 233-239, 269-278

glycine max

225-232, 293-302, 313-322

a, b: Ph. D., M. Sc.., B. Sc., Jamnikarjeva 101, SI-1000 Ljubljana, P. O. Box 95
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grasses 269-278, 279-292

growth 193-202, 203-212, 213-224, 279-292,
337-344

helianthus annuus 249-260

herbage crops 279-292

hybridization 249-260

hybrids 249-260

hymenoptera 323-327

insecticidal properties 261-267

insecticides 261-267

integrated control 261-267

integrated pest management 329-335

irrigation 225-232, 337-344

lactuca sativa 233-239

legislation 345-353

lettuce 233-239

light 225-232

lipid content 249-260

meteorological factors 279-292

myzus persicae 261-267

nitrogen fertilizers 241-248

olea europaea 337-344

olives 337-344

organic compounds 175-191

oryza 241-248

osmotic stress 269-278

parasitoids 323-327

peas 213-224

pests 329-335

phosphate fertilizers 213-224, 313-322

phosphorus 213-224

photosynthesis 175-191

physiological response 269-278

phytoplasmas 329-335

pigments 175-191

pisum sativum 213-224

plant breeding 249-260

plant extracts 261-267

plant growth 213-224

plant growth stimulants 213-224, 241-248

plant protection 261-267

planting 313-322

polyphenols 303-311

population dynamics 293-302

protected cultivation 175-191

pseudomonas fluorescens 213-224

resistance to injurious factors 193-202

rhizobacteria 213-224, 241-248

rice 241-248

risk 345-353

risk assessment 345-353

rosmarinus officinalis 261-267
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Content analysis of the papers in the Acta agriculturae slovenica

salt tolerance 269-278

scaphoideus titanus 329-335

seed germination 203-212, 233-239

seed production 293-302

seed treatment 203-212

seedlings 203-212

sesame 203-212

setaria 269-278

simulation models 279-292

selenium 175-191

Slovenia 323-327, 345-353

sowing depth 269-278

soybeans 225-232, 293-302, 313-322

spacing 293-302, 313-322

sunflower 249-260

tolerance 193-202

trichogramma brassicae 323-327

ultrasound 203-212

varieties 303-311

water 225-232

water supply 175-191

water uptake 203-212

weed control 293-302, 313-322

weeds 193-202

wheats 175-191
VSEBINSKO KAZALO PO SKUPINAH ZNANJA (PREDMETNIH

KATEGORIJAH)
D50 Zakonodaja 345-353

FO1 Rastlinska proizvodnja

213-224, 233-239, 241-248, 279-292, 313
322, 337-344

F02 RazmnoZevanije rastlin

203-212

FO3 Semenarstvo

293-302

FO04 Gnojenje

213-224, 241-248, 313-322

FO6 Namakanje

175-191, 225-232, 337-344

FO8 Sistemi pridelovanja 313-322
F30 Rastlinska genetika, Zlahtnjenje rastlin 249-260, 345-353
F40 Ekologija rastlin 193-202

60 Fiziologija rastlin, biokemija

175-191, 203-212, 269-278

62 Fiziologija rasti in razvoja

193-202, 233-239, 241-248, 269-278

HO1 Varstvo rastlin

261-267, 293-302, 313-322, 323-327, 329

H10 Skodljivci rastlin

261-267, 323-327, 329-335

H20 Bolezni rastlin 329-335
H60 Plevel, zatiranje plevela 193-202, 293-302
P40 Meteorologija in klimatologija 279-292
Q04 Sestava Zivil 303-311
U30 Metode raziskovanja 279-292

Acta agriculturae Slovenica, 105 - 2, september 2015

357






NAVODILA AVTORJEM
(letniki z liho $tevilko - rastlinska proizvodnja)

Prispevki

Sprejemamo izvirne znanstvene clanke s podro¢ja agronomije, hortikulture, rastlinske
biotehnologije, raziskave zivil rastlinskega izvora, agrarne ekonomike in informatike ter s sorodnih
podrocij - letniki z liho Stevilko (npr. 97, 99) - v slovenskem in angleSkem jeziku; pregledne
znanstvene ¢lanke samo po poprejSnjem dogovoru. Objavljamo tudi izbrane razsirjene znanstvene
prispevke s posvetovanj, vendar morajo taki prispevki zajeti najmanj 30 % dodatnih originalnih
vsebin, ki Se niso bile objavljene. O tovrstni predhodni objavi mora avtor obvestiti uredniski odbor.
Ce je prispevek del diplomske naloge, magistrskega ali doktorskega dela, navedemo to in tudi
mentorja na dnu prve strani. Navedbe morajo biti v slovenskem in angleskem jeziku.

Prispevke sprejemamo vse leto.

Podrobnejsa navodila: http://aas.bf.uni-lj.si/navodila.htm

INSTRUCTIONS FOR AUTHORS
(Odd-numbered volumes - plant production)

Articles

The Journal accepts original scientific articles from the fields of agronomy, horticulture, plant
biotechnology, plant-related food-and-nutrition research, agricultural economics, information-
science, and related research - odd-numbered volumes (for example: 97, 99) - in Slovenian or
English language. Review articles are published in advance agreement with the editorial board.
Extended versions of selected proceedings-papers can also be considered for acceptance, provided
they include at least 30% of new original content, but the editorial board must be notified
beforehand. If the article is based on a thesis or dissertation, the thesis-type must be indicated (BSc,
MSc, PhD...), along with the role of the candidate and advisor, at the bottom of the first article
page.

Manuscripts are accepted throughout the year.

Detailed instructions: http://aas.bf.uni-lj.si/instructions.htm
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