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ABSTRACT

This study was carried out in order to study the response of
corn cultivars to row spacing and weed interference at the
Research Farm of Agricultural and Natural Resources Faculty,
Razi University, Kermanshah, Iran in 2011. The experiment
was a split block factorial based on a randomized complete
block design with three replications. Factors consisted of three
corn cultivars ('KSC 704', 'Simon' and 'Maxima') and three
plant row spacings (45, 60 and 75 cm) under weeded and un-
weeded conditions for all of the growing season. Results
indicated that for all three corn cultivars, the highest weed dry
mass occurred in the row spacing of 75 cm. Weed interference
throughout the growing season reduced corn grain yield by
20 %. This condition also significantly decreased corn yield
components except the 100-seed mass. Increasing plant row
spacing increased weed density, while decreased corn yield by
16.5 %. Corn cultivars were significantly different in terms of
the number of seed per ear and 100-seed mass, as 'KSC 704’
and 'Simon' showed the highest values for these yield
components, respectively. However, the number of ear per
plant and grain yield were not significantly different between
the corn cultivars under study.

Key words: corn; competition; 'KSC 704'; 'Maxima'; 'Simon';
weed; yield; yield component

IZVLECEK

ODZIV SORT KORUZE (Zea mays L.) NA RAZMIK
MED SETVENIMI VRSTAMI IN VPLIV PLEVELA

V raziskavi je bil preucevan vpliv razmika med setvenimi
vrstami in zapleveljenostjo pri treh sortah koruze na Research
Farm of Agricultural and Natural Resources Faculty, Razi
University, Kermanshah, Iran, v letu 2011. Poskus je bil
izveden kot popolni nakljucni blo¢ni poskus z deljenkami s
tremi ponovitvami. Faktorje so predstavljali tri sorte koruze
('KSC 704', 'Simon' in 'Maxima') in trije razmiki med
setvenimi vrstami (45, 60 in 75 cm) v razmerah brez plevela in
s plevelom v celotni rastni sezoni. Rezultati so pokazali, da je
bila najvecja masa plevelov pri vseh treh sortah pri razmiku
setvenih vrst 75 cm. Zapleveljenost skozi celotno rastno
sezono je zmanjSala pridelek zrnja koruze za 20 %. Te
razmere so tudi znacilno zmanjSale posamezne komponente
pridelka razen mase 100-zrn. Povecan razmik med vrstami je
povecal gostoto plevela, kar je zmanjsalo pridelek koruze za
16.5 %. Sorte koruze so se znacilno razlikovale v Stevilu zrn
na storz in v masi 100-zrn, pri ¢emer sta imeli 'KSC 704' in
'Simon' najvedji vrednosti teh dveh komponent pridelka.Kljub
temu se Stevilo storZzev na rastlino in pridelek zrnja nista
statisticno znacilno raziskovala med sortami, preucevanimi v
tej raziskavi.

Kljucne besede: koruza; kompeticija; 'KSC 704'; 'Maxima';
'Simon'; plevel; pridelek; komponente pridelka

1 INTRODUCTION

Corn is one of the most important crops which is
extensively planted in Iran and Kermanshah province is
proposed as a major region to produce this crop. Weed
interference is a main limiting factor which can
significantly reduce corn yield and economic return.
The reduction may range from 30 to 70 % when weeds

are not controlled during the growing season (Ford and
Mt Pleasant, 1994; Teasdale, 1995; Mohammadi 2010;
Mohammadi et al., 2012b).In many regions of Iran such
as Kermanshah, farmers highly use chemical and
mechanical methods to control weeds in their corn
production systems. These methods usually have
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negative environmental consequences (such as soil
erosion, water and soil pollution) and notably increase
the cost of corn production.

Alteration of planting arrangement has been
documented as an efficient approach to suppress weeds
in agroecosystems (Mohammadiet al., 2015) which can
be achieved by a reduced row spacing.Vera et al. (20006)
suggested that narrower row spacings can cause an
earlier canopy closure and allow the crop to shade
weeds in their early developmental stages. Other
researchers working with barley showed that increasing
seeding rate and the use of high competitive cultivars
improved crop competitiveness against weeds (Watson
et al., 2006; Harker et al., 2009). This can be due toan
increased resource use by crop which can lead to the
reduced effects of weeds (Berkowitz, 1988; Mohler,
1996). Chauhain and Johnson (2011) reported that rice
grown in narrower rows had higher grain yield and
lower weed biomass than in wider rows and increasing
row spacing caused more crop vulnerability to weed
competition for the longest period. Drews et al. (2004)
also found that the competitive ability of short-stature
cultivars could be improved by reducing row spacing.

Weed competition to acquire limited resources is the
primary cause for crop yield loss from weeds. Crop
cultivars with high weed competitive abilities may be
used in an integrated weed management (IWM)
program (Lemerle et al., 1996; Lindquist and Kropff,
1996). Some studies have shown that corn cultivars
differ in terms of their ability to suppress weeds
(Mohammadi, 2007; So et al., 2009). Identification of
these cultivars can significantly improve crop yield in
the presence of weeds and reduce the cost and
environmental consequences caused by weed control
practices. According to McDonald (2003) the
development of crop cultivars with high competitive
abilities against weeds is an important aspect of IWM
and can decrease the reliance of cropping systems to
chemical herbicides.

The main objective of this study was to evaluate the
response of some corn cultivars to different row
spacings under weed interference condition at
Kermanshah, west Iran.

2 MATERIALS AND METHODS

The study was carried out at the Research Farm of
Agricultural and Natural Resources Faculty, Razi
University, Kermanshah (latitude 34° 18" N, longitude
47 4 E, altitude 1350 asl), Iranin 2011.Soil was a clay-
loam with a pH of 8 and 1.4 % organic matter. The
experiment was a factorial split block based on a
randomized complete block design with three
replications. The first factor was corn cultivars
including 'KSC 704" (late matured), 'Simon' and
'Maxima' (both medium-matured cultivars) which are
cultivars well-adapted to the environmental conditions
of the region. The second factor was three plant row
spacings including conventional (75 cm) and reduced
(45 and 60 cm). To evaluate weed interference effect on
corn plant traits each block was divided into two
sections lengthways, which one of them was kept free of
weeds and another was un-weeded for all of the
growing season. There was a dense natural weed
infestation in the experimental field. The list of dominant
weed species is shown in Table 1.

The land was plowed then disked before planting.

Fertilizers were applied according to the soil test
recommendations. Corn was planted on May 2011.

Acta agriculturae Slovenica, 111 - 3, december 2018

Each plot consisted of 6 rows (6 m per row) with a
planting density of 6.5 plant m”. Weeds werehand
weeded in weed-free section of each plot throughout the
growing season. At maturity, the corn ears belong to the
two center rows of each plot were harvested by hand,
allowed to dry toa constant mass then threshed and
grain yield was determined. Corn yield components
including the number of ears per plant and the number
of seeds per ear were determined on ten randomly
selected plants of each plot. Additionally, 100-
grainmass was calculated according to the
recommendations of the International Seed Testing
Association (ISTA) (Draper, 1985).

At the end of the growing season, weed density and dry
masswere determined by harvesting weeds at ground
level in two random 0.5 x 0.5 m squaresin un-weeded
section of each plot. Weeds were initially counted then
dried at 80 °C to a constant mass then weighed. Data
analyses including analysis of variance and mean
comparison were carried out using SAS software (SAS
Institute, 2003). Means were compared using Duncan
test at the 0.05 level of probability.
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Table 1: The list of dominant weed species emerged in the experimental field

Common name

Scientific name

Johnsongrass
Redroot pigweed
Lamb'squarters
Common cocklebur
Field bindweed

Common purslane

Sorghum halepense (L.) Pers.
Amaranthus retroflexus L.
Chenopodium album L.
Xanthium strumarium L.
Convolvulus arvensis L.

Portulaca oleracea L.

3 RESULTS AND DISCUSSION

3.1 Weed density

Analysis of variance (data not shown) revealed that
weed density (WD) was significantly influenced by row
spacing. Weed density reduced in response to
decreasing row spacing as the highest WD occurred in
the conventional row spacing (75 cm). Although, there
was no significant difference between the two reduced
row spacings (45 and 60 cm) in terms of WD (Fig.
1).Reduction of WD in narrower rows can be attributed
to an earlier canopy closure and consequently a less
light level intercepted by weed seeds. Some studies
showed that an earlier canopy closure can notably

350
300
250

200 b
150
100
50
0

Weed density (plant m2)

45

reduce weed germination and emergence by decreasing
light quantity (intensity) and quality (spectrum)reaching
the soil surface under the canopy (Bradley, 2006;
Ghadiri and Bayat, 2004; Rajcan and Swanton, 2001).

Lindquist and Mortensen (1999) also reported that a
reduced row spacing can improve weed control in corn
due to an earlier crop canopy closure. According to
Porter et al. (1997) compared to wider rows (76.2 cm) a
reduced row spacing (50.8 cm) decreased the light
penetrated into the crop canopy by 10 % causing a 35 %
decrease in weed infestation.

60 75

Row spacing (cm)

Figure 1: The effect of corn planting row spacing on weed density. The same letters show non significant difference

at the 0.05 level of probability

3.2 Weed dry mass

There was a significant two-way interaction
(cultivarxrow spacing) for weed dry mass (WDM). A
notable higher WDM was observed in the conventional
row spacing (75 cm) compared to the narrower rows (45

and 60 cm) (Fig. 2). Although, there was no significant
differences between these two reduced row spacings
with regard to WDM. It seems that reduced row spacing
can cause a more equidistant plant distribution in the
field and consequently higher efficient use of the
environmental resources by crop plants which lead to a

Acta agriculturae Slovenica, 111 - 3, december 2018
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higher weed suppressing ability. In contrast, wider rows
can intensify intra-specific competition between crop
plants and provide a suitable space to weed growth
between rows (Akbari et al., 2011). A reduced weed dry
massproduced due to narrower rows was reported by
Johnson and Haverstad (2002). Mohammadi et al.
(2012a) also observed a 49.4 % decrease in weed
biomass in response to reduced row spacing and
increased planting density.

Corn cultivars also showed different negative effects on
WDMin relation to row spacing (Fig. 2). At the lowest

8000

6000

4000

2000

Weeed dry mass (kg ha'!)

704

Simon

row spacing (45 cm) 'Maxima' had higher weed
suppressing effect than other two cultivars. However,
there were no significant differences between the
cultivars at the wider rows in terms of WDM (Fig. 2).
According to Mohammadi (2007) corn cultivars differed
in their competitive ability against weeds and the
cultivars with higher relative growth rate and specific
leaf area performed better than others. Similar results
have been reported by So et al. (2009) working with
sweet corn.

W45
6o
=75

Maxima

Corn cultivar

Figure 2: The effect of corn cultivar on weed dry mass under different row spacing. The same letters show non

significant difference at the 0.05 level of probability

3.3 Corn yield components

The number of ear per plant (NEP) was significantly
influenced by weed interference. However, cultivar and
row spacing didn’t show significant effects on this trait.
Full season weed interference reduced NEP by 4.9 %
(Fig. 3). This occurred due to the failure of some corn

0,8 -
0,6 -

04 -

The number of ear per plant

Weedy

plants to form ear in the presence of competing weeds.
However, NEP didn’t show significant response to row
spacing or cultivars. Other workers also suggested that
row spacing didn't have a notable effect on the number
of ear per plant (Turgut et al., 2005; Mohammadi etal.,
2012a).

Weed free

Weed treatment

Figure 3: The effect of weed interference on the number of ears per plant of corn. The same letters show non

significant difference at the 0.05 level of probability
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Weed interference and corn cultivar showed significant
effects on the number of seeds per ear (NSE). 'KSC 704"
had a significant higher NSE (600 seeds per ear)
followed by 'Maxima' and "Simon'which showed lower
and non significantdifferent NSE (Fig. 4). Weed
interference for the entire growing season reduced NSE
by 15.8 % as compared with weed free condition (Fig.

a
704

The number of grain per ear
= N w Iy u [e)} ~
o o o o o o o
o o o o o o o

o

b b

5). Similar result was reported by Mohammadi et al.
(2012b) who reported a 23 % reduction in NSE resulted
from a full season weedy condition. This may be due to
a less number of fertilized florets per ear caused by
weed competition. Evans et al. (2003) found a sigmoidal
reduction in the number of seeds per ear in response to
increasing weed interference period in corn.

Simon Maxima

Corn cultivar

Figure 4: The effect on the number of grain per ear of corn. The same letters show non significant difference at the

0.05 level of probability

700

o)
o
o

500

= N W D
o O O
o O O

o
o

The number of grain per ear

o

Weedy

Weed free

Weed treatment

Figure 5: The effect of weed interference on the number of grain per ear of corn. The same letters show non

significant difference at the 0.05 level of probability

100-grain yield (100-GM) was significantly affected by
corn cultivar and row spacing. The highest 100-GM
belonged to 'Simon' followed by 'Maxima' and 'KSC
704" (Fig. 6). However, there was no significant
difference between 'Maxima' and other two cultivars in
terms of 100-grain mass (Fig. 6). 100-grain mass
showed a positive response to decreasing row spacing as

this yield component was notably higher in the narrower
rows (45 and 60 cm) compared to conventional row
spacing (75 cm) (Fig. 7). This can be resulted from a
more equidistantdistribution of corn plants and a lower
intra-specific  competition between them which
consequently led to a more efficient use of the
environmental resources.

Acta agriculturae Slovenica, 111 - 3, december 2018

529



Gholamreza MOHAMMADI et al.

w w
o un

100-grain mass
= = NN
o »n o wn

o un

Simon Maxima

Corn cultivar

Figure 6: The effect cultivar on corn grain mass. The same letters show non significant difference at the 0.05 level of

probability

ézs

= 20

‘5

B 15

g 10
5
0

Row spacing (cm)

Figure 7: The effect of row spacing on 100-grain mass of corn. The same letters show non significant difference at

the 0.05 level of probability

Weed interference had no significant effect on 100-GM.
This is in contrast with Mohammadi (2010) who
reported that 100-GM was negatively affected by
competing weeds. No significant influence of weeds on
100-GM can be due to a lower grains produced per ear
under weed stress condition (Fig. 5). In other words, it
can be expected in this condition the number of grains
formed in each ear to be balancedwith the available
resources which led to a less vulnerability of 100-GM to
weed interference

3.4 Corn grain yield

Corn grain yield showed significant responses to row
spacing and weed interference. A 1000 kg ha™ increase

530 Acta agriculturae Slovenica, 111 - 3, december 2018

in grain yield was observed when row spacing
decreased from 75 to 45 cm (Fig. 8). This is compatible
with Mohammadi et al. (2012a) who reported a 19.7 %
increase in corn yield in response to decreasing row
spacing from 75 to 50 cm. This can be explained by a
more equidistant plant arrangement in narrower rows
which consequently lead to a lower intra-specific
competition and improved use of environmental
resources by corn plants (Andrade et al., 2002; Barbieri
et al.,, 2008). Bullock et al. (1988) also reported that
increasing corn grain yield in reduced row spacings was
due to more suitable plant distribution perunit area and
consequently a lower competition between plants to
acquire light, soil nutrient and moisture.
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12000
T 10000
=
en
S
S 8000
2
= 6000
E
© 4000
2000
0

45

60 75

Row spacing (cm)
Figure 8: The effect of row spacing on corn grain yield. The same letters show non significant difference at the 0.05

level of probability

Weed interference decreased grain yield by 20 % (Fig.
9). Reduced crop yield in response to weed interference
has been reported by other workers. Habibisavadkoohi
et al. (2008) found a 60 % decrease in corn yield when
weeds interfered with corn for a long period. In other
studies the reductions of 30.7 and 41.1 % were reported

12000

10000

& 8000
14}
=

T 6000
(]
=
[ =

4000
(U]

2000

0

Weedy

for corn grain yield in full season weedy condition
(Mohammadi, 2010; Mohammadi et al., 2012b). In
general, weeds reduce crop yield via competition to
obtain essential growth resources and releasing
allelochemicals into the environment.

Weed free

Weed treatment
Figure 9: The effect of weed interference on corn grain yield. The same letters show non significant difference at the

0.05 level of probability
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4 CONCLUSION

This study revealed that in comparison with the
conventional plant row spacing (75 cm) narrower rows
improved corn yield. These improvements were 16.5
and 13.6 % for the row spacings of 45 and 60 cm,
respectively. This can be related to a more equidistant
plant distribution pattern and reduced intra-specific
competition between corn plants which consequently

lead to a more efficient use of the environmental
resources. The narrower rows also reduced weed
biomass and density. This can be attributed to the
improved growth of corn plants and their competitive
ability against weeds probably due to an earlier canopy
closure under this condition.
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ABSTRACT

We studied the behavioral and biological parameters of Aphis
fabae (Homoptera: Aphididae, Scopoli, 1763) on seven local
Vicia faba L. cultivars. The antixenosis was conducted under
laboratory controlled conditions of the temperature, light
regime and relative humidity (18 + 0.25 °C; L16: D8; 37.5 +
0.6 %) for test in light, and (19 °C; 42 % relative humidity) for
test in dark. The least preferred host plants for attractivity was
the cultivar 141 in both tests while the cultivar 145 was the
most preferred in light test, and the cultivar 107 in dark test.
The antibiotic experiment was conducted also under
laboratory conditions (L16: D8 photoperiod, 17 £ 1 °C, and
43.5 £ 5 % r. h.). Antibiosis was determined by studying the
pre-reproductive period, reproductive period, adult longevity,
survival, daily and total fecundity. The analysis of variance
indicated that no significant differences on pre-reproductive
period and daily fecundity of the 4. fabae among the cultivars.
However, the longest times of reproductive period, adult
longevity, and survival were recorded on cultivar 135
followed by cultivar 141. The highest (85.8) and the lowest
(15.8) number of progeny were observed on 135 and 141
cultivars, respectively.

Key words: Aphis fabae; antibiosis; antixenosis; cultivar;
resistance, Vicia faba L.

IZVLECEK

OI}NA§ALNI IN BIOLOSKI ODZIVI CRNE FI?OLOVE
USI (Aphis fabae Scopoli, 1763) NA SEDEM ALZIRSKIH
SORT BOBA

Preucevani so bili obnasalni in bioloski parametri ¢rne
fizolove usi (d4phis fabae Scopoli, 1763, Homoptera:
Aphididae) na sedem lokalnih sort boba (Vicia faba L.).
Poskusi antiksenoze so bili izvedeni v nadzorovanih
laboratorijskih temperaturnih, vlaznostnih in svetlobnih
razmerah, 18 + 0.25 °C; dan 16 ur, no¢ 8 ur in 37,5 + 0,6 %
relativni zra¢ni vlagi za poskuse na svetlem in pri 19 °C in
42 % relativni zracni vlagi za poskuse v temi. Najmanj
priljubljena gostiteljska rastlina glede privlacnosti je bila v
obeh poskusih sorta 141, medtem, ko je bila pri poskusih na
svetlem preferirana sorta 145 in pri poskusih v temi sorta 107.
Tudi poskusi z antibiozo so bili izvedeni v laboratorijskih
razmerah (dan 16 ur, no¢ 8 ur, pri temperaturi 17 + 1 °C in pri
43,5 £ 5 % relativni zracni vlagi. Antibioti¢ni ucinki so bili
doloCeni s preucevanjem predreproduktivnega obdobja,
reproduktivnega obdobja, dolzine zivljenske dobe imagov,
njihovim prezivetjem in dnevno ter celokupno plodnostjo.
Analiza variance je pokazala, da glede na sorto boba ni bilo
znacilnih razlik v dolzini predreprokcijskega obdobja in
dnevne plodnosti usi. NajdaljSe reproduktivno obdobje,
najvecja zivljenska doba imagov in najvecje prezivetje usi je
bilo zabelezeno na sorti 135 in nato na sorti 141. Najvecje
(85,8) in najmanjse (15,8) Stevilo potomcev je bilo opazeno na
sortah 135 in 141.

Kljuéne besede: Aphis fabae; antibioza; antiksenoza; sorta;
odpornost, Vicia faba L.

1 INTRODUCTION

Broad bean, Vicia faba L., is one of the oldest cultivated
field crop. It constitutes a major protein source for
human population in many countries (Laudadio et al.,
2011). The black bean aphid, Aphis fabae Scopoli, 1763

(Homoptera: Aphididae) is the most destructive insect
pest of broad bean in Algeria. In Algeria, broad bean
production includes highly diversified local cultivars.
About 68 local cultivars, have been identified by
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morphological  and characterization

(Meradsi, 2009).

agronomic

The black bean aphid is one of the 14 aphid species of
most agricultural importance in the worldwide
(Blackman & Eastop, 2007). A. fabae is a very
polyphagous species, but the actual host range of the
aphid that colonizes beans and sugar beet is unclear,
because it is a number of a bewildering complex of
species, at least some of which also have wide host
ranges (Blackman & Eastop, 2007). A. fabae has a wide
distributional range. It occurs in Europe, Western Asia,
Arab countries particularly Jordan (Mustafa & Qasem,
1984), Africa, and South America. It is a vector of more
than 30 plant viruses, including non-persistent viruses of
bean and peas, beets, crucifers, cucurbits, Dahlia,
potato, tomato, and tulip, and the persistent beet yellow
net virus and potato leaf roll virus (Blackman & Eastop,
2007).

Insects are usually controlled by insecticides. However,
the excessive use of insecticides to control these pests
can have a negative financial and environmental
consequences, including the development of high levels
of resistance to conventional insecticides (Ogendo et al.,
2003), the high costs of synthetic pesticides and
associated toxicity risks (Mihale et al., 2009), the
destruction of beneficial insects (pollinators, parasitoids
and predators), pesticide residue magnification in
humans and wildlife and disruption of ecosystem
(Ruchika & Kumar, 2012). Accordingly, the need to
search for alternative insect control methods has been
increased.

Host plant resistance has been used as a control measure
for various agricultural pests for many years (Smith,
2005). Plant resistance may be the most effective,
economical, and environmentally sound management
tactic to control 4. fabae in crops. Some progress has

been archived in screening broad bean cultivars against
black bean aphid and a number of cultivars have been
identified as possible source of resistance for breeding
programs (El-Dafrawi et al., 1991; Laamari et al., 2008;
Meradsi & Laamari, 2016a, 2016b, 2016¢; Meradsi,
2017).

Smith (2005) indicated three general categories of plant
resistance to insects, which have become widely
accepted by entomologists: non preference or,
antixenosis, tolerance, and antibiosis. Antixenosis is one
of the most important category of plant resistance to
aphids on broad bean as well as antibiosis and tolerance
of plants to insects. Antixenosis and non-preference
denote the presence of morphological or chemical plant
factors that adversely alter arthropod behavior, resulting
in the selection of an alternate host plant. Physical
barriers such as thickened plant epidermal layers, waxy
deposits on leaves, stems, or fruits, or a change in the
density of trichomes (plant hairs) on normally
susceptible plants may force arthropods to abandon their
efforts to consume, ingest or oviposit on an otherwise
palatable plant (Smith, 2005). The antibiotic effects of a
resistant plant range from mild to lethal, and may result
from both chemical and morphological plant defensive
factors. Lethal effects may be acute, in which case they
often affect young larvae and eggs. The chronic effects
of antibiosis often lead to mortality in older larvae and
prepupae that fail to pupate, and in pupae and adults
which fail to eclose. Individuals surviving the direct
effects of antibiosis may also suffer the debilitating
effects of reduced body size and mass, prolonged
periods of development in the immature stages, and
reduced fecundity (Smith, 2005).

In the present study, the modalities of the antixenotic
and antibiotic resistance were used to determine the
most resistant cultivars among seven local broad bean
cultivars for the black bean aphid.

2 MATERIALS AND METHODS

2.1 Plant

Broad bean cultivars used in this study were selected on
the basis of field evaluation for their resistance to A.
fabae (Meradsi, 2009). They included seven cultivars:
Six resistant cultivars (12, 111, 126, 135, 141, and 145)
and one highly susceptible cultivar (107). Seeds of the
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broad bean cultivars were acquired from Plant
Protection laboratory of Batna (in the east of Algeria).

The (Table 1) showed the agronomical characteristics of
the seven broad bean cultivars used in this study.
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Table 1: Agronomical characteristics of seven broad bean cultivars used to study of the resistance to the black bean

aphid, Aphis fabae

Cultivar Origin Agronomical characteristics

3 4 6 9 13 15 21 23 24 27 31
12 Biskra 2584 260 p 453 234 3 328 4.17 13.12 25 283 1.11
111 Biskra 27.17 250 p 505 243 350 330 337 1233 230 1.13 0.87
126 Biskra 28.08 275 p 498 229 250 271 543 1333 227 150 0.85
135 Khenchela 20.08 2.50 p 4.75 222 240 3.06 333 10.63 258 3.80 0.86
141 Biskra 27.13 250 p 636 335 15 317 7 10.50 2.70 0.75 0.31
145 Khenchela 2553 3.67 p 5.07 217 2 330 7.67 11 260 133 092
107 Biskra 3316 480 p S5 283 380 346 116 114 34 08 1.53

Notes. Biskra: in the south of Algeria, Khenchela: in the
east of Algeria, 3: plant: height (cm), 4: plant : number
of stems (including tillers more than half the length of
the main stem), 6: stem: anthocyanin coloration (p:
present), 9: leaflet: length (basal pair of leaflet at
secondary node, cm), 10: leaflet width (basal pair of
leaflet at secondary node, cm), 13: raceme: number of
flowers, 15: flower: length (cm), 21: truss: number of
pods, 23: pod: length (without beak, cm), 24: pod: width
(from suture to suture, cm), 27: pod: number of ovules
(including seeds), 31: dry seed: mass (g).

2.2 Insects

The aphids used for this study were obtained from a
single winged adult of A. fabae. The adult aphid was
collected in early October 2008 from culture of the
broad bean plants in field of the Batna region (in the
east of Algeria). the single winged adult was reared on
broad bean seedlings under greenhouse conditions [6 +
4 °C, 93 = 7 % relative humidity and a photoperiod of
14: 10 (L : D) h].

2.3 Antixenosis

Antixenosis against aphid was evaluated by allowing
aphids a free choice between plants of similar growth
stage (Castro et al., 2005), second leaf fully expanded,
12 growth stage (Mier, 2001), each planted in a pot
(6.5cm diameter x 8cm height), one plant of every
cultivar tested was randomly placed in a circle, with
their leaves directed towards the center of the circle
(Castro et al., 1999; 2001). Twenty-eight adult aphids,
equivalent to four aphids per plant (Budak et al., 1999),
were placed in the lid of a Petri dish (5.7 cm diameter).
After 2 h the number of adult aphids on each plant was
recorded, and this was repeated 24 h, 26 h, 48 h, and 72
h later.

Only the adult aphids were recorded because nymphs
were not involved in the host selection process (Budak
et al.,, 1999). This experiment was conducted under
laboratory conditions of the temperature, light regime
and humidity (18 + 0.25 °C; L16 : D8; 37.5 £ 0.5 %
relative rumidity).

The same experiment was repeated under the dark
(Hesler & Tharp, 2005) with (19 °C; 42 % relative
humidity). After 24 h the number of adults on each plant
was recorded.

2.4 Antibiosis

The antibiotic test was conducted under laboratory
controlled conditions at L16 : D8 photoperiod, 17 =+
1 °C, and 43.5 £ 5 % relative humidity. The test was
assessed using eight plants for each cultivar (one plant
per pot) and the experiment was conducted according to
simple randomized block design. Two apterous adults
were placed on each plant at 11 growth stage (Mier,
2001), and allowed to deposit nymphs. After 24 h, we
removed the adults and all offspring but one nymph
(first larval stage) from each plant. Pre-reproductive
period, reproductive period, adult longevity, survival,
daily and total fecundity were determined.

2.5 Statistical analysis

Data concerning all counts of antixenosis (in the tow
experiments; light and dark), pre-reproductive period,
reproductive period, adult longevity, survival, daily and
total fecundity of the aphid on the broad bean cultivars
were compared using analysis of variance (ANOVA).
When the ANOVA  demonstrated significant
differences, the means were separated using the Tukey’s
test at P < 0.05. The experiments were arranged in the
randomized complete block design (RCBD). All
statistical analyses were performed with IBM SPSS
statistical software (Version 23.0.0.0) (SPSS, 2015).
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3 RESULTS AND DISCUSSION

3.1 Antixenosis

3.1.1  Testin light

Significant antixenosis effect (P < 0.05) against of A.
fabae was found in the seven cultivars of broad bean for
24 h, 26 h, and 48 h (Table 2). Aphids on 145 were
generally found to have the highest antixenosis level (6
adults per plant), while those on 141 were found to be
(0.4 adults per plant) (Table 2).

3.1.2  Testin dark

The results indicated significant differences (F,s5; =
3.017; P = 0.028) (Table 2) among cultivars. It was
highest on cultivar 107 (5 adults per plant) and ranged
from 0.75 to 2.25 adults per plant for the six other
cultivars (Table 2).

Table 2: Number of Aphis fabae (Mean + SE) on seven broad bean cultivars

Cultivar Light tests Dark test
2h 24 h 26 h 48 h 72 h 24 h
12 4+187a 46+1.63ab 46+1.63ab 48+1.59b 42+124a 0.75+0.48a
107 3.6+2.06a 4+202ab 3.8+198ab 38+1.98ab 38+198a  5+1.22b
111 06+04a  0.6+0.4a 0.6 +0.4a 06+04a 06+04a 15+0.29
126 14+0.68a 14+068a 14+0.68a 14+068ab 14+0.68a 0.75+0.48a
135 26+154a 2+155ab  22+15ab  22+15ab 24+15a2 225+13la
141 04+024a 04+024a 040242 04+024a 04+024a 1.5+0.96a
145 52+193a  6+1.67b 5.4+ 1.5b 54+15b  54+15a 1.75+0.48a
N 5 5 5 5 5 4
F 1.60 2.59 2.454 2.455 2.42 3.01
p 0.183 (ns) 0.040" 0.049" 0.049" 0.052 (ns) 0.028"

Means within a column followed by the same letter do not differ significantly. N: number of repetitions, ns: not

significant, (ANOVA: P < 0.05; Tukey’s test).

Antixenotic resistance observed against black bean
aphid have resulted from multiple factors such as plant
morphology (shape and size), pigmentation of assay and
chemical defenses.

During the first test (in light) the cultivar 145 was the
favorite of the insect while the cultivar 141 was the last
choice with 111 and 126. However, in second test (in
obscurity) the susceptible control 107 was the first
choice of adults than the other cultivars.

The comparison of both tests showed that the
morphology or color of plant (assay) or the both had a
high part in the selection of 4. fabae for 145 and 12
cultivars, because the attraction of this cultivars was
high in light (6 and 4.6 adults per plant in mean) and
low in dark (1.75 and 0.75 adults per plant in mean) for
the tow cultivars respectively. The susceptible control
107 was favorite in both tests (probably has a high
concentration of attractive volatiles substances). The
cultivars 126, 111 and 141 were least preferred by the
apterous adults of A. fabae in both tests, probably they
had likely a high content of repulsive volatiles
substances. The cultivar 135 has an intermediate
attraction for both tests. In the study of the preference of
seven varieties of wheat by the RWA, Lage et al. (2004)
had indicated that the resistant cultivar attract only 2.1
adults and the susceptible cultivar attract 5.2 adults.

538 Acta agriculturae Slovenica, 111 - 3, december 2018

Sandanayaka et al. (2005) noted the mean percentage
settlement of 25 first instar wolly apple aphid nymphs
Eriosoma lanigerum (Hausmann, 1802) on 13 apple
accessions, the results showed that the percentage
settlement was the highest (41.08 %) on RG and the
lowest (3.76 %) on G.

Several factors were responsible for the selection of the
host plant such as volatile substances. Webster et al.
(2008) identified fifteen electrophysiologically active
compounds of broad bean (‘Sutton Dwarf’) to winged
A. fabae. In the field, A. fabae lands preferentially on
yellow leaves (Bernays & Chapman, 1994). Two other
works about the pea aphid, Acyrthosiphon pisum Harris,
1776. In the first, on the alfalfa, Medicago sativa L.,
Golawska et al. (2008) indicated that the resistant
cultivar Radius had a higher level of saponins and a
lower level of flavonoids than the susceptible cultivgar
Sapko. In the second work, on European lupine,
Lupinus angustifolius L., Kordan et al. (2008) noted that
also the resistance cultivar (‘Juno’) contained a higher
concentration of lupanine (0.59 pg g™ dry matter) than
the susceptible cultivar (Markiz) (0.51 g g'1 dry
matter). Cai et al. (2004) reported that the resistant
cultivar of wheat KOK1679 to the grain aphid Sitobion
avenae Fabricius, 1794 had high indole alkaloids
content during vegetative growth. Several studies at the
order of Lepidoptera were determined the substances
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responsible on the oviposition of females. For examples,
the presence of n-alkanes on corn, Zea mays L.
(Udayagiri & Mason, 1997), the 2-tridecanone on
Lycopersicon spp. (Maluf et al., 1997), the malic acid
with a concentration from 0.1 to 0.7 pumol cm™ on
chickpea, Cicer arietinum L. (Yoshida et al., 1997) and
rutin and genistin on soy bean (Piubelli et al., 2005).

Morris et al. (2009) isolated three diterpinoid acids,
grandifloric acid (1), 15B-hydroxy-ent-trachyloban-19-
oic acid (2), and 17- hydroxy-16 o-ent-kauran-19-oic
acid (3), from polar fractions of pre-bloom sunflower
head extracts, as oviposition stimulants for the banded
sunflower moth Cochylis hospes (Walsingham, 1884)
Johnson et al. (2008) indicated that the resistant cultivar
Nadine of potato has a high content of glucoalkaloids
(309.33 mg kg dry mass) than the susceptible cultivar
Marfona (96.90 mg kg™ dry mass). Chemical analysis of
the host plant leaves of Gonioctena linnaeana Schrank,
1781, Salix triandra L. showed that quantities but not
quality of the phenolic compounds influenced the
feeding of the G. linnaeana larva. The two most

important compounds were gallocatechin  and
salidroside (Neimi et al., 2005). Leiss et al. (2009)
recorded that the thrips-resistant in Senecio hybrids
contained higher amounts of the pyrrolizidine alkaloids
(PA), jacobine and jaconine, especially in younger
leaves.

3.2 Antibiosis

Cultivars showed no significant effects on pre-
reproductive period (F = 1.41; df = 2.45; P = 0.243) or
daily fecundity per female (F = 1.20; df = 2.45; P =
0.331) (Table 3). The statistical analysis of reproductive
period, adult longevity, survival, and total fecundity
showed a high significant difference (P < 0.001) (Table
3). Reproductive period, adult longevity, and survival
were the longest on 135 (19; 21.2; and 27.6 days
respectively), and the lowest on 141 (3.2; 3.4; and 11
days respectively) (Table 3). However, number of total
offspring per female of A. fabae was the highest on 135
(85.8 nymphs) and the smallest on 141 (15.8) (Table 3).

Table 3: Biological parameters (Mean + SE) of Aphis fabae on seven broad bean cultivars (n = 5)

Cultivar ~ Pre-reproductive reproductive Adult Survival Daily Total
period period longevity fecundity fecundity

126 7.4+0.24a 3.4+1.17ab  4.2+1.24a 10.8+1.11a 5.67£0.43a  19.6+7.03a
12 8.4+0.4a 3.8+1.32ab 4.2+1.5a 12.2+1.24a 5.26+0.83a  17.0+£3.17a
107 7.4+0.24a 6.6+2.13ab 6.842,39a  13.842.39a 6.01+0.85a 38.8+12.49ab
135 7.6+0.24a 19.0£2.14c  21.242.73b 27.6+2.67b 4.62+0.27a  85.8£5.91c
141 8.0+0.0a 3.240.2a 3.4+0.24a  11.0+0.0a  4.9+0.41a 15.8+1.93a
145 7.6+0.4a 8.2+1.91b 8.8+1.8a  15.4+1.83a 6.18+0.78a 47.6+10.45b
111 7.8+0.37a 4.2+0.49 4.240.5a  11.8+0.86a 6.37+0.34a 26.8+3.35ab
P 0.243 0.000%* 0.000%* 0.000%* 0.331 0.000*

F 1.417 13.774 13.621 12.460 1.209 11.652
df 245 2.45 2.45 245 245 245

Means within a column followed by the same letter do not differ significantly (Duncan’s test, P < 0.05). *P < 0.001.

In the present study, the effect of cultivars on the pre-
reproductive period was absent. In contrast, several
works showed that this effect was present, for example,
the green peach aphid Myzus persicae (Sulzer, 1776) on
spinach, Spinacia oleracea L. (Mcleod et al., 1991), the
cotton aphid, Aphis gossypii Glover, 1877on
chrysanthemum and cucumber (Storer & van Emden,
1995; van Steenis & El-Khawass, 1995), the bird
cherry-oat aphid Rhopalosiphum padi (Linnaeus, 1758)
on wheat and triticale (Hesler & Tharp, 2005), the
greenbug Schizaphis graminum (Rondani, 1852) on
wheat (Castro et al, 2001), and the pea aphid
Acyrthosiphon pisum on alfalfa, Medicago sativa
(Golawska et al., 2008). Also, Guillaume & Boissot
(2001) observed that the resistant cultivar of melon was
prolonged the larval development of the melonworm
Diaphania hyalinata (Linnaeus, 1767) to 17.08 days
that the susceptible cultivar (12.57 days). Other study
showed that the days to adult emergence of bruchid

Zabrotes subfasciatus (Boheman, 1833) was 50.3 on
resistant cultivar of common bean Phaseolus vulgaris
‘SMARCI-PNI” and 33 on susceptible cultivar
‘SMARC4N-PN’ (Hartweck et al., 1997).

The present experiment demonstrated the greater effect
of the cultivar 135 on reproductive period and adult
longevity of A. fabae. However, these parameters were
six times longer than the cultivar 141. The total
fecundity on the cultivar 135 was 5.4 times higher than
the cultivar 141. Indeed, Klinger et al. (1998) reported
that the reproductive period of 4. gossypii was 21.5
days on susceptible cotton cultivar PMRS and 13.5 days
on the resistant cultivar ARS. The total fecundity was
twice on susceptible cultivar in comparison with the
resistant cultivar (Formusoh et al., 1994). Wearing et al.
(2003b) indicated that the percentage of the larval
survival of the brownheaded leafroller, Ctenopseustis
obliquana (Walker, 1863) after three weeks on the
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resistant apple cultivar was 6.4 % and 81.5 % on the
susceptible cultivar. Wearing et al. (2003a) noted that
the survival of larvae to pupation was 64 % on the
resistant apple cultivar Nevis 1 and 100 % on the
susceptible cultivar Mother to lightbrown apple moth,
Epiphyas postvittana (Walker, 1863) at 20 °C.

The secondary metabolites were important for the life of
the insects. Wilkinson & Douglas (2003) reported that
one or more of the eight clones of A. fabae tested
displayed depressed larval survival, larval growth rate,
on diets lacking histidine, methionine, threonine, and
valine. Other study noted by Bastide et al. (1988)
indicated that the phenolic extracts of young peach
leaves influenced the survival and the mass of the
nymphs of M. persicae. Dried alfalfa (Medicago sativa)
leaf tissue incorporated in artificial diet to give a final
concentration of 0.5 or 1.6 mg g fresh mass of
saponins  significantly  inhibited = growth  and
development of larvae of the European corn borer,

Ostrinia nubilalis (Hubner, 1796) (Nozzolillo et al.,
1997). Ulmer & Dosdall (2006) indicated that high
levels of specific glucosinolates such as p-
hydroxybenzyl and 3-butenyl glucosinolate were
associated with increased developmental time or
reduced mass of the cabbage speedpod weevil,
Ceutorhynchus  obstrictus  (Marshham, 1802) in
Brassicaceae species.

The constitutive activity of phenylalanine ammonia-
lyase (PAL), polyphenol oxidase (PPO), and peroxidase
(POD) in resistant and susceptible wheat cultivars
against cereal aphid Sifobion avenae at various
developmental stages, tillering, stem elongation, flag
leaf, and ear was analyzed by Han et al. (2009), the
results showed that the PAL and POD in resistant
cultivars exhibited greater activity than susceptible ones
at the tillering, stem elongation, and flag leaf stages.
The PPO had a higher activity in the resistant cultivars
at all developmental stages.

4 CONCLUSIONS

These preliminary data suggest that among the seven
cultivars tested in this study, the mediocre performance
of the black bean aphid was noted on the cultivars 141.
But, the best performances of A. fabae were found on

the cultivar 135. The present study revealed that cultivar
141 had an insecticidal propriety against A. fabae and
could be employed as alternative for chemical
pesticides.
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ABSTRACT

To investigate proteome pattern of wheat cultivars, young
leaves were collected from tillering stage of seedlings two
weeks after development of the salinity stress. The extraction
of proteins from leaf tissue was done and two dimensional
electrophoresis using IPG strips and SDS-PAGE in the control
and salinity treatments were performed. In total, 198 and 203
protein spots were identified in tolerant (‘Moghan3’) and
susceptible (‘Pishtaz’) cultivars respectively. Also, among
these, spots number 21 and 22 were detected with significant
IF in ‘Moghan3’ and ‘Pishtaz’ respectively. Two-stage mass
spectrometry (MS/MS) was used to identify protein spots.
Common identified proteins, including proteins involved in
removal of oxidants, Calvin cycle proteins, proteins involved
in light reaction of photosynthesis and proton transfer, and
heat shock protein were identified on basis of the functional
groups and their frequency. In total, ‘Moghan3’ maintained
the stability of the structure and performance of carbon
metabolism under stress better than susceptible cultivar. In
addition, defense against oxidative stress induced by salinity
stress was performed by 2-cys peroxiredoxin BAS1 and Cu-
Zn SOD proteins that tolerant cultivar defended against
oxidative stress better than the susceptible cultivar. The
greatest strength of ‘Moghan3’ and major weakness in
‘Pishtaz’ are relying on the unique proteins formed under
salinity stress for the removal of oxidants and to maintain the
activity of the photosynthetic light reactions, respectively.

Key words: proteomics analysis; salt tolerance; stress
response proteins; two-dimensional electrophoresis;
wheat

IZVLECEK

ANLIZA VZORCA BELJAKOVIN V ODPORNI IN
OBCUTLJIVI SORTI PSENICE V RAZMERAH
SLANOSTNEGA STRESA

Za analizo proteomskega vzorca v dveh sortah psSenice so bili
vzorc¢eni mladi listi v fazi bil¢enja dva tedna po izpostavitvi
slanostnemu stresu. Izvlecek beljakovin iz listnih tkiv je bil
narejen z dvodimenzionalno elektroforezo z uporabo IPG
trakov in SDS-PAGE, za rastline iz kontrole in tiste v
slanostnem stresu. Celokupno je bilo evidentiranih 198
beljakovinskih tock za odporno sorto (‘Moghan3’) in 203
beljakovinskih tock za obcutljivo sorto (‘Pishtaz’). Med temi
sta bili ugotovljeni beljakovinski toc¢ki §t. 21 in 22 z
znaCilnimi vrednostmi IF za ‘Moghan3’ in ‘Pishtaz’. Za
dolocitev beljakovin v tockah je bila uporabljena dvofazna
masna spektrometrija (MS/MS). Dolocene beljakovine so
obsegale encime, ki so vklju€eni pri odstranjevanju
oksidantov, encime Kalvinovega cikla, beljakovine, ki so
udelezene v svetlobnih reakcijah fotosinteze in v protonskem
transportu ter beljakovine vroc¢inskega udara. Beljakovine so
bile dolo¢ene na osnovi funkcionalnih skupin in njihove
frekvence. V splosnem je v stresnih razmerah odporna sorta
‘Moghan3’ ohranjala stabilnost zgradbe in poteka presnove
ogljika bolje kot obcutljiva sorta. Dodatno sta se za obrambo
proti oksidacijskem stresu v razmerah slanosti inducirala dva
proteina, 2-cis peroksiredoksin BAS1 in Cu-Zn SOD protein,
ki sta odporno vrsto Scitila bolje kot obcutljivo. Odpornost
sorte ‘Moghan3’ in obcutljivost sorte ‘Pishtaz’ na slanostni
stres temelji na edinstvenem vorcu beljakovin, ki se tvorijo v
razmerah slanosti za odpravljanje oksidantov in vzdrzevanje
aktivnosti svetlobnih rekacij fotosinteze.

Kljuéne besede: proteomska analiza; odpornost na sol; stresni
proteini; dvodimenzionalna  elektroforeza;
pSenica
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1 INTRODUCTION

Salinity stress tolerance in plants is a complex
phenomenon and it is communicated with the
physiological, biochemical and molecular mechanism.
In this regard, proteomic approaches are identified as
one of the most important methods for understanding
the molecular basis of salt stress tolerance at the protein
levels (Thiellement et al., 2002). Abiotic stresses such
as salinity, before any effects are detected at the
production level cause the change in cytoplasmic
calcium concentration and pH which is understood as
the main plant response mechanism under these
condition. Osmotic stress and ion toxicity (sodium and
chloride) derived from salinity stress act in both the
inner and outer plasma membrane by trans-membrane
proteins or enzymes inside cytosol. Many osmotics
raised under drought stress are understood as stress
sensors (Abdul Kader and Lindberg, 2010). Salt
interferes with plant growth and can lead to
physiological drought and ionic toxicity. Thus, salinity
and drought stresses often affects the physiological
aspects of plant metabolism, creating tension
(hyperionic and hyper osmotic), and eventually plant
will die. Salinity and drought stresses overlap on
physiological level because salt in soil decreases the
amount of available water and leads to reduced water
absorption (Tuteja, 2007).

Salinity stress causes ion stress through the changes in
potassium and sodium ion ratios. External sodium ions
can have a negative effect on the absorption of calcium
ions. Salinity resulted increases in the concentration of
sodium and chloride ions in cytosol could be
detrimental to the cells. Sodium ion can eliminate
membrane potential, thus facilitates the absorption of
chloride. High concentration of sodium ions (up to 100
mM), is toxic for the cell metabolism and can prevent
activity of many essential enzymes, cell division and
expansion, causing membrane damage and osmotic
imbalance and thus stops the growth. High
concentration of sodium ions can lead to the production
of reactive oxygen species and reduction of
photosynthesis. Potassium is one of the most essential
elements required for plant growth. The concentration
of potassium ions (due to severe salinity stress) causes
osmotic imbalance problem in stomata functions and
action of enzymes. Salinity damages cells, reduces leaf
transpiration, resulting in the prevention of growth and
causing cell intoxication. Salts can accumulate in older
leaves and causing cell death (Tuteja, 2007).

Several studies involved in identification of proteins’
response to salinity stress have used proteomics
approaches. Most of the proteins affected under stress
were involved in process of photosynthesis,
photorespiration, transduction, metabolism, defense
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against oxidative stress, ion channels control and
folding of proteins (Joseph and Jini, 2010). For
example, changes in wheat proteome 30 days after
exposure to 125 mM NaCl in the culture chamber were
evaluated and a significant negative correlation between
tolerance to salt and sodium concentration in wheat
stems were observed. Protein expression change was
more than 5 %, but the difference between the different
groups of protein modifications (over expression,
knockdown, disappearance and appearance) was
variable from 1 to 8 % under salinity stress (Saqib et al.,
2006). In order to better understand the development of
wheat roots, Song et al. (2007) established a reference
map of the major soluble proteins using a combination
of 2-DE and MALDI TOF MS and a total of 450 protein
spots were detected with silver staining in a pH ranges
of 4 - 7, in which 282 protein spots were identified.
These identified proteins grouped into diverse
functional categories. In comparison with wheat leave
proteome, in root, proteins involved in metabolism and
transport increased expression, whereas proteins
involved in energy, disease and defense, transcription,
and signal transduction were of reduced expression.
They also showed that hybridization between two
parental lines could be different in protein expression in
the offspring in comparison with their parents.
Proteomic approach was used to identify the salt stress-
responsive proteins in an elite Chinese wheat cultivar,
‘Zhengmai 9023°, which exhibits a high yield, superior
gluten quality and better biotic resistance. Three-week-
old seedlings were treated with NaCl of four different
concentrations (1.0 %, 1.5 %, 2.0 %, and 2.5 %). The
total proteins from the leaves of untreated and NaCl-
treated plants were extracted and separated by two-
dimensional gel electrophoresis (2D-DIGE). A total of
2358 protein spots were detected on the gels, among
which 125 spots showed a significant change in protein
abundance, and 83 differentially expressed spots were
localised on preparative gels. A total, 52 salt-responsive
spots were identified, which were classified into six
functional categories that included transport-associated
proteins, detoxifying enzymes, ATP synthase, carbon
metabolism proteins, protein folding proteins, and
proteins with unknown biological functions. Of the 52
differentially expressed proteins, 26 were upregulated,
21 were downregulated, and five spots showed multi-
expression patterns. In particular, some important
proteins for salt tolerance were found to be upregulated
in this cultivar under salt stress, such as H-ATPases,
glutathione S-transferase, ferritin and triose phosphate
isomerase (Gao et al., 2011). On the other hands,
proteomic investigation have been conducted to further
understand the mechanism of plant responses to salinity
in a salt-tolerant (‘Afzal’) and a salt-sensitive (‘Line
527’) genotype of barley. At the 4-leaf stage, plants
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were exposed to O (control) or 300 mM NaCl. Salt
treatment was maintained for 3 weeks. Total proteins of
leaf were extracted and separated by two-dimensional
gel electrophoresis. More than 500 protein spots were
reproducibly detected. Of these, 44 spots showed
significant changes to salt treatment compared to the
control: 43 spots were upregulated and 1 spot was
downregulated. Using MALDI-TOF-TOF MS, 44
cellular proteins were identified , which represented 18
different proteins and were -classified into seven
categories and a group with unknown biological
function. These proteins were involved in various many

cellular functions. Upregulation of proteins which were
involved in reactive oxygen species scavenging, signal
transduction, protein processing and cell wall may
increase plant adaptation to salt stress (Fatehi et al.,
2012).

This study compares two-dimensional electrophoresis
pattern of salinity susceptible and tolerant wheat
cultivars and ultimately, identification of expression
changes and evaluation role of identified proteins under
salinity stress.

2 MATERIALS AND METHODS

2.1 Plant material and experimental design

In this study, two cultivars of spring wheat namely
‘Moghan3’ (tolerant) and ‘Pishtaz’ (susceptible) at
seedling stage in hydroponic culture system under
salinity stress were evaluated in the greenhouse at
University of Mahabad, Iran in 2015. Hoagland solution
specifications used in wheat culture was mixture of NO,
=15mM, K=6 mM, Mg=2mM, Zn =8 mM, B=100
mM, Mn =8 mM, Cu=2mM, Mo =2 mM, Ca=5mM
and Fe as Fe-EDTA =4 mg I"". Experimental plots were
tubes which were filled with sandy loam soil and were
connected with nutrition source. The plant material was
evaluated with factorial experiment based on
Randomized Complete Block Design (RCBD) with four
replications. The first factor included two levels of
salinity exposed with chloride sodium such as control
(non-stress) and 250 mM (NaCl) (as severe stress) and
the second factor was wheat, above mentioned cultivars.
Salinity started from tillering stage for two weeks and
then treatments were sampled for protcome analysis.
The rest of leaf samples were used for measuring of leaf
water potential with pressure chamber, leaf relative
water content by Morant-Manceau et al. (2004) method,
osmotic potential by osmometer. Also, chlorophyll
content (SPAD) and chlorophyll fluorescence was
identified by chlorophyll meter and fluorometer
respectively. In final, plant height and plant dry mass
were measured.

2.2 Proteome analysis
2.2.1 Protein extraction

Total protein were extracted from 0.5 g frozen leaf for
each biological replicate and it suspended as fine
powder in cold acetone containing 10 % TCA and
0.07 % 2-mercapthoetanol. The resultant powder was
dissolved in lysis buffer containing 7 M urea, 2 M
thiourea, 2 % CHAPS, 60 mM DDT and 1 % ampholyte
(pH:3 - 10). In addition, protein concentration was
determined by Bradford assay (Bradford, 1976).

2.2.2 The first and second dimension electrophoresis

The first dimension electrophoresis was performed
using IPG strips. For the first dimension of PROTEAN
IEF focusing tray (Bio Rad) and the PROTEAN IEF
cell (Bio Rad) was used. Then balancing of strips
(equilibration) was carried out ((Herbert, 1999). Also,
the second dimension gels as two pieces (including
separator gel (separating gel) and holder gel (stacking
gel)) were prepared. The separation gel, 8.5 ml, was
prepared from the combination of acrylamide , 6.3 ml
separating gel buffer (pH = 8.8), 2 ml distilled water,
120 pl 10 % APS and 20 pul TEMED. While stacking
gel was prepared from combining of acrylamide for 1
ml stacking gel, I. 3 ml stacking gel buffer (pH = 6.8), 2
ml distilled water, 30 ul 10 % APS, and 20 ul TEMED).
Then first dimension strips were put on the second
dimension gel using agarose 1 %. Finally protein
loading in second dimension with a current of 35 mA
for each gel was conducted. After the second dimension
electrophoresis, gel staining was performed using a
solution of Coomassie blue (Herbert, 1999).

2.2.3 Gel imaging and protein spots analysis

Gels were scanned using BioRad GS-800 scanner.
Images analyses were performed with PDQuest™
software (BioRad). After determining the protein spots
with significant expression and data normalization, a
one-way ANOVA model was used to identify the
differentially expressed protein spots between normal
and stress conditions. Also it was used IF (Induction
Factor) measurement for selection among significantly
different spots for detecting spots with more expression
change during salinity stress. Then the two-stage mass
spectrometry (MS/MS) and liquid chromatography
combined with bioinformatics tools were used to
identify target spots. One microliter of digested peptides
was injected into the C18 column of PepMap nano-
chromatography. The peptides were then diluted with
0.1 % formic acid in acetonitrile and separated in C18
columns by inverting phase movement. Subsequently,
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peptides were sprayed into mass spectrometers. The
range of ratio of mass to load in peptides was
considered to be between 100 and 2000. The data

obtained from the spectrophotometer with Bioworks
software (ver. 3.3.1, Thermo Fisher) were converted
into a usable format by Mascot search engine.

3 RESULTS AND DISCUSSION

3.1 Analysis of variance and Mean comparisons

Variance analysis is shown in Table 1. According to the
results, between stress levels and cultivars were
significant differences for all studied traits. The cultivar

variation were related to SPAD (6.67) and chlorophyll
fluorescence (10.18), respectively. Table 2 shows the
comparison of the mean of stress levels and cultivars.
According to results, quantitative mean of ‘Moghan3’
cultivar was better than ‘Pishtaz’ cultivar for all studied

x stress interaction was not significant for any studied

. L . . traits under salinity stress.
traits. The minimum and maximum coefficients of y

Table 1: Analysis of variance for morphological and physiological traits in wheat under salt stress

S.0.V dfff:iz;f Mean of squares
Pli“\j[‘;iry }féf‘gﬁt Fluorescence SPAD I(’)ostrfr:lr(l)t?acl RWC LWP
Replication 3 0.01™ 36.65™  0.003™  1.33™  0.008™  3.67 0.005™
Stress (S) 1 0.98" 95567  0.010" 1925 034"  153.01" 0.38"
Cultivar (C) 1 0.96" 98.88°  0.0117 2028 043"  169.44" 0.42"
CxS 1 0.04™ 3370 0.001™  3.88™  0.005™  2.65™ 0.003™
Error 9 0.05 45.40 0.005 5.87 0.009 3.97 0.22
CV (%) 7.34 9.66 10.18 6.67 10.08 8.50 7.53

ns ,* and ** are non-significant and significantly in 5 % and 1 % probability levels respectively.

Table 2: Comparison of of the means for the stress levels and cultivars for studied traits in wheat

Plant Osmotic

11)\}[2:;1]?3/ Height  Fluorescence =~ SPAD Potential R(},Z)C (Il:/l\gz)
(cm) (MPa)

Control  1.73+0.02 29.3+0.7 0.8325+0.0023 42.140.3 -0.65+0.02 75.33+1.40 -1.36+0.03
Salt stress  1.08+0.04 21.120.9 0.7812+0.0034 39.8+0.5 -1.02+0.02 64.25+1.23 -1.89+0.01
Difference  +0.65 82" +0.0513" +2.3" +0.37" +11.08" +0.53"
Moghan3 1.92£0.02 31.4+1.0 0.8992+0.0020 45.3+0.4 -1.14+£0.03 79.69+1.95 -1.06+0.02
Pishtaz  0.88+0.01 19.5+0.8 0.7761+0.0009 38.9+0.9 -0.53+0.01 61.04+0.89 -1.92+0.03
Difference +1.04"  +11.9" +0.12317 +6.4" +0.61" +18.65"  +0.86"

* ** are significantly in 5 % and 1 % probability levels, respectively
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3.2 Proteomics results
3.2.1 2Dimensional Gel Electrophoresis

Protein analysis discovered 198 and 203 protein spots in
tolerant (’Moghan3) and susceptible (‘Pishtaz’)
cultivars, respectively. Following, among significant
spots, protein spots with significantly larger IF than 2 or
smaller IF than 0.5 were picked (IF more than 1 points
the increased protein expression under salt stress).
According to IF value, out of 198 and 203 protein spots,

4 L]

MW
X0
E

0

21 and 22 protein spots in ‘Moghan’ and ‘Pishtaz’
cultivars were detected, respectively. Out of these
protein spots, 16 protein spots between the two cultivars
were in common while five and six protein spots were
unique for the ‘Maghan3’ and ‘Pishtaz’ cultivars,
respectively. In other words, a total of 27 responsive
protein spots under stress in both cultivars were
identified. Gel image for both cultivars,"Moghan3’ and
‘Pishtaz’ are shown in Figures 1 and 2.

Figure 1: Comparison of 2D gel electrophoresis of ‘Moghan3’ under control (left) and salinity stress (right).
Responsive common protein spots for salt stress are shown with numbers and uncommon protein with letters

Figure 2: Comparison of 2D gel electrophoresis of ‘Pishtaz’ under control (left) and salinity stress (right).
Responsive common protein spots for salt stress are shown with numbers and uncommon protein with letters
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Based on the results it can be stated that increased
expression of proteins in tolerant wheat cultivar under
salinity stress was bigger than in susceptible cultivar
(Tables 3 and 4). Also tolerant cultivar reaction to
maintain its growth was better than in susceptible
cultivar under salinity stress. These results are similar to
results reported by Hosseini Salekdeh et al. (2002) and
Naghavi (2014).
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3.2.2 Protein identification by mass spectrometry

The responsive proteins to salinity stress on the staining
gel were isolated and were identified using mass
spectrometry. 16 common proteins and 11 uncommon
proteins such as 5 spots in ‘Moghan3’ and 6 spots in
‘Pishtaz’ were detected (Tables 3 and 4). Also in Figure
3 numbers of downregulated, upregulated and
absent/present proteins in two cultivars are shown The
majority of responsive proteins in ‘Moghan3’ were
upregulated while the majority of them in ‘Pishtaz’ were
downregulated by salinity.
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Table 3: Characteristics of 16 known common protein spots from all of significantly different accessions of both wheat cultivar

under salinity stress

Experimenta

| Theoretical
Functional  Spot Accession Expression  Expression in
group of num name of protein number in ‘Pishtaz’
protein ber MW pl MW pl ‘Moghan3’
proton ATP synthase CF1 .
ransport 1 651 49 5388 5.06 beta subunit gi|14017579 upregulated  downregulate
proton ATP synthase CF1 . downregulate
ransport 2 642 6.1 5388 5.06 beta subunit gi|14017579 upregulated d
heatshock 3 63, 54 7372 49  TOKDaheatshock o561 upregulated  dOVRTCSUlate
protein protein d
Ribulose-1,5-
Calvin 4 50.3 37 53.4 6.2 bisphosphate 2161378609 upregulated  downregulate
cycle 5 carboxylase/oxygenas
e, large subunit
ribulose 1,5-
Calvin 5 451 51 4734 862 bisphosphate ¢i[167096 further 0 eased less
cycle carboxylase activase increase
isoform
protein
6 444 61 399 65 Triticain gamma gi|111073719  upregulated downrggmate
synthesis/de
gradation
photoreactio photosystem I1
n of stability/assembly . further
photosynthe 7 429 47 37.01 5.4 factor HCF136, gi|357117071  decrease less decrease
sis chloroplastic-like
remo val of 8 383 53 279 5.6 acidic endochitinase 2i|116346 upregulated downregulate
oxidants d
ribulose-1,5-
Calvin o 381 & ig80 883 bisphosphate gil4038719  upregulated  9OVPTegUlate
cycle 5 carboxylase/oxygenas d
e small subunit
removal of 0 353 48 295 102 HrPB1 gi[38679331 [further increased less
oxidants increase
removal of
oxidants 11 365 52 2035 53  CwZnsuperoxide gil1572627  upregulated  dOWMTCEUIate
dismutase d
Calvin 5.9 chloroplast fructose- . downregulate
cycle 12 33.1 5 42.21 5.9 bisphosphate aldolase 2i|223018643  upregulated d
removal of 2-cys peroxiredoxin . further .
ioxidants 13 289 46 2339 5.4 BASI, chioroplastic 2i|12499477 increase increased less
removal of 2-cys peroxiredoxin . downregulate
oxidants 14 260 59 2339 5.4 BAS1, chloroplastic 2i|12499477 upregulated d
photoreactio oxveen-evolvin
nof e ne . downregulate
hotosvnthe 15 252 56 2742 8.84 enhancer protein 2, gi|131394 upregulated d
p siz (OEE2) chloroplastic
Remove of 2-cys peroxiredoxin . downregulate
antioxidant 16 24.1 5.5 2339 5.4 BASI, chloroplastic 212499477 upregulated d
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Table 4: Characteristics of five uncommon protein spots in ‘Moghan3’ and six uncommon spots in ‘Pishtaz’ under salinity

stress
Functional Experimental ~ Theoretical . Expression  Expression
Spot name of Accession .. L. s
group of code protein number in‘Moghan3  in ‘Pishtaz
protein MW pl MW pl ”
heatshock 655 618 7372 49 JOKDabet o pgnier  downresulat .
protein shock protein ed
protein
50S ribosomal .
synthesis/de B 39.9 6.3 244 10.1 protein L10 gi|218192573  upregulated -
gradation
reoI::i(:i\:ﬂtsf C 341 468 2952 951 HrPBI gi38679331  upregulated -
removal of -y 30 461 17 537 P2 493787383 upregulated .
oxidants peroxiredoxin
removal of Cu/Zg .
oxidants E 243 635 2035 53 superoxide gi|1572627 upregulated -
dismutase
photoreactio light-
n of harvesting . downregula
hotosvnthe F 39.9 57 2444 8.69 complex I, 2i|544700 - ted
p sisy partial
(chloroplast)
phOtI(;r(ftE} e thylakoid downregula
hotosvnthe G 39.5 5.9 28.6 7.7 lumenal 29.8  gi|195656049 - tedg
p sizn kDa protein
remgval of u 372 585 236 53 glutathione S- 45923877 ) downregula
oxidants transferase ted
removal of I 3.1 628 2796 5.0 ascorbate o) 5808779 - downregula
oxidants peroxidase ted
proton ATP synthase . absent
J 27.0 5.1 17.72  4.49 delta chain, gi[475627717 -
transport . under stress
chloroplastic
photoreactio oxygen-
n of evolving absent
K 23.5 6.2 2742 8.84 enhancer gi|131394 -
photosynthe . under stress
sis protein 2,
chloroplastic
552
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Figure 3: Number of protein spots in two cultivars of wheat under salinity stress

Figure 4: Number of common specific proteins in two cultivars of wheat under salinity stress
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Figure 5: Number of uncommon specific proteins in two cultivars of wheat under salinity stress

3.2.3 Classification responsive proteins in two cultivars
of wheat

A total 16 common protein spots were identified
between tolerant and susceptible cultivars under salinity
stress with difference expression (Table 3). According
to Figure 4 the majority of these proteins are inside the

cell, involved in removal of antioxidants (6 proteins),
the Calvin cycle (4 proteins), light reaction of
photosynthesis (2 proteins), proton transport (2
proteins), heat shock proteins (1 proteins) and protein
involved in protein synthesis/degradation (1 protein),
respectively. These results are similar to results reported
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by Mittler (2002) and Noreen and Ashraf (2008). A
correlation between the antioxidant enzyme activities
and salinity tolerance was demonstrated by comparison
of tolerant cultivar with sensitive cultivar. These
activities were ascribed to increased protein expression
under salinity stress and are closely related to salt
tolerance in many plants (Athar et al., 2008). In
addition, five protein spots were unique to the tolerant
cultivar (‘Moghan3’) and had more to do with the
removal of antioxidants. Due to expression increase of
these proteins, this cultivar has stronger cellular
detoxification system (Table 4, Figure 5). Six protein
spots were seen uniquely in the sensitive cultivar
(‘Pishtaz’) wherer the majority of proteins were related
to photosynthetic light reaction (Table 4, Figure 5).
According to results their decreased expression could be
a cause for the reduction in the performance of
photosynthesis under salinity stress in susceptible
cultivar.

On the whole, the protein expression pattern in control
(non-stress) and stress conditions were inserted into 4
groups (state) such as: a - proteins with reduced
expression in both susceptible and tolerant cultivars
(like protein 7) .b - proteins with increased expression in
tolerant and reduce expression in susceptible cultivar
(like protein 1), ¢ - proteins present uniquely in the
tolerant cultivar (such as A code protein), d - proteins
only in the susceptible cultivar (such as H code protein)
(Twyman, 2004).

Defense against oxidative stress

From total of common proteins 6 of them were related
to removal of oxidants. The presence of 2-cys
peroxiredoxin BAS1, chloroplastic (spots no. 13, 14 and
16), acidic endochitinase (spots no. 8), Harpin binding
protein 1 (HrPB1) (spots No. 10) and Cu/Zn superoxide
dismutase (spots No. 11), were induced under salinity
stress in both cultivars (Table 3, Figure 1, 2, 4). On the
other hands, 3 unique proteins (uncommon proteins)
such as HrPB1 (C code), type 2 peroxiredoxin (D code)
and Cu/Zn superoxide dismutase (E code) were
identified related to remove antioxidant were
upregulated in ‘Moghan3’ under salinity stress (Figure
3, Table 4). While, 2 unique proteins such as glutathione
S-transferase (H code) and ascorbate peroxidase (I
code) were identified related to remove of oxidants were
downregulated in ‘Pishtaz’ (Figure 3, Table 4).
Superoxide dismutase (SOD) proteins are in fact, the
first defense line against ROS, which convert
superoxide into hydrogen peroxide which is less toxic.
In the absence of sufficient carbon dioxide as the final
receptor of electrons, electrons migrate from the
photosynthetic membrane to oxygen molecules via the
Mehler reaction and generate superoxide ions (Cakmak,
2005). In response to salinity stress, one protein spot

Acta agriculturae Slovenica, 111 - 3, december 2018

named chloroplast Cu-Zn SOD (No. 11 spot) in
susceptible cultivar (‘Pishtaz’) showed decreased
expression, but besides that in “Moghan 3, protein spot
with E code increases expression, as showed in Tables
3, 4. In line with these results, SOD accumulation in
rice tolerant cultivar and its reduction in susceptible
cultivars have been reported in response to salinity
stress (Komatsu and Tanaka, 2004). Lower amount of
this protein in stressed leaves of ‘Pishtaz’ caused a high
level of hydroxyl radicals in the chloroplasts of this
cultivar. In other words, under salinity stress conditions
when increased production of ROS takes place, the
disturbed balance between their production and
elimination, especially in the tolerant genotypes is
ameliorated by altering the expression of proteins
associated with cellular homeostasis, the cell's balance
is reestablished (Sun et al., 2006). On the other hand,
peroxiredoxin proteins are expressed extensively in the
tissues and are found in mitochondria and cytosols. The
cell's location of these proteins, expresses the crucial
role of antioxidants in the cellular organells that are the
main source of ROS. These proteins, in addition to
antioxidant activity, are also active in controlling signal
transduction. The N-terminal of this protein, which
contains cysteine, is oxidized to sulfenic acid, which
acts as a bridge to react with peroxides. In fact,
copper/zinc superoxide dismutase enzyme activity has
been transformed ROS to H,0,, and the type 2
peroxiredoxin enzyme recovers H,O, molecule, and in
many studies, peroxirdoxin protein has been suggested
as a protein responding to stress (Hashimoto et al .,
2009). The presence and activation of this protein in the
‘Moghan 3’ (spot No. 13, 14 and 16) shows the role of
this protein in tolerance to salinity stress (Figure 1, 2
and Table 3). In general, due to the change of these
proteins under salinity stress, reaction of ‘Moghan3’
was better than ‘Pishtaz’ as removal of antioxidant
proteins.

Photosynthesis and carbon metabolism

Splitting of water by light takes place in the OEC
(Oxygen-evolving complex) reaction center of
photosystem II (Heide et al., 2004). The subunit of the
PSII complex 1is the protein involved in the
photosynthetic water splitting system known as OEC
proteins and contributes to the stability of the PSII
complex (Ifuku et al., 2008) and disruption of these
proteins causes light damage to photosystem II
(Takahashi and Murata, 2008). Therefore, due to
reduced expression or lack of expression of this protein
in the ‘Pishtaz’ (susceptible cultivar) (spot No. 15 and
spot code K, Table 3, 4), the activity of photosystem 11
and eventually the efficiency of photosynthetic light
reaction be reduced in this cultivar while this protein
(Spot  No. 15) showed increased expression
(upregulated) in tolerant cultivar (‘Moghan3’). These
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results indicate that under salinity stress, one of the
important components of the photosynthesis machine,
namely the oxygen swirling and the photosystem II
complex has strongly affected, thus contributing to the
aging of the leaves and possibly the gradual death of the
cells. Komatsu and Tanaka (2004) made proteome
analysis of leaf sheath in rice under salinity stress
caused by sodium chloride. The frequency of this group
of proteins in response to salinity stress was increased.
It indicated the protective role of this protein against of
salinity stress. On the other hands, HCF136 protein is a
basic protein for repair, construction and stability of
photosystem II complex (Plucken et al., 2002). In this
experiment was found decreased expression of this
protein in the ‘Moghan3’ (spot No.7) and further
decreased expression in the sensitive ‘Pishtaz’(Table 3).
These results are similar to proteome analysis reported
by Ford et al. (2011). In order to avoid light damage to
photosynthetic apparatus, several mechanisms including
adjusting absorbing antenna to light (LHC proteins)
(spot code F in the ‘Pishtaz’) and reducing the size of
antenna to reduce the absorption of light could be
carried out (Eberhard et al., 2008). Our results showed
that ‘Pishtaz’ for preventing of further damage to
photosystem machine changed the expression in F code
protein and these results are similar to results reported
by Liu et al. (2014). Also, TL29 (thylakoid lumenal
29.8 kDa protein) (spot code G in the ‘Pishtaz’ with
downregulated under stress) is a 29 kDa protein and is
located in the thylakoid lumen (Kieselbach et al., 2000).
Based on high homology with ascorbate peroxidase
(APX) it was previously called also APX4 and was
thought to plays a role in protecting cells against
reactive oxygen species (Panchuk et al., 2005).
Recently, based on testing Granlund et al. (2009)
reported that this protein is associated with photosystem
II and involved in prevention of photo damage to the
photosystem II. So, according to reduced expression of
this protein in susceptible cultivar, it could be the reason
for decrease of photosystem II performance under
salinity stress. In this regards, Zadraznik et al., (2013)
reported that accumulation of these proteins and their
isomerases in the tolerant genotypes is higher than in
susceptible.

RuBisCO is a key enzyme for fixation of carbon dioxide
in photosynthesis. It is formed from several catalyzing
large subunits (catalytic large subunits) (spot No. 4) and
several regulatory smaller subunits (regulative small
subunits) (spot No. 9) (Spreitzer and Salvucci, 2002). In
this experiment, both spots of 4 and 9 in ‘Maghan3’
showed increase expression under stress while these
protein spots showed reduced expression in ‘Pishtaz’
(Table 3). Wan and Liu (2008), Naghavi (2010) and
Naghavi (2014), found similar results in leaves of rice,
canola and wheat under hydrogen peroxide, osmotic and
drought stresses, respectively. Also, Ye et al. (2013)

reported that 72 hours after stress imposed by PEG, the
increased expression of RuBisCO took place in wheat
leaves. This increase helped plants during drought stress
with the increase of assimilation and better efficiency of
photosynthesis in using of carbon dioxide and enables
plants to overcome the stress. On the other hands,
Calvin cycle consists of three phases. The third phase of
the cycle is regeneration of RuBP molecules and Calvin
cycle starts from the beginning. This phase is known by
a series of enzymatic reactions in which triose-
phosphate is converted to RuBP. Enzymes intermediary
or mediatory in this phase include sedoheptulose-1,7-
biphosphate and fructose 1,6-biphosphate aldolase (spot
No. 12). Together these two enzymes catalyze a reaction
that eventually results in the formation of ribulose-5-
phosphate. Then ribulose-5-phosphate is phosphorylated
and forms RuBP (Tamoi et al., 2005). Thereby reducing
the mediator enzyme in this process (spots 12) in
susceptible cultivar (‘Pishtaz’) causes reduction of
efficiency of Calvin cycle and reduces sugar production.
On the other hand, it is reported that photosynthesis-
related proteins such as RuBisCO activaze (spot no. 5)
(Table 3) showed decreased expression in susceptible
cultivar of barley under stress condition (Kausar et al.,
2013).

Other protein groups

A total two common spots such as 1 and 2 (with up-
regulated in ‘Moghan3’ and down-regulated in
‘Pishtaz’) and one spots in the ‘Pishtaz’ (spot code J
with absent expression under stress condition) were
detected as different subunits of ATP synthase complex
(Tables 3, 4). In previous experiments different subunit
components of this complex in canola (Albertin et al.,
2009) and leaves of corn (Porubleva et al., 2001) have
been identified. Structurally, ATP synthase in
chloroplast has two main components which include
extrinsic CFl and CFO0.With their help protons are
transmitted over the thylakoid membrane. CF1 has five
subunits, alpha, beta (common spots No. 1 and 2),
gamma, delta (spot code J in the ‘Pishtaz’) and epsilon
while CF0 has three subunits a, b and ¢ (von Ballmoos
and Dimroth, 2007). One of these subunits is the
subunit, which is a catalytic and ADP-binding unit.It
plays an important role in energy conversion by
converting ADP to ATP when there is a proton-slope
between the membranes (Ye et al.,, 2013). Increased
expression of ATP synthesis-associated proteins under
abiotic stress conditions, including drought and salinity,
have been reported in previous studies (Guo et al.,
2012).

Heat shock proteins (spot No. 3 and spot code A)
(Tables 3 and 4) are molecular chaperones. These
proteins help to stabilize and regenerate the proteins that
have been opened and decomposed during various
stresses. These proteins play a decisive role in plant
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protection against stress to restore proteins to their
original natural form and are involved in the
establishment of cell homeostasis (Wang et al., 2004).
Toorchi et al. (2009) reported on reduced expression of
these proteins in soybean under osmotic stress. While,
Naghavi (2010) working on canola tolerant cultivar

under drought stress noticed increased expression of
these proteins. In other study Naghavi (2014) reported
that these proteins showed decreased expression in
wheat under the drought stress, in susceptible cultivar a
decreased expression was bigger than in tolerant one.

4 CONCLUSIONS

According to the results, 198 and 203 protein spots in
tolerant and susceptible cultivars were identified, among
them 21 and 22 protein spots with significantly different
IF were identified, respectively. A total of 16 protein
spots were identified common for both, tolerant and
susceptible cultivars under salinity stress. The majority
of these proteins were involved in removal of oxidants
where the highest activity had 2-cys peroxiredoxin
BASI, chloroplast protein and the Calvin cycle proteins
(among them were the most common subunits of
Rubisco). In addition, five protein spots were present

only in the tolerant cultivar. Majority of them were
involved in the removal of oxidants. Due to increased
expression of these proteins in tolerant cultivar it had
better performance of cellular detoxification. Six protein
spots were found uniquely in the sensitive cultivar.
Majority of these proteins were related to light reactions

of photosynthesis. According to the decreased
expression of these proteins a reduction of
photosynthesis performance under salinity stress

appeared in susceptible cultivar.
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ABSTRACT

The study examines risk and its management strategies among
smallholder onion farmers in Sokoto State. Data were
collected with the use of structured questionnaire designed to
pull together information on the socioeconomic characteristics
of the farmers in the area such as age, level of education,
experience, family size, membership of farmer association,
extension contact, risk preference of the farmers etc. Data was
also collected on risk sources and risk management strategies.
The primary data used were obtained from structured
questionnaire administered to 120 randomly selected farmers.
The analytical techniques that were used in the analysis of
data were descriptive statistical tools such as means and
percentages, Equally Likely Certainty Equivalent with a
Purely Hypothetical Risky prospect (ELCEPH) technique and
the 5-point Likert scale. The result showed that majority of the
farmers are risk averse having a positive Arrow-Pratt absolute
risk aversion coefficient.

Key words: risk; risk management; onion; smallholder
farmers; strategies; ELCEPH

IZVLECEK

TVEGANJA IN STRATEGIJE UPRAVLJANJA S
TVEGANJI MAJHNIH PRIDELOVALCEV CEBULE V
DRZAVI SOKOTO, NIGERIJA

Raziskava preucuje tveganja in strategije upravljanja s
tveganji majhnih pridelovalcev ¢ebule v drzavi Sokoto, v
Nigeriji. Podatki so bili zbrani z vpraSalnikom, ki je bil
zasnovan tako, da je zbral podatke o socioekonomskih
lastnostih kmetov na obmocju kot so starost, raven izobrazbe,
izkuSenost, velikost druzin, ¢lanstvo v kmeckih zdruZenjih,
povezava s svetovalno sluzbo, prednostna tveganja kmetov,
itd. Podatki so bili izbrani tudi glede na vire tveganja in
strategije upravljanja z njimi. Primarni podatki so bili
pridobljeni z vprasalnikom, ki ga je izpolnilo 120 naklju¢no
izbranih kmetov. Pri obdelavi podatkov so bila uporabljena
orodja opisne statistike kot so poprecja in odstotki.
Uporabljena sta bila ekvivalent enako verjetne gotovosti in
tehnika popolnega hipoteticnega predvidevanja tveganja
(ELCEPH) in pettockovna Likertova skala. Rezultati so
pokazali, da se vefina kmetov izogiba tveganju, saj imajo
pozitiven Arrow-Prattov koeficient absolutnega odklanjanja
tveganj.

Kljuéne besede: tveganje; upravljanje s tveganji; cebula;
majhni pridelovalci; strategije; ELCEPH

1 INTRODUCTION

Agricultural production is highly characterized by risks,
which range from adverse weather, pests to diseases,
which in turn lead to price uncertainty (Ayinde et al.,
2008). For these reasons, farmers’ attitude towards risk
is imperative in understanding their behavior towards
the adoption of new technology and managerial
decisions. For example, the more risk-averse a farmer
is, the more likely the farmer is to make managerial

decisions that emphasize the goal of reducing variation
in income, rather than the goal of maximizing income;
the converse is also true (Binici et al., 2003).

Production, which is considered as risky investment
activity, takes place under either a perfect or an
imperfect knowledge situation. A perfect knowledge
occurs when the cause (action) and results are known
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with certainty. Most economic analyses assume a
perfect knowledge which is more theoretical than real.
An imperfect knowledge situation occurs when the
decision-maker (farmer) is not very sure of the result(s)
of the action to be undertaken. A situation of imperfect
knowledge is more common in agricultural enterprises
than non-agricultural enterprises. However, there are
two variants of imperfect knowledge situations. One of
them is a situation of uncertainty, in which either all the
possible outcomes of an event/action or the probabilities
associated with each outcome or both are not known.
The other is a situation of risk, which occurs when all
possible outcomes for a given management decision
(action) and the probability associated with each
possible outcome are known (Kay, 1981).

In Nigeria, onion is produced through commercial as
well as smallholder farmers both as a source of income
and food. However, due to perishable nature and
biological nature of production process, onion
productions are risky investment activities. The
behavior of farmers under risk has been studied using
two approaches. The expected utility model (EUM)
which is an extension of the consumer behavior theory
in which consumer behave like they have a utility
function and make choices that maximize it. The second
approach, been a situation in which risk is defined as the
likelihood that income will fall below a predetermined
disaster level thus, giving rise to the safety first models

(SFM). Riskiness of onion production may be atributed
to several factors that are beyond the control of the
farmers. Sokoto state is endowed with resources for
onion production but smallholder onion farmers in the
state are faced with many risks in their farming
activities. In the past, the state has recorded flood,
drought, crop and animal diseases and pests as well as
fluctuations in prices of both farm produce (outputs) and
inputs. As a result, there has been variability in farmer’s
household income. The lack of clear understanding of
farmers’ attitudes towards risks remains an important
factor inhibiting increased agricultural productivity. It is
not in any way difficult to find out that the observed
resource use of the farmers reveals their underlying
degrees of risk preferences (Olarinde et al., 2008).

Researches on risk analysis in Sokoto State of Nigeria
are relatively scanty. However, there is no real evidence
to prove the expectations of the behavior of farmers in
the production environment. There is a need to have a
better understanding of the risk and the coping strategies
among onion farmers in order to ascertain the decision-
making behaviors of the farmers, to develop appropriate
risk-coping strategies for the farmers, and to add to the
existing knowledge in the field of agricultural risk in the
study area. These are key issues central to this study and
which investigation can be useful for the formulation of
policies to strengthen and improve the farmers’
productivity.

2 MATERIAL AND METHODS

2.1 Study area

Sokoto state is situated in the north-western part of
Nigeria, close to Sokoto and Rima rivers confluence. It
is situated between Latitudes 10°40' and 13°55'N and
longitudes 3°30' and 7°06' E (Singh, 2000). It is one of
the hottest region in the world. The maximum daytime
temperature generally is under 40 °C (104.0 °F). The
state falls within the semi-arid region where rainfall
range from (400 — 700 mm per annum) which is erratic
and poorly distributed (Singh, 1995). The main source
of livelihood of the dwellers is farming and the crops
cultivated include both food and cash crops such as
millet, sorghum, rice, groundnut, cotton, cowpea,
cassava and sweet potatoes. In addition, vegetable crops
like onion, tomato, as well as sweet and hot peppers are
grown during dry season under irrigation.
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2.2 Sampling procedure

A multi-stage sampling technique was used to select
120 farmers. In the first stage, two local government
areas were purposively selected. The reason for the
purposive selection was on the preponderance of
smallscale onion farmers in these LGAs. The second
stage involved a random selection of two villages from
each LGA. In the third stage, there was a random
selection of respondents each from the LGA and this
form the sample size for the study. Since the population
of the LGAs is not homogeneous, the number of farmers
selected from each of the selected LGAs was calculated
using the formula:

P==xn (1)

Where, P = Proportion, S = Desired sample size, N =
Total population, n = Population of the villages in LGA
in question. The LGAs and the number of respondents
are shown in Table 1 below.



Risk and risk management strategies of smallholder onion farmers in Sokoto state, Nigeria

Table 1: The local government areas and the number of farmers.

Local Government Area Village Sample
Wamakko Kwalkwalawa 23
Kalambaina 26
Kware RuggarLiman 40
More 31
Total 120
Source: Authors computation
2.3 Analytical technique
U(Y)=a+bY +cY’ )

Descriptive statistical tools such as means, percentages
etc., Equally Likely Certainty Equavilent with a Purely
Hypothetical technique and the 5-point Likert scale type
were used.

2.3.1 ELCE-PH

This process begins by assigning the expected utility
(EU) at two end point outcomes. Considering a low
income of N 50, 000 and a high income of N 100, 000.
This was followed by assigning utility value at each end
point (low and high income) such that:

U (50,000) =0

U (100,000) = 1, respectively for the low and high
income end point outcome.

The researcher then asked the farmers how much they
would be willing to take i.e. its certainty equivalent
(CE) for a gamble paying of N50, 000 and N100, 000
with equal probability of 0.5 each. The CE was then
used for utility function elicitation. The figures resulting
from the elicitation sequence was then fit using the
quadratic utility specification to yield:

Where Y represents the unknown, and a, b, and c
represent known numbers such that: ‘c’ is not equal to
0. If ¢ = 0, then the equation is linear and not quadratic.

The coefficients gotten from the fitted equation were
used to estimate absolute risk-aversion coefficient. The
coefficient was computed using equation below.

n=- U’X 3)
U(Y)

Where r,= coefficient of absolute risk aversion;
U’ = second differential of the function;
U’ = first differential of the function

The Arrow-pratt coefficient is positive if the individual
is averse to risk, zero in the case of an individual that is
indifferent to risk, and negative if the individual prefers
to take risk (Korir, 2011).

3 RESULTS AND DISCUSSION

3.1 Socioeconomic characteristics of the farmers

The results (Table 2) show that 21.7 % of the farmers
are within the age group of 20 — 29 years, while 26.7 %
of them fall within the age group 30 — 39 years old.
40.8 % and 10.8 % are observed for the 40 — 49 and 50
years above, respectively. The indication is that, most of
the farmers are still very young, agriculturally active
and energetic and the implication is their likeliness to
have prospects for improvement upon their efficiency in
onion production by better harnessing available
production resources. Majority of the onion farmers
(64.2 %) are married. The unmarried farmers constitute
the minority (35.8 %). The implication of this is that
those with children are assumed to have cheap
agricultural family labour which will aid in the timely
accomplishment of farm operations and in turn
increases output at reduced rate.

Education provides a base of understanding changes
within agriculture, which may improve welfare and as
such education is essential in any activity. The level of
education determines the quality of skills of farmer, his
allocative abilities and shows how informed they are of
the new innovations and technology around him. In
Table 2, majority of the farmer (63.3 %) had no formal
education. Farmers with completed primary education
constitute 17.5 %. Secondary education is achieved by
19.2 % of the farmers. The outcome is not a surprising
one as the area falls within educationally deprived state
of Nigeria. It corroborate with the finding of Tsoho and
Salau (2012). Experience in farming is an essential
factor affecting the farmer’s level of production.
Experienced farmers are able to combine factors of
production (land, labour and capital) better to maximize
output. However, 41.7 % of the farmers sampled have
been into onion farming for between 1 — 10 years. Also,
42.5 % and 15.8 % of the farmers were within 11 — 20
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and 21-30 years respectively. The experience years will
significantly increase the farmers’ attitude towards
decision making.

A household usually comprise of the man, his wife,
children and other dependents if any. Majority of
farmers (50.0 %) have 3-10 persons in the household.
Another reasonable percentage (42.5 %) had 18 and
above household member. All the above representations
may be found important as it reduces the costs of
production likely to be incurred by farmers with fewer
household members. The polygamous nature as well as
the family pattern of the area probably will explain the
large family size recorded in the area. It is against the
findings of Okoruwa, et al. (2009) which showed that
64.4 % of the farmers had less than 6 family members
while 35.6 % had 6 and above. Also majority of the
farmers (68.3 %) have no extension visit in the last
cropping season. However, it was revealed that 21.7 %
of the farmers have an extension visit of between 1 — 2
times, with 10.0 % between 3 — 4 times in the last
growing season. It corroborates with the finding of Ojo
et al. (2009) who reported that 60.9 % of the farmers do
not have extension contact.

Table 2: Socioeconomic characteristics of the farmers

Table 2 also shows the responses of the onion farmers
as regards to their level of income obtained from onion
production. It was observed that 40.0 % of the farmers
are of income level between N51, 000.00 - N 150,
000.00. Another 35.0 % indicates farmers that fall
between N 151,000 — N 250,000.

The size of the farm is concerned with the land size.
Land is a very important factor of production alongside
with labour, capital and management. It is a true
statement to say that without land, there is no
agriculture. The size of the farm is vital to a farmer and
the production of output. In view of this importance,
questions are set about their farm sizes, since the size of
the farm to some degrees determine the input to be used
and responses shows that 54.2 % farmers have farm
sizes between 0.7 — 1.1 hectare. Only a few of them
have about 1.7 hectare and above. However, conclusion
can be inferred that the farmers are smallholder onion
farmers that limit their production on small hectares of
land due to one reason or the other. It is in contrary to
the work of Tsoho and Salau (2012), whose analysis
although revealed that farm size ranged from 0.13 to 1.7
ha with the mean of 0.5 ha.

Parameter Option Frequency Percentage
Age (years) 20-29 26 21.7
30-39 32 26.7
40-49 49 40.8
50 and ABOVE 13 10.8
Marital status Single 43 35.8
Married 77 64.2
Level of education (years) No formal education 76 63.3
Primary education 21 17.5
Secondary education 23 19.2
Years of experience 1-10 50 41.7
11-20 51 42.5
21-30 19 15.8
Household size (no of persons) 3-10 60 50.0
11-17 51 42.5
18 and ABOVE 9 7.5
Extension contacts (no of times) 1-2 26 21.7
3-4 12 10.0
No extension contact 82 68.3
Membership of cooperative Yes 54 45.0
No 66 55.0
Annual income (naira) 51,000 — 150,000 48 40.0
151,000 — 250,000 42 35.0
251,000 — 350,000 26 21.7
351,000 — 450,000 4 3.3
Farm size (hectares) 0.2-0.6 28 23.3
0.7-1.1 65 54.2
1.2-1.6 23 19.2
1.7 and ABOVE 4 3.3
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3.4 Risk attitude of the farmers

Following the procedure outlined in the methodology;

presented in Table 3 and were subsequently grouped
into risk averters and risk takers and as such presented

the farmers risk aversion coefficient were estimated and in Table 4.
Table 3: Absolute risk aversion coefficient of the farmers
Farmer Absolute risk Farmer Absolute risk Farmer Absolute risk Farmer Absolute risk
number aversion number  aversion number  aversion number  aversion
coefficient coefficient coefficient coefficient
1 0.000004954 31 0.000009770 61 0.00001091 91 0.000003688
2 0.000006130 32 0.000009770 62 0.00001055 92 -0.000001245
3 0.000002640 33 -0.000009590 63 0.00001112 93 0.0000009171
4 -0.00003615 34 -0.000009590 64 0.000009770 94 0.00001014
5 -0.00005389 35 -0.00002409 65 -.000009590 95 -0.000001124
6 0.00001558 36 0.0000009171 66 0.000001608 96 0.00001608
7 0.00001561 37 0.000004746 67 -0.000001245 97 0.0000009171
8 0.00001166 38 0.0000009171 68 0.00005554 98 0.00001608
9 0.00000117 39 -0.000009590 69 0.000009770 99 -0.000009590
10 0.000006327 40 0.0000009171 70 -0.000009590 100 0.00005240
11 0.000003184 41 -0.000009590 71 0.00001608 101 0.00001608
12 0.000003184 42 -0.000009590 72 0.000009769 102 0.00001073
13 0.00005956 43 0.0001198 73 0.00001608 103 0.000009769
14 0.00001668 44 -0.000009590 74 -0.000009590 104 0.00001608
15 0.00001668 45 0.000004813 75 0.00005554 105 0.000009769
16 0.000002770 46 0.0000007041 76 0.000009715 106 0.000009769
17 0.000003379 47 0.000004813 77 0.0000336 107 -0.000009590
18 0.000002770 48 0.0000009171 78 -0.000009590 108 -0.000009525
19 0.000003184 49 -0.000009590 79 0.00001604 109 0.0000009171
20 0.00004254 50 0.000009770 80 0.00005554 110 -0.000009575
21 0.00001069 51 0.000002234 81 0.000009769 111 -0.000009590
22 0.000007467 52 0.00001041 82 0.000009769 112 0.000009229
23 0.000003891 53 0.000005042 83 0.000009769 113 0.000009769
24 0.0001 54 0.0000009171 84 0.000009769 114 -0.000009590
25 0.0001485 55 0.00001075 85 -0.000009590 115 0.0000009171
26 0.0001485 56 0.0000009171 86 0.000009769 116 -0.000009590
27 0.0001 57 0.000008466 87 0.00001704 117 0.000009769
28 0.00001113 58 -0.00002514 88 0.000009769 118 0.000009769
29 0.00005680 59 -0.000009590 89 0.00001608 119 -0.000009575
30 -0.000001245 60 -0.000009590 90 0.00001608 120 0.000009731
Source: Authors Computation, 2016
Table 4: Distribution of the risk attitude of the farmers
Risk attitude Frequency Percentage
Risk averse 90 75.0
Risk neutral 0 0.00
Risk loving 30 25.0
Total 120 100.0

Source: Field Survey, 2016
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Tables 4 revealed that 75.0 % of the farmers in the study
area have positive Arrow-Pratt absolute risk aversion
coefficients and were therefore categorized as risk
averters. The remaining 25.0 % of them have negative
Arrow-Pratt absolute risk aversion coefficients and were
grouped as risk seckers. However, none of the farmers
has zero risk coefficients; an indication of risk
indifference, hence none of the farmers was risk

agriculture that farmers are risk averse and it is in line
with empirical results of various studies (Sekar and
Ramasamy, 2001; Korir, 2011).

3.3 Sources of risk

The unpredictability nature of the outcome of
production with certainty is believed to emanate from

several sources and as such this study help looked into

indifferent tral. Th It of the study i . . . .
fndiiierent or neutra © resuit of the SHAY 188 e various sources of risk and it is presented in Table 5.

confirmation of the general assumption in the world of

Table 5: Risk sources associated to the farmers in the study area

Source of risk VI I NS NI NVI WS MS MP RAN
S K

Pests 74 46 0 0 0 554 462 923 1%
(61.7) (38.3) (0.00) (0.00) (0.00) 4

Diseases 73 45 2 0 0 551 459 918 2
(60.8) (37.5) (1.7) (0.00) (0.00) 2

Price fluctuation 44 72 3 1 0 519 433 86.5 3"
(36.7) (60.0) (2.5) (0.8) (0.00) 2

Flood 36 83 1 0 0 515 4.29 85.8 4"
(30.0) (69.2) (0.8) (0.00) (0.00) 4

Drought 48 60 11 1 0 515 4.29 85.8 4"
(40.0) (50.0) 9.2) (0.8) (0.00) 4

Change in climate condition 34 84 2 0 0 512 4.27 853 6"
(28.3) (70.0) (1.7) (0.00) (0.00) 2

Fertilizer 37 77 6 0 0 511 4.26 85.1 7"
(30.8) (64.2) (5.0) (0.00) (0.00) 6

Erratic rainfall 23 83 11 3 0 486  4.05 81.0 8"
(19.2) (69.2) 9.2) (2.5) (0.00) 8

Illness of household member 65 17 12 22 4 477 398 795 9"
(54.2) (14.2) (10.0) (18.3) (3.3) 4

Excessive rainfall 18 80 19 3 0 473 394 78.8 10"
(15.0) (66.7) (15.8) (2.5) (0.00) 4

Market failure 25 54 37 4 0 460 3.83 76.6 11"
(20.8) (45.0) (30.8) (3.3) (0.00) 0

Insufficient family labour 22 25 16 40 17 409 341 68.0 12"
(18.3) (20.8) (13.3) (33.3) (14.2) 8

Change in govt. & agricultural 27 19 3 48 23 339 283 56.4 13"

policy (22.5) (15.8) (2.5) (40.0) (19.2) 8

Difficulties of finding labour 6 26 20 51 17 313 2.61 522 14"
(5.0 (21.7) (16.7) (42.5) (14.2) 2

Fire outbreak 13 13 21 44 29 297 248 493 15"
(10.8) 10.8 (17.5) (36.5) (24.2) 8

Theft 10 18 14 18 60 260 217 433 16"
(8.3) (15.0) (11.7) (15.0) (50.0) 2

VI = Very important; I = Important; NS = Not sure; NI = Not important; NVI = Not very important; WS = Weighted
score; MS = Mean score; MPS = Mean percent score. Figures in parenthesis are in percentages;Source: Field Survey,
2016
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Pests and diseases were recorded as the most important
source of risk to the farmers as they were ranked first
and second respectively. This corroborates with the
findings of Obalola et al. (2017).

However, an insight into the price movement during the
irrigation season indicates that the prices of onion
fluctuate widely and as such is an important source of
risk. It is generally the highest at the beginning of the
season but falls rapidly until it reaches its lowest values
at the peak of harvest period and the farmers are forced
to sell their produce at low prices after which the prices
begins to rise again.

Table 5 also reveals that drought, flood and change in
climatic condition are important sources of risk to the
farmers as it was ranked 4™ and 6™ respectively. This is
in line with the findings of Ayinde et al. (2008) who

Table 6: Risk management strategies

reflected production risk in terms of weather to variation
in yield of the crops over years and crop failures due to
bad weather (drought or too much rain). Difficulty in
finding labour was not seen as a bottleneck in their
production and as such could pose little or no threat to
the farmers. This was proven by a 42.5 % response who
considers difficulties in finding labour not important
and it was ranked 14™ It was observed that the
respondents do not consider theft as a factor as it was
recorded that 50.0 % of them indicated it as not very
important.

3.4 Coping strategies

The strategies that can help in coping or minimizing the
source of risk faced by the farmers in the study area are
captured and presented in Table 6.

Risk management strategies VI I NS NI NVI WS MS MPS RANK

Investing off-farm 84 34 2 0 0 562  4.68 93.66 1%
(70.0) (28.3) (1.7) (0.00) (0.00)

Spraying for diseases & pests 75 44 1 0 0 554 462 9234 2™
(62.5) 36.7) (0.8) (0.00) (0.00)

Adashe (Cash contribution) 69 51 0 0 0 549 458 9150 3¢
(57.5) (42.5) (0.00) (0.00) (0.00)

Gathering market information 49 68 3 0 0 526 4.38 87.66 4"
(40.8) (56.7) (2.5) (0.00) (0.00)

Training & education 48 70 2 0 0 526 4.38 87.66 4"
(40.0) (58.3) (1.7) (0.00) (0.00)

Borrowing 44 45 20 9 2 480 4.00 80.06 6"
(36.7) (37.5) (16.7) (7.5 (1.7

Cooperative societies 39 31 32 18 0 451 376 75.16 71"
(32.5) (25.8) (26.7) (15.0) (0.00)

Selling of assets 12 12 31 55 10 331 276 5346 8"
(10.0) (10.0) (25.8) (45.8) (8.3)

VI = Very important; I = Important; NS = Not sure; NI = Not important; NVI = Not very important; WS = Weighted
score; MS = Mean score; MPS = Mean percent score. Figures in parenthesis are in percentages

Source: Field Survey, 2016

Investing off-farm was ranked as first as a very
important strategy in managing risk. Ayinde et al.
(2008) have shown the importance of diversification
(investment in more than one portfolio) as important
risk management strategies for agricultural enterprises.

Spraying for diseases and pests was ranked second. This
is not surprising considering the fact that pest and

diseases were identified as a very important source of
risk. Therefore, spraying for pests as well as diseases
could help manage the riskiness attributed to it and as
such help improve farmer’s production and at the same
time their productivity. This is in conformity with the
finding of Obalola et al. (2017) who revealed that
incidence of pests and diseases are the major problem
limiting farmers output.
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In addition, cash contribution was ranked third as
management strategy to help manage risk in the study
area. Training and education was recorded as an
important factor that helps to minimize risk. This was
proven by 58.3 % of the farmers highlighting it as
important and as such ranked 4™ If the farmers are
educated and trained, it could go a long way in helping
improve the awareness level of the farmers with regards
to a better perception of themselves and their problems.

It is important to note that most of the farmers use more
than one coping strategy in the face of risks.

Other risk management strategies recorded in increasing
order of importance are borrowing (37.5 %) and
cooperative societies (32.5 %). It was however revealed
that selling of assets is not an important factor in risk
management as 45.8 % of the farmers attest to it and
thus, ranked 9.

4 CONCLUSION

The majority of onion farmers were found to be risk
averse. However, it should be noted that most of the
sources of risk highlighted by the farmers could be
analyzed within the context of the farmers operational
level and can be managed by the farmers, if motivated
in one way or another either by training and education,
diversification of the enterprise (off-farm investment),
crop insurance, spraying for pests and diseases etc.

The study therefore recommends programmes towards
education and diversification. The farmers were found

to be risk averse implying that they were not fully
insured by their self-insurance strategies. In order to
improve this, policies that enhance access to insuring
farm activities should be put in place.

This can however be achieved by improving and
intensifying extension services to impact technical and
economic knowledge on farmers especially the farmers
with few years of experience.
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ABSTRACT

In greenhouse production of a number of vegetable and
ornamental plant species, a short diurnal temperature drop in
the end of the night or in the morning is commonly used to
reduce stem elongation as an alternative to chemical growth
retardants. Experiments were carried out to quantify the
effects of a temperature drop at different times of the day and
night on growth and photosynthetic activity of young
cucumber plants. During 6 days plants were exposed daily to a
temperature of 10 °C for 2 h at the beginning, in the middle
and at the end of the night and day periods. The results have
shown that plant response to drop may be qualitatively
different in the light and darkness. While strongest effects of
drop are observed when it is given in the daytime, for practical
application in greenhouses it is more appropriate to reduce
temperature at night. However, it may not be strictly necessary
for cucumber seedlings to apply drop at the end of the night as
it was stated in the literature. Thus, our results may cast doubt
on the following statements: (a) temperature drops are not
effective when delivered at other times of the day or night
(except before sunrise), (b) optimal time for drop effects
depends on the daily dynamics of stem and petiole elongation
rate. It is rather drop itself is capable of modifying the
dynamics of plant growth in the daily cycle.

Key words: Cucumis sativus L.; growth; daily rhythms

1ZVLECEK

ODZIV MLADIH KUMAR NA DIURNALNI UPAD
TEMPERATURE V RAZLICNIH OBDOBJIH DNEVA
IN NOCI

Pri pridelavi razli¢ne zelenjave in okrasnih rastlin v
rastlinjakih se pogosto uporablja kratkotrajno znizanje
temperature proti koncu noci ali proti jutru za zmanjSanje
podaljsevanja stebla kot alternativa kemijskim rastnim
zaviralcem. Izvedeni so bili poskusi za ovrednotenje ucinkov
znizanja temperature na rast in fotosintetsko aktivnost mladih
kumar v razli¢nih obdobjih dneva in noci. V obdobju Sestih
dni so bile rastline izpostavljene temperaturi 10 °C za 2 h na
zaCetku, v sredini in ob koncu nodi, ter podnevi. Rezultati so
pokazali, da je odziv na znizanje temperature kvalitativno
razli¢en v svetlobi in v temi. Ceprav je bil najvedji u¢inek
znizanja zabelezen ob tretmanu podnevi, je iz prakticnih
razlogov za uporabo v rastlinjakih primernejSe znizanje
pono¢i. Kljub temu, pa pri sadikah kumar ni nujno izvajati
znizanje proti koncu noci kot navaja literatura. Na osnovi
nasih rezulatov lahko dvomimo o naslednjih trditvah: (a)
znizanja temperature so neucinkovita, ¢e so izvedena v drugih
obdobjih dneva ali no¢i, razen pred son¢nim vzhodom, (b)
optimalni ¢as za uclinke znizanja je odvisen od dnevne
dinamike dolzinske rasti stebla in listnih pecljev. Obratno, Ze
samo znizanje temperature je sposobno spremeniti dinamiko
rasti rastlin v dnevnem ciklu.

Kljuéne besede: Cucumis sativus L.; rast; dnevni ritmi

1 INTRODUCTION

Plant growth retardants are widely used as tools for
height control in order to obtain more compact plants.
However, the use of growth retardants on vegetables is
prohibited in many countries because of the potential
danger of chemical residues to the environment and the
consumer. At the same time, it has long been known
that stem elongation can be controlled by temperature

treatments rather than by the use of chemical growth
retardants (Moe & Heins, 1990). In particular, a daily
temperature drop or dip for 2-4 h is the practice of
lowering the temperature in order to obtain compact
transplants of vegetable crops, bedding plants and
ornamentals (Myster & Moe, 1995; Berghage, 1998;
Runcle, 2009). It is believed that the time during 24-h
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period when the temperature decreases, has a certain
effect on the degree of stem elongation inhibition
(Myster & Moe, 1995; Grindal & Moe, 1995; Grimstad,
1995). In the earlier studies on Lilium longiflorium
Wiebe, Begonia x hiemalis Fortsch and Solanum
lycopersicum L., it was shown that the temperature drop
effect is the greatest in the first period of the day
(Myster & Moe, 1995). Later, it was found that the
temperature drop in the last part of the night is even
more effective in reducing plant height and internode
length in Begonia x chiemantha Everett (Moe &
Mortensen, 1992; Grindal & Moe, 1994, 1995; Bakken
& Moe, 1995), Euphorbia pulcherrima Willd. (Moe et
al., 1992), tomato and cucumber (Grimstad, 1995). This
turned out to be very convenient for practical
application of this technique as the lowering
temperature in the end of the night is far more energy
efficient than at the start of the day, especially if the
lights are switched on in the morning. The required
decrease in temperature can be obtained by turning off
heaters for a short time. If the greenhouse does not cool
rapidly enough, venting may be necessary to achieve the
desired low-temperature setpoint. It is generally
believed that temperature drops are not effective when
delivered at other times of the day or night (except
before sunrise) (Runcle, 2009). However, the
information about the effects of a temperature drop
given at other times of the day or night (except for the
end of the night and the beginning of the day) is
extremely scarce. There is evidence that a temperature
drop in the middle of the night had small effect on plant
height and petiole length in Fuphorbia pulcherrima
(Moe et al., 1992) and Begonia x hiemalis (Moe &
Mortensen, 1992; Grindal & Moe, 1994). In our
previous studies we have shown that a temperature drop
at the beginning, middle or end of the night was equally
effective in reducing plant height and petiole length in
cucumber (Sysoeva et al, 1997, 1999). It is also
suggested that a temperature drop at the beginning of

the day is much more effective than later during the day
in Euphorbia pulcherrima (Ueber & Hendriks, 1992)
and Pelargonium (Ueber & Hendriks, 1995), and that a
temperature decrease at any time during photoperiod
may be equally effective in inhibiting stem elongation
as a temperature decrease at the beginning of the day in
Fuchsia, Antirrhinum majus L., Petunia and Salvia
splendens F. (Erwin & Heins, 1995).

Data on the effects of a temperature drop at different
times of the day on plant characteristics other than stem
elongation rate are even more fragmentary and
contradictory. It was shown that plant dry mass was
decreased by low temperature pulse treatment in
cucumber and tomato and the largest effect was
achieved at the end of the night in cucumber, but at the
beginning of the day in tomato (Grimstad, 1995).
Begonia plants affected by a temperature drop at the end
of the night or in the morning had smaller dry mass
compared to the control plants, but a temperature drop
at the beginning of the night increased plant dry mass.
Moreover, a temperature drop given in the night
increased leaf weigh ratio (LWR), while a temperature
drop given in the morning did not affect LWR (Bakken
& Moe, 1995). There are also data on the effect of a
temperature drop on the chlorophyll content. In
experiments with Ocimum basilicum L., there was a
tendency that plants treated by a temperature drop at the
beginning and in the end of the day had lower
concentrations of chlorophyll @ and b, but in the cold-
resistant species Viola x wittrockiana Gams., a
temperature drop in the early morning increased total
chlorophyll content (Vagen et al., 2003).

The objective of the present experiment was to quantify
the effects of a temperature drop at different times of the
day and night on growth and photosynthetic activity of
young cucumber plants.

2 MATERIALS AND METHODS

Experimental facilities for this study were offered by the
Shared Equipment Center of the Institute of Biology,
Karelian Research Center, Russian Academy of
Sciences. Imbibed seeds of cucumber (Cucumis sativus
‘Zozulya F1’) were sown in 7 cm pots containing sand
and seedlings were watered daily with a complete
nutrient solution (based on 1 g I Ca(NOs),, 0.25 g I
KH,PO,, 0.25 g I MgSO, 7H,0, 0.25 g I'' KNO,, trace
quantity of FeSO4 and pH 6.2-6.4, EC 2.0 mS em™).
Plants were grown under air temperature 23 °C, air
humidity 70 %, a photoperiod of 12 h (from 9:00 to
21:00), under controlled environmental conditions
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(Vétsch  growth  chamber, Germany) with a
photosynthetic photon flux density of 200 pmol m™s™.

Starting from the 7th day from seed soaking, different
groups of plants were exposed daily for 6 days to a
temperature of 10 °C for 2 hours at the beginning
(21:00-23:00, N1), in the middle (2:00-4:00, N2) and at
the end of the night period (7:00-9:00, N3), as well as at
the beginning (9:00-11:00, D1), in the middle (14:00-
16:00, D2) and at the end of the day period (19:00-
21:00, D3). Control plants were not treated by a
temperature drop (DROP). At the end of DROP
treatments all plants were grown under air temperature
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of 23 °C. All measurements were carried out on the next
day after the last DROP treatment (on the 14™ day).
Plant height, petiole length of the first true leaf, leaf area
(n > 10), dry mass of leaves, stems and roots (n = 5)
were recorded. The total chlorophyll content was
determined non-destructively by using a SPAD 502 Plus
chlorophyll meter (Konica Minolta, Japan) (n > 10). The
chlorophyll fluorescence was measured using a portable
chlorophyll fluorometer MINI-PAM (Walz, Germany)
on the 1* true leaf. The maximal quantum yield of PSII

photochemistry was calculated as F,/F,, = (F,, - Fy)/F,
after 20 min of dark adaptation of leaves (n = 5)
(Maxwell & Johnson, 2000).

All results are presented as means + SE (n > 5). Data
were tested for normality and homogeneity of variance
using Chi-Square test and Levene’s test in Statistica
(v.8.0.550.0, StatSoft, Inc). Differences between the
treatment means were tested with one-way ANOVA
followed the Bonferroni test with P < 0.05 level of
significance. Two similar trials were run.

3 RESULTS

The obtained results showed that in general DROP
treatments reduced the plant height by 14-16 %,
compared with the control (Fig. a). The leaf petiole
length in all plants treated by DROP was also less than
in the control (Fig. b). The greatest retardation of the
leaf petiole growth was noted when DROP had been
given in the middle and at the end of the day (by 46-
47 %) (treatments D2 and D3), while the smallest
inhibition (by 20 %) occurred when it had been given in
the middle and at the end of the night (N2 and N3).

The leaf area was reduced by all DROP treatments
compared with the control. In case of DROP given in
the daytime the reduction was by 47-49 %, but in the
night — by 25-29 % (Fig. c¢). There were no significant
differences between leaf area of plants treated by DROP
at the beginning, in the middle or at the end of the day
as well as between treatments at different times in the

night. The similar effect was observed for the plant dry
mass, which was decreased by 51-53 % compared with
the control by DROP given in the daytime and by 21-
30 % by DROP given in the night (Fig. d). However, no
effect of DROP on biomass allocation to leaves, stems
and root (data not shown) was observed.

The chlorophyll content in the leaves of plants exposed
to DROP-treatments did not differ from the control,
except for the plants treated by DROP at the beginning
of the day (D1), when the chlorophyll content was
reduced by 23 % (Fig. ¢).

The values of F\/F, in leaves treated by DROP in the
night time were not significantly different from the
control ones, but DROP given in the daytime lowered
the values of F\/F,, (Fig. f).
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Figure 1: Effect of a temperature drop (DROP) given at the beginning (N1), in the middle (N2), in the end (N3) of
the night and in the beginning (D1), in the middle (D2) or in the end (D3) of the day

4 DISCUSSION

The results of this work showed that the DROP
treatments applied at any time of the day or night results
in growth retardation (reduced plant height, leaf petiole
length) of cucumber plants, which unequivocally
indicates that there are no periods in the daily cycle
when DROP treatments are absolutely ineffective for
obtaining compact plants. The strongest morphogenetic
responses to DROP treatments were observed when
DROP had been given in the middle or at the end of the
day, which from the practical point of view is of little
use. DROP given at the end of the night or at the
beginning of the day similarly reduced stem and petiole
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elongation, as it was earlier reported by Grimstad
(1995) for young cucumber plants. Unlike in case with
Euphorbia pulcherrima (Moe et al., 1992) and Begonia
x hiemalis (Moe & Mortensen, 1992; Grindal & Moe,
1994), when DROP given in the middle of the night had
only slight effect on plant height and leaf petiole length,
in our work with cucumber plants there were no
significant ~ differences revealed between plant
morphogenetic response to DROP given at different
times during the night period. The same results we
reported earlier (Sysoeva et al., 1997, 1999). Already in
the early studies on the potential of fluctuating
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temperatures as alternative to growth retardants it was
pointed out that plant responses are very much crop
dependent (Cuijpers & Vogelezang, 1992). Therefore, it
is not surprising that the results obtained in experiments
with different species may differ significantly.

Pronounced morphogenetic effect of DROP given in the
daytime also indicates that although it is known that
stem elongation is not constant during a 24-h period and
that the major stem extension occurs during the night
(Lecharny et al., 1985; Sweeny, 1987; Erwin & Heins,
1988; Bertram & Karlsen, 1994; Tutty et al., 1994;
Luna-Maldonado et al., 2017), however, the optimal
time for DROP treatments in order to obtain compact
plants may not coincide with the periods of the greatest
stem elongation rate. This has been also shown in
several experiments with tomato (Gertsson, 1992;
Grimstad, 1995). There are data that an increase in a
temperature drop duration from 2 to 4 h (Grimstad,
1995; Sysoeva et al., 2008) or from 1.5 to 3 h
(Mortensen & Moe, 1992) decreased or did not change
the effect of DROP on stem length. These data are also
formally in contradiction with the opinion that the
optimal time for DROP effects depends on the daily
dynamics of stem and petiole elongation rate. In this
case it would seem logical to expect stronger DROP
effects. Explanations for this fact have not yet been
found, but there are some interesting results worth
taking into consideration. In experiments with
Chenopodium rubrum L., DROP stimulated stem
elongation within 10 h after the termination of DROP
treatment (Lecharny et al., 1985). In experiments with
Dendranthema grandiflorum (Ramat.) Kitam., short-
term temperature changes did not rephase the rhythm of
stem growth, but significantly affected the amplitude for
the remainder of the diurnal cycle (Tutty et al., 1994).
These results let us to suggest that the DROP itself is
capable of modifying the dynamics of plant growth in
the daily cycle. Perhaps, sometimes this may be the
reason of mismatch between the results obtained and
those expected.

Our results demonstrate significant decrease in the leaf
area of plants treated by DROP in the daytime (by 47-
49 %) and in the night (by 25-29 %). Previously it was
reported that DROP does not affect leaf length or width
in cucumber, tomato (Grimstad, 1995), poinsettia (Moe
et al., 1992). We believe that the reason for this
disagreement may be related to the fact that in our
experiments the temperature during DROP treatments
was lowered to 10 °C, but in the experiments carried by
Grimstad (1995) and Moe et al. (1992) the setpoint for
low temperature was 12 © and 13 °C, correspondingly. It
is well established that at the temperature critical for
chilling injury (10°C for species of tropical and
subtropical origin) cellular membranes in sensitive
plants undergo a physical-phase transition from a

normal flexible liquid-crystalline to a solid gel structure
and other changes occur in cells that lead to numerous
physiological dysfunctions (Theocharis et al., 2012).

Differences in plant response to DROP in the daytime
or in the night, recorded in our experiments, can partly
be explained by the involvement of a mechanism of the
DROP effect on gibberellins (GA) metabolism, which is
different in light and dark. It was shown in pea that
DROP in the light increases expression of GA-
deactivation gene PsGA2ox2 (Stavang et al., 2007). By
contrast, DROP in darkness does not affect steady-state
expression of this gene, but instead slightly stimulate
the GA-biosynthesis genes PsGA200x1, PsGA3ox1, and
NA. Therefore, plant responses to DROP in light and
darkness can differ not only quantitatively, but also
qualitatively. The fact that DROP given in the dark also
reduces petiole length and leaf area (although to a lesser
extent) indicates that this also involves other, not GA-
dependent mechanisms. The reduced leaf area in
DROP-treated plants can be considered as very
important in practical terms, since undesirable
elongation of stems when growing seedlings of
vegetable or ornamental plants occurs mainly at the time
when the leaves of neighboring plants begin to overlap
and shade each other, leading to competition for light in
dense monoculture crops.

Data on the plant dry mass also indicate a significant
difference between plants treated by DROP in the light
and in the dark (DROP given in the daytime decreased
the plant dry mass the most) and no differences related
to the timing of DROP within the dark or light periods.
Earlier, we found that DROP in the light period results
in greater decrease in the apparent quantum yield of
photosynthesis in cucumber plants than DROP in the
dark (Ikkonen et al., 2016). At the same time, DROP in
the light reduces not only light use efficiency, but also
the rate of photosynthesis, which does not occur in
plants treated by DROP in darkness. It is to presume
that a greater decrease of biomass in plants treated by
DROP in the light is associated with temporal
photoinhibition, which is likely to occur, as indicated by
lower values of the intrinsic photochemical efficiency
(FJ/Fy).

In our experiments DROP had no effect on the
chlorophyll content, except for its decrease in the leaves
of plants treated by DROP at the beginning of the day,
which was also observed in the experiments with
Ocimum basilicum (Végen et al., 2003). The loss of
chlorophyll in the leaves chilled in the light, as opposite
to the leaves chilled in the dark, may occur as a result of
the degradation of PSII and PSI and during
photoinhibition (Hetherington et al., 1989). PSI, which
had been believed to be tolerant to environmental
stresses, was shown to be photoinhibited when chilling-
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sensitive plants were exposed to a chilling temperature
under moderate light (Kudoh, Sonoike, 2002; Gururani
et al., 2015). Why this does not happen when the leaves
are short-term chilled in the middle or at the end of the
day, remains unclear so far. It is worth noting that we
observed very quick (within 24 h under optimal
temperature conditions) increase in chlorophyll content
to the control level in cucumber leaves after the
cessation of DROP treatments (12 °C) (Shibaeva et al.,
2018).

The results of our experiments with cucumber plants
treated by short-term temperature drop at different times
of the day and night have shown that light conditions
during chilling treatment (light or darkness) rather than
diurnal variability in growth rate are responsible for
plant response to short-term temperature changes. Plant
response to a temperature drop may be not only
quantitatively, but also qualitatively different in light
and darkness. While the strongest effects of a

temperature drop are observed when it is given in the
daytime, for practical application in greenhouses it is
more appropriate to reduce temperature at night.
However, it may not be strictly necessary for cucumber
seedlings to apply a temperature drop at the end of the
night, as it was stated earlier. In fact, the same effect
may be obtained by a temperature drop given at any
time within the night period as the timing of a
temperature drop within the dark or light periods has
little effect on plant response. It might be of use in plant
factories, where the interaction with the exterior climate
is minimized (Graamans et al., 2018). Thus, our results
may cast doubt on the following statements: (a)
temperature drops are not effective when delivered at
other times of the day or night (except before sunrise),
(b) optimal time for a temperature drop effects depends
on the daily dynamics of stem and petiole elongation
rate. It is rather DROP itself is capable of modifying the
dynamics of plant growth in the daily cycle.
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ABSTRACT

Very few studies were carried out to investigate the aphids
attacking grapefruit. These pests cause considerable damages
on citrus trees and other crops. This paper reports on the
fluctuations of aphids on grapefruit in the region of Skikda
(Algeria). From January 2012 to December 2013, monthly
surveys were performed to measure the abundance of aphids
recorded on 16 leaves of grapefruit. Through this study, five
aphid species were identified, among them Aphis spiraecola
Patch, 1914 was the most numerous. Besides, we noticed that
the populations of aphids reached high levels many times
within the year. However, the most important densities were
recorded in spring and autumn.

Key words: Aphis spiraecola; Aphis gossypii; inter-annual
variations of populations; intra-annual variations;
population dynamics

IZVLECEK

FLUKTUACIJE POPULACIJ LISTNIH USI NA
GRENIVKI (Citrus x paradisi Macfad.)

Zelo malo raziskav je bilo narejeno na listnih useh, ki
napadajo grenivko. Ti Skodljivei povzro€ajo znantne poskodbe
na citrusih in drugih kulturah. Pripevek poroca o nihanju
pojavljanja listnih usi na grenivki v obmocju Skikda (Alzirija).
Od januarja 2012 do decembra 2013 so bili opravljeni mese¢ni
pregledi za ovrednotenje pogostosti listnih u$i, na osnovi
ocene pojavljanja na 16 listih grenivke. V raziskavi je bilo
najdenih pet vrst listnih usi, med katerimi je bila vrsta Aphis
spiraecola Patch, 1914 najstevilénejSa. Opazeno je bilo, da so
bile populacije listnih usi Steviléne veckrat v letu, vendar so
bile najpomembnejSe gostote zabelezene spomladi in v jeseni.

Kljuéne besede: Aphis spiraecola; Aphis gossypii; medletna
spremenljivost populacij; letna variabilnost;
populacijska dinamika

1 INTRODUCTION

Citrus fruits represent one of the most important fruit
productions worldwide, with 109 million tonnes
produced annually in the world (Maserti et al., 2011). In
the Mediterranean region, the citrus fruits play a very
important role in the nutrition, human health, food
processing industry and economic incomes (Biche,
2012). The genus Citrus includes several species of
economic importance such as grapefruits (Citrus x
paradisi Macfad.) (Hanke & Flachowsky, 2010), which
constitutes the only major citrus varieties having a level
of processed utilization comparable to oranges
(Lacirignola & D'Onghia, 2009). It is the largest citrus
fruit grown commercially in many countries (Skaria,
2004). The production of grapefruit was estimated at
about 8,550100 tonnes in 2015, including 2300 tonnes
in Algeria (FAO, 2017). Besides, grapefruit or

grapefruit juice is often recommended as a healthy
dietary constituent, particularly in some weight reducing
diets (Xiao & Hu, 2014). Furthermore, other authors
reported many healthy benefits of grapefruit (Xu et al.,
2007; Yin et al., 2012). In addition, its zest is exploited
in the production of pectin and essential oils (Kimball,
1999).

Several pests and diseases may attack grapefruit and
reduce its yield. Among these plant enemies, aphids
have a big importance. They comprise about 4000
described species, most of which are found only in
temperate regions (Dixon, 1987). They cause direct
(sap-feeding, deformation of their hosts) and indirect
damage (transmission of plant diseases, deposition of
honeydew on the leaves) (Cceur d’acier et al., 2010). For
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instance, Citrus tristeza virus (CTV) which is
considered to be the most destructive virus of citrus
crops (Rehman et al., 2016), is present in most of the
countries in the Mediterranean region and is transmitted
by different aphid species (Lacirignola & D'Onghia,
2009). Thus, knowledge of the biology of aphids is an
important basis for successful management of the
aphids themselves and of the diseases they transmit
(Hales et al., 1997).

In Algeria, practically there is no specific studies on the
aphids attacking grapefruit, although the importance of
this aspect to obtain a good production qualitatively and
quantitatively. Thus, our paper reports on the diversity
and fluctuations of aphids on grapefruit in Skikda region
(northeast Algeria), based on a two years investigation

2 MATERIAL AND METHODS

A citrus orchard at the Technical Institute of Fruit
Arboriculture in Emjez Djich (6° 47° E and 36° 42° N,
200 m above the sea level), province of Skikda situated
in northeast of Algeria, was used for this study. The
trees were arranged in 5 m separated rows.

From January 2012 to December 2013, monthly surveys
measured the abundance of aphids (adults and larvae)
on grapefruit trees (‘Shambar’) grafted on Troyer
citrange (C. sinensis L. X Poncirus trifoliata Raf.). Four
young leaves from the four cardinal points per tree and
four trees of grapefruit were selected randomly on each

sampling date. Similarly, Yoldas et al. (2011) and
Mostefaoui et al. (2012) have sampled leaves to study
citrus aphids.

Identification of collected aphids was carried out using
identification keys especially those of Blackman &
Eastop (2000) and Stoetzel (1994).

ANOVA analysis and Student-Newman-Keuls test were
performed, by means of SPSS for Windows 10 software
(SPSS Inc.), to compare the mean number of aphids
between months and to classify homogeneous groups.

3 RESULTS AND DISCUSSION

Through 2012 and 2013, five aphid species were
identified in total (Table 1). They are already reported
on other citrus species in Algeria (Aroun, 1986;
Benoufella-Kitous, 2005; Mohammedi-Boubekka,
2006; Belkahla et al., 2013; Benoufella-Kitous et al.,
2014; Aroun, 2015; Labdaoui & Guenaoui, 2015;
Lebbal & Laamari, 2016).

Citrus aphid species are widespread and four of them,
Aphis spiraecola (Patch, 1914), A. gossypii (Glover,
1877), Toxoptera aurantii (Boyer de Fonscolombe,
1841) and T. citricidus (Kirkaldy, 1907), are especially
abundant (Lapchin et al., 1994). Despite its presence in

other Mediterranean countries, 7. citricida, which is the
vector the most implicated in the transmission of
Tristeza disease (Lebdi Grissa, 2010), was not noted in
the orchard of study. The complete elimination of
Meyer lemon, the absence of the main vector T.
citricidus and of natural transmission by other aphid
species, have probably removed the risk of spreading
the disease in Algeria (Larbi et al., 2009). Nevertheless,
A. spiraecola, A. gossypii, M. persicae, and T. aurantii
have some ability to transmit this virus (Bové, 1961;
Ghosh et al., 2015). 4. gossypii has been reported to
cause major epidemics of CTV in the Mediterranean
Basin (Yahiaoui, 2010)

Table 1: Number of individuals of each aphid species found on grapefruit in the examined orchard during 2012 and

2013

Aphids / Years 2012 2013
Aphis spiraecola (Patch, 1914) 388 1448
Aphis gossypii (Glover, 1877) 0 19
Toxoptera aurantii (Boyer de Fonscolombe, 1841) 3 0
Aphis nerii (Boyer de Fonscolombe, 1841) 0 5
Macrosiphum euphorbiae (Thomas, 1878) 0 1

The morphological characteristics of the identified aphids are described below
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3.1 A. spiraecola (green citrus aphid or spiraea
aphid)

This is a small yellow or greenish-yellow aphid with
black siphunculi and cauda (Blackman & Eastop, 2007).
Its body length ranges between 1.2 and 2.2 mm
(Blackman & Eastop, 2000).

3.2 A. gossypii (cotton or melon aphid)

The coloration of adults, ranging in size from 0.8 to 1.5
mm, varies from light yellow or greenish to dark green.
Their antenna are a little longer than half the (Célini,
2001). Cauda is lighter than siphunculi (Ilharco &
Sousa-Silva, 2009).

3.3 A. nerii (oleander aphid)

Aptera are bright lemon yellow with dark antenna and
legs, and black siphunculi and cauda (Blackman &
Eastop, 2006). Antenna with terminal process more than
three times length of base of VI (Stoetzel, 1994).

3.4 T. aurantii (black citrus aphid)

It is about 2.1 mm in length with striped legs (Fasulo &
Halbert, 2015). Body of apterous form is dark-brown,
while the apex of antennal segments III, IV and V, the
apical half of base of VI and sometimes also the apex of
terminal process are dark (Ilharco & Sousa-Silva, 2009).
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3.5 M. euphorbiae (potato aphid)

It is a medium-sized to large, spindle shaped aphid,
usually green but sometimes pink or magenta, the adult
apterae often rather shiny in contrast to the immature
stages, which have a light dusting of greyish-white wax
(Blackman & Eastop, 2007). Siphunculi with a
subapical zone of polygonal reticulation whereas the
cauda is longer (Blackman & Eastop, 2000).

In our case, the most common species was 4. spiraecola
and with less degree 4. gossypii. Tena & Garcia-Mari
(2011) considered that these two species are the most
harmful to citrus in the Mediterranecan region. Its
importance on citrus fruits has been mentioned, among
others, in Algeria (Lebbal & Laamari, 2016), in
Morocco (Elhaddad et al., 2016), in Syria (Abo Kaf,
2005) and in Turkey (Uygun & Satar, 2008). Whereas
the weak infestation of A. nerii, M. persicae and M.
euphorbiae on grapefruit in the studied orchard may be
attributed to the competition from other species,
particularly 4. spiraecola.

On the other hand, ANOVA showed no significant
difference of the infestation degree between months in
2012 (P = 0.156) and highly significant difference in
2013 (P = 0.000). The most important densities were
recorded in spring and autumn (Figure 1), especially in
April 2013 (x = 57.69 aphids / leaf), which coincide
with the formation of new flushes and optimal
temperatures.

= 02012
~ m2013

/

November /
December /

Figure 1: Mean number of aphids/leaf recorded on grapefruit in the examined orchard during 2012 and 2013

The correlation analysis for weather parameters and
some citrus aphids indicated a significant negative
correlation between minimum temperature and
incidence of aphid species (Chavan & Singh, 2005). In
addition, the presence and the abundance of citrus-
dependent aphids depend on the population size of the
different flushes (Saharaoui et al., 2015). Braham &

Amor (2018) noticed a positive relationship between the
number of new shoots per experimental tree and A.
spiraecola infestation.

We observed an augmentation in the number of aphid

species detected from two in 2012 to four species in
2013(Table 1). We also noticed big changes in the
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distribution of aphids between years (Figure 1). For
example, aphids did not infest grapefruit trees in five
months during 2012, and in eight months during 2013.
It seems that changes in climatic parameters between
years influenced the infestation level. In the present
study, the minimum temperature ranged from 9.48 to
27.37 °C in 2012; and between 11.24 and 25.22 °C in
2013 according to climatic data provided by the
meteorological station of Skikda (longitude 6° 54' E;
latitude 36° 52' N; altitude 1.30 m). Aphids are
particularly sensitive to temperature changes due to
certain specific biological features of this group (Hullé

et al., 2010). The effect of temperature on the biology of
many aphid species has been demonstrated (De Reggi,
1972; Kaakeh & Dutcher, 1993; Wang & Tsai, 2000;
Morgan et al., 2001; Brabec et al., 2014; Ranila et al.,
2015). Dixon & Hopkins (2010) revealed that for each
species, there is a temperature range where the aphid
can grow and reproduce. For example, Komazaki
(1982) found that the intrinsic rate of natural growth is
highest at 22 ° C for 4. gossypii and 27 ° C for A.
spiraecola. In addition, the generation time of the latter
species was 5.8 days at 25 © C and 12.1 days at 15 ° C,
on orange (Satar & Uygun, 2008).

4 CONCLUSION

The present study focused on grapefruit, which
represents an underutilized fruit tree although its
benefits, allows the obtaining of new data about the
aphids attacking this citrus tree in Algeria.

Five aphid species were identified, of which four
species are considered as vectors of CTV causing the

quarantine disease Tristeza. Furthermore, population
fluctuations of these insects were very variable.
Consequently, regular surveys in orchards, especially in
the spring and autumn, are necessary to execute control
measures to limit the attacks by these pests.
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ABSTRACT

Garlic (Allium sativum L.) is highly regarded throughout the
world for both its medicinal and culinary properties. With its
bioactive compounds and sulphur containing compounds, high
trace mineral content, garlic has shown anti-viral, anti-
bacterial, anti-fungal and antioxidant abilities.

This work has focused on the measurement and comparison of
the total polyphenols content, the total sulphur content and
antioxidant activity of the studied varieties of garlic in the area
of Nitra and Bardejov, Slovak Republic. The highest content
of monitored indicators (TPC, TSC, AOA) was measured in
the area of Nitra. TPC was determined using the
spectrophotometric method of Folin-Ciocalteu agents. The
total polyphenols content were determined in the range 621.13
to 763.28 mg kg™ in area of Nitra. The content of total sulphur
compounds in the area of Nitra ranges from 0.562 to 0.800 %
and in the second area ranges from 0.421 % to 0.658 %.
Antioxidant activity was measured by the spectrophotometric
method using a compound DPPH. The value of antioxidant
activity ranged from 12.01 % to 20.22 % in both monitored
locations. The content of TPC, TSC and AOA beside the
variety may be affected by the localitylinked factors like
climatic conditions and the agrochemical composition of the
soil.

Key words: antioxidant activity; garlic; polyphenols; sulphur
compounds

1

IZVLECEK

VSEBNOST BIOAKTIVNIH SNOVI IN
ANTIOKSIDACIJSKA AKTIVNOST CESNA (Allium
sativum L.)

Cesen (Allium sativum L.) je zelo cenjen po celem svetu zaradi
njegovih zdravilnih in kulinari¢nih lastnosti. Na osnovi zveplo
vsebujocih bioaktivnih snovi in elementov v sledeh ima
protivirusne, protibakterijske, protiglivne in antioksidacijske
lastnosti.

Raziskava se osredoto¢a na meritve im primerjave vsebnosti
polifenolnih in Zveplo vsebujoc¢ih snovi v preucevanih sortah
Cesna na obmocju Nitre in Bardejova, Slovaska Republika.
Najvecja vsebnost merjenih indikatorjev (TPC, TSC, AOA) je
bila izmerjena na obmocju Nitre. TPC je bil dolocen s
spektrofotometricno metodo z uporabo Folin-Ciocalteujevega
reagenta. Celokupna vsebnost polifenolov, izmerjena na
obmocju Nitre je bila v razponu od 621,13 do 763,28 mg kg~
! Celokupna vsebnost Zveplo vsebujo¢ih snovi je bila na
obmocju Nitre v razponu od 0,562 do 0,800 % in od 0,421 %

do 0,658% na drugem preu¢evanem  obmodcju.
Antioksidacijska aktivnost je bila izmerjena

spektrofotometricno z uporabo DPPH. Antioksidacijska
aktivnost je bila v obeh preucevanih obmocjih v razponu od
12,01 % do 20,22 %. Na vsebnost TPC, TSC in AOA vplivajo
poleg sorte z lokacijo povezani dejavniki kot so podnebne
razmere, sestava tal in uporabljena agrotehnika.

Kljuéne besede: antioksidacijska aktivnost; ¢esen; polifenoli;
zveplove spojine
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1 INTRODUCTION

Garlic (4llium sativum L.) is a plant of the genus
Alliaceae and is one of the longest cultivated crop plants
in the world. It is known that it was used for healing
purposes in the Middle Ages. Garlic is an important raw
material of plant origin with observed and proven
positive effects on the human organism. Garlic has a
versatile use as a spice and also uses its healing
properties. It is believed to originate in Central Asia,
where it originated from the wildly growing species
Allium longicuspis Regel (Iciek et al., 2012). Garlic was
extended to the West, South and East more than 6000
years ago. Garlic, as we know it today, has been used in
Chinese medicine for 3000 years ago. Egyptians used
garlic to increase immunity and protect against various
diseases and to improve performance (Sultan et al.,
2014). Louis Pasteur, the famous bacteriologist found
that garlic juice kills bacteria propagated at a laboratory
dish. From this time on, it has been shown many times
that garlic destroys a very wide range of bacteria and
fungi that adversely affect our health (Fulder, 2002). In
the past, garlic was used as a medicine during various
epidemics such as typhus, dysentery, cholera and
influenza. At present, garlic is grown around the world.
In our territory, it is used as an important preventive
medicine, universal spice and food (Petrovska &
Cekovska, 2010). Several studies have shown
multifaceted health benefits of garlic, it is recommended
as a dietary supplement worldwide. The evidence of
health effects has increased its consumption especially
in the culinary field (Suleria et al., 2015). Current
knowledge indicates that nature around us is a great
source of  available health-promoting and
chemopreventive agents. Chemoprotective substances
are part of foods of plant origin where they occur as
natural ingredients.

Garlic (Allium sativum L.) is a source of biologically
active compounds such as phenolic acids, flavonoids,
sulphur compounds, vitamins, minerals and others.
Garlic is a good source of important vitamins. Although
the amount of garlic consumed is not such as to cover
the need for the body, sulphur compounds contained in
garlic can enhance the effects of vitamins. Vitamin B
(thiamine) is easily absorbed in the intestines in
combination with allicin. Garlic contains B vitamins
(B, B3, Bs and Bg), vitamins C and E. The content of
individual vitamins in garlic is different and depends on
many factors - variety, storage, treatment and
cultivation (Butt & Sultan, 2009).

Garlic belongs to the important and significant
vegetables, characterized by significantly high content
of polyphenolic compounds positively affecting human
body. The majority of polyphenol compounds in garlic
are phenolic acids and flavonoids (Piazzon et al., 2012;
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Obied, 2013). Polyphenols are heterogeneous oligo- or
polymeric compounds combined with other compounds
(Xiao et al, 2013). Polyphenols in plants fulfil
important functions: they are carriers of flavours,
fragrances and colorants, are building and structural
components, and are defensive substances (from pests,
various infections, pathogens and mechanical damage)
(Knezevi¢ et al., 2012). Polyphenol compounds
according to the chemical structure are divided into
phenolic acids, flavonoids, lignans and stilbenes
(Pereira et al., 2009). The total polyphenol content of
the garlic can be influenced by the variety (Srivastava et
al., 2013), as well as storage and technological
processing of garlic (Sili et al, 2014). The
physiological effect of polyphenols is wide ranging and
shows antioxidant, anti-carcinogenic, anti-mutagenic,
antibacterial, anti-parasitic, and antidiabetic activity
(Obied, 2013).

For characteristic aroma and flavour of garlic are
responsible sulphur compounds in garlic. These
substances are physiologically active and used as
antibiotics, particularly in the treatment of gastric cancer
(Harris, 2004). The antibiotic value is influenced by the
components: allicin, S-methylcysteine sulfoxide and S-
propylcysteine  sulfoxide. Allicin is the main
biologically active ingredient of garlic (Lanzotti, 2006).
Allicin is not found in garlic, it is produced by the
enzyme allinase from alliin. After processing, such as
cutting, crushing, chewing or dehydration, alliin is
converted to allicin by allinase (Amagase et al., 2001;
Bhuiyan et al., 2015). Sulphur compounds are very
effective anticoagulant, prolong the clotting and
promote blood circulation (Oberbeil & Lentzova, 2005).
Sulphur compounds are characterized by their ability to
support the immune system and also protect the
cardiovascular system (Kacaniova & Tancinova, 2012).

Garlic (Allium sativum L.) acts as a natural antioxidant
and plays an important role in chemoprevention of
many civilization diseases (Hamzah et al., 2013). Garlic
is rich in antioxidant phytochemicals that prevent
oxidative damage. In blood serum, bioactive compounds
of garlic eliminate hydroxyl radicals and increase the
activity of some enzymes with antioxidant effects.
These include flavonoids and sulphur compounds
soluble in  water (S-allylcysteine and  S-
allylmercaptocysteine) and fat-soluble (allicin and its
products) and selenium (Borek, 2001).

In the present work we evaluated the beneficial effects
of the total polyphenols content, sulphur compounds
and antioxidant activity in individual varieties (Mojmir,
Lukan, Zahorsky, Havran, Makoi) of garlic (Allium
sativum L.) and we evaluated the impact of two sites
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(Nitra, Bardejov) on the total content of polyphenols,
the total content of sulphur compounds and antioxidant

activity in selected garlic varieties.

2 MATERIALS AND METHODS

2.1 The local climate conditions

This study was performed in area of Nitra and Bardejov,
Slovak Republic. Nitra is situated on the south-western
Slovakia in the area of Podunajska lowland. Nitra
belongs to warmer and dry areas with mild winters in
Slovakia. The average annual rainfall is 550 — 600 mm
and the average annual temperature is 9 - 10 °C.
Bardejov is located in the north-eastern Slovakia.
Bardejov belongs to slightly warm and mountain-
continental climate area. The average annual rainfall is
700 — 750 mm and the average annual temperature is 5 -
9 °C. Nitra and Bardejov have very good natural and
climatic conditions for crop growth, without any
adverse effects.

2.2 Samples of plant material

The samples of plant material (5 variety of garlic —
‘Mojmir’, ‘Zahorsky’, ‘Lukan’, ‘Havran’, ‘Makoi’)
were collected in the phase of full ripeness from area of
Nitra and Bardejov, Slovak republic. For analysis was
used fresh material soil samples and plant. Samples
were analysed by  seclected  methodologies
(determination of total polyphenols, total sulphur
compounds and antioxidant activity). All samples of
plant material were grown under the same conditions.
The soil samples from the area, where was grown plant
material, was analysed (Table 1 and Table 2). The
analysis of soil samples was carried out four times in
four sampling sites with pedological probe Geosampler
Fisher. Only NPK fertilization (200 g m™) was used for
the achievement of favourable soil macroelements
content.

Table 1: Agrochemical characteristic of soil substrate in mg kg, content of nutrients from locality Nitra and

Bardejov
Locality K Ca Mg P pHxcl Humus % Cox %
399.2 3861.4 1312 97.6 6.91 2.9 1.68
Nitra + + + + + + +
2.1 7.1 4 1.6 0.06 0.1 0.01
380.1 2170.8 259 4006.7 5.51 3.58 6.17
Bardejov + + + + + + +
2.7 2.2 1.2 1.7 0.09 0.03 0.01
Table 2: Content of heavy metals (mg kg™") in soil substrate (extraction by aqua regia)
Locality Zn Cu Ni Pb Cd
55.2 27.8 42.6 40.3 4.2
Nitra + + + + +
2.3 1.4 1.8 1.6 0.04
90.1 335 37.7 19.2 1.9
Bardejov + + + + +
2.9 1.2 1.6 1.1 0.1
Limit' 150 60 50 70 0.7

" Limit value for aqua regia — Law No. 220/2004

Acta agriculturae Slovenica, 111 - 3, december 2018

583



Marianna MICOVA et al.

2.3 Sample preparation

Extract was prepared from the 25 g samples garlic,
which were shaken (shaker GFL 3006, 125 rpm) in 50
ml of 80 % ethanol for sixteen hours. Samples were
kept at laboratory room temperature in dark conditions
until the analysis. Each determination was carried out in
six replications.

2.4 Determination of total polyphenols

Total polyphenols content (TPC) was determined by the
method according to Lachman et al. (2003). It is
expressed as mg of gallic acid equivalent per kg of fresh
matter. Total polyphenols content was determined using
the Folin-Ciocalteu reagent. 2.5 ml of Folin-Ciocalteu
reagent was added to 0.1 ml extract to volumetric flask.
The content was mixed. After 3 minutes, 5 ml 20 %
solution of sodium carbonate was added. Then the
volume was adjusted to 50 ml with distilled water. After
2 hours, the samples were centrifuged (centrifuges
UNIVERSAL 320, 15000 rpm) for 10 minutes. The
absorbance was measured by use of spectrophotometer
Shimadzu UV/VIS — 1240 at 765 nm. The concentration
of polyphenols was calculated from a standard curve
with known concentration of gallic acid.

2.5 Determination of total sulphur compounds

The determination of the total sulphur content is based
on dry combustion in the presence of oxygen and allows
for the quantitative conversion of sulphur to SO,, the
elimination of other combustion products including
water and the separation of the generated gases. 50 mg
of a lyophilized and homogenized sample is combusted
in a tin crucible with a V,0s5 catalyst in the elementar
(Vario Macro Cube V 3.1.4, Elementar Analysensystem
GmbH). After insertion of the crucible with the sample
into the combustion tube, the oxygen stream produces a

strong exothermic reaction, the temperature rises to
1250 °C and the sample is combusted. Combustion
products are conveyed along the combustion tube where
the oxidation is complete. SOj; is reduced to SO,. The
mixture of gases flows into the chromatographic column
where the separation takes place. The gases are sent to
the thermal conductivity detector where the electrical
signals are processed by the software and provide the
percentage of sulphur contained in the sample.
Sulfanilamide is used as the calibration standard
(Sapé&anin et al., 2013).

2.6 Determination of antioxidant activity

Antioxidant activity (AOA) was measured according to
Brand-Williams et al. (1995). The method is based on
using DPPH" (2.2-diphenyl-1-picrylhydrazyl). DPPH’
(3.9 ml) was pipetted into the cuvette and the
absorbance was measured using the spectrophotometer
Shimadzu UV/VIS — 1240 at 515.6 nm. The measured
value corresponds to the initial concentration of DPPH’
solution at the time Ay. Then 0.1 ml extract was added
to start measuring dependence A = f (t). The content of
cuvette was mixed and the absorbance was measured at
1, 5 and 10 minutes in the same way as DPPH" solution.
The percentage of inhibition expresses how antioxidant
compounds are able to remove DPPH’ radical at the
given period.

Inhibition (%) = (Ao - A/ Ap) x 100

2.7 Statistical analysis

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

3 RESULTS AND DISCUSSION

We analysed five varieties of garlic: Mojmir, Zahorsky,
Lukan, Havran and Makoi produced in two localities of
Slovakia: Nitra and Bardejov. Each of the locations is
characterized by a different annual average temperature,
annual rainfall and agrochemical composition of the
soil. The total content of polyphenols in the samples
from the area Nitra ranged from 621.13 + 4.45 to 763.28
+ 3.60 mg kg (Figure 1). In area Bardejov, the total
polyphenols content in the studied samples ranged from
559.68 + 2.26 to 682.94 £ 2.89 mg kg'1 (Figure 1).
Statistically the highest content of total polyphenols was
measured in the variety of garlic Havran and the lowest
content of total polyphenols was found in the variety
Zahorsky in both study areas. The higher content of
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total polyphenols in the variety Havran was found in the
area of Nitra and was 1.12-times higher, compared with
the locality Bardejov. In other studied varieties of garlic
higher total polyphenols content was found in the area
of Nitra. Chekki et al. (2014) indicated, that the total
polyphenols content in garlic is in the wide range from
436 mg kg™ to 645 mg kg™, which good correlate with
the results of this work. Some authors reported even a
higher value of TPC in garlic: 812 mg kg' (Charles,
2013), 1290 mg kg™ (Wangcharoen & Morasuk, 2009).
In comparison with this study, lower content of TPC in
garlic (493 mg kg') was measured by Jastrzebski et al.
(2007). The influence of the area on the content of total
polyphenols was confirmed by the team of authors
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Hamouz et al. (2010). The above mentioned authors spectrophotometric method using the Folin-Ciocalteu

determined the total content of polyphenols by the same  reagent.
608,824 763,28¢
750 %,
621,132 628,760 682,94° 678,18¢
612,31¢ 614,57¢

600 559,682 573,07°
P
> 450 ;
3 Bardejov
2 300 m Nitra
=

150

0
Mojmir Zahorsky Lukan Havran Makoi
Variety

Figure 1: Average content of total polyphenols (TPC mg kg™) from area Nitra and Bardejov
* Multiple Range Tests, Method: 95.0 percent LSD, Different letters (a, b, ¢, d and ¢) between the factors show

statistically significant differences (p < 0.05)

The values of antioxidant activity in the studied samples
from the area Nitra are varied from 17.31 % to 20.22 %
(Figure 2). The antioxidant activity of the samples from
the area Bardejov ranged from 12.01 % to 13.61 %
(Figure 2). Statistically the highest value of antioxidant
activity was observed in the variety Havran and the
lowest value of antioxidant activity was found in the
variety Zahorsky in both study areas. Higher value of
antioxidant activity in the variety Havran was found in
the area Nitra and was 1.13-times higher compared with
the locality Bardejov. In other studied varieties of garlic
was found higher value of antioxidant activity in the
area Nitra. Statistically significant differences in the

strength of antioxidant activity were also detected
among all  analysed  varieties of  garlic.
Narendhirakannan & Rajeswari (2010) indicate that the
antioxidant activity in garlic ranges from 12 % to 21 %
and antioxidant activity of garlic determined in this
study is within this range. According to Rai et al. (2015)
the antioxidant activity in garlic is 21.5 %. Choi et al.
(2014) measured lower values of antioxidant activity in
garlic (7 %). The cited authors determined the
antioxidant activity of the method using DPPH" and
their results were comparably expressed in percentage
as in our work.
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3
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Mojmir Zahorsky Lukan Havran Makoi
Variety

Figure 2: Average value of antioxidant activity (AOA %) from area Nitra and Bardejov

* Multiple Range Tests, Method: 95.0 percent LSD, Different letters (a, b, ¢, d and ¢) between the factors show

statistically significant differences (p < 0.05)

The total sulphur content in the studied samples from
area Nitra ranged from 0.562 + 0.042 % to 0.800 +
0.048 % (Figure 3). The total sulphur content in the
studied samples from area Bardejov ranged from 0.421
+ 0.047 % to 0.658 £ 0.021 %. The highest content of
total sulphur compounds of the analysed samples was
measured in the variety Mojmir and the lowest total
sulphur content was observed in the variety Zahorsky in
the both study areas. In other studied varieties of garlic

was found higher total sulphur content in the area of
Nitra, compared with the locality Bardejov. Benkeblia
& Lanzotti (2007) recorded, that the total sulphur
content in garlic is 0.56 %. Muradi¢ et al. (2010)
mentioned value 0.63 %, which good correlate with the
results of this work. Mahmutovi¢ et al. (2014) indicate,
that the content of total sulphur compounds in garlic is
in the range of 0.63 % to 0.70 %. Munch (2013) report a
lower total sulphur content in garlic (0.3 %).

1
0,800¢ i
0.8 Bardejov
0,658¢ m Nitra
06 0,573° 0,585¢ 0,5622 0,565°
= 0,449¢ 0,442¢ 0,4372 0,421°
7))
o 04
[
0,2
0
Mojmir Zahorsky Lukan Havran Makoi
Variety

Figure 3: Average content of total sulphur compounds (TSC %) from area Nitra and Bardejov

* Multiple Range Tests, Method: 95.0 percent LSD, Different letters (a, b, ¢ and d) between the factors show

statistically significant differences (p < 0.05)
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Khodadadi et al. (2015) in their experiment confirmed
the site’s impact on the content of sulphur compounds
and also on the total polyphenols content and the value
of antioxidant activity. Chekki et al. (2016) reported that
the content of bioactive compounds is affected by the
climatic conditions of the area. Sarosi et al. (2011)
reported that the content of bioactive constituents in
plants is heavily influenced by climatic conditions.
Changing climatic conditions leads to stress in the plant.
The content of total polyphenols and antioxidant
activity are affected by sunny and warmer weather. In
their work, they determined a higher content of total
polyphenols and a higher value of antioxidant activity in
a site with higher temperature and direct sunlight. This
is well in agreement with ours results. Viljevac Vuleti¢
et al. (2017) have indicated that higher level of
precipitation at the site has a positive impact on the
content of bioactive substances in the plant, which we
unfortunately did not confirm in this study. The higher
content of total polyphenols, sulphur compounds and
antioxidant activity was recorded in the locality with
increasing average annual temperature in Nitra. This
area is characterized by a higher number of sunny days
with an average annual temperature of 9 to 10 °C and a
lower annual rainfall (550-600 mm). Environmental
influence on polyphenols synthesis is very important.
Polyphenols, especially flavonoids are synthesized via
the phenylpropanoid pathway with stimulation of light,
which protects plants from harmful UV radiation acting
as a protective filter. High temperatures during the
season contributed to higher polyphenols content
(Viljevac Vuleti¢ et al., 2017).

In the locality of Nitra with a lower altitude (151 m
a.s.l.) we found a higher content of bioactive
compounds compared to the area of Bardejov with a
higher altitude (323 m a.s.l.), which is in agreement
with the results of Fertout-Mouri et al. (2014) and
Ghasemi et al. (2011). Changes in the content of total
polyphenols, sulphur compounds and antioxidant
activity may be affected not only by climate conditions
but as well as agrochemical composition of the soil and
fertilization (Huchette et al., 2005). A higher content of

Mojmir Bardejov

y=9,2727x+ 8,9309

R? =0,9008
15,08 Py
. 1506
§ 1504 b2
E 1502
£ *
* 15,00 Py
g 1498
< *
14,96
14,94

0648 0650 0652 0654 0656 0658 0660 0,662
TSC (%)

Figure 4: Relationship between TSC and AOA in ‘Mojmir’

total polyphenols, sulphur compounds and antioxidant
activity was observed in the studied varieties of garlic in
the area of Nitra, which may correlate with higher levels
of potassium and magnesium in the soil. Hamouz et al.
(2010) also pointed out that the content of total
polyphenols is affected by the content of potassium and
magnesium in the soil. Mudau et al. (2007) state that
higher potassium content positively affects the content
of total polyphenols, at higher doses of potassium were
recorded higher values of total polyphenols. According
to Ruan et al. (1999) the polyphenol content in studied
spring and autumn tea was enhanced by potassium
application, while magnesium apparently decreased the
polyphenol content. Kraus et al. (2004) reported that the
site conditions affect plant phenolic concentrations and
changes in soil pH affect nutrient availability.
According to Ali et al. (2012) cultivation factors such as
soil type, com-posts, mulching and fertilisation
influence the water and nutrient supply to the plant and
affect the nutritional composition and antioxidant
activity. In their study higher total polyphenol content
was determined by high K treatment. Climatic factors
(such as temperature, sunny days, rainfall) and
environmental factors, such as soil type, nutrient level
and application strategy, influence the nutrient supply to
the plant and could thereby affect concentrations and
composition of the bioactive compounds.

Relations among the total polyphenols content, total
sulfur content and the antioxidant activity in studied
varieties of garlic (Mojmir, Zahorsky, Lukan, Havran
and Makoi) were evaluated (Figure 4-23). The
coefficient of correlation (r = 0.9315 - 0.9978)
confirmed strong dependency between the content of
polyphenols, total sulfur content and the antioxidant
activity and the results are in good agreement with the
findings of Mahmutovi¢ et al. (2014), who confirmed
correlations between total polyphenols content, total
sulfur content and antioxidant activity in garlic.
Ramkissoon et al. (2012), Chekki et al. (2014) indicated
correlations between total polyphenols content and
antioxidant activity in garlic, onion and other vegetable..
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Figure 5: Relationship between TPC and AOA in ‘Mojmir’
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Figure 6: Relationship between TSC and AOA in ‘Zahorsky’
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Figure 7: Relationship between TPC and AOA in ‘Zahorsky’
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Figure 8: Relationship between TSC and AOA in ‘Lukan’
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Figure 12: Relationship between TSC and AOA in ‘Makoi’
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Figure 13: Relationship between TPC and AOA in ‘Makoi’
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Figure 14: Relationship between TSC and AOA in ‘Mojmir’
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Figure 15: Relationship between TPC and AOA in ‘Mojmir’
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Figure 16: Relationship between TSC and AOA in ‘Zahorsky’
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Figure 17: Relationship between TPC and AOA in ‘Zahorsky’
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Figure 18: Relationship between TSC and AOA in ‘Lukan’
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Figure 19: Relationship between TPC and AOA in ‘Lukan’

Havran Nitra  v-7.366%+16,108
R2=0,9606
20,30
_ 20,28 %
5 A
2 20,26 *
£
5
€ 20,24
] /
< 2022 *>
3 /
=
20,20 &
20,18 . ; . . : : :
0,554 0,556 0558 0560 0562 0564 0566 0,568
TSC (%)

Figure 20: Relationship between TSC and AOA in ‘Havran’
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Figure 21: Relationship between TPC and AOA in ‘Havran’
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Figure 22: Relationship between TSC and AOA in ‘Makoi’
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Figure 23: Relationship between TPC and AOA in ‘Makoi’

4 CONCLUSIONS

The total polyphenols content, the total sulphur content
and antioxidant activity in studed varieties of garlic in
the both locality were comparable with the literature.
We observed statistically significant differences
between the analysed wvarieties of garlic and the
monitored indicators. In this work was measured and
evaluated the total polyphenols content, the total sulphur
content and antioxidant activity of the studied varieties
of garlic in the area of Nitra and Bardejov, Slovak
Republic. Higher values of the monitored parameters
(TPC, TSC, and AOA) were measured in the area of
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Nitra. This area is characterized by a higher number of
sunny days with a higher average annual temperature,
lower annual rainfall and lower altitude. The coefficient
of correlation confirmed strong dependency between the
total content of polyphenols, total sulphur content and
the antioxidant activity. Climatic factors (such as
temperature, sunny days, rainfall) and environmental
factors, such as soil type, nutrient level and application
strategy, influence the nutrient supply to the plant and
could thereby affect concentrations and composition of
the bioactive compounds in garlic.
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ABSTRACT

This research was conducted to investigate the morpho-
physiological effects of salicylic acid and jasmonic acid on
soybean performance and productivity under salinity. Leaf
chlorophyll content index, carotenoids and anthocyanins
content, photosystem II efficiency, relative water content, leaf
area, leaf mass, specific leaf area, water use efficiency, seed
filling duration, assimilate mobilization efficiency and seed
mass decreased, but leaf temperature, specific leaf mass and
electrolytic leakage of leaves increased with enhancing
salinity. Salicylic acid improved leaf chlorophyll content
index, anthocyanins content, leaf area, specific leaf area, water
use efficiency, seed filing duration, assimilate mobilization
efficiency and seed mass under both saline and non-saline
conditions. The superior effects of salicylic acid on some traits
such as maximum quantum yield of PSII, relative water
content and leaf electrolytic leakage only occurred under
different salinity levels. Jasmonic acid improved leaf mass,
specific leaf mass, carotenoids content, relative water content,
seed filling rate and reduced chlorophyll content index, leaf
temperature, leaf area, specific leaf area, seed filling duration,
assimilates mobilization efficiency and relative electrolytic
leakage of soybean, with no significant effects on photosystem
II efficiency and seed mass. Application of salicylic acid was,
therefore, the superior treatment for enhancing physiological
performance and seed mass of soybean plants under different
salinity levels.

Key words: chlorophyll content; jasmonic acid; salicylic acid;
salinity; seed production; soybean

IZVLECEK

SALICILNA IN JASMONSKA KISLINA
SPREMINJATA FIZIOLOSKE PROCESE,
MOBILIZACIJO ASIMILATOYV IN POLNJENJE
SEMEN SOJE V RAZMERAH SOLNEGA STRESA

Raziskava je bila izvedena za preucitev morfo-fizioloskih
ucinkov salicilne in jasmonske kisline na rast in produktivnost
soje v razmerah slanosti. Parametri kot so indeks vsebnosti
klorofila listov, vsebnost karotenoidov in antocianinov,
ucinkovitost fotosistema II, relativna vsebnost vode, listna
povrsina, listna masa, specificna listna povrsina, u¢inkovitost
izrabe vode, trajanje polnjenja semen, ucinkovitost
mobilizacije asimilatov in masa semen so se zmanjsali
medtem, ko so se parametri kot so temperatura listov,
specificna listna masa in puscanje elktrolitov povecali z
naras¢ajoco slanostjo. Salicilna kislina je izboljSala indeks
vsebnosti klorofila listov, povecala vsebnost antocianinov,
listno povrsino, specifi¢no listno povrsino, u¢inkovitost izrabe
vode, trajanje polnjenja semen, ucinkovitost mobilizacije
asimilatov in maso semen v razmerah slanosti in brez nje.
Veéji ucinki salicilne kisline na nekatere preucevane
parametre kot so maksimalna ucinkovitost PSII, relativna
vsebnost vode in puscanje elektrolitov iz listov so se pojavili
samo v nekaterih ravneh slanosti. Jasmonska kislina je
povecala maso listov, specifiéno listno maso, vsebnost
karotenoidov, relativno vsebnost vode, hitrost polnjenja
semena in zmanjsala indeks vsebnosti klorofilov, temperaturo
listov, listno povrsino, specifiéno listno povrsino, trajanje
polnjenja semena, ucinkovitost mobilizacije asimilatov in
relativno puscanje elktrolitov brez znacilnih ucinkov na
ucinkovitost PSIT in maso semen. Uporaba salicilne kisline je
bilo primernejSe obravnavanje za povecanje fizioloske
aktivnosti in mase semen soje v razlicnih razmerah slanosti.

Kljuéne besede: vsebnost klorofila; jasmonska kislina;
salicilna kislina; slanost; tvorba semena; soja
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1 INTRODUCTION

Soybean originates from China and is a major source of
protein and oil for humans and as a high-quality animal
feed. Soybean is a crop sensitive-to-moderately tolerant
to salinity (Luo et al., 2005). Salinity enhances ion
toxicity and reduces photosynthesis. The reduction in
photosynthesis under salinity could be attributed to a
decrease in chlorophyll and other photosynthetic
pigments contents (Sali et al., 2015). Salinity can affect
the chlorophyll content through inhibition of
chlorophyll synthesis or an acceleration of its
degradation (Reddy & Vora, 1986). The maximum
quantum yield of PSII (Fv/Fm) could also be reduced by
salt stress. Disturbances of photosynthesis at the
molecular level are related to the restricted electron
transport through PSII and/or with structural injuries to
PSII (Ghassemi-Golezani & Lotfi, 2015). Under
environmental stresses such as drought and salinity,
plant leaves are dehydrated, and photosynthesis is
decreased. The decrease in photosynthesis of
dehydrated leaves usually results from a decrease in
stomatal conductance and transpiration (Mirfattahi et
al., 2017). As a consequence of the reduction in
transpiration  rate, leaf temperature increases
(Mohammadian et al., 2015). Salinity can also reduce
seed yield by decreasing physiological performance and
accelerating seed filling period (Ghassemi-Golezani et
al., 2010).

Growth inhibition, poor performance and decreasing
seed yield of plants under salinity are attributed to
osmotic stress imposed by salinity and to specific ion
(Na") toxicity (Farhangi-Abriz & Ghassemi-Golezani,
2018). In soybean, the number of seeds, pods and yield
are directly related to the number of flowers per nodes
and node number can be reduced by environmental
stresses (Jiang & Egli, 1993). Moreover, several reports
have shown that salinity increases the reactive oxygen
species (ROS) and decreases seed filling duration
(Ghassemi-Golezani et al., 2010; Farhangi-Abriz &
Ghassemi-Golezani, 2018). In soybean seeds, the
dynamic seed 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
mass maturity. Mass maturity (end of seed filling phase)
in soybean cultivars can be classified according to the
duration of the life cycle, being early, semi-early,

medium, late medium and late, according to Oya et al.
(2004) and Ghassemi-Golezani et al. (2010). Ghassemi-
Golezani et al. (2010) showed that salinity reduced seed
filling period and yield in different cultivars of soybean.

Application of some growth regulators or plant
hormones has been expanded to improve plant growth
and development under stress and non-stress conditions.
Salicylic acid (SA) is a plant phenolic compound and
now considered as a hormone-like endogenous
regulator. It plays diverse physiological roles in plants,
which include plant growth, flower induction, nutrient
uptake, stomatal movements, photosynthesis and
enzyme activities (Hayat et al., 2007). Former reports
show that SA plays important regulatory roles in plants
against a wide range of environmental stresses
(Choudhury & Panda, 2004; Gunes et al., 2007).
Application of SA improves physiological performance
of the crops (Shi et al., 2006; Farhangi-Abriz &
Ghassemi-Golezani et al., 2018). Ghassemi-Golezani &
Farhangi-Abriz (2018a) also reported that foliar
application of SA stimulates the H'-ATPase activity of
tonoplast, nutrient uptake and salt tolerance of soybean.

Jasmonates are ubiquitously-occurring lipid-derived
compounds with signal function in plant responses to
abiotic and biotic stresses, as well as in plant growth
and development (Wasternack, 2007). Foliar application
of jasmonic acid (JA) modulates several physiological
responses, improving resistance against abiotic stresses
(Farhangi-Abriz & Ghassemi-Golezani, 2018). JA
application to the stressed plants reduces the amount of
lipid peroxidation and stimulates the synthesis of
antioxidant enzymes, enhancing the physiological
performance and seed yield of Artemisia (Aftab et al.,
2011). Previous studies have helped to understand the
effects of SA and JA on decreasing destructive effects
of salt toxicity in plants (Farhangi-Abriz & Ghassemi-
Golezani, 2018), however the possible effects of SA and
JA on the productivity of soybean under salt stress were
not documented so far. Thus, this research was
conducted to investigate: 1) the effects of SA and JA on
some morpho-physiological traits of soybean under salt
toxicity and 2) the effects of these growth regulators on
soybean grain filling and productivity under saline and
non-saline conditions.

2 MATERIALS AND METHODS

2.1 Experimental conditions

This experiment was carried out in 2016 with a factorial
arrangement on the basis of randomized complete block
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were sown and then tap water (non-saline) and saline
solutions (4, 7 and 10 dS m™) were added to achieve
100 % FC (Field capacity). All pots were placed in a
glass greenhouse with a day-night mean temperatures of
28-26 °C and 35-40 relative humidity, natural light
intensify and photoperiod. During the growth period,
the pots were weighed and the losses were made up with
the Hoagland solution (electrical conductivity = 1.3 dS
m', pH 6.7-7.2). For avoiding extra electrical
conductivity (EC), due to adding the Hoagland solution,
perlites within the pots were washed every 30 days and
non-saline and salinity treatments were reapplied.
Salicylic acid (1 mM) and jasmonic acid (0.5 mM) were
separately sprayed on plants at vegetative (V3) and
flowering stages (R2).

2.2 Chlorophyll content index (CCI)

Leaf CCI was measured using a portable chlorophyll
meter (CCM-200, Opti-Sciences, USA). Two plants
were selected in each pot and the CCI of the upper,
middle and lower leaves of each plant was measured at
the beginning of pod development (R3). Subsequently,
the mean CCI for each treatment at each replicate was
determined.

2.3 Anthocyanins and carotenoids contents

About 0.2 g of leaf samples were homogenized in 4 ml
acetone (80 %), and then centrifuged at 12,000 g for 20
min at 4 °C. The supernatant was collected and
absorbance was recorded at 480 nm and 510 nm, using a
spectrophotometer (Model Analytikjena Spekol 1500
Germany) (Maclachlan & Zalik, 1963). Another 0.2 g of
leaf sample was homogenized in 3 ml extraction
mixture (0.6 ml water, 2.37 ml methanol and 0.03 ml
HCI) followed by centrifugation at 12,000 g for 20 min
at 4 °C. The absorbance of supernatant was read at 530
nm and 657 nm (Mancinelli, 1984).

2.4 Maximum quantum yield of PSII (Fv/Fm)

At early pod filling stage, maximum quantum yield of
PSII (F,/F,,) was measured using a portable chlorophyll
fluorometer (OS-30, Opti-Sciences, USA). Dark-
adapted leaves (30 min) were initially exposed to the
weak modulate measuring beam, followed by exposure
to saturated white light to estimate the initial (F,) and
maximum (F,,) fluorescence values, respectively.
Variable fluorescence (F,) was calculated by subtracting
Fy from F,.

2.5 Leaf temperature (LT)

Two plants were selected in each pot and LT (°C) of
upper, middle and lower leaves were measured by an
infrared thermometer (TES-1327) at beginning pod
development stage. Then the mean temperature for each
treatment was determined.

2.6 Leaf area (LA) and dry mass (LDM)

LA per plant was measured at the beginning pod
formation stage using a leaf area meter (ADC-AM 300).
Leaves per plant were dried in an oven at 80 °C for 48 h
and then weighed. After determining leaf area and leaf
mass, specific leaf area (SLA) and specific leaf mass
(SLM) were calculated as:

SLA= LA (mm®) / LDM (mg)
SLM=LDM (mg) / LA (mm?)

2.7 Relative electrolytic leakage (REL)

About 1 g of leaf sample was washed with deionized
water and then placed in tubes with 15 ml of deionized
water and incubated for 2 hours at 25 °C. Subsequently,
the electrical conductivity of the solution (L;) was
determined. Samples were then autoclaved at 100 °C for
30 minutes, and the conductivity (L,) was recorded after
cooling to 25°C. Then, the EL was calculated as (Lutts
et al., 1996).

REL (%) = (“) x 100

L2
2.8 Relative water content (RWC)

Relative water content of soybean leaves was
determined according to Barrs and Weatherley. (1962)
method. At the beginning of pod development, fresh
mass (Fy) of the youngest fully expanded leaf was
recorded. Turgid mass (Ty) was obtained after
waterlogged the leaf for 24 h in distilled water. Finally,
leaf dry mass (Dy) was determined after drying at the
80 °C for 24 h. The value of RWC was calculated using
the following equation:

RWC = [(Fy— Da) / (Tyi— Dy)] % 100

2.9 Water use efficiency (WUE)

Increasing seed mass per plant during seed development
was estimated as the difference between the seed mass
at the beginning and the end of the seed filling period.
Crop water used up over these periods was estimated
from the sum of the per diem water intake to the pots.
WUE was determined as:

WUE (g 1I'") = (seed mass at final stage - seed mass at
first stage)/total water used up

2.10 Rate and duration of seed filling

During seed filling from seed formation (R5) up to full
maturity (R8), two plants were harvested from each pot
in 10 days’ intervals at five stages. Seeds of each
sample were oven-dried at 80 °C for 48 h and then seed
dry mass was determined. Maximum seed mass and
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seed filling duration were estimated, using a two-piece
regression model by SAS 9.1.3 software:

t<tm

_ {a+bt
t=tm

a+ bt

Where M is seed mass, « is the intercept, b is the slope, ¢
is days after flowering and tm is the end of seed filling
period (time of mass maturity). Subsequently, seed
filling rate (SFR) was calculated as:

SFR = MSM/SFD

Where MSM is maximum seed mass and SFD is seed
filling duration.

2.11 Assimilate mobilization efficiency

Assimilate mobilization efficiency in the seeds was
calculated, using seed mass at the first and final stages
of seed filling:

AME = (SMy_ SMyp)/SW; x 100

Where AME is the assimilate mobilization efficiency
during seed filling, SMy. is the amount of seeds mass at
the final stage (mg) and SMp is the amount of
assimilates at the primary stage (mg).

2.12  Yield components

At maturity (RS8), two plants from each pot were
harvested and pods and seeds per plant were
determined.

2.13 Analysis of Variance

After testing the normality and homogeneity of variance
by Shapiro—Wilk test, the data were analyzed and the
means were compared at p < 0.05 by Duncan multiple
range test, using MSTATC software. The figures were
drawn by Excel software.

3 RESULTS

3.1 Chlorophyll content index (CCI)

Analysis of variance showed significant effects of
salinity and hormonal application on soybean CCI. The
CCI was decreased with increasing salinity. Plants with
SA treatment showed the highest level of the CCI, but
JA reduced the CCI (Table 1).

3.2 Carotenoids and anthocyanins

The carotenoids and anthocyanins in soybean leaves
were significantly affected by salinity and hormonal
treatments. Salinity reduced leaf carotenoids and

anthocyanins, but treatment with JA increased these
pigments. Treatment with SA only improved
anthocyanins with no tangible effect on carotenoids
(Table 1).

3.3 Leaf temperature

The effects of salinity and hormonal sprays on leaf
temperature were significant. The leaf temperature
increased as a consequence of enhancing salinity. Foliar
application of SA and JA significantly reduced the leaf
temperature (Table 1).

Table 1: : Means of morpho-physiological traits of soybean leaf under different levels of salinity and hormonal

treatments
Chlorophyll  Carotenoid . Leaf Leaf Leaf Specific Specific
X Anthocyanin leafarea  leaf mass
Treatments content (mgg N} temperature area dry mass 2 _
index 'DM) (mg g"DM) (°C) (mm?) (mg) (mrr} mg (mgzmm
Salinity
0dSm’ 20.63a 0.71a 0.28a 20.26d 26790a  2110a 12.68a 0.078b
4dSm” 19.40b 0.67b 0.24b 20.99¢ 26860a  2120a 12.64a 0.079b
7dSm’ 18.24c¢ 0.55¢ 0.20c 23.15b 21570b 1910b 11.27b 0.090a
10 dS m™ 17.12d 0.45d 0.17d 24.25a 18610c 1700c 10.95¢ 0.091a
Hormonal
treatments
Con 18.83b 0.56b 0.19¢ 22.54a 23430b 1940b 11.88b 0.084b
SA 20.06a 0.58b 0.22b 21.85b 24680a 1980b 12.45a 0.081b
JA 17.65¢ 0.63a 0.26a 22.10b 22260c  2140a 10.41c 0.097a

Con: Control, SA: Salicylic acid, JA: Jasmonic acid

Different letters in each column indicate significant difference at p < 0.05
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3.4 Leaf area and mass

Leaf area, leaf dry mass, specific leaf area and specific
leaf mass were significantly affected by salinity and
hormonal treatments. Leaf area and dry mass were
reduced with enhancing salinity but the difference
between non-saline and low salinity conditions were not
significant. Foliar application of SA improved the leaf
area with no significant effect on leaf mass, but JA
showed vice-versa effect, despite reducing leaf area,
increased leaf dry mass. Specific leaf area was reduced,
but specific leaf mass was elevated under moderate and
severe salinity levels. Application of SA increased
specific leaf area, but had no significant effect on
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Figure 1: Changes in maximum quantum yield of PSII (Fv/Fm), relative electrolytic leakage (REL), water use
efficiency (WUE) and relative water content (RWC) of soybean leaves under different levels of salinity and
hormonal treatments. Different letters indicate significant difference at p < 0.05. Con: control, SA: salicylic acid

and JA: Jasmonic acid

specific leaf mass. Treatment of plants with JA reduced
the specific leaf area and increased specific leaf mass in
comparison with control plants (Table 1).

3.5 Maximum quantum yield of PSII (Fv/Fm)

Interaction of salinity X hormone for maximum
quantum yield of PSII was significant. Fv/Fm was not
changed significantly at 4 dS m™ salinity, but thereafter
it was diminished with enhanced salinity. The Fv/Fm
for JA and SA treated plants were statistically similar up
to 7 dS m™, but SA treated plants in comparison with
control and JA treatments showed the highest maximum
quantum yield of PSII under severe salt stress (Fig. 1).
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3.6 Leaf electrolytic leakage

Relative electrolytic leakage of soybean leaves was
significantly enhanced by rising salt stress. Treatment of
plants with SA and JA reduced the relative electrolytic
leakage of soybean leaves under different levels of salt
stress, but these hormonal treatments did not change this
trait under non-saline condition (Fig. 1).

3.7 Relative water content (RWC)

The interaction of salinity x hormone for relative water
content of soybean leaves was significant. Leaf relative
water content was decreased as salt stress increased.
Exogenous application of JA and SA under non-saline
and low salinity conditions had no significant effect on
RWC, but these treatments improved relative water
content of soybean leaves under moderate and severe
salinities (Fig. 1).

3.8 Rate and duration of seed filling

Seed mass was increased by increasing seed filling up to
39-56 days after flowering, depending on salinity level
and hormonal treatments. Salinity reduced seed filling
duration and increased seed filling rate. Maximum seed
mass under salinity treatments was achieved about 6-12
days earlier than that under non-saline condition, and
reduced with enhancing salinity levels. Treatment with
SA under all salinity levels with rising seed filling
duration increased maximum seed mass. Under non and
low salinity levels, treatment with JA reduced seed
filling duration, but in moderate and severe salinity
levels, this reduction was not significant. JA increased
seed filling rate of plants under all salinity levels, with
no significant effect on control plants. Seeds from JA
treated plants did not show significant difference with
control plants in maximum seed mass (Fig. 2 and Tables
2 and 3).

Table 2: Means of soybean seed filling duration, rate and assimilate mobilization efficiency under different salinity

and hormonal treatments

Salinity Hormonal Seed filling duration Seed filling rate Assimilate mobilization
(dSm™) treatments (day) (mg day™) efficiency (%)
Con 44.75b 2.28ef 66.24d
0 SA 47.02a 2.28ef 68.78bc
JA 42.02d 2.34e 61.46f
Con 4291c 2.46cd 70.03b
4 SA 47.72a 2.21f 74.31a
JA 39.05f 2.57ab 64.08¢
Con 37.24¢ 2.44cd 63.77¢
7 SA 42.02d 2.38de 65.70d
JA 36.86¢g 2.61ab 64.01e
Con 34.35h 2.51be 58.09g
10 SA 41.23e 2.28ef 68.07¢c
JA 33.61h 2.63a 58.65¢g

Different letters in each column indicate significant difference at p < 0.05. Con: control, SA: salicylic acid and JA:

Jasmonic acid

Salinity and hormonal treatments significantly affected
assimilates mobilization efficiency to the seeds during
the seed filling period. Assimilates mobilization
efficiency to the seeds was increased by enhancing
salinity up to 4 dS m™, but with further increase in
salinity it was reduced. Under all levels of salinity and
non-salinity, SA treatment significantly improved the
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mobilization efficiency; this advantageous effect was
higher under severe salinity. The JA treatments under
non and low salinity levels reduced the mobilization
efficiency of assimilates to the seeds, however, under
moderate and severe salinities, there was no tangible
difference between the JA and control plants (Table 2).
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Figure 2: Changes in seed mass of soybean (M7 cultivar) in response to different salinity and hormonal treatments.

Con: control, SA: salicylic acid and JA: Jasmonic acid

3.9 Yield components

The effects of salinity and hormonal treatments on pod
and seed number per plant were significant. Pod and
seed number per plant were decreased with rising
salinity, however the difference in pod number between

0 dS m" and 4 dS m™ was not significant. Treatment
with SA increased pod and seed number per plant, but
JA did not improve number of the pods per plant (Table
3).

Table 3: Means of soybean seed mass and yield components under different salinity and hormonal treatments

Maximum seed

Pods Seeds

Treatments per plant per plant mass
(mg seed")

Salinity
0dSm’ 10.16a 33.62a 103.52a
4dSm’ 9.58a 30.93b 103.31ab
7dSm’ 8.33b 27.33¢ 96.73b
10dS m™ 7.33c¢ 23.60d 89.32¢
Hormonal
treatment
Con 8.25b 27.30b 96.80b
SA 9.81a 32.53a 104.37a
JA 8.50b 26.76b 92.50b

Different letters in each column indicate significant difference at p < 0.05. Con: control, SA: salicylic acid and JA:

Jasmonic acid
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4 DISCUSSION

The decrement in CCI under severe salinity could be
attributed to a salt-induced weakening of protein-
pigment-lipid complex and enhancing the activity of
chlorophyllase. The decrease in chlorophyll content
under salt stress is commonly reported phenomenon
(Noreen et al.,, 2009). Increasing the CCI and
anthocyanins content with SA treatment may be related
to increasing nitrogen absorption with the enhancing
nitrate reductase activity (Farhangi-Abriz & Ghassemi-
Golezani, 2016) and increasing the chlorophyll stability
index (Farhangi-Abriz & Ghassemi-Golezani, 2018).

The low Fv/Fm value under saline condition is the
consequence of initial damage occurring in PSII, likely
due to low water availability. This reduction in Fv/Fm
under salt stress is dependent on damage to reaction
centers and reducing electron transport capacity in PSII
(Ghassemi-Golezani & Lotfi, 2015). Increasing PSII
efficiency with SA treatment under severe salinity could
be resulted from the effects of SA on decreasing the
harmful effects of salt stress on plant performance
(Farhangi-Abriz &  Ghassemi-Golezani,  2018).
Exogenous application of salicylic acid on mustard
plants improved photosynthetic activities and growth
through increasing ascorbate-glutathione metabolism
and sulphur assimilation under salt stress (Nazar et al.
2015). Increasing Fv/Fm may be related to the effects of
SA on inhibition of peroxidation of membrane lipid,
decreasing electrolyte leakage and enhancement of
electron transfer in membrane (Shi et al., 2006;
Farhangi-Abriz & Ghassemi-Golezani, 2018).

Increasing leaf temperature under salinity is related to
low relative water content. One of the early symptoms
of salinity stress in plant tissue is the decrease of RWC.
This reduction of RWC in stressed plants may be
associated with a decrease in plant vigor and was
observed in many plant species. The decrease in leaf
water could be associated with ion toxicities, ion
imbalance and osmotic stress (Farhangi-Abriz &
Ghassemi-Golezani, 2018). Reduction in RWC leads to
enhanced temperature via closing stomata and
decreasing transpiration. Reducing the leaf temperature
by SA application closely related with higher RWC of
plants treated with this hormone. This may be resulted
from the accumulation of so-called SA induced proteins
that were found in all plant species and can have a
helpful effect on the osmoregulation process in plants
(Farhangi-Abriz & Ghassemi-Golezani, 2018).

Reduction of leaf area and leaf dry mass under salinity
could be attributed to the nutritional imbalance due to
an interference of salt ions, such as Na* and CI” with K*
involved in both uptake and translocation processes
(Farhangi-Abriz &  Ghassemi-Golezani,  2018).
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Potassium is a main plant macro-element that has some
serious roles related to cell expansion and nutrient
uptake. Restraining leaf expansion and reducing specific
leaf area by salinity resulted in increasing specific leaf
mass. Improving leaf area of soybean plants by SA
application may be related to enhance essential nutrient
uptake (Farhangi-Abriz & Ghassemi-Golezani, 2018)
and inhibition of ethylene synthesis (Leslie & Romani,
1986). This leads to an increase in specific leaf area and
a decrease in specific leaf mass. In contrast, JA
application increases ethylene synthesis, which limits
leaf area expansion, but increases leaf dry matter and
specific leaf mass, probably with allocation of photo
assimilate to produce secondary metabolites such as
flavonoids and storing these metabolites in leaf cell
vacuoles (Wasternack, 2007).

Increasing relative electrolytic leakage of leaves under
salinity shows the extent of membrane damages due to
salt toxicity. The lipid peroxidation and increasing
relative electrolytic leakage under salinity are the
serious adverse effects of the salinity on plant cells.
Treatment with SA and JA decrease adverse effects of
salinity by increasing anti-oxidants activity (Farhangi-
Abriz & Ghassemi-Golezani, 2018), inhibiting ethylene
synthesis (Lesliec & Romani, 1986), increasing RWC,
CCI and allocation of amino acids to producing non-
structural protein in vegetative sinks (Farhangi-Abriz &
Ghassemi-Golezani, 2016).

Decreasing WUE under salinity stress is largely related
to limitation of crop growth. These reductions in growth
of soybean under salinity might be caused by decreasing
turgidity from high concentrations of Na™ in the soil
under salt stress. The negative effect of salinity on
plants may provoke osmotic potential by salt in the
culture medium, so root cells do not obtain required
water from the soil. Consequently, the uptake of some
mineral nutrients such as nitrogen dissolved in water is
also restricted (Farhangi-Abriz & Ghassemi-Golezani,
2016). Increasing WUE by SA treatments could be the
result of improving water uptake, translocation and
increasing physiological performance and
photosynthetic activities (Farhangi-Abriz & Ghassemi-
Golezani, 2018). Treatment with JA in some plants,
reduces water and nutrient uptake, imbalances nutrient
content and WUE, and reduces plant growth and seed
production (Creelman & Mullet, 1995; Ghassemi-
Golezani & Farhangi-Abriz, 2018b).

Reduction in seed filling duration and increment in seed
filling rate of plants with increasing salinity stress is the
result of early plant senesces (Farhangi-Abriz &
Torabian, 2017) and increasing ethylene synthesis (Cao
et al., 2007). Yang et al. (2013) reported that a reformed
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hormonal balance in rice seeds during seed filling,
especially a decrease in gibberellic acids and an increase
in abscisic acid, enhances the remobilization of pre-
stored assimilated to the seeds and accelerates the seed
filling rate. The decreasing maximum seed mass of
soybean seeds under salinity is related to limitation of
water and nutrient uptake (Cao et al., 2007) and
decreasing seed filling duration. Treatment with SA by
preventing ethylene synthesis in plants and regulating
hormonal balance (Leslie & Romani, 1986) increased
seed filing duration and maximum mass of seeds. In
contrast, JA treatment by enhancing ethylene synthesis
(Creelman & Mullet, 1995) and seed filling rate,
reduced seed filling duration (only on 0 and 4 dS m™).
Consequently, the maximum mass of seeds did not
significantly change by JA, compared with untreated
plants.

Reduction of assimilates mobilization efficiency under
moderate and high salinity levels could be attributed to
decreasing water availability, seed filling duration and
photosynthetic activities. Foliar spray of SA increased
assimilates mobilization to the seeds by rising seed
filling period and improving water use efficiency.
Decreasing assimilates mobilization efficiency by JA
under non and low salinity conditions most likely

related to the reduction of the seed filing period and
allocation of assimilates to the vegetative sinks
(Farhangi-Abriz & Ghassemi-Golezani, 2016).

Pod number per plant is closely related with nod and
flower number. Salinity could reduce nods and flowers
per plant, leading to reduction in pods per plant.
Treatment with SA increased number of pods and seeds
per plant through improving flower-inducing factor
(Hayat et al., 2007). Farhangi-Abriz and Ghassemi-
Golezani (2018) reported that salinity can severely limit
crop production, because high salinity reduces water
potential and induces ionic stress. Large reductions in
seed filling period, assimilate mobilization efficiency to
the seeds, number of seeds and seed mass under saline
conditions resulted in a considerable decrease in seed
mass per plant. Exogenous application of SA improved
seed mass via increasing morpho-physiological
performance of plants, seed filling period, assimilate
mobilization efficiency to the seeds, seed number per
plant and seed mass. Foliar spray of SA decreases
damages of salinity by increasing the activities of anti-
oxidant enzymes, and also improving the general
physiological performance of plants (Farhangi-Abriz &
Ghassemi-Golezani, 2018), which result in higher seed
mass.

5 CONCLUSIONS

Salt stress considerably reduced seed mass of soybean
by decreasing morpho-physiological performance of
plants and seed filling duration. Foliar application of SA
improved seed production under different levels of salt
stress. The advantages of SA treated plants in seed mass

were directly related with improving physiological
performance of soybean plants such as leaf growth,
water use efficiency, seed filling duration and assimilate
mobilization efficiency under non-saline and saline
conditions.
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ABSTRACT

In this study Amaranthus cruentus plants were grown under
controlled optimal conditions (28/21 °C) for three months and
then subjected to cold (14/7 °C) and hot (33/40 °C)
temperatures. We investigated the influence of these
temperature regimes on the metabolite profile of the leaves
through analyses of data by TLC, HPLC and GC-MS
spectrometry. The phytotoxic potential of a methanol-water
(MW) and dichloromethane (DCM) extract from the aerial
parts were examined through in vitro screening of germination
and growth of lettuce and pepper. The optimal extracts
displayed the highest diversity of secondary metabolites, and
the highest total phenolics and flavonoids content. Through
TLC and HPLC analysis the significantly lower phenolic
content in the hot temperature treated samples was confirmed.
A wide range of metabolites were detected in the DCM
extracts through GC-MS analyses. The phytotoxicity of both
the MW and DCM extracts were demonstrated, as germination
and growth of pepper and lettuce were significantly inhibited,
indicating the presence of more than one allelochemical
compound which may affect the allelopathic activity of A.
cruentus during changes in environmental temperatures.

Key words: Amaranthus cruentus; temperature; stress;
phytotoxcitiy; metabolites; phenolic compounds

1ZVLECEK

VPLIV TEMPERATURNEGA STRESA NA PROFIL IN
FITOTOKSICNOST SEKUNDARNIH METABOLITOV
V LISTNEM IZVLECKU ZRNATEGA SCIRA
(Amaranthus cruentus L.).

Rastline zrnatega $¢ira so bile za namene te raziskave gojene v
nadzorovanih optimalnih temperaturnih razmerah tri mesece
(28/21 °C) in nato izpostavljene hladu (14/7 °C) in vroc¢ini
(33/40 °C). Preucevan je bil vpliv temperaturnih rezimov na
profil metabolitov v listih §¢ira z metodami kot so TLC, HPLC
in GC-MS spektroskopija. Fitotoksi¢ni potencial metanolno-
vodnih  (MW) in diklormetanskih (DCM) izvleckov
nadzemnih delov §¢ira je bil analizirana preko in vitro analize
kalitve vrtne solate in paprike. Optimalni izvlecki so imeli
najvecjo raznolikost sekundarnih metabolitov in najvecjo
vsebnost celokupnih fenolov in flavonoidov. S TLC in HPLC
analizo je bila potrjena znacilno manjsa vsebnost fenolov v
vro¢insko obdelanih vzorcih. Z GC-MS analizo je bil
ugotovljen Sirok nabor metabolitov v diklormetanskih
izvleckih (DCM). Fitotoksicnost MW in DCM izvleckov se je
izrazila v znacilno zmanjSani kalitvi in rasti solate in paprike,
kar kaze na prisotnost ve¢ kot ene alelokemi¢ne spojine. To
lahko posledicno vpliva na alelopatsko aktivnost zrnatega
$¢ira med spremembami temperature v okolju.

Kljucne besede: Amaranthus cruentus; temperatura; stres;
fitotoksi¢nost; metaboliti; fenolne spojine

1 INTRODUCTION

Several studies documented on the increase of
secondary compounds or changes in chemical profile
within specimens of the same plant species growing
under different or environmental stress conditions

(Gobbo-Neto & Lopes, 2007; Ramakrishna &
Ravishankar, 2011; Gouvea et al., 2012). The
interaction between plants and their environment
influence synthesis and accumulation of secondary
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metabolites and their roles as a response to the
environment. (Rhoads et al., 2006). The exposure to
various environmental stresses can strengthen the
allelopathic potential of many plants (Einhellig, 1987,
1996; Gershenzon, 1984; Tang et al., 1995; Kobayashi,
2004) and can affect allelopathy in at least three ways:
1) the production of allelochemicals by the donor
species, 2) their bioavailability and 3) modify the effect
of an allelochemical on the target plant (Einhellig, 1996,
Trezzi et al., 2016).

Amaranth is one of the few multi-purpose crops which
can supply grain as well as tasty leafy vegetables of
high nutritional quality (Mensah et al., 2008; Maiyo et
al., 2010; Nana et al., 2012; Alemayehu et al., 2015).
The chemical constituents and medicinal value of
amaranth have been well described in the literature
(Stintzing et al., 2004; Steffensen et al., 2011; Kraujalis
et al., 2013). Most of the reported compounds include:
carotenoids, steroids (Maiyo et al., 2010; Oboh et al.,

2008; Bishop & Yokoto, 2001), terpenoids (Connick et
al., 1989), ascorbic acid, betacyanins (Cai et al., 1998),
o-spinasterol, spinoside, amaranthoside, amaracine
(Shah, 2005), phenolic compounds (Kraujalis et al.,
2013) and saponins (Vincken et al., 2007). Some of
these compounds are considered to be allelochemicals
which are able to affect surrounding plants once
released into the environment (Rice, 1984; Waller,
1987). These phytotoxic compounds offer the
opportunity to act as natural herbicides, since there is an
increasing need for more cost-effective, safer, and more
selective herbicides.

This study evaluated the influence of temperature on
plant secondary metabolite production of 4. cruentus L.
and whether the chemical-mediated interaction is
involved in A. cruentus allelopathy. Thus, phytotoxcitiy
of A. cruentus was evaluated with extracts of the
different temperature treatments.

2 MATERIALS AND METHODS

2.1 Plant material

Amaranthus cruentus ‘Anna’ seeds were planted in pots
containing a soil-compost (80 : 22 v/v) mixture and
grown at 28/21 °C; day/night temperatures in climate
controlled chambers at The Department of Agriculture,
University of the Free State as described by Allemann et
al. (2017). Vegetable seeds used in this study were
obtained from Starke Ayres: ‘California Wonder’ Sweet
Pepper and ‘Great Lakes’ Lettuce.

2.2 Crude extracts

Methanol-water (70 : 30 v/v) and dichloromethane
(DCM) were used as solvents. Ten grams of the
powdered A. cruentus leaf material (oven dried at 40
°C) was extracted twice by shaking overnight in the
different solvents (1 : 20 w/v). The pooled extracts were
dried and kept at 4 °C until further analyses.

2.3 Allelopathy determination

A combination of the ‘sandwich method’ of Fujii et al.
(2003) and Hill et al. (2007) was used to determine the
in vitro phytotoxicity of the crude leaf extracts from the
different temperature treatments of A. cruentus on the
vegetable seeds. For this method 5 and 20 mg of each
extract was dissolved in 1 ml of their own solvent, and 1
ml pipetted onto a filter paper. The filter papers were
allowed to dry then placed on the bottom layer of agar
resulting in 0.5 or 2 mg ml™ extract per well. Controls
contain only the solvents on filter paper.
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Lettuce (Lactuca sativa L.) and pepper (Capsicum
annuum L.) seeds were surface sterilised as described
by Allemann et al. (2017) and each of the experiments
was done in triplicate and presented as the mean of the
replicates.

2.4 Total phenolic and flavonoid content

Total phenolic content was evaluated in the methanolic
extract, using the Folin-Ciocalteu method as reported by
Singleton & Rossi (1965). The absorption was measured
at 550 nm and the content in phenolics was expressed as
mg galllic acid equivalents (GAE) of dry mass extract.
Total flavonoid content was determined as reported by
Zhishen et al. (1999). The absorption was measured at
510 nm and the content in flavonoids was expressed as
mg quercetin equivalents (QE) of dry mass extract.

2.5 Thin Layer Chromatography

Thin layer chromatography (TLC) was carried out using
silica gel 60 Fysp—aluminium backed pre-coated plates.
Extracts (50 mg ml') were dissolved in their
appropriate extraction solvents and 10 pl applied to the
TLC. The mobile phase for development of the MW
extracts was chloroform-methanol-water-acetic acid
(65:35:5:1), while for the DCM extracts, plates were
developed in toluene-ethyl acetate (93:7). Compounds
resolved on the plate were visualized using ultraviolet
light (UV) at 365 nm and 254 nm, ninhydrin (Pifrung,
2006), p-anisaldehyde-sulphuric/acetic acid, 5 % ferric
chloride and dragendorf reagents, prepared according to
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the standard methods described by Wagner & Bladt
(1996).

2.6 High Pressure Liquid Chromatography

The MW extracts (20 mg ml"') were separated and
identified through high pressure liquid chromatography
(HPLC) by comparing the retention times to standard
phenolic compounds. Standards were prepared in
methanol (3 mg ml") and absorption measured between
200 and 400 nm. Ten micro litre of extracts and 2 pl of
standards were injected while the flow rate was kept at 1
ml min”. A Shimadzu instrument with a Photo Diode
Array Detector (PDA) and an elution procedure as
described by Vidovi¢ et al. (2015) with a C18 column
(Phenomenex C18, 250mm x 4.6mm, Spm diameter),
was used to achieve acceptable separation of all
compounds. The mobile phase consisted of: A,
acetonitrile and B, a mixture of acetic acid- acetonitrile-
phosphoric acid-water (10:5:0.1:84:9, by vol.).

2.7 GC-MS analysis

The DCM extracts (10 mg) were dissolved in 1 ml
hexane. Analyses was done through GC-MS using a

Shimadzu GC-MS QP-2010 gas chromatography
equipped with a DB-5 MS column (30 m length x 0.32
mm diameter x 0.25 um film thickness) and injecting 1
pl of sample. The GC operating conditions were the
following: 5 min at 60 °C, then gradually increased to
280 °C at a rate of 2 °C min™', and held for 10 min.
Helium was used as the carrier gas (1.5 ml min™ flow
rate). Spectra analysis was conducted using the library
“National Institute of Standard and Technology (NIST)
version 5.0.

2.8 Statistical analysis

The experiments were carried out adopting a completely
randomized design with three replications. The results
were expressed as means with least significant
difference (LSD). Analysis of variance (ANOVA) was
performed using SAS 9.3 (Institute Inc., Cary, NC,
USA, 2008) statistical programme for data and Tukey-
Kramer’s LSD procedure for comparison of means.
Significance of differences compared to the control
groups was determined using the t-test (Steel & Torrie,
1980).

3 RESULTS AND DISCUSSION

3.1 Metabolites

Comparison of the compounds in the MW and DCM
leaf extracts of the different temperature treatments of
A. cruentus plants, are illustrated by TLC in Figure 1. It
is clear that temperature played an obvious role in the
production of secondary compounds, as clear
differences in compounds between the treatments were
visible in both the polar and non-polar extracts (Fig. 1A
& B). Different compounds with varying R¢values were
visible when spraying the TLC’s with p-anisaldehyde-
sulphuric/acetic acid reagent. Colours of compounds
range from green, yellow, pink, blue and purple with
different Ry values for the polar and non-polar extracts.
The diverse coloured compounds with varying R, values
visible in both polar and non-polar extracts on TLC
(Fig. 1) may indicate many different compounds,
including terpenes, saponins, sugars and flavonoids
amongst others (Wagner & Bladt 1996).

In the optimal treatment of the MW extract, 11
compounds were noted, compared to 8 and 5 in the cold
and hot treated samples respectively. Prominent spots,
including a dark purple (Ry= 0.055), a blue-purple (R =
0.49) and a light blue spot (R¢ = 0.6) were only present
in the optimal extract (Fig. 1A). From these results one
can deduct that the stress temperatures, particularly the
hot, inhibited the biosynthesis of some of the more polar
compounds.

Differences were also visible in the non-polar samples
(Fig. 2B), with a noticeable blue coloured compound
visible at Ry = 0.83, solely in the hot treatment DCM
extract (Fig 1B). Less green pigment, probably
chlorophyll was also observed in the hot treatment
extract, indicating the effect the hot treatment had on
photosynthesis.

Several studies were conducted on the impact of
increased temperatures on secondary metabolite
production of plants (Morrison & Lawlor, 1999).
Phenolic compounds are important and common plant
allelochemicals in the ecosystem and the main phenolic
compounds are water soluble (Li et al., 2010). Kraujalis
et al. (2013) reported on the antioxidant properties and
phytochemical composition of amaranth extracts
isolated by acetone and methanol-water from plant
leaves, flowers, stems and seeds. They found that the
methanol-water extract of the leaves possessed the
highest antioxidant activities and various phenolic
compounds and flavonoids e.g. rutin, nicotiflorin,
isoquercitrin, 4-hydroxybenzoic and p-coumaric acids
were identified as major constituents. In the review
article by Mroczek (2015) it is reported that saponins
were isolated from a diversity of Amaranthaceae genera
and species.
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Figure 1: Qualitative TLC profiles of the optimal, cold and hot treated A. cruentus MW (A) and DCM (B) leaf

extracts. Detection by p-anisaldehyde reagent

In this study, the total phenolic and flavonoid content
significantly declined in A. cruentus plants exposed to
hot temperatures compared to plants grown at the
optimal temperature (Table 1). The decrease in total
phenolic and flavonoid content are in contrast with
findings of many authors who reported an increase in
production of phytotoxic phenolic compounds in plant
tissues exposed to high temperatures and solar radiation
(Koeppe et al, 1969; Wender, 1970; Einhelig &

Eckrich, 1984). Rudikovskaya et al. (2008), however
reported that low growth temperature decreased the
content of some phenolic compounds in pea seedling
roots and according to Krol et al. (2014), long-term
drought stress caused a decrease in particular
components of secondary metabolism in the leaves and
roots of grapevine. It seems therefore that one cannot
expect generalized patterns of phenolic compounds in
stress situations.

Table 1: Total phenolic and flavonoid compounds in temperature stressed amaranth leaf material

Total phenolic content (mg GAE

Total flavonoid content (mg QE g

Treatment g D.M'l.) D.M'l.)
Cold 12.0b 54a
Optimal 18.8a 5.6a
Hot 10.1b 4.1b
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Analyses by HPLC confirmed the decrease in phenolic compounds in the temperature stressed plants (Fig 2).
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Figure 2: Comparison of HPLC-PDA chromatograms of optimal (A), cold (B) and hot (C) temperature treated 4.
cruentus methanol-water leaf extracts. 1 = Catechin; 2 = Rutin; 3 = Quercetin

Flavonoids are not usually seen as allelopathic
compounds but they have other roles in plants such as
attractants to pollinators, protection against ultraviolet
light (Li et al., 1993) and as an anti-inflammatory, anti-
allergic and anti-viral activities (Miller, 1996). Some
flavonoids do however have allelopathic properties such
as quercetin (Inderjit & Dakshini, 1995), catechin (Bais
& Kaushik, 2010; Chobot et al., 2009) and rutin (Basile
et al., 2000), which has been found in both 4. hybridus
and 4. cruentus. From our HPLC results, catechin and
rutin were identified in the optimal and cold treated
amaranth MW leaf litter extracts (Fig 2A & B), while a
small amount of quercetin was detected in only the cold
treated sample (Fig 2B). The heat treated sample
contained a reduced amount of unidentified compounds
(Fig 2C), indicating the role temperature play on the
biosynthesis of flavonoids and the possible consequence
on allelopathy.

The influence of temperature on the expressed
compounds in the different DCM extracts were clearly
visible after analyses through gas chromatography and

mass spectrometry (GC-MS). Major compounds made
up a total composition of 75.69 % (9 compounds),
90.44 % (7 compounds) and 91.89 % (9 compounds), of
the optimal, cold and heat treated samples respectively
(Table 2). Neophytadiene and hexadecanoic acid were
the only compounds present in all three extracts,
although the concentrations of these compounds varied
substantially between the treatments (Table 2). The
highest concentration of neophytadiene (27.53 %) was
found in the cold treated sample, while hexadecanoic
acid (13.52 %) was maximum in the heat treatment
extract. Squalene, trans-phytol and the phytosterol,
stigmasta-7,22-dien-3-ol were present in only cold and
heat treated samples.

Gamel et al. (2007) found high squalene concentrations
in oil fractions of 4. caudatus L. and A. cruentus, while
Shah (2005) reported on the presence of stigmasta-7,22-
dien-3-ol (a-spinasterol) in A. spinosus L.. According to
Szakiel et al. (2010), lower soil temperatures triggered
an increase in levels of steroidal furostanol and
spirostanol saponins.
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Table 2: GC-MS results of compounds present in optimal, cold and hot temperature treated DCM leaf extracts of 4.

cruentus
Retention Compound name* Optimal Cold Hot
time (min) pou area % area % area %
63.315 16-Heptadecenal 13.22 - -
64.054 Neophytadiene 9.03 30.70 4.44
65.296 3,7,11,15-Tetramethyl-2- ) 519 372
hexadecen-1-ol
66.193 trans-Phytol - 10.04 6.01
70.621 Hexadecanoic acid (Palmitic acid) 11.01 3.29 13.52
77 243 2-Hexadecen-1-ol, 3,7,11,15- ) ) 782
tetramethyl
73 458 9,12,15-0(:.tadec§trlen.01c acid (o- ) 2740 29 68
Linolenic acid)
79.695 Octadecanoic acid (Stearic acid) - - 2.30
R1.156 Tetrahydrofurano[6a,7a—b]-5—0xa—8— 986 ) )
thiaphenanthrene
97.733 Hexahydrothunbergol 7.07 - -
102.751 bis-Naphthylfuran 5.47 - -
103.841 Methyl ester of decyclotrenudine 5.02 - -
103.992 (-)-18-Noramborx 4.84 - -
104.067 Benzyl methyl ether 10.17 - -
104.920 Squalene - 3.73 6.22
121.002 Stigmasta-7,22-dien-3-ol (a- - 10.09 12.36
Spinasterol)
Total 75.69 90.44 91.89

Area (%) of compound = height of peak x width of peak at sheight < x Total area™
* Identification by Library: NIST 05. LIB

3.2 Phytotoxcitiy properties and therefore affecting the organization and
growth of plant communities. At different
concentrations both the MW and DCM extracts of the
different temperature treatments, significantly inhibited
germination of both lettuce and pepper (LSDr<s) =
1.88) (Table 3). The polar MW extract was more
effective in lowering germination percentages in both
pepper and lettuce than the non-polar DCM extract
(Table 3).

Germination

Phytotoxic activity of A. cruentus extracts may be
ascribed to a wide range of biologically active
phytochemicals such as phenolic acids, flavonoids and
fatty acids which are known for their phytotoxic and
allelochemical activities. When these compounds are
released into the soil by leaf litter decomposition there
may be a change in both the physical and chemical
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Table 3: Germination percentage of pepper and lettuce seeds exposed to increasing concentrations of MeOH-H,0

Extract Germination % of pepper Extract Germination % of lettuce

[mg ml™] temperature treatment [mg ml™] temperature treatment

MW Optimal Cold Hot Ave MW Optimal  Cold Hot Ave
0 100 100 100 100 0 100 100 100 100
0.5 29 24 29 27 0.5 24 29 31 28
2 29 24 33 28 2 24 24 36 28
Ave 52 49 54 Ave 49 51 56

DCM DCM

0 100 100 100 100 0 100 100 100 100
0.5 49 29 56 44 0.5 69 67 42 59
2 40 22 47 36 2 42 24 36 34
Ave 63 50 68 Ave 70 64 59

LSD(T§O405): 1.88.n=96

Growth

Both the hypocotyl and seminal root were significantly
inhibited when exposed to extracts of all the
temperature treatments, however the cold stress
treatment was the most detrimental (Table 4 & 5). The
results also confirmed that root elongation was more
sensitive to allelochemicals than stem (hypocotyl)
elongation in both species. Furthermore, both polar and
non-polar extracts, at 0.5 and 2 mg ml”, significantly
reduced the growth of lettuce (Table 4) and pepper
(Table 5). Allelopathy influences plant succession
through root exudation, leaching and volatilization
when the plant dies and starts to decompose (Rice 1984;
Weston 2005; Minorsky 2002; Bertin et al. 2003). The
most frequently reported morphological effects from
allelochemicals on sensitive plants is the inhibition or
retarded seed germination and retarded development of
shoots and roots (Ghafarbi et al. 2012). It has been cited
in literature that allelopathy was involved in many
natural and manipulated ecosystems and that they play a
role in the evolution of different plant communities
(Ding et al., 2007). Abiotic stresses can lead to
morphological,  physiological,  biochemical and
molecular changes within the plants, and therefore has
an impact on plant growth (Wang et al., 2003). Climate
change and temperature play a role in the synthesis of

allelochemicals, which can affect the growth processes
of neighbouring plants (Li et al., 2010). Results by
Amini (2009, 2012), proved that root exudates of A.
retroflexus had inhibitory effects on shoot length of both
crop (wheat) and vegetable (common bean) plants.
Aqueous extracts from the leaves, roots and stems of 4.
retroflexus L. had inhibitory effects on the hypocotyl
growth of maize (Konstantinovi¢ et al., 2014). Dhole et
al. (2013) noticed that seed germination and seedling
growth of maize were inhibited when using aqueous
extracts from the root, stems and leaves of A. tricolor
L..

Phenolic compounds take part in the regulation of seed
germination and work together in regulating the growth
of plants. The role of several phenolic compounds e.g.
lignin, salicylic acid, flavonoids and phytoalexins play
important roles in plant resistance, taking part in
defence responses during biotic and abiotic stress
(Kulbat, 2016). It is therefore possible that the reduction
in phenolic compounds caused by temperature stress,
could play a role in the germination and growth of
lettuce and pepper seeds. Furthermore, it is clear from
both literature and our results, that concentration plays a
major role in the severity of allelopathic effects on
different plants (Qasem, 1995; Obaid & Qasem, 2005).
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Table 4: Hypocotyl and seminal root lengths of lettuce seeds exposed to increasing concentrations of MeOH-H,0
and DCM leaf extracts of A. cruentus grown at optimal, cold and hot temperatures

[riztzf't'] Hypocotyl length of Lettuce (mm) Seminal root length of Lettuce (mm)
MeOH- Temperature treatment Temperature treatment
H0 Optimal Cold Hot Ave Optimal Cold Hot Ave
0 28.77+£9.07 28.77+9.07 28.77+9.07 28.77a | 2631+11.2 2631+11.2 26.31+11.2 2631a
0.5 26.77£16.5 29.15+17.8 31.69+11.4 29.03a | 17.54+12.5 13.23£7.25 15.0846.45 15.28Db
2 20.62+12.8  6.31£9.46 13.08+7.99 13.34b 8+7.43 3.15+£3.31  3.85+2.44 5¢
Ave 25.39 21.41 24.51 17.28 14.23 15.08
LSD1<0.05) T=ns CcC=.23 TxC = T=ns Cc=.39 TxC =ns
DCM
0 35.48+11.7 35.48+11.7 35.48+11.7 3548a | 27.63+t12.4 27.63+12.1 27.62+11.8 27.63a
0.5 28.85£6.27 17.3149.29 9.77+4.64 18.64b | 19.62+5.04 15.77+9.49 8+4.16 14.46 b
2 26.77£7.93  7.08+8.75 2538+7.79 19.74b | 14.0845.99 9.08+8.84  16.69+6.71 13.28 b
Ave 29.79 20.54 23.54 19.49 17.82 17.44
- xC = x(C =
Lsoif— T=489 C=4.89 T4_gg T=ns C=.66 T4.(6:6

Different letters along the column indicate significant differences at T < 0.05 (Tukey test). Significant differences

within each vegetable; n = 13.

Table 5: Hypocotyl and seminal root lengths of pepper seeds exposed to increasing concentrations of MeOH-H,0O
and DCM leaf extracts of A. cruentus grown at optimal, cold and hot temperatures

[flztﬁlc*t'] Hypocotyl length of pepper (mm) Seminal root length of pepper (mm)
MeOH- Temperature treatment Temperature treatment
H,O Optimal Cold Hot Ave Optimal Cold Hot Ave
0 20.23+15.3  20.23£15.3 20.23+£15.3 20.23a | 13.9245.02 13.9245.02 13.9245.02 13.92a
0.5 2.69+4.55  5.62£391 11.31£7.78 6.54Db 1.15£2.54  3.31+3.28  9.85+8.71 477b
2 1.08+£1.80  3.46+2.26  5.15+£1.99 323b | 0.46+0.88 1.08+0.76  3.46+4.74 1.67 ¢
Ave 8 9.77 12.23 5.18 6.10 9.08
LSDt<0.05) T=ns C=4.35 TxC=ns T=2.29 C=2.29 T=xC=2.29
DCM
0 16.08+6.21 16.08+£6.21 16.08+6.21 16.08a | 24.38+11.4 24.38+11.4 24.38+11.4 24.38a
0.5 6.31£2.56  4.31+5.75  2.46+1.61 436b | 12.77£3.68  2.85+3.74 1.92+0.86 585D
2 3.69£2.66  4.31+5.02  8.77+7.33 5.59b 5+£5.74 6.46+£8.90  5.85+6.01 577D
Ave 8.69 8.23 9.10 14.05 11.23 10.72
LSO%TS T=ns  C=278 TZX_ 38: T=ns  C=387 T;g;

Different letters along the column indicate significant differences at T < 0.05 (Tukey test). Significant differences

within each vegetable; n = 13.

Many studies have been done on allelopathy of the polar
extracts of amaranth, but no information is available on
the non-polar compounds. This is the first report on the
in vitro phytotoxicity of a DCM extract of grain
amaranth. The characteristics of allelochemicals are
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environment. For example, the mobility of compounds
within the soil are influenced by their water solubility;
the vapour pressure can impact their volatilization and
their chemical structure can affect their affinity with the
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soil surface (Souza Filho & Alves 2002). The outcome
of all these complex interactions results in compounds

with allelopathic properties which can be of potential
agronomic use.

4 CONCLUSION

Temperature influenced the chemical composition of 4.
cruentus and in vitro bioassays proved the negative
impact of the extracts on germination and growth of
vegetables. This demonstrated that the environment for
the cultivation of A. cruentus is important and that more
than one compound were responsible for allelopathy,
thus both polar and non-polar compounds were
involved. Furthermore, with increased concentrations of
extracts a decrease in germination and seedling
development occurred. Consequently, if more plant
residues are left behind in the soil, the growth of the

next crop will often be affected with a subsequent
decline in yield. It was also clear that vegetables
displayed diversity in reaction towards the temperature
treatments and type of extract. This information proves
that a holistic understanding of the influence of abiotic
environmental factors on the production of metabolites
in various plant parts are of importance. The release of
potentially phytotoxic compounds from 4. cruentus leaf
litter into soil deserves further investigation as well as
the purification of extracts to determine unidentified
natural compounds with herbicidal activity.
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ABSTRACT

Waterlogging is one of the most important environmental
stresses that have negative effects on wheat growth and yield.
The purpose of this study was to investigate the effect of
waterlogging (0, 7, 14 and 21 d) at tillering (ZG21) and stem
clongation (ZG31) stages on the content of photosynthetic
pigments, proline, malondialdehyde (MDA), antioxidant
enzymes, grain yield and yield components of three wheat
promising lines (N-93-19, N-93-9 and N-92-9). Increasing
waterlogging stress reduce the photosynthetic pigments
contents and the activity of catalase enzyme while increase the
proline content, MDA, superoxide dismutase and peroxidase
enzymes in three wheat genotypes in both tillering and stem
elongation stages. Waterlogging also reduced yield and yield
components in three wheat genotypes. The results showed that
N-92-9 genotype had better response than other two genotypes
in all studied traits under waterlogging conditions.

Key words: waterlogging stress; antioxidant enzymes; wheat;
proline; yield; yield components

IZVLECEK

UCINKI ZASTAJANJA VODE V TLEH NA
AKTIVNOST NEKATERIH ANTIOKSIDACIJSKIH
ENCIMOYV IN PRIDELEK TREH OBETAJOCIH LINIJ
PSENICE

Zastajanje vode v tleh je eden od najpomembnejsih okoljskih
stresov, ki ima negativni u¢inek na rast in pridelek psenice.
Namen raziskave je bil preuciti u¢inke zastajanja vode v tleh
(0, 7, 14 in 21 dni) v fazah razras¢anja (ZG21) in bilenja
(ZG31), prolina, malondialdehida (MDA), antioksidacijskih
encimov, pridelek zrnja in komponenete pridelka treh
obetajo¢ih linij pSenice (N-93-19, N-93-9 in N-92-9).
Povecanje stresa zaradi zastoja vode v tleh zmanjSa vsebnost
fotosinteznih pigmentov in aktivnost katalaze in poveca
vsebnost prolina in MDA, poveca aktivnost superoksid
dismutaze in peroksidaze pri vseh treh genotipih pSenice v
vseh preucevanih fazah razvoja. Zastajanje vode v tleh je tudi
zmanjSalo pridelek in njegove komponente pri vseh treh
genotipih pSenice. Rezultati so pokazali, da se je genotip N-
92-9 bolje odzval na razmere zastajanja vode v tleh v vseh
preucevanih znakih kot ostala dva analizirana genotipa.

Kljuéne besede: stres zaradi zastajanja vode v tleh;
antioksidacijski ~ encimi;  pSenica;  prolin;
pridelek: komponenete pridelka

1 INTRODUCTION

Waterlogging, which is due to poor drainage of the soil
under inappropriate irrigation practices or heavy
rainfall, is one of the abiotic stresses and considered as
one of the main limitation factors for the growth and
yield of crops. Therefore, excess water around the
plant's root causes a decrease in oxygen concentration

university, Sari, Iran; *corresponding author: Pirdasht@yahoo.com

and the plant encounters oxygen deficiency, which is
known as hypoxia (Dennis et al., 2000). Plants need to
exchange atmospheric gases to maintain their natural
growth and photosynthesis and respiration processes
(Suzuki and Mittler, 2006). Therefore, under flooding
conditions, excess water around the root reduces gas
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diffusion, which directly affects the absorption of
nutrients, plant growth and yield (Fukao and Bailey-
Serres, 2004).

The tolerance to flooding conditions varies in crops that
depend on biochemical and anatomical adaptations (Liu
et al., 2005). The closure of the stomata to prevent water
loss along with the adjustment of photosynthetic
apparatus is one of the main responses of the plant
under waterlogging stress (Arbona et al., 2008). In
addition, under environmental stresses, antioxidant
defense systems play an important role in plant
tolerance to stress. Reactive oxygen species (ROS)
damage the living tissues through the oxidation of
biological macromolecules such as lipids, proteins, and
nucleic acid (Mittler et al., 2004). By converting ROS to
harmless compounds by enzymatic and non-enzymatic
antioxidants, the toxic effect of ROS is reduced. The
first cellular defense line is superoxide dismutase (SOD)
followed by catalase (CAT) and peroxidase (POD)
(Edreva, 2005). In various studies, increased activity of
antioxidant enzymes has been reported under various
environmental stresses (Kumutha et al., 2009; Amador
et al., 2012; Gerami et al., 2018). Van Toai and Bolles
(1991) showed that high SOD activity with superoxide
detoxification could help tolerate the plant under flood
stress.

Wheat (Triticum aestivum L.) is one of the most
important crops that is widely cultivated under different
climatic conditions. Wheat is grown in areas with
different moisture conditions where rainfall ranges from
250 to 1800 millimeters. However, the most areas of
wheat cultivation receive an average annual rainfall of
380 and 880 millimeters (Herzog et al., 2016). Wheat
cultivation requires adequate moisture during the
growing season, however, excessive irrigation or
precipitation causes waterlogging. According to
estimates, more than 10 to 15 million ha of wheat fields
are under waterlogging threat (Sayre et al., 1994).
Olgun et al. (2008) reported that wheat yield reduced
under waterlogging stress. In other study, Collaku and
Harrison (2002) examined the effect of different levels
of waterlogging (0, 10, 20 and 30 d) on nine wheat
cultivars, indicating that waterlogging stress reduced the
yield of nine wheat cultivars from 35 to 60 %.

The purpose of this study was to evaluate the effects of
waterlogging on biochemical traits such as content of
chlorophyll a and b, proline and antioxidant enzymes
activity of three wheat-promising lines in two tillering
and stem elongation stages. In addition, at physiological
maturity, grain yield, number of seeds per spike, grain
mass per spike and number of spikes per square meter
were investigated.

2 MATERIALS AND METHODS

Seeds (20 seeds per pot) of three wheat-promising lines
(N-93-19, N-93-9 and N-92-9) were sown in plastic pots
(19 cm depth, 23 cm diameter). The pots were filled
with 4 kg of sterilized field soil amended with 2.4 g
K,0, 3.2 g P,Os and 4 g (NH,4),SO, per pot (240 pots).
After germination, plants were thinned to 10 plants per
pot. Waterlogging treatments included 0, 7, 14 and 21
days in tillering (ZG21) and stem elongation (ZG31)
stages. In the stem elongation stage, plants of all three
genotypes after 21 days of waterlogging were
completely died, which were not sampled. Waterlogging
stress was applied by placing the pots in larger pots (30
cm depth, 30 cm diameter) filled with water to 2 cm
above the surface of the soil. The control plants were
watered as much as needed to avoid waterlogging stress
and drought stress. At the end of the waterlogging
treatments, half of the pots (5 pots) were harvested to
measure the biochemical traits, while the remaining pots
were grown until physiological maturity. Then
seeds/spike, seeds mass/spike, spikes/m” and grain yield
were measured according to Ceylan (1994).

To measure chlorophyll (a and b) and carotenoids,
extracts of fresh leaves with 80 % acetone according to
method of Lichtenthaler and Wellburm (1983) were
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used. For proline measurement, fresh leaves were
extracted with methanol (40 %). Then 1 ml of
methanolic extract was mixed with 25 ml of ninhydrin
and 1 ml of the mixture of orthophosphoric acid (6M)
and glacial acetic acid (2.3 v/v). The tubes were
incubated at 100 °C and after cooling, toluene (5 ml)
was added. By reading the absorbance of supernatant at
528 nm using spectrophotometer (Varian, Carry 300,
California, USA), free proline content was calculated
according to Bates et al. (1973) method. In order to
measure lipid peroxidation, malondialdehyde (MDA)
content was determined using thiobarbituric acid
method according to Heath and Packer (1968) and an
extinction coefficient of 155 mM ™' ecm™.

Fresh leaf samples (10 g) were homogenized in 100 mM
Tris—-HCl (pH 7.5) comprising 5SmM dithiothreitol
(DTT), 10 mM magnesium chloride (MgCl,), ImM

ethylenediaminetetraacetic = acid (EDTA), 5mM
Mg(CH;COO0), (magnesium acetate), 1.5%
polyvinylpyrrolidone (PVP), 1 mM

phenylmethanesulfonyl fluoride (PMSF), and 1 ug ml”!
aproptinin. As the enzyme source, the supernatant
separated after centrifugation of homogenate at 15000 g
for 20 minutes has been used.
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The superoxide dismutase (SOD) activity was measured
using photo-reduction of NBT (nitrobluetetrazolium).
The amount of protein used to inhibit 50 % of the NBT
photo-reduction at 560 nm was considered as one unit
of activity of SOD enzyme. The protocol of Luck
(1971) has been applied for determination of catalase
(CAT) activity by using the rate of decrease in
absorbance at 240 nm for two minutes. Meahly and
Chance (1954) method was used to measure the

peroxidase (POD) activity based on the oxidation of
guaiacol in the presence of hydrogen peroxide (H,O,).
All spectrophotometric experiments were performed
using a Varian, Carry 300, California, USA
spectrophotometer.

Two-way ANOVA has been used for the analysis of the
results by with SAS 9.1.3 software and means were
compared with the LSD test (P < 0.05).

3 RESULTS

3.1 Photosynthetic pigments

In tillering and stem elongation stages, waterlogging
treatments reduced the content of chlorophyll a and b in
all three wheat genotypes. The highest reduction of
chlorophylls was observed during 14 and 21 d
waterlogging in tillering and stem elongation stages,
respectively. In all treatments, N-93-19 and N-92-9
genotypes had the highest and lowest reductions,
respectively, as compared to the corresponding control
(Fig 1 and 2). In the tillering stage, carotenoids contents
decreased in N-93-19 genotype by 15.45, 37.55 and
67.38 %, in N-93-9 genotype by 14.88, 26.48 and
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53.61 %, in N-92-9 genotypes by 11.03, 15.86 and
28.96 % under treatment of 7, 14 and 21 d
waterlogging, respectively as compared to the
corresponding controls (Fig 3 A). 7 d waterlogging in
stem elongation stage reduced carotenoids in all three
wheat genotypes, but there was no significant difference
between the three wheat genotypes. 14 d waterlogging
treatment reduced carotenoids contents in N-93-19, N-
93-9 and N-92-9 by 49.14, 355 and 32.15 %,
respectively, as compared to the corresponding controls
(Fig 3 B).
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Figure 1: Effect of waterlogging (W0: 0, W1: 7, W3: 14 and W4: 21 d) on contents of chlorophyll a in wheat
genotypes in tillering (A) and stem elongation (B) stages. Means followed by the same letter are not significantly

different (P < 0.05) according to LSD test (n = 5)
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Figure 2: Effect of waterlogging (W0: 0, W1: 7, W3: 14 and W4: 21 d) on contents of chlorophyll b in wheat
genotypes in tillering (A) and stem elongation (B) stages. Means followed by the same letter are not significantly

different (P < 0.05) according to LSD test (n = 5)

08 r

w}-93-19 wlFSE-9 o M99
05 F Aab b
-+ .
E‘ aa | oo |__| i d
. £ - af
W T
E 03 F
ol £
:E 02 b h
g 01 F
]
ﬂ I\III'II_-I I\“I"l I\.II'IE I\III'IE:

045 r w}9310 w930 020
04 F k ] |;.
035 F
Eu:u.a 5
5‘-‘._'..25 -
\E ':'.2 L
:EL'I.L':- s
01 k
gl.'l,l_'l_'-'n B
il
B Wo

Figure 3: Effect of waterlogging (W0: 0, W1: 7, W3: 14 and W4: 21 d) on contents of carotenoids in wheat
genotypes in tillering (A) and stem elongation (B) stages. Means followed by the same letter are not significantly

different (P < 0.05) according to LSD test (n = 5)

3.2 Proline and MDA contents

Waterlogging treatments in tillering stage (4, 7 and 21
d) and stem elongation stage (7 and 14 d) resulted in
significant increase of proline contents in all three wheat
genotypes. The highest increase was observed in N-92-9
genotype (Fig 4). The waterlogging-induced oxidative
stress results in lipid peroxidation and damage to the
membrane, evaluated as MDA, representing possible
damage. MDA contents in both growth stages under
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waterlogging treatment showed a significant increase in
all three wheat genotypes as compared to corresponding
controls and N-93-19 genotype showed the highest
increase compared to other wheat genotypes (Fig 5).
Proline and MDA contents also increased with
increasing waterlogging duration, so that the highest
proline and MDA contents were observed in the tillering
stage under 21 d waterlogging and in stem elongation
stage under 14 d waterlogging (Fig 4 and 5).



Waterlogging effects on some antioxidant enzymes activities and yield of three wheat promising lines

14 r
w0319 a}-93-0  H-928 a
12 F -
Ell_-l -
9
wa | c b
E d =
& F e
54 '
£ i h £
0 em—
-EI:'."- I'lllllll:l I'|Illllj- I-."."z I'IIII"E:

w H-53-19 mH-232 © FFO2-9

e

P line {pmol ' FW)
4~
[

(wa]

Wi Wl Wl
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Figure 5: Effect of waterlogging (W0: 0, W1: 7, W3: 14 and W4: 21 d) on contents of MDA in wheat genotypes in
tillering (A) and stem elongation (B) stages. Means followed by the same letter are not significantly different (P <

0.05) according to LSD test (n = 5)

3.3 Antioxidant activity

Waterlogging treatment in the tillering stage
significantly increased the activity of SOD enzyme in
all three wheat genotypes. At tillering stage, the highest
increase in N-93-9, N-92-9 and N-93-19 genotypes
observed under 21 d waterlogging by 73.67, 79.55 and
66.99 %, respectively as compared to the corresponding
control (Fig 6 A). In stem elongation stage, the
waterlogging stress increased the activity of the SOD
and the highest activity of SOD observed in N-92-9
genotype under 14 d waterlogging (Fig 6 B). In all three
wheat genotypes, waterlogging treatment significantly
reduced the activity of POD enzyme in stem elongation
and tillering stages. There was no significant difference
between wheat genotypes in the tillering stage,
however, in the stem elongation stage, the highest
decrease of POD activity observed in N-93-19 genotype

under 14 d waterlogging (Fig 7). The results of CAT
activity in the tillering stage indicated that the
waterlogging treatment reduced the activity of CAT in
N-93-19 and N-93-9 genotypes, while the activity of
this enzyme under the waterlogging conditions in N-92-
9 genotype had a significant increase as compared to the
control (Fig 8 A). The results of CAT enzyme activity
in stem elongation stage indicated that wheat genotypes
responded differently to waterlogging stress. In N-93-19
genotype, waterlogging treatment reduced the activity
of CAT enzyme and the highest reduction observed for
14 d waterlogging. CAT enzyme activity in N-93-9
genotype significantly increased under 7 d waterlogging
than control, but decreased under 14 days of
waterlogging. There was no significant difference in
CAT activity in N-92-9 genotype under different
waterlogging durations (Fig 8 B).
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Figure 6: Effect of waterlogging (W0: 0, W1: 7, W3: 14 and W4: 21 d) on SOD activity in wheat genotypes in
tillering (A) and stem elongation (B) stages. Means followed by the same letter are not significantly different (P <
0.05) according to LSD test (n = 5).
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Figure 7: Effect of waterlogging (W0: 0, W1: 7, W3: 14 and W4: 21 d) on POD activity in wheat genotypes in
tillering (A) and stem elongation (B) stages. Means followed by the same letter are not significantly different (P <
0.05) according to LSD test (n = 5).
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Figure 8: Effect of waterlogging (WO0: 0, W1: 7, W3: 14 and W4: 21 d) on CAT activity in wheat genotypes in
tillering (A) and stem elongation (B) stages. Means followed by the same letter are not significantly different (P <
0.05) according to LSD test (n = 5)
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3.4 Yields and yield components

In tillering and stem elongation stages, waterlogging
treatments  decreased  kernels/spike  and  kernels
mass/spike in all three wheat genotypes. The highest
decline of kernels/spike and kernels mass/spike were
observed during 14 and 21 d waterlogging in tillering
and stem elongation stages, respectively. In all
treatments, N-93-19 and N-92-9 genotypes had the
highest and lowest reductions, respectively as compared
to the corresponding control (Fig 9 and 10).
Waterlogging treatment in the tillering stage
significantly reduced grain yield in all three wheat
genotypes. At tillering stage, the highest decline in N-
93-9, N-92-9 and N-93-19 genotypes observed under 21
d waterlogging by 60.15, 56.01 and 37.08 %,
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respectively as compared to the corresponding control
(Fig 11 A). In stem elongation stage, the waterlogging
stress decreased the grain yield and the highest
reduction observed in N-93-19 genotype under 14 d
waterlogging (Fig 11 B). The spikes/m” is an important
criterion for assessing the effect of stress on wheat
yield. In tillering and stem elongation stages,
waterlogging treatments reduced the spikes/m® in all
three wheat genotypes. The highest reduction in
spike/m*> were observed during 14 and 21 d
waterlogging in tillering and stem elongation stages,
respectively. In all treatments, N-92-9 and N-93-19
genotypes had the lowest and highest reductions,
respectively as compared to the corresponding control
(Fig 12).
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Figure 9: Effect of waterlogging (W0: 0, W1: 7, W3: 14 and W4: 21 d) on kernels/spike in wheat genotypes in
tillering (A) and stem elongation (B) stages. Means followed by the same letter are not significantly different (P <

0.05) according to LSD test (n = 5)
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Figure 10: Effect of waterlogging (W0: 0, W1: 7, W3: 14 and W4: 21 d) on kernels mass/spike in wheat genotypes
in tillering (A) and stem elongation (B) stages. Means followed by the same letter are not significantly different (P

< 0.05) according to LSD test (n =5)
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Figure 11: Effect of waterlogging (WO0: 0, W1: 7, W3: 14 and W4: 21 d) on grain yield in wheat genotypes in
tillering (A) and stem elongation (B) stages. Means followed by the same letter are not significantly different (P <

0.05) according to LSD test (n = 5)
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Figure 12: Effect of waterlogging (WO0: 0, W1: 7, W3: 14 and W4: 21 d) on spikes/m” in wheat genotypes in tillering
(A) and stem elongation (B) stages. Means followed by the same letter are not significantly different (P < 0.05)

according to LSD test (n = 5)

4 DISCUSSION

High chlorophyll content under waterlogging conditions
can be the most appropriate way for achieving high
yield under waterlogging conditions (Gardner et al.,
1993). Our results indicated that waterlogging
treatments in tillering and stem eclongation stages
significantly reduced photosynthetic pigments (chl a, b
and carotenoids) in all three wheat genotypes, however,
N-92-9 genotype had higher photosynthetic pigments
than other genotypes under all waterlogging duration.
Pang et al. (2004) stated that waterlogging stress
reduced the content of chlorophyll and consequently
reduced the rate of CO, assimilation. In another report,
Smethurst and Shabala, (2003) indicated that the content
of chlorophyll a and b reduced in genotypes under
waterlogging treatments. Screening of the effect of
waterlogging duration on chlorophyll and carotenoids
content presented that by increasing the duration of
waterlogging, the content of chlorophyll and
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carotenoids more decreased, which is according to the
results of Olgun et al. (2008).

The maintaining of water balance of the plant under
environmental stresses is very important for plant
tolerance, which proline is one of the most compatible
solutes (Claussen, 2005; Ghorbani et al., 2018). Our
results showed that proline contents under waterlogging
stress increased in tillering and stem elongation stages.
The increase of proline contents in N-92-9 genotype
was significantly higher than the other two varieties
under same waterlogging duration. Increasing of
waterlogging duration significantly increased the
contents of proline, which is in accordance to results of
Olgun et al. (2008). Increasing proline contents in plants
under waterlogging treatments can be due to oxidation
inhibition, loss of inhibition of feedback and protein
synthesis impairment. Videmsek et al. (2006) reported

aH-93-19 mH-03-0 © MO39
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that wheat genotypes have different ability to synthesize
and accumulate proline, which affects their tolerance to
waterlogging.

The stomatal closure and the reduction of CO,
availability resulting from waterlogging conditions
increase the production of reactive oxygen species
(ROS) and thus induce oxidative stress (Gossett et al.,
1994). Our results showed that waterlogging stress
increased MDA production, which indicating the degree
of damage to membrane lipids. However, there was a
significant difference between wheat genotypes, which
indicates their different defensive capacity against
waterlogging-induced ROS. Increasing the activity of
antioxidant enzymes such as SOD, CAT and POD can
play an important role in plant tolerance to waterlogging
stress. The results of this study showed a continuous
increase in the activity of SOD and a decrease in the
activity of POD in all three wheat genotypes under
waterlogging stress. However, CAT activity under
waterlogging treatments in N-92-9 genotype showed a
continuous increase while there was decline in CAT
activity in two genotypes of N-93-19 and N-93-9.
Different researchers have suggested that the activity of
antioxidant enzymes under waterlogging conditions
increases to take care of hypoxia-induced oxidative
stress (Arbona et al., 2008; Kumutha et al., 2009). Our
results are in accordance with the results of Blokhina et
al. (2001) who found more oxidative stress under
waterlogging and increased antioxidant enzymes could
reduce ROS production. It is clear from the results that
wheat genotypes suffered from ROS under waterlogging
stress that intensified with increasing the waterlogging
duration. Therefore, the rapid increase in the activity of

antioxidant enzymes in plants under waterlogging stress
can protect the plant against the oxidative stress caused
by waterlogging. Many researchers have been
previously reported increased activity of CAT
(Ushimaru et al., 1997), POD (Meloni et al., 2003) and
SOD (VanToai and Bolles, 1991, Biemelt et al., 2000)
enzymes under waterlogging conditions.

Kernels mass/spike is one of the most important
components of wheat yield. Our results showed that
waterlogging treatments reduced the kernels/spike and
kernels mass/spike traits of all three studied wheat
genotypes in both tillering and stem elongation stages,
however, the lowest decrease was observed in N-92-9
genotype. These findings are consistent with the results
of Collaku and Harrison (2002) who stated that
increasing the duration of waterlogging reduce the
kernels/spike. They also showed that tolerant genotypes
had higher kernels/spike compared to other genotypes.
In another report, Saqib et al. (2004) showed that the
kernels mass/spike in wheat genotypes under
waterlogging stress was reduced by 50-80 % as
compared to control treatments. The results related to
yield and spikes/m” showed that these traits significantly
decreased with increasing waterlogging duration in all
three genotypes and the highest decrease was observed
in N-93-19 genotype. Reducing the yield of wheat
genotypes under waterlogging according to Barret-
Lennard (2003) and Setter et al. (2001) who showed that
increasing waterlogging duration reduced wheat yield
from 10 to 80 %. Collaku and Harrison (2002) also
reported that waterlogging stress reduced the spikes/m”
in winter wheat.

5 CONCLUSION

In general, the results showed that waterlogging stress
caused oxidative stress in wheat genotypes that
enhanced with duration of exposure. N-92-9 genotype
with higher activity of antioxidant enzymes (CAT, SOD

and POD) which resulted in higher grain yield and yield
components under waterlogging conditions was more
tolerant to waterlogging stress.
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ABSTRACT

The article shows the results of the research into marketability
evaluation of sour cherry (Prunus cerasus L.) fruits, treated
with chitosan solution. To achieve this goal, fruits were treated
with 0.5 % or 1 % chitosan solution, and stored at 5 °C for 21
days. To assess the shelf life of fruit, physical and chemical
parameters were determined: mass loss, reduction of sugar,
titrated acidity and ascorbic acid content. Treatment with
chitosan solution significantly reduced the mass loss, content
of sugar, acids, ascorbic acid and respiration rate. The
treatment with chitosan solution extended the shelf life and
improved the quality of sour cherry fruit. After 21-day storage
of sour cherries, mass loss was 4.6 % with the product output
accounting for 85.5 %. The obtained results are approved by
physiological and chemical changes in the fruits during
storage: respiration rate of fruits decreases, loss of sugar does
not exceed 6.7 %, acids — 33 % and ascorbic acid — 18 %. It
has been found that post-harvest treatment with 1 % chitosan
solution has a positive influence on commercial quality of sour
cherry fruits.

Key words: sour cherry fruit; storage; mass loss; commercial
quality; chitosan

IZVLECEK

KAKOVOST PLODOV VISNJE (Prunus cerasus L.),
TRETIRANIH Z RAZTOPINO HITOZANA PRED
SHRANJEVANJEM

Prispevek obravnava trzno ovrednotenje plodov viSnje
(Prunus cerasus L.) tretiranih z raztopino hitozana. Plodovi so
bili tretirani z 0,5 % in 1 % raztopino hitozana in shranjeni pri
5 °C za 21 dni. Za ovrednotenje poli¢nega trajanja plodov so
bili izmerjeni naslednji fizikalni in kemi¢ni parametri: izguba
mase, zmanjSanje vsebnosti sladkorjev in askorbinske kisline
ter zmanjSanje titracijske kislosti. Obdelava z raztopino
hitozana je znacilno zmanjSala izgubo mase, vsebnost
sladkorjev, celokupnih kislin, askorbinske kisline in velikost
dihanja. Obdelava s hitozanom je podaljSala poli¢no trajanje
visenj in izboljsala njihovo kakovost. Po 21-dneh shrambe se
je masa viSenj zmanjsala za 4,6 %, celoten pridelek pa na
85,5%. To so potrdile naslednje fizioloske in kemicne
spremembe v plodovih med shranjevanjem: upad dihanja
plodov, izguba sladkorjev, ki ni presegla 6,7 %, vsebnost
kislin se je zmanjsala za 33 % in askorbinske kisline za 18 %.
Ugotovljeno je bilo, da je imela obdelava plodov visenj z 1 %
raztopino hitozana po obiranju pozitivni vpliv na njihovo trzno
kakovost.

Kljuéne besede: plodovi visenj; shranjevanje; izguba mase;
trzna kakovost; hitozan

1 INTRODUCTION

Sour cherry (Prunus cerasus L.) is one of the most
appreciated fruit by consumers due to its excellent
quality. Sour cherry fruits are the source of acids,
vitamins and anthocyanins (Chernozubenko, 1993).
However, they have a limited shelf life, which is only
15 days. To prolong the shelf life, pre- and postharvest
treatment with substances of antimicrobial action, Aloe
vera (L.) Burm.f. cover, or 1-methylcyclopropene (1-
MCP) are used (Paronian et al., 2003; Yen et al., 2008;
Ahmed et al., 2009). However, the use of these
substances is not fully studied and 1-MCP is expensive
to use. Therefore, chitosan is more widely applied for

post-harvest treatment of fruit before storage, including
sweet cherry, strawberries, grapes (Romanazzi, 2010).

Chitosan as polysaccharide is a biopolymer and is used
in agriculture, biotechnology, food industry, due to its
biocompatibility and bioactivity (Wu et al., 2005). In
2001 chitosan was included in the list of secure
compounds and foodstuffs in the USA. This natural
polymer is derived from chitin by deacetylation and can
form a film on treated surfaces, slowing down
respiration rate, reducing mass loss, improving quality
and prolonging shelf life (Romanazzi et al., 2003;
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Romanazzi, 2010; Romanazzi et al., 2013; Romanazzi
et al., 2015). Moreover, chitosan films have selective
penetrability to carbon dioxide and oxygen, antibacterial
and fungitoxic properties.

Besides other, acting as protective barriers, these films
can be used as carriers of bioactive compounds with
antioxidant or antibacterial properties (Genskowsky et
al., 2015). Therefore, it is used for pre-harvest treatment
of grapes, strawberries, cherries and others (El Ghaouth
et al., 1991; Romanazzi et al., 2006; Romanazzi et al.,
2007; Hernandez-Munoz, 2008; Romanazzi, 2010).
According to the literature (El Ghaouth et al., 1991),
1 % and 1.5 % chitosan coatings are used for treatment
of strawberries, while storing them at a temperature
4 °C. After 29 days its commercial quality is reduced to

19-22 % compared to 33 % in untreated fruits. In
addition, respiration rate of treated fruits is also lower.

Chitosan combined with ethanol or warm water or
calcium is applied asa postharvest treatment and helps
to reduce diseases of grapes and sweet cherries
(Romanazzi et al.,, 2007; Hernandez-Munoz, 2008;
Dang et al., 2010; Chailoo et al., 2011). Research of
Romanazzi et al. (2002) has shown that chitosan can
replace fungicides to combat postharvest damage of
grapes.

Taking into account a widespread use of chitosan for
storing fruits, we set the goal to study its influence on
storage duration and quality of sour cherries fruits.

2 MATERIALS AND METHODS

2.1 Preharvest and postharvest treatments

Sour cherry variety Shpanka, collected in 2016 at the
stage of eating ripeness, was used for storage. Four trees
were selected randomly according to the following
variants: control (without treatment), treatment with
chitosan solution in concentrations 0.5 % and 1.0 %. On
the day before harvesting, the fruits were sprayed with
0.5 % or 1 % chitosan solution with a mechanical mist
sprayer (7.5 1 tree”) and dried naturally. Fruits were
loaded in box Ne5 with a capacity of 5 kg and kept at a
the temperature of 5 °C £ 0.5 and relative humidity not
lower than 95 + 1 %.

One week before harvesting 100 fruits from each tree
(or variants) were selected for further analytical
determinations: mass loss, sugar content decrease
reduction, total acidity, ascorbic acid and respiration
rate. Analytical determinations were made in recently-
harvested fruits (day 0) and in fruits that were stored for
7,15, and 21 days at 5 °C + 1 day at 20 °C by using one
lot for each variant and treatment selected randomly
from the storage room. Experiment was repeated three
times and then the mean values of all results were
calculated.

2.2 Analytical methods

After storing the commercial quality of products was
determined. To determine commercial quality, the sour
cherry fruits of the first commercial quality were
selected after storage. By their appearance they were
typical in form and color for the pomological variety.
Fruits were homogeneous in degree of maturity, not
overripe and no smaller than 16 mm in size. The
number of fruits without a peduncle and with healed
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damages was not higher than 4 %. The fruits were of the
same size, color and shape without damages (average
diameter is about 15.51 £ 0.05 mm).

2.3 Fruit mass loss

At the end of storage, natural mass loss was measured
by weighting. Mass loss was calculated as the difference
of two weightings before and after storage expressed as
a percentage. The criteria for the end of storage was the
mass loss no more than 6 %.

2.4 Determining respiration rate

Sour cherry samples weighing 200 g were put into
exicator for 2 hours, meanwhile generated CO, reacted
with 20 ml 0.4 M NaOH. The respiration rate was
determined by titration with 0.2 M oxalic acid and
expressed as milliliter CO, kg (fresh mass) per hour.
Three repetitions were carried out for each sample.

The ferricyanide method was used for sugar content
analysis (Naichenko, 2001). The content of titrated
acids was determined by titration with a solution of 0.1
M NaOH. Ascorbic acid content was determined using
the modified method of Tillmans. The solution was
titrated with  2.6-dichloroindophenol under acid
conditions (Naichenko, 2001).

2.5 Statistical analysis

The data were statistically processed using a single and
two factors analysis of variance (ANOVA) at
significance level P < 0.05 on the PC program Statistica
(Mamchich, 2006). Variances were the time of storage
and type of treatment.
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3 RESULTS AND DISCUSSION

Results (Table 1) have shown that storage duration of
sour cherries in the control variant was 15 days, in the

experimental variants was 21 days, which is 1.4 times
longer.

Table 1: The output of standard products from sour cherry fruits

Variant Sl(lgglsi)fe Ma(s(;o ;OSS The standard number of products (%)
Control 15 57+£1.6 79.6 £2.3
0.5 % chitosan 21 52+1.5 81.6+3.1
1 % chitosan 21 46+13 85.5+2.2
LSD g5 0.8 0.6

An important indicator of preservation is natural mass
loss. The experimental results show that for sour
cherries in the control variant, the average mass loss
was 5.7 %. The mass loss of treated fruits were 5.2 %
and 4.6 % (0.5 % and 1 % solution of chitosan), which
is 8.8 % and 19 % less than control.

An important indicator of fruit quality after storage is
marketability —evaluation, which determines the
competitiveness of products in the market. According to

the research results, output of marketable products after
15 days of storage in the control was 79.6 %. Whereas
for fruits treated with chitosan solution, storage duration
was longer by 6 days and made up 21 days. The output
of standard products in the fruits treated with 0.5 %
chitosan solution was higher by 2 % and treated with
1 % solution of chitosan — by 5.9 % and accounted for
85.5 %. Results are consistent with the results of El
Ghaouth (1991) and Romanazzi et al. (2003).
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Figure 1: Changes in respiration rate (A) (LSD (s = 1.2) and total sugar content (B) (LSD (s = 0.2) in sour cherries

treated with chitosan solution during storage

Chitosan treatment changed the respiration rate of sour
cherry (Figure 1). In particular, from the 1st to the 7th
day of storage, it remained similar in all variants. On the
7th, 15th and 21st day of storage the respiration rate of
chitosan treated fruitwas by 1-3 mg CO, / kg"'h™" lower.
The obtained results are consistent with the data of

Petriccione et al. (2015) and Romanazzi et al. (2013). It
could be explained by the fact that the chitosan coating
forms a semipermeable film on the surface of fruits and
vegetables, slowing respiration rate, reducing weight
loss, improving quality and prolonging storage.
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One of the main substrates of respiration of fruits are
sugars and acids. Figure 1B shows the change in the
total content of sugars during the storage. The content of
total sugar in sour cherry fruit treated with 1 or 0.5 %
chitosan solutions decreased throughout the storage
period by 5 %. Content of sugar depended on treatment.
It remained the highest in fruit treated with 1 % chitosan
solution and made up 9.6 %, which is 6.7 % higher than
control.

Figure 2A shows the change in the acid content of the
fruits during storage. After 15 days of storage there was
a threefold decrease in the content of titrated acids in the
fruits of the control variant. Acid loss in sour cherry

fruit treated with 0.5 % solution of chitosan is lower by
44 %, and lower by 33 % in fruits treated with 1 %
solution of chitosan.

During storage, the content of ascorbic acid also
significantly decreased (Figure 2B). The content of
ascorbic acid decreased throughout the storage period
by 1.7 times. In addition, the content of ascorbic acid in
fruits, treated with 0.5 % and 1 % chitosan solution
decreased by 27 % and 18 %. Our results are in
agreement with previous studies (Dang et al., 2010;
Kerch, et al., 2011 and Petriccione et al., 2015).
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Figure 2: : Influence of chitosan solution on the content of titrated acids (A) (LSD (s = 0.2) and ascorbic acid (B)

(LSD 5= 1.5) in sour cherries during storage

4 CONCLUSIONS

It has been established that postharvest treatment of sour
cherries with 1 % solution of chitosan has a positive
influence and improves the commercial quality of fruits.
After 21 days of storage of sour cherry fruits the mass
loss made up 4.6 % with 85.5 % output of marketable

products. The obtained results are consistent with
physiological and chemical changes in the fruits during
storage. The respiration rate of the fruits decreased, the
loss of sugars does not exceed 6.7 %, acids — 33 %, and
ascorbic acid — 18 %.
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ABSTRACT

The ectoparasitoid wasp, Habrobracon hebetor (Say, 1836)
(Hym.: Braconidae) is one of the most important natural
enemies of many pests in Iran. In this study, the effects of
sublethal concentrations of malathion (LC;, and LC,s) on
biological parameters of the adult wasp including parasitism
percentage, male production and longevity of the parasitoid in
different growth stages (larvae, pupae and adult) were
investigated. The experiments were conducted at 26 + 1 °C, 60
+5 % RH, and 16L:8D h photoperiods. The effect of sublethal
concentrations of malathion on adults was determined by
exposure of wasp to insecticide, and in the case of larvae and
pupae, immersion method was used. Based on the results, with
the increase of toxic dose, the percentage of parasitism in adult
decreased from 95.6 5% to 87.78 %, compared to the control
treatment. Male production increased from 22.73 % in control
to 56.38 % at LC,s concentration. Also, the percentage of
parasitism of the malathion-impregnated wasp larvae
decreased from 87.78 to 22.92%, compared to the control
treatment. Male production from 30.94 % in the control
increased to 39.63 % at the LC,s concentration. In addition,
the percentage of parasitism in the wasp pupae impregnated
with malathion was reduced from 93.33 to 88.89 %,
respectively. Male production increased from 22.98 in the
control to 37.23 % in the LC,5 concentration. The data showed
that pupae were more susceptible to sublethal concentrations
than the larvae.

Key words: malathion; sublethal concentration; Habrobracon
hebetor; biology; biological parameters
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IZVLECEK

UCINEK SUBLETALNIH KONCENTRACIJ

MALATIONA NA NEKATERE BIOLOSKE

PARAMETRE EKTOPARAZITSKE OSICE
Habrobracon hebetor (Say, 1836)

Ektoparazitska osica Habrobracon hebetor (Say, 1836),
(Hymenoptera: Braconidae) je eden izmed najpomembnejsih
naravnih sovraznikov mnogih $kodljivih zuzelk v Iranu. V
raziskavi so bili preucevani ucinki subletalnih koncentracij
malationa (LCo in LC,s) na bioloske parametre odraslih osic
vkljuéno z odstotkom parazitiranja, razvojem samcev in
zivljenjsko dobo parazitoida v razlicnih razvojnih Stadijih
(licinke, bube in imagi). Poskus je bil izveden pri 26 = 1 °C,
60 = 5% RH in osvetlitvi 6 : 8 dan/no¢. Ucinek subletalnih
koncentracij malationa na image je bil dolocen z izpostavitvijo
osic insekticidu, v primeru li¢ink in bub je bila uporabljena
metoda potapljanja. Rezultati so pokazali, da je z narasCanjem
koncentracije insekticida odstotek parazitiranja upadel iz
95,65 % na 87,78 % v primerjavi s kontrolo. Razvoj samcev
se je iz 22,73% v kontroli povecal na 56,38 % pri
koncentraciji LCyps. Tudi odstotek parazitiranja z malationom
impregniranih li¢ink osic se je zmanjsal iz 87,78 % na 22,92
% v primerjavi s kontrolo. Razvoj samcev se je iz 30,94 % v
kontroli povecal na 39,63 % pri koncentraciji LC,s . Dodatno
se je odstotek parazitiranja bub impregniranih z malationom
zmanjsal iz 93,33 na 88,89 %. Razvoj samcev se je povecal iz
22.98 v kontroli na 37,23 % pri koncentraciji LC,s. Podatki so
pokazali, da so bile bube bolj obcutljive na subletalne
koncentracije kot li¢inke.

Kljuéne besede: malation; subletalna koncentracija;
Habrobracon  hebetor;  biologija;  bioloski
parametri
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1 INTRODUCTION

Most insecticides have harmful effects on non-target
organisms, especially natural enemies (Croft, 1990).
Biocontrol agents are commonly susceptible to
insecticide applications. In recent years, integrated pest
management systems attempt to use natural enemies in
combination with lower doses of insecticides for pest
control. The combined use of biocontrol agents and
insecticides to manage pests requires adequate
knowledge about the aspects and selective effects of
insecticides on natural enemies (Croft, 1990; Dent,
1995; Banks & Stark, 1998; Bajc et al., 2017; Laznik &
Trdan, 2014). Several natural enemies can be used for
biological control of lepidopteran pests. Among these,
Habrobracon spp. are used as effective parasitoids of
different pests specially in stored products and crop
plants (Navaei et al., 2002).

The bollworms, Helicoverpa spp. (Lepidoptera:
Noctuidae) moths have a variety of key pests in the
world that are polyphagous and have a wide range of
host plants for the crops, vegetables and etc. in the
world and Iran. Three species of Helicoverpa armigera
(Hubner, (1808)), Heliothis viriplaca (Hufnagel, 1766)
and Heliothis peltigera (Denis & Schiffermiiller, 1775)
have been reported in chickpea fields of Iran. The
dominant species, H. viriplaca is reported in the
chickpea fields of most regions of Iran. Farmers every
year spray one or two times to prevent damage to
Helicoverpa spp. by chemical insecticides such as
Carbaryl (Sevin), Malathion and Phosalone. However,
some species of this genus, such as H. viriplaca, have
shown resistance to the major types of organophosphate,
carbamate, and pyrethroid insecticides (Kranthi et al.,
2001; Murray et al., 2005).

Habrobracon hebetor Say is an ectoparasitoid and has
been studied as a Dbiocontrol agent of various
lepidopteran pests in several countries (Gerling, 1971;
Youm & Gilstrap, 1993; Magro & Parra, 2001). In
recent years, the mass rearing program of H. hebetor
has been initiated in Iran and it has been used to control
H. armigera, H. viriplaca and Ostrinia nubilalis
(Hiibner, 1796) specially in different regions of Iran
(Navaei et al., 2002; Rafiee-Dastjerdi, 2008; Sarmadi et
al., 2010). Limited information is available on the
sublethal effects of commonly used insecticides on this
biocontrol agent (Rafiee-Dastjerdi et al., 2008 and
2012). Estimation of lethal and sublethal effects of
pesticides on a natural enemy is necessary to recognize
their effects of it (Walthal & Stark, 1997; Stapel et al.,
2000; Stark & Banks, 2003). Demographic toxicology is
usually considered to be the best way to evaluate total
effects of pesticides on a target insect. So, stable
population parameters have been recommended to
evaluate the overall effects of pesticides, because it is
based on both survivorship and fecundity parameters
(Stark & Wennergren, 1995).

Considering the importance of recognizing the
susceptibility of various growth stages of parasitoid to
insecticides, and in order to determine the best time to
release them in the field and to perform the spraying, we
try to evaluate the H. hebetor wasp susceptibility in the
adult stages in comparison with the recommended
dosage. The main objective of this study was to evaluate
the sublethal effects of the malathion, commonly used
insecticide against H. viriplaca in the chickpea fields of
most regions of Iran and to determine the possibility of
integrating the application of this species with
insecticides in IPM program of this key pest.

2 MATERIALS AND METHODS

2.1 Insects rearing

Insects H. hebetor was obtained in adult stage from the
insectarium in Lorestan province in Iran. The colony of
H. hebetor was reared on 5" instar larvae of the flour
moth, Ephestia kuehniella Zeller, 1879 reared on wheat
flour in semi-clear plastic boxes (40x25x15 cm) in the
laboratory. Fifth instar larvae of E. kuehniella were used
for both rearing the colony of wasp and applying
experiments. Bioassay and rearing conditions were 26 +
1°C, 60 + 5% RH and a photoperiod of 16 : 8 h (L: D).
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2.2 Bioassay experiments
2.2.1 Preliminary bioassay

Malathion (EC 57 %, Partonar Co., Iran) was used in
this experiment. Serial dilutions were prepared and
concentrations (determined after preliminary tests)
ranged from 5 to 200 pl 1" used immediately after
preparation. Distilled water alone was used as a control.
Contact toxicity of the insecticide was assessed on the
adult, larvae and pupae of H. hebetor. Five
concentrations of the insecticide were prepared to treat
the insect. First, a number of parasitoid adult wasps
were placed in a refrigerator at +5 °C for five minutes to
freeze and do not move. Then for each concentration
(treatment), 80-100 insects were used. Then using the
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POLO PC software, the concentrations of LC,y, LCss,
LCsy, and LCy, were obtained. The adult, larvae and
pupae of parasitoid were exposed to sublethal
concentrations (LCjy and LC;s) and compared with the
control.

2.2.2 Effect of sublethal concentrations on the adults
of H. hebetor

For each concentration of malathion, three 1000 ml
plastic glasses were considered separately, then the
walls of the glasses were sprayed with (LC,o= 10.5 and
LCys = 20.2 pll'l) concentrations, after the treated
glasses were completely dried, in each glass, about 80 to
100 adult insects were released. After 24 hours, twenty
impregnated adults (12 female and 8 male) from each
glass were transferred into new 150 ml plastic glasses,
then each one was reversed on a piece of paper
containing 30-days old host larvae. After 48 hours, the
insects were removed and the parasitized larvae were
subsequently transferred and kept in germinator at the
same conditions as used for their respective parental
adults. The number of parasitized larvae of the host and
the percentage of parasitism was recorded. Upon
emergence, the number and sex of the progeny and
longevity of adults were recorded. This experiment was
replicated three times for each concentration, separately.
The control treatment was only with distilled water
(Abedi et al., 2014).

2.2.3 Effect of sublethal concentrations on the larvae
of H. hebetor

First, in order to obtain H. hebetor larvae, a large
number of male and female wasps were randomly
placed in ten clear cylindrical plastic containers (30 cm
height and 14 cm diameter) with a valve at the bottom
covered with fine mesh gauze for ventilation and with a
2.5 c¢cm diameter hole for feeding with 10 % honey
solution. Then, on five A, size papers, a large number of
E. kuehniella larvae were placed and exposed to adult
parasitoids in plastic containers. After 48 hours, adult
parasitoids were removed and the parasitized host larvae
were kept under controlled at the same conditions as
used for their respective parental adults. After
appearance of H. hebetor larvae on the host, they were
exposed to sublethal concentrations of the insecticide,
so that A4 paper containing wasp larvae sticking to host
larvae was cut to smaller size. On each paper cut, about
10 wasp larvae were attached to the host larvae, each
cut piece was dipped separately into the insecticide
solutions and immediately removed, and then the
impregnated larvaec were placed under rearing
conditions to adult stage.

In this experiment, twenty adults (12 female and 8 male
recognized by genitalia) emerged from impregnated
larvae were transferred into new 150 ml plastic glasses,
then each one was reversed on a piece of paper
containing 30-days old host larvae. After 48 hours, the
insects were removed and the host larvae were kept
under the same conditions as used for their respective
parental adults. The number of parasitized larvae of the
host and the percentage of parasitism, number of
emerged males and females and longevity of adults
were calculated. This experiment was replicated three
times for each concentration, separately. The control
was treated only with distilled water (Mahdavi et al.,
2011).

2.2.4 Effect of sublethal concentrations on the pupae
of H. hebetor

The rearing of a large number of H. hebetor pupae was
carried out similar to the previous experiment for larvae.
After the pupae were formed, they were exposed to
sublethal concentrations, so that the paper containing
the pupae was cut to smaller sizes. On each paper cut,
about 40 pupae were placed, each cut was individually
dipped in containers containing different concentrations
of the insecticide and quickly pulled out and then the
impregnated pupae were placed under rearing
conditions to adult stage (Rafiee-Dastjerdi et al., 2012).

In this experiment, twenty adults (12 female and 8 male)
emerged from impregnated pupae were transferred into
new 150 ml plastic glasses, then each one was reversed
on a piece of paper containing 30-days old host larvae.
After 48 hours, the insects were removed and the host
larvae were kept under the same conditions as used for
their respective parental adults. The number of
parasitized larvae of the host and the percentage of
parasitism, number of emerged males and females and
longevity of adults were calculated. This experiment
was replicated three times for each concentration,
separately. The control was treated only with distilled
water (Rafiee-Dastjerdi et al., 2012).

2.2.5 Data analysis

The biological data were submitted to analysis of
variance and the means were compared by the Tukey
test, using SPSS 14.0 software program (SPSS, 2004).
The demographic parameters and their corresponding
standard errors were estimated by the Jackknife
technique (Meyer, 1986; Sokal & Rohlf, 1981), and the
means were compared by the Tukey test, using SPSS
14.0 software program (SPSS, 2004).
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3 RESULTS

3.1 Effect of sublethal concentrations on the adults
of H. hebetor

According to analysis variance of the the data obtained
from H. hebetor adult, rate of parasitism percentage was
found to have a significant difference at 1 % level in the
sublethal concentrations of malathion (F, ¢ = 6.7; P
<0.01). The results showed that the highest percentage
of parasitism in the control treatment was 95.56 +
1.11 % and the lowest in the LC,s concentration was
87.88 £ 1.11 %. Also, results of H. hebetor male
production were found to be significantly different

between treatments (F,, ¢= 5.26; P < 0.01). The highest
percentage of males was appeared in LC,s concentration
that was 38.56 = 5.26 % and the lowest in control
treatment was 22.73 + 2.62 %. Also, based on the
results of the analysis of variance, the adult longevity of
H.  hebetor under the influence of different
concentrations of malathion was significant (F, ¢ =
20.73; P < 0.01). The results showed that the maximum
adult longevity was 16.00 + 0.58 days for the control
treatment and the lowest for the LC,5 concentration for
10.67 + 0.33 days (Table 1).

Table 1: Mean comparison (£SE) of percentage of parasitism, male production and longevity of Habrobracon
hebetor adult wasps effected by sublethal concentrations of malathion

Concentration Parasitism (%) Male production (%) Longevity (day)
Control 9222+ 1.11a 30.94+2.17 a 16.67 £0.88 a
LCyy 9222+ 1.11a 2933+2.13a 12.23+0.88 b
LCys 8778+ 1.11b 39.63+037b 11.67+0.33b

Values within the columns followed by different letters are significantly different based on Duncan Multiple Range

test.

3.2 Effect of sublethal concentrations on the larvae
of H. hebetor

According to analysis variance of the data obtained
from H. hebetor adults emerged from impregnated
larvae, rate of parasitism percentage was found to have
a significant difference at 1 % level in the sublethal
concentrations of malathion (F, ¢ = 9.8; P < 0.01). The
results showed that the highest percentage of parasitism
in the control and LC,, treatments was 92.22 + 1.11 %
and the lowest in the LC,s concentration was 87.78 +
1.11 %. Also, results of H. hebetor male produced from
impregnated larvae were found to be significantly

different between treatments (F, 4= 9.83; P <0.01). The
highest percentage of males was appeared in LCys
concentration that was 39.63 £ 0.37 % and the lowest in
LC,, treatment was 29.33 + 2.13 %. Also, based on the
results of the analysis of variance, the longevity of H.
hebetor adults emerged from impregnated larvae under
the influence of different concentrations of malathion
was significant (F, ¢ = 13.27; P < 0.01). The results
showed that the maximum adult longevity was 16.67 +
0.88 days for the control treatment and the lowest for
the LC,5 concentration for 11.67 + 0.33 days (Table 2).

Table 2: Mean comparison (+SE) of percentage of parasitism, male production and longevity of Habrobracon
hebetor adult wasps emerged from impregnated larvae effected by sublethal concentrations of Malathion

Concentration Parasitism (%) Male production (%) Longevity (day)
Control 9222+ 1.11a" 30.94+2.17a 16.67+0.88 a
LCyo 9222+ 1.11a 29.33+2.13 a 12.23£0.88 b
LCys 8778+ 1.11b 39.63+0.37b 11.67+0.33b

Values within the columns followed by different letters are significantly different based on Duncan Multiple Range

test.

3.3 Effect of sublethal concentrations on the pupae
of H. hebetor

According to analysis variance of the data obtained
from H. hebetor adults emerged from impregnated
pupae, rate of parasitism was found to have a significant
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difference at 1 % level in the sublethal concentrations of
malathion (F, ¢ =5.6; P <0.01). The results showed that
the highest percentage of parasitism in the control and
LC,, treatments was 95.56 + 1.11 % and the lowest in
the LC,s concentration was 88.89 + 1.11 %. Also,
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results of H. hebetor male produced from impregnated
pupae were found to be significantly different between
treatments (F,, ¢ = 34.68; P < 0.01). The highest
percentage of males was appeared in LC,s concentration
that was 37.12 + 1.49 % and the lowest in control
treatment was 22.98 + 0.53 %. Also, based on the
results of the analysis of variance, the longevity of H.

hebetor adults emerged from impregnated pupae under
the influence of different concentrations of malathion
was significant (F, ¢ = 11.55; P < 0.01). The results
showed that the maximum adult longevity was 16.33 +
0.33 days for the control treatment and the lowest for
the LC,5 concentration for 12 + 0.58 days (Table 3).

Table 3: Mean comparison (+SE) of percentage of parasitism, male production and longevity of Habrobracon
hebetor adult wasps emerged from impregnated pupae effected by sublethal concentrations of malathion

Concentration Parasitism (%) Male production (%) Longevity (day)
Control 9333+£192b° 22.98+0.53 b 1633+0.33a
LCy 9556+ 1.11a 2391+1.70b 14.33+0.88 a
LCys 88.89+1.11b 3712+ 149a 12.00+0.58 b

Values within the columns followed by different letters are significantly different based on Duncan Multiple Range

test.

4 DISCUSSION

Parasitism is a practice where the parasitoid needs to
have searching efficiency, eggs in the ovary, and the
ability to access the host. Therefore, reducing each of
the above factors can lead to reduction in the percentage
of parasitism. Chemical pesticides may be more or less
able to do so. In natural condition, natural enemies first
find their host habitat through kairomones that comes
from the plant (Blassioli-Moraes et al, 2016).
According to Cloyd (2012), the smell of the insecticide
and the material produced from the plant at low doses
may cause confusion of the natural enemy and reduce
parasitism. Although it is easy to find the host in the
laboratory condition, but the smell of insecticide may
lessen the ability to search and access the host. Research
has also shown that some insecticides reduce the
number of eggs in the ovary (Daniel, 1975). The results
of our experiments showed that there is a significant
difference between the percentage of parasitism of adult
wasps exposed to sublethal concentrations of malathion.
Parasitism rate of H. hebetor has increased with
decreasing sublethal concentrations. The percentage of
parasitism in exposed wasps at the mentioned
concentrations (LC,s, LC;y and control) was 87.78,
92.22 and 95.56 %, respectively.

Rafiee-Dastjerdi et al. (2009) examined the
susceptibility of the immature stages of H. hebetor
parasitoid wasp to the pesticides in order to investigate
the effect of the recommended dose of Spinosad,
Profenofos, Thiodicarb and Hexaflumuron in two
methods of spraying and placement on the immature
stages of the wasp and the emergence of adults. Based
on the International Organization for Biological
Control, Profenofos, Spinosad and Thiodicarb, with a

mean decrease of 73.62, 39 and 29.25 %, respectively,
of the emergence of insects were placed in in the less
toxic group and Hexaflumuron with a reduction of
87.8% in the adult emergence in the harmless
insecticide group. It seems that the difference between
the results of this study and Rafiei Dastjerdi et al.
(2009) is due to difference in the laboratory conditions,
host as well as differences in the stage of life of the
wasp. Because the susceptibility of the adult stages have
been studied in this study. It seems that the larval
growth stage of H. hebetor is less affected by the
sublethal concentration of the insecticide, because until
the adult stage most of insecticide decomposes inside
the insect's body. It also seems that due to the fact that
wasp has been fed with water, honey and vitamin C
until death, less fluctuations has occurred over their
lifetime (Soyelu, 2013).

Results of timed bioassay of Baker et al. (1995) showed
that field strain of B. hebetor was significantly more
tolerant of malathion compared to the laboratory strain.
Also, triphenyl phosphate (TPP) substantially delayed
the toxicity of malathion. The results of Mahdavi &
Saber (2013) showed that malathion rather than
diazinon had the lowest adverse effects on the
functional response of H. hebetor. After conducting
advanced field studies, it was found that malathion may
be used as a compatible chemical material with
biological control in [IPM programs.

The results of this study showed that there was a
significant difference between male production of H.
hebetor adult wasps and sublethal concentrations of
malathion. In the LC,s concentration, male production
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was increased in adult wasps and was reduced by
decreasing sublethal concentrations. Amir-Maafi et al.
(2002) stated in their study on Trissolcus grandis
(Thompson, 1861) that the female wasps in the first five
days lay 26 % of their total eggs and 51 % of the
hatched eggs of the female wasp is related to its first
five days of activity. Also, 63.66 % of the total
produced females were related to this period, but after 5
days from the evaluation period, the male production
and mortality of the female wasps increased. In fact, in
the male production of insecticide-exposed wasps, the
age of the wasps is also important. Also, based on the
growth characteristics of parasitoid wasps of the sunn
pest, male parasitoids appear earlier than females and
work around un-emerged parasitized eggs (Amir Majafi,
2000; Safavi, 1974; Asgari, 1996). For this reason,
chemical insecticides appear to effect on male wasps
and cause mating ability to reduce and inoculate the
egg, resulting in the production of haploid (male)
individuals.

Based on the results of the effect of sublethal
concentrations of malathion on the longevity, the results
were significantly different between treatments.
According to the results, with the increase of sublethal
dose of malathion, the longevity of H. hebetor progeny
has decreased compared to control treatment. The
results of Shishehbor and Faal-Mohammad-Ali (2013)
showed that the effects of Flufenoxuron (Cascade) and
Lufenuron insecticides on different stages of H. hebetor
larvae were not significantly different in terms of
longevity and egg oviposition of females. But different
growth stages had a significant effect on the longevity
of female parasitoid. According to their results, the
highest longevity was related to the lufenuron-treated
pupal stage. Interaction effects of insecticides and

different growth stages did not have a significant effect
on the longevity of the female. The results of our study
were not similar to this study. It seems that the
difference in the results is due to the type of insecticide
used in the treatment. It may also be possible that
reduction of longevity of the wasps at high
concentrations of insecticide is due to reduction in wasp
body water content. Wasps seem to need more water to
eliminate toxic compounds in their body, resulting in
more activity to eliminate poisonous compounds, lose
their body water and die.

The results showed that the percentage of parasitism
decreased with increasing sublethal concentration of
malathion. The results of Faal-Mohammad-Ali et al.
(2015) in evaluating the effects of chlorpyrifos and
fenpropathrin in the sublethal concentration of LC,s on
the parameters of stable population of H. hebetor
parasitoid wasp in the larval stage showed that
fenpropathrin insecticide had the most effect on the
parameters of stable population growth. There was a
significant difference between the treatments and the
control. There was no significant difference between
chlorpyrifos and fenpropathrin except for the population
growth rate. The results of these researchers are similar
to the results of the present study, and the numerical
differences in the data are related to the test conditions
and insecticide concentrations.

Abedi et al. (2014) evaluated the sublethal effects of
azadirachtin and cypermethrin insecticide and the adult
wasps were exposed to the LCsy concentration of the
insecticides, and then demographic parameters of the
surviving wasps were determined. Fecundity, fertility,
and parameters including the intrinsic rate of increase
(r,,) were affected negatively.

5 CONCLUSION

Even though results obtained in small laboratory arenas
may not be realized under natural conditions (Kareiva,
1990), these kinds of investigations under the laboratory
conditions can be helpful in selecting insecticides for

additional studies under more natural conditions and for
application of suitable insecticides along with natural
enemies in the pest management programs.
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IZVLECEK

Delavci v kmetijstvu so poleti v veliki meri izpostavljeni
vro¢inskemu stresu, kar lahko vpliva na zmanjSano storilnost
in izgubo dohodka. Temperature zraka v Sloveniji v zadnjih
desetletjih narascajo, projekcije podnebnih sprememb pa
kazejo, da se bo ta trend nadaljeval hkrati s pove¢anjem Stevila
dni z vrocinskim stresom. Analizirali smo spremembe v
Stevilu vrocinskih valov v osrednji in jugozahodni Sloveniji za
obdobje 1961-2017 ter obremenitev delavcev z vrocinskim
stresom med vroCinskimi valovi na primeru leta 2017.
Vrocinski val nastopi, ¢e je temperaturni prag za povpreéno
dnevno temperaturo dosezen ali presezen vsaj tri zaporedne
dni, pri Cemer je prag za omiljeno celinsko podnebje
(Ljubljana) 24 °C in za omiljeno sredozemsko podnebje
(Bilje) 25 °C. Kazalnik za spremljanje toplotne obremenitve
delavcev. WBGT (Wet Bulb Globe Temperature) smo
izraCunali iz temperatur zraka in zracne vlage. Na obeh
lokacijah se povecuje $tevilo dni v vroCinskih valovih in
njihova intenzivnost, povpreéne dnevne temperature zraka
dosegajo precej vecje vrednosti kot v prvi polovici
obravnavanega obdobja. Podaljsuje se tudi ¢asovni razpon, v
katerem se pojavljajo, saj se do leta 1990 vrocinski valovi niso
pojavljali zgodaj junija in pozno avgusta, tako kot v zadnjih
letih. IzraCunane vrednosti kazalnika WBGT kazejo, da je bila
v ve€ini dni v vro¢inskih valovih 2017 v Ljubljani in Biljah
mejna vrednost WBGT 23 °C presezena prakti¢no cel dan, kar
za delavce z veliko fizi€no obremenitvijo pomeni visoko
stopnjo tveganja zaradi obremenitve z vro¢inskim stresom. Pri
presezenih mejnih vrednostth WBGT bi morali delodajalci
oziroma kmetje sami uvesti preventivne ukrepe za zmanjSanje
tveganja vro¢inskega stresa.

Kljuéne besede: vrocinski val; vroCinski stres; kazalnik
WBGT; kmetijstvo; delavci; Slovenija

author: tjasa.pogacar@bf.uni-1j.si

ABSTRACT

HEAT WAVES ANALYSIS AND THE HEAT LOAD OF
AGRICULTURAL WORKERS DURING THE HEAT
WAVES IN 2017 (USING INDEX WBGT)

Workers in agriculture are regularly exposed to heat stress
during summer, which can affect reduced labour productivity
and income losses. Air temperatures in Slovenia have been
rising in recent decades, and climate change projections show
that this trend will continue along with an increase in the
number of days with heat stress risk. Changes in the number
of heat waves in central and south-western Slovenia for the
period 1961-2017 were analysed as well as the risk of the heat
stress for workers during heat waves in the year 2017. The
heat wave occurs if the temperature threshold for the average
daily temperature is reached or exceeded on at least three
consecutive days, with the threshold for the mild continental
climate (Ljubljana) 24 °C and the mild Submediterranean
climate (Bilje) 25 °C. The WBGT (Wet Bulb Globe
Temperature) index, assessing the risk of heat stress, was
calculated from relative humidity and air temperatures. At
both locations, the number of days in heat waves increased as
well as their intensity, average daily air temperatures were
significantly higher than in the first half of the considered
period. The time span, in which the heat waves occur, also
extended, as until 1990 they did not appear in early June and
late August, as in recent years. The calculated values of the
WBGT show that for most days in the heat waves in 2017 in
Ljubljana and Bilje, the WBGT 23 °C threshold was exceeded
practically all day, which shows a high level of heat stress risk
for physically intense work. In the case of exceeded WBGT
reference values, employers or farmers themselves should take
actions to reduce the risk of heat stress.

Key words: heat wave; heat stress; WBGT index; agriculture;
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1 UVOD

Delo na prostem pomeni izpostavljenost okoljskim
razmeram, ki se s podnebnim spremembami v zadnjih
letth moc¢no spreminjajo. V Sloveniji narascajo
povpreéne temperature zraka $e intenzivneje kot drugod
po Evropi in svetu, v obdobju 1961-2011 je bil izmerjen
Casovni trend povprecne letne temperature zraka okoli
0,34 °C/desetletje, prav tako je pozitiven trend najvisje
julijske temperature zraka, ki ga navaja Agencija RS za
okolje (ARSO, 2013). Zmerno optimisticni scenarij
(RCP4.5) v obdobju 2011-2040 predvideva dvig
povpreéne temperature zraka za 0,5 do 1,0°C, v
obdobju 2041-2070 za 1,0 do 2,0 °C, v obdobju 2071—
2100 pa za 1,3 do 2,6 °C (ARSO, 2017). Za povprecno
poletno in najvisjo julijsko temperaturo zraka kazejo
projekcije za konec stoletja po najbolj optimisticnem
scenariju (RCP2.6) povecanje za 1 °C in po najmanj
optimisticnem (RCPS8.5) za 4.5 °C, pri vrocih dneh
(najvisja dnevna temperatura zraka enaka ali viSja od
30 °C) to pomeni povecanje za od 2 do 35 dni (Pogacar
in sod., 2018).

Po podatkih FAO (Staal Wisterlund, 2018) je 32 %
svetovne delovne populacije zaposlene v kmetijskem
sektorju, v katerem je izmed vseh panog najvisja stopnja
smrtnosti zaradi vrocine, saj delo vecinoma poteka na
prostem. Razmere se zaradi globalnega segrevanja Se
slabsajo, zato so raziskave na tem podrocju nujne, kar je
prepoznala tudi Evropa, ki tem vprasanjem namenja
dodatna finan¢na sredstva (projekt Heat-Shield:
https://www.heat-shield.eu/).

Delavci v kmetijstvu so pri svojem delu poleti v veliki
meri izpostavljeni vrofinskemu stresu, pri ¢emer je
obremenitev zaradi fizine zahtevnosti opravil, pri
kateri telo proizvaja dodatno toploto, velika tudi v
zmernejSih razmerah (Staal Wisterlund, 2018). Dodatno
tezavo lahko predstavlja zaScitna obleka, kadar je
potrebna zaradi narave dela, saj ne omogoca zadostnega
odvajanja toplote v okolico in omejuje potenje. Delavci
v velikem delezu poro¢ajo o Zeji, poveCanem potenju,
utrujenosti, glavobolih, v manjSem delezu tudi o hujsih
simptomih vrocinskega stresa, oboje pa brez ukrepanja
vodi v zmanjSano storilnost (Pogacar in sod., 2017).
Vrocinski stres zmanjSa celotno produktivnost in
posledi¢no pomeni izgubo dohodka (Kjellstrom in sod.,
2009). Dehidriranost vodi v pocéasnejse delo, vecja je
verjetnost napak, kar lahko povzro¢i delovne nesrece
(Kjellstrom in sod., 2018), povecana je tudi moznost za
vro¢inski udar (t.j. kap) (Staal Wisterlund, 2018). V

648  Acta agriculturae Slovenica, 111 - 3, december 2018

raziskavi v ZDA so ugotovili, da je tveganje za smrt
zaradi vroCinskega udara pri delavcih v kmetijstvu 35-

krat veéja kot pri povprecni delovni populaciji
(Gubernot in sod., 2015).
Pomembno je, da spremljamo vrocinski stres na

delovnem mestu, a vendar v tej smeri predvsem v
zmernih podnebjih, kjer do sedaj ni bilo vecjih tezav, Se
ni veliko raziskav. Nikjer nismo zasledili analize
toplotne obremenitve evropskih delavcev v kmetijstvu,
najblizje so s svojimi raziskavami Flouris in sod.
(2018), ki so raziskovali obcutljivost ljudi na vrocinski
stres pri vsakdanjih opravilih in pri tezjem delu, in
Ioannou in sod. (2017), ki so ob razvijanju metode
dolo¢anja  produktivnosti s pomoc¢jo snemanja
Casovnega poteka dela spremljali tudi toplotno
obremenitev delavcev. Na splosno se v toplotno
obremenjenih okoljih za spremljanje obremenitve
delavcev oz. spremljanje vroCinskega stresa v najvec;ji
meri uporablja kazalnik WBGT (Wet Bulb Globe
Temperature), ki ga izraunamo iz temperature in
vlaznosti zraka in ga kot kazalnik toplotne obremenitve
na delovnem mestu priporo¢a ISO standard. V okviru
EU projekta Heat-Shield je bil izbran WBGT, ker je
najsirSe uporabljen kazalnik za dolocanje vrocinskega
stresa pri delavcih, saj ga lahko izraCunamo iz
standardnih meteoroloskih meritev na klasicnih ali
avtomatskih postajah in je enostaven za interpretacijo z
uporabo mednarodnih standardov, kot sta ISO 1989 in
ISO 2017. Nazorneje so ga v primerjavi z drugimi
kazalniki predstavili Gao in sod. (2018), ki glede na
d'Ambrosio Alfano in sod. (2016) opozarjajo, da kljub
Siroki moznosti uporabe ni primeren pri veliki vlagi v
zraku in zelo pocasnemu gibanju zraka ter da ne
uposSteva tveganja za dehidracijo pri poveCanem
potenju. Za Slovenijo kazejo projekcije podnebnih
sprememb podobno kot =za poletne temperature
povecanje povpreénih in najvedjih poletnih vrednosti
WBGT za 1 do 3,5 °C ter povecanje $tevila dni z veliko
obremenjenostjo z vrocinskim stresom (WBGT vecji od
27 °C) do 20 dni v osrednji Sloveniji in ve¢ kot 30 dni v
Biljah po najmanj optimisticnem scenariju (Pogacar in
sod., 2018).

Namen prispevka je predstaviti, kako se povecuje
Stevilo vroCinskih valov v osrednji Sloveniji in na
jugozahodu ter kaksSna je obremenitev delavcev z
vro¢inskim stresom med vroc¢inskimi valovi, kar bomo
prikazali na primerih podatkov iz leta 2017.
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2 MATERIAL IN METODE DELA

2.1 Obravnava vroc¢inskih valov v daljSem obdobju

Za dve lokaciji, Ljubljano (14°31°, 46°4’, 299 m n.m.v.)
in Bilje (13°38°, 45°54°, 55 m n.m.v.), smo obravnavali
vrocinske valove v obdobju 1961-2017 (v Biljah od
1970, ko so dostopni podatki). Vrocinski val nastopi, e
je temperaturni prag za povpre¢no dnevno temperaturo
dosezen ali presezen vsaj tri zaporedne dni, pri cemer je
prag za vlazno in zmerno podnebje hribovitega sveta
22 °C, za omiljeno celinsko podnebje (Ljubljana) 24 °C
in za omiljeno sredozemsko podnebje (Bilje) 25 °C
(Kljucevsek in sod., 2018). Graficno smo prikazali
Stevilo dni v vroc¢inskem valu po mesecih za vsako leto
in povprecno dnevno temperaturo po dnevih za vsak
vroCinski val. Podatke o povprecnih dnevnih
temperaturah zraka smo pridobili iz arhiva Agencije RS
za okolje (ARSO).

1556ed - 1,484edprb -

6106 ( 17,27T, )
a =000 P 2373+ T,)
17,27T
=61 ) pwb
éw = 6,106 exp (237,3 n prb)'

Za izratun T, in e; potrebujemo podatke o relativni
zraéni vlagi. Podatke o terminskih vrednostih 7, in
relativne vlage vsake pol ure v ¢asu vrocinskih valov v
letu 2017 smo pridobili iz meritev avtomatskih postaj,
ki so shranjene v arhivu ARSO. Preglednica I
predstavlja ISO standard mejnih vrednosti kazalnika

2.2 Obravnava  polurnih  vrednosti
obremenitve s kazalnikom WBGT

toplotne

Polurne vrednosti kazalnika WBGT [°C] v senci smo na
podlagi polurnih vrednosti temperature zraka (7, [°C])
in psihrometriéne temperature mokrega termometra
(Tpwp [°C]), izracunali po enacbi (Lemke in Kjellstrom,
2012 po Bernard in Pourmoghani 1999):

WBGT = 0,67T,,, + 0,33T,,

pri cemer je T, je temperatura zraka pri umetno
ustvarjenih razmerah, ko je hitrost vetra 3-5 ms™ in jo z
iteracijo dolo¢imo iz T,, temperature rosisca T, [°C],
delnega parnega tlaka e, [hPa] in nasiCenega parnega
tlaka e, [hPa] (McPherson, 2008):

1556e,, + 1,484e,,Tpy,p, + 1010(T, — Ty ) = 0,

WBGT za aklimatizirane in ne-aklimatizirane delavce,
ki so dolocene tako, da pri uporabi lahkotnih oblacil
(kratka majica in hlace) telesna temperatura ne preseze
38 °C, kar bi pomenilo preveliko toplotno obremenitev
oziroma vrocinski stres (Staal Wasterlund, 2018).

Preglednica 1: Mejne vrednosti kazalnika WBGT po ISO standardu 7243 (1989) (Staal Wisterlund, 2018) glede na

stopnjo metabolizma

Table 1: Wet-bulb globe temperature index reference values, according to ISO 7243 (1989) (Staal Wisterlund, 2018)

Stopnja metabolizma Mejna vrednost kazalnika WBGT [°C]
M [W/mz] Aklimatizirana oseba Ne-aklimatizirana oseba
M <65 33 33
65 <M <130 30 30
130 <M < 200 28 28
Brez obcutnega | Obcutno  gibanje | Brez obcutnega | Obcutno  gibanje

200 < M < 260 gibanja zraka zraka gibanja zraka zraka

25 26 22 23
M > 260 23 25 18 20
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3 REZULTATI

3.1 Vrocinski valovi v Ljubljani in Biljah

Stevilo dni v vro¢inskih valovih je za¢elo po letu 1990
moc¢no naraséati. V Ljubljani, ki ima omiljeno celinsko
podnebje, so nastopili po letu 1988 vrocinski valovi
prav vsako leto, z izjemo leta 1997, okoli 20 do 30 dni v
vroCinskih valovih vsako poletje je postalo stalnica
(Slika 1). V tem casu so postali obicajni tudi vro€inski
valovi v juniju (zgornji, svetel del stolpcev). Najbolj

ekstremno po Stevilu dni je bilo leto 2003, ko so se
vroc¢inski valovi vrstili en za drugim tekom celotnega
poletja (Slika 2). Temnej$e barve nakazujejo, da se ne
povecuje le stevilo dni v vrocinskih valovih, temved
tudi njihova intenzivnost, saj povprecne dnevne
temperature zraka dosegajo precej vecje vrednosti kot v
prvi polovici obravnavanega obdobja.

60

50

401

30

Stevilo dni v vroéinskih valovih

20

10

1961 1971 1981

Junij
. Julij
s Avgust

1991 2001 2011

Slika 1: Stevilo dni v vroé¢inskih valovih po mesecih in letih v obdobju 1961-2017 v Ljubljani
Figure 1: Number of days within heat waves in months and years in the period 1961-2017 in Ljubljana
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Slika 2: Ljubljana od 1. junija do 31. avgusta v obdobju 1961-2017: dnevi v vro¢inskem valu so obarvani sivo (vi§ja
povpreéna dnevna temperatura zraka je predstavljena s temnejSo barvo) (razlicica do leta 2015 objavljena v Kajfez

Bogataj in sod., 2018)

Figure 2: Ljubljana from June 1 to August 31 in the period 1961-2017: days in heat waves are colored grey (higher
average daily air temperature is represented with darker color) (version until 2015 was published in Kajfez Bogataj

et al., 2018)

Stanje je podobno v Biljah, ki imajo omiljeno
sredozemsko podnebje, kjer je prag za nastop
vroCinskega vala 1 °C vi§ji kot v omiljenem celinskem
podnebju. Poleg leta 1997 so bila tu brez vrocinskih
valov $e leta 1991, 1998, 2000 in 2001 (Slika 3). Tudi tu
je bilo najbolj ekstremno leto 2003, vendar z manjSim
Stevilom dni v vrocinskih valovih kot Ljubljana. Sledijo
leta 2012, 2015 in 2013. Podobno kot v Ljubljani, so
tudi v Biljah povpre¢ne dnevne temperature zraka v

vroCinskih valovih v zadnjih letih vi§je. Na obeh
lokacijah je jasno vidno, da se pred letom 1990
vro¢inski valovi niso pojavljali zgodaj junija in pozno
avgusta, v zadnjih dveh desetletjih pa ni to ni¢
nenavadnega. Razpon povpreénih dnevnih temperatur
zraka v ¢asu vrocinskih valov je bil v Ljubljani od 24 do
30 °C (dosezeno v letih 2013 in 2017) in v Biljah od 25
do 30 °C (dosezeno v letih 2012 in 2017).
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Slika 3: Stevilo dni v vroé¢inskih valovih po mesecih in letih v obdobju 1970-2017 v Biljah
Figure 3: Number of days within heat waves in months and years in the period 1970-2017 in Bilje
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Slika 4.: Bilje od 1. junija do 31. avgusta v obdobju 1971-2017: dnevi v vrocinskem valu obarvani sivo (vija
povprecna dnevna temperatura zraka je predstavljena s temnejso barvo)

Figure 4: Bilje from June 1 to August 31 in the period 1970-2017: days in heat waves are colored grey (higher
average daily air temperature is represented with darker color)

3.2 Polurne vrednosti toplotne obremenitve med
vrofinskim valovi v letu 2017

Leta 2017 je tako v Ljubljani kot v Biljah nastopilo 5
vro¢inskih valov, dolgih od 3 do 7 (Bilje) oz. 8
(Ljubljana) dni. Za vsak vrocinski val smo predstavili
izmerjene polurne terminske vrednosti temperature
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zraka in izraCunane vrednosti kazalnika WBGT. Te
predstavljajo toplotno obremenitev delavcev, ob
presezenih mejnih vrednostih gre za vrocinski stres, ki
negativno vpliva na pocutje, zdravje in produktivnost.
Pri razliéni stopnji fizicne obremenjenosti morajo
delavci upostevati razlicne mejne vrednosti (Preglednica
1). V urah, ko so mejne vrednosti presezene, bi se
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delavci morali poskusati izogniti delu ali uporabiti
omilitvene ukrepe. V Ljubljani (Slika 5) vrednosti
kazalnika WBGT niso nikoli presegle mejne vrednosti
28 °C, v najhujsem vroc¢inskem valu (Slika 5 spodaj) so
od tretjega dne dalje vsak dan presegle vrednost 25 °C
za 6 do 9 ur (4 dni), v Sestih dneh za 3 do 4 ure in v
dveh dneh za dve uri, z zacetkom nekje med 11. in 14.

Temperatura oz. WBGT [°C]

Temperatura oz. WBGT [°C]

Slika 5: Polurne vrednosti temperature zraka in WBGT med vrocinskimi valovi leta 2017 v Ljubljani, z vodoravnimi
linijami so oznacene nekatere mejne vrednosti za kazalnik WBGT iz Preglednice 1 (23 °C, 25 °C in 28 °C, ki za
aklimatizirano osebo predstavljajo prag za stopnjo metabolizma ve& kot 260 W m, 200 do 260 W m™ in 130 do

200 W m?)

Figure 5: Air temperatures and WBGT values every half hour during heat waves in the year 2017 in Ljubljana,
reference WBGT values (see Table 1) are marked with horizontal lines (23 °C, 25 °C and 28 °C, for acclimatized
person representing threshold for metabolic rates more than 260 W m™, 200 to 260 W m™ and 130 to 200 W m™,

respectively
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Slika 6: Polurne vrednosti temperature zraka in WBGT med vrocinskimi valovi leta 2017 v Biljah, z vodoravnimi
linijami so oznacene nekatere mejne vrednosti za kazalnik WBGT iz Preglednice 1 (23 °C, 25 °C in 28 °C, ki za
aklimatizirano osebo predstavljajo prag za stopnjo metabolizma ve¢ kot 260 W m™, 200 do 260 W m™ in 130 do
200 W m™)

Figure 6: Air temperatures and WBGT values every half hour during heat waves in the year 2017 in Bilje, reference
WBGT values (see Table 1) are marked with horizontal lines (23 °C, 25 °C and 28 °C, for acclimatized person
representing threshold for metabolic rates more than 260 W m?, 200 to 260 W m™ and 130 to 200 W m?,
respectively)
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Temperature zraka so v Casu vrocinskih valov dnevno
mocno nihale, tudi za vec kot 15 °C, najvi§je so segale v
Ljubljani od 30 do 38 °C, najnizje pa od 15 do skoraj
24 °C. V Biljah (Slika 6) najnizje temperature zraka na
splosno niso bile bistveno visje, morda le kaksno
stopinjo, gibale so se v podobnem intervalu, najvisja
dosezena temperatura zraka pa je bila 39 °C.
Temperatura zraka in vlaga sta bili v Biljah glede na
Ljubljano toliko bolj obremenilni, da je bila v vseh dneh
v vroc¢inskih valovih razen dveh presezena tudi mejna
vrednost WBGT 25 °C. Mejna vrednost 23 °C je bila v
casu vrocinskih valov v Biljah presezena vecinoma
nekje od 8. oziroma 9. ure dalje od 10 do 11 ur dnevno
(tudi do 14, izjemoma po en dan 4 in 6 ur), enkrat pa se
je celo zgodilo, da se ni prekinila od 7. ure zjutraj do 16.
ure naslednjega dne. Meja 25 °C je bila vecinoma
presezena nekje od 9. do 12. ure dalje, najveckrat za vec

kot 8 ur. Poleg tega pa je bila v Biljah v najhujSem
vro¢inskem valu v zacetku avgusta v petih dneh za vsaj
pet ur med 12. in 17. uro (izjemoma med 10:30 in
17:30) presezena tudi mejna vrednost 28 °C.

Za lazjo predstavo je na primeru Cetrtega (najdaljSega)
vroCinskega vala v Biljah predstavljena odvisnost
kazalnika WBGT od temperature zraka in relativne
vlage (Slika 7). Najvecje vrednosti je kazalnik dosegal
ob visokih temperaturah zraka in majhni vlagi, za
manjse vrednosti WBGT pa se snop zlagoma Siri proti
ve¢jim vrednostim vlage in manjSim vrednostim

temperature zraka. V ¢asu vrocinskih valov je bil v vseh
primerih precej tipicen potek, da se je relativna vlaga z
dviganjem temperature zraka tekom dneva zmanjSevala
in obratno.

28

— 26

- 24

— 22

20

18

Slika 7: Polurne vrednosti WBGT v odvisnosti od temperature zraka in relativne vlage med 4. vro¢inskim valom leta

2017 v Biljah

Figure 7: WBGT values vs. air temperature and relative humidity every half hour during 4th heat wave in the year

2017 in Bilje

4 DISKUSIJA

Z narasCanjem temperature zraka se opazno povecuje
Stevilo dni v vrocinskih valovih in njihova intenzivnost,
podaljSuje pa se tudi Casovni razpon, v katerem se
pojavljajo, kar potrjuje mnogo razli¢nih raziskav kljub
razliénim definicijam vroc¢inskih valov (npr. Morabito et
al., 2017; Russo et al., 2015; Bittner et al., 2013;
Kuglitsch in sod., 2010). Povpre¢na dnevna temperatura
zraka je v Sloveniji uporabljena kot prag za dolocanje
nastopa vrocinskega vala, saj njena vrednost odraza

informacijo o najnizji in najvisji temperaturi zraka ter
relativni  vlagi. Je dobra mera za jakost toplotne
obremenitve, saj bo priblizno enaka za dolgotrajno
obremenitev pri nekoliko nizjih temperaturah (majhna
amplituda dnevnega temperaturnega hoda v vlazni
zraéni masi) ali kratkotrajno obremenitev pri visjih
temperaturah z vmesno osvezitvijo (velika amplituda
dnevnega temperaturnega hoda v suhi zracni masi)
(Kljucevsek in sod., 2018). Tako nam pove ve¢ kot le
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najvisje dnevne temperature zraka, kljub vsemu pa
ljudje po naravi nimamo obcutka za povprecje in v
obi¢ajnem poletnem dnevu tezko ocenimo, kaksna je
bila povprecna dnevna temperatura zraka. Svojo
ogrozenost dojemamo na podlagi najvi§jih dnevnih
temperatur zraka in obcutka, da nam je vroce. Pri
rezultatih lahko priblizno ocenimo, da WBGT preseze
23 °C pri temperaturah zraka okoli 30 °C, medtem ko
preseze 25 °C obicajno pri temperaturah zraka okoli
32 °C, Ce ostaja vlaga v normalnih okvirih.

Za kmetijska opravila se glede na tezavnost dela stopnja
metabolizma giblje od 150 do 500 W m™ (Preglednica
2). Lundgren in sod. (2014) so iz srénega utripa in
opazovanja $tirih delavcev v Indiji za pripravo zemlje za
obdelavo, sejanje, zalivanje, pletje, kontrolo
Skodljivcev, gnojenje, vzdrzevanje rastlin, zetev ter
vmesno hojo in sklanjanje ocenili stopnjo metabolizma
na 190 W m™. Pri lazjih delih, kot je oranje s traktorjem
ali zgoraj nasteto delo, lahko za mejo nevarne
ogrozenosti z vro¢inskim stresom upostevamo mejo pri
vrednosti WBGT 28 °C (Preglednica 1), ki v Ljubljani v

letu 2017 ni bila presezena, v Biljah pa le v najhujsem
vro¢inskem valu po vsaj 5 ur dnevno, vedno vsaj med
12. in 17. uro. Pri nekoliko bolj zahtevnih delih, kot je
na primer skobljanje lesa ali podiranje drevesa z
motorno zago, je meja za kazalnik WBGT nizja — v
mirnem ozratju 25°C (z vetrom 26°C) za
aklimatizirane delavce in Se nizja 22 °C (oz. 23 °C) za
ne-aklimatizirane delavce. V vecini dni v vrocinskih
valovih je bila leta 2017 tako v Ljubljani kot v Biljah
meja 23 °C presezena prakticno cel dan, kar za delavce
pomeni visoko stopnjo tveganja zaradi obremenitve z
vro¢inskim stresom. Pri zelo napornem fizicnem delu,
kot je kopanje z lopato ali sekanje, je stanje v mirnem
ozracju, ko kazalnik WBGT preseze 23 °C, nevarno ze
za aklimatizirane delavce (z vetrom pri 25 °C), za ne-
aklimatizirane pa se lahko tezave pojavijo Ze pri
presezenih vrednostih 18 oz. 20 °C. Pri presezenih
mejnih vrednostih WBGT bi morali delodajalci oz.
kmetje sami uvesti preventivne ukrepe, kot so
reorganizacija dela, ve¢ odmorov na hladnem, vec
zauzite tekoCine ipd., da zmanj$ajo tveganje
vroc¢inskega stresa (Staal Wésterlund, 2018).

Preglednica 2: Ocene stopnje metabolizma za nekaj kmetijskih opravil po ISO standardu (2004) (Staal Wisterlund,

2018)

Table 2: Estimates of metabolic rate for agricultural activities, according to ISO (2004) (Staal Wiésterlund, 2018)

Opravilo Stopnja metabolizma M [W m™]
Sekanje (2 kg tezka sekira, 33 udarcev na minuto) 500
Kopanje z lopato (24 dvigov na minuto) 380
Podiranje drevesa z motorno zago 235
Skobljanje lesa 225
Obrezovanje sadnega drevja 205
Prenasanje tovora (10 kg pri hitrosti hoje 10 km/h) 185
Grabljenje listja 170
Oranje s traktorjem 170

Za primerjavo, delavei na poljih sladkornega trsa v
Kostariki v precej bolj vro¢em podnebju so v letih 2010
in 2011 delali pri vrednostih WBGT med 20 °C in 34 °C
(Crowe in sod., 2013). Sahu in sod. (2013) so ugotovili,
da v prvi uri pobiranja riza pri vrednostth WBGT 27 °C
delavei v povpreéju poberejo 86 sveznjev, pri
vrednostih 31 °C pa le Se 65. V raziskavi na Cipru so
delavci v vinogradu tekom poletja 87 % casa delali pri
vrednostih WBGT, vi§jih od 25 °C (Ioannou in sod.,
2017).

Za zagotavljanje normalnega delovanja organov
moramo telesno temperaturo ohranjati na 37 °C, najbolj
obiajen nain hlajenja je potenje. Raziskave so
pokazale, da se Zenske potijo manj kot moski, potiti pa
se zacnejo pri visji telesni temperaturi, zato je pri njih
veéje tveganje za simptome vrolinskega stresa ali z
vroc¢ino izzvane bolezni (Staal Wisterlund, 2018). To se
je potrdilo tudi v raziskavi med slovenskimi delavci v
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kmetijstvu, kjer so zenske v veéjem delezu navajale
tezave zaradi vrocinskega stresa (Pogacar in sod., 2017).
Razpon potrebne koli¢ine popite tekocine je zelo velik —
od dveh litrov na dan pri lahkem delu in vrednostih
WBGT okoli 10 °C do 15 litrov pri izredno napornem
delu in vrednosth WBGT okoli 30°C (Staal
Waisterlund, 2018).

Dodatno toplotno obremenitev, ki je kazalnik WBGT ne
prikaze, pomenijo pretople, t.i. tropske noci, ko se tudi
ponoci temperatura zraka ne spusti pod 20 °C. Takrat se
delavei med no¢nim pocitkom vecinoma slabo
odpocijejo in naslednji dan Zze zacnejo utrujeni.
Zanimivo je, da se je v Ljubljani to zgodilo Ze po prvem
dnevu prvega vroCinskega vala leta 2017, ko je bila
najnizja 24-urna temperatura zraka 23,8 °C. Dve tropski
noci sta bili Se ob koncu drugega vrocinskega vala, ena
predzadnji dan tretjega ter Stiri z vimesno prekinitvijo ob
koncu cetrtega vala. V Biljah sta bili tropski zadnji dve
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noc¢i prvega vroCinskega vala, zadnja no¢ drugega,
druga no¢ tretjega in prva no¢ petega vrocinskega vala.
V najhujSem, Cetrtem vro€inskem valu je bilo kar pet
tropskih no¢i. Stevilne raziskave so pokazale, da noéne
temperature zraka nara$¢ajo hitreje kot dnevne, prav
tako modeli za prihodnost napovedujejo, da se bo ta

trend nadaljeval (Peng in sod., 2013). Tudi za Slovenijo
velja, da se zadnja leta pojavljajo rekordno visoke nocne
temperature (Susnik in Pogacar, 2011; Vertacnik, 2014),
kar za delavce pomeni Se dodatno toplotno obremenitev,
ki jo bo v nadaljnjih raziskavah potrebno upostevati.

5 SKLEPI

Analiza vrocinskih valov za obdobje 1961-2017 za
Ljubljano in Bilje je pokazala, da je Stevilo dni v
vroc¢inskih valovih za¢elo mo¢no narascati po letu 1990
na obeh lokacijah. Prav tako se je povecala intenziteta
vro¢inskih valov, saj povprene dnevne temperature
zraka dosegajo precej ve¢je vrednosti kot v prvi polovici
obravnavanega obdobja. Podaljsuje se ¢asovni razpon, v
katerem se pojavljajo, na obeh lokacijah je jasno vidno,
da se pred letom 1990 vrocinski valovi niso pojavljali
zgodaj junija in pozno avgusta, v zadnjih dveh
desetletjih je taksna casovna razporeditev postala
obic¢ajna. Leta 2017 je tako v Ljubljani kot v Biljah
nastopilo 5 vrocinskih valov, dolgih od 3 do 7 (Bilje)
oziroma 8 (Ljubljana) dni, za katere smo izracunali
kazalnik WGBT za oceno tveganja vroCinskega stresa
pri delavcih v kmetijstvu.

Nekatere mejne vrednosti so redno presezene tudi v
Sloveniji, torej je primerno, da kazalnik WBGT

uporabimo za prikaz toplotne obremenitve delavcev. V
Ljubljani vrednosti kazalnika WBGT sicer niso nikoli
presegle mejne vrednosti 28 °C (meja za obicajno
kmetijsko delo), v najhujSem vrocinskem valu so
presegle vrednost 25 °C (tezje delo), v vseh vrocinskih
valovih pa vsaj za nekaj ur 23 °C (fizicno izredno
naporno delo). Temperatura zraka in vlaga sta bili v
Biljah glede na Ljubljano toliko bolj obremenilni, da je
bila skoraj v vseh dneh v vrocinskih valovih presezena
tudi mejna vrednost WBGT 25 °C. Poleg tega je bila v
Biljah v najhujSem vro¢inskem valu v zacetku avgusta v
petih dneh za vsaj pet ur (med 12. in 17. uro) presezena
tudi mejna vrednost 28 °C. Pri presezenih mejnih
vrednostih WBGT bi morali delodajalci oziroma kmetje
sami uvesti preventivne ukrepe za zmanjSanje tveganja
vroCinskega stresa, na primer reorganizirati delo, uvesti
ve¢ rednih odmorov na hladnem, piti ve¢ tekoCine in
nositi primerna oblacila.
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ABSTRACT

The experiment was done on 202 new chickpea (Cicer
arietinum L.) landraces with 2 checks to assess the
association, direct and indirect effect of different characters on
yield. The experiment was planted at Sirinka and Jari,
Ethiopia, under rain fed condition in 2016 using alpha lattice
design with three replications. Data were collected on yield
and yield related traits. Analysis of variance showed highly
significant differences among genotypes. The correlation of
grain yield with biomass and with harvest index was positive
and highly significant both at genotypic and phenotypic levels.
In addition, its association with pod filling period, plant
height, secondary branches and hundred seed mass was
positive but unsignificant both at genotypic and phenotypic
levels. Path coefficient analysis at genotypic level showed that
among the 15 causal (independent) traits; biomass, harvest
index, pod length, days to pod setting, pod filing period,
canopy width, primary branches, secondary branches, and
number of pods per plant had positive and directly influence
on grain yield. Although the days to flowering, plant height
and hundred seed mass had positive genotypic correlation with
grain yield. In general correlation coupled with path
coefficient analysis revealed that biomass and harvest index
had a direct relationship with seed yield.

Key words: chickpea; correlation; path coefficient analysis;
seed yield; yield related traits

1

IZVLECEK

ANALIZA ODVISNOSTI PRIDELKA SEMENA
ETIOPSKIH LOKALNIH ZVRSTI CICERKE (Cicer
arietinum L.) OD S PRIDELKOM POVEZANIH
LASTNOSTI

Poskus je potekal na 202 novih lokalnih zvrsteh ¢icerke (Cicer
arietinum L.) z dvema preiskusoma za ovrednotenje
neposredne in posredne povezave ucinkov razliénih lastnosti
na pridelek. Poskus je bil izveden leta 2016 v krajih Sirinka in
Jari v Etiopiji v razmerah brez namakanja kot nepopolni
blo¢ni poskus s tremi ponovitvami. Zbrani so bili podatki o
pridelku in z njim povezanimi lastnostmi. Analiza variance je
pokazala zelo znacilne razlike med genotipi. Povezava med
pridelkom z biomaso in Zetvenim indeksom je bila pozitivna
in zelo znacilna na genotipski in fenotipski ravni. Dodatno je
bila povezava pridelka pozitivna z lastnostmi kot so obdobje
polnjenja  strokov, viSina rastlin, Stevilo sekundarnih
poganjkov in masa stotih semen a nestatisticno znacina, ne na
genotipski niti na fenotipski ravni. Analiza povezav na
genotipski ravni je pokazala, da ima 15 znakov (lastnosti) kot
so biomasa, Zetveni indeks, dolzina stroka, Stevilo dni do
nastavka strokov, obdobje polnjena strokov, Sirina
nadzemnega dela rastlin, Stevilo primarnih in sekundarnih
stranskih pogankov in Stevilo strokov na rastlino pozitivni in
neposredni vpliv na pridelek semena. Tudi lastnosti kot so
Stevilo dni do cvetenja, viSina rastlin in masa stotih semen so
imele pozitivne genetske povezave s pridelkom zrnja.
Nasplosno je povezava med znaki povezana s povezavo med
posameznimi znaki odkrila, da sta imela biomasa in Zetveni
indeks neposredno povezavo s pridelkom semena.

Kljuéne besede: Ccicerka; korelacija; analiza odvisnosti
posameznih  znakov; pridelek semena; s
pridelkom povezani znaki
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1 INTRODUCTION

Chickpea (Cicer arietinum L.) is the third most
important pulse crop in the world, after dry common
bean and field pea (Padmavathiv et al., 2013). Southeast
Turkey and Syria are considered as the two primary
centers of origin of chickpea (Singh et al., 1997). The
world chickpea production reached 13.3 million tons in
2013 and 14.2 million tons in 2014 (FAO, 2014). India
is the largest chickpea producing country accounting for
72 % of the global chickpea production (Ojiewo, 2016).
Ethiopia is considered as one of the secondary centers
of diversity for chickpea (van der Maesen, 1987). In
Ethiopia, chickpea is the third largest legume crop in
area and production (CSA, 2015).

There are two types of chickpea depending on seed
color, shape, and size. The Kabuli type has large, round
or ram head and cream-colored seeds, and is grown in
temperate regions (ICRISAT, 2010). The Desi type
chickpea is grown in the semi-arid tropics and is
characterized by relatively small angular shaped seeds
with light brown, yellowish or black colour.

Chickpea is very important due to its good nutritional
value having an average of 4.5 % fat, 8 % crude fiber,
22 % protein, 63 % carbohydrate and 2.7 % ash
(Shafiqueet al., 2016). Besides being an important
source of human food and animal feed, it is also an
important contributor to soil fertility as it provides
nitrogen to soil through fixation of atmospheric nitrogen
(Gul et al., 2011).

Many international agreements proclaim food security
which implies the conservation of plant genetic
resources for food and agriculture. The landraces or
farmer varieties are important source of the genetic

diversity and potential material that could be used to
broaden the base for plant breeding. An indigenousness
landrace is a variety with a high capacity to tolerate
biotic and abiotic stress, resulting in high yield stability
and an intermediate yield level under a low input
agricultural system (FAO, 1998). Ethiopia has a large
number of chickpea landraces cultivated by the farmers
through traditional method of selection over a long time.
This provides the basic material for developing any
variety or hybrid.

Study of yield and yield components provide a basic
framework for selecting useful characters in chickpea
improvement programs. Seed yield is an important
character that is polygenic in nature and significantly
influenced by environmental conditions (Singh et al.,
2014). Most of plant breeders are interested in
maximizing selection efficiency that supports the
identification of best genotypes. Estimation of
correlation coefficient is useful in planning future
breeding and provides a measure of association among
traits, which could be useful as a selection guide. The
path coefficient analysis enables to determine the direct
and indirect contribution of various traits toward yield.
Correlation  analysis  provides  information  of
associations among yield components. Path coefficient
analysis permits the separation of the correlation
coefficient into component of direct and indirect effects
and to measure the relative importance of each (Singh
and Chaudhary, 1977; Sharma, 1998). Therefore the
objective of this study was to determine the association
of different characters with seed yield, direct and
indirect influence of characters towards yield and yield
contributing traits and assess magnitude to define seed
yield.

2 MATERIALS AND METHODS

2.1 Description of Experimental Sites

The experiment was carried out under rain fed condition
at Sirinka and Jari Agricultural stations, Ethiopia. The
former one is located at 11° 45> North latitude and 39°
36' 36 East longitudes. Its altitude is 1850 meter above
sea level located in North Wollo Zone. The annual
rainfall of this site is 1006.3mm with 13.6 °C minimum
and 26.7 °C maximum temperature. Jari, is located at
11° 21 North latitude and 39° 47' East longitudes and at
an altitude of 1680 meter above sea level in South
Wollo Zone. The annual rainfall of this site is 987.3 mm
with 142 °C minimum and 28.7 °C maximum
temperature. According to Sirinka  Agricultural
Research Center soil classification (unpublished), the
soils of the sites are classified advertises.
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2.2 Experimental Materials and Design

A total of 202 newly collected Desi type landraces from
Ambhara, Oromiya and SNNP Regional States were used
for this study. The collecting expedition was done on
elevations ranging from 1174 to 2660meter above sea
level. The collections were made in 2013 (N = 42) and
2016 (N = 160). This puts 90 landraces from Amhara
region, 91 from Oromiyaand 24 from SNNP. A total of
202 collected landraces with two released varieties as
checks, ‘Fetenech’ (early maturing) and ‘Minjar’ (high
yielder) were tested and characterized for morphological
traits. The experiment was planted on 02 September
2016 by wusing alpha lattice designwith three
replications. Each landrace was sown in two rows at 60
cm, 30 cm, and 10 cm spacing between plots, rows, and
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plants, respectively; with 1 m row length. All agronomic
practices were done uniformly for all accessions as
required. There was no fertilizer application. For
controlling pod borer Karatewas sprayed at the rate of
200 ml 300 liter 'ha™ and picked by hand.

2.3 Data Collection

The data of morphological, phenological, and
agronomical traits were collected during the growth
period of the crop, depending on the descriptors for
chickpea (IBPGR, ICRISAT and ICARDA, 1993). The
data of plant height, stem colour, number of leaflets per
leaf, plant canopy width, number of primary branches,
number of secondary branches, pod length, number of
pods per plant, number of seeds per pod, days to 50 %
flowering, days to 50 % pod setting, pod filling period,
days to 75 % maturity, total biomass, hundred seed
mass, seed yield, harvest index, seed coat colour, seed
shape, diseases and insect damage score (1-9) and seed
testa texture were collected.

2.4 Analysis of variance

Analysis of variance (ANOVA) was performed for the
quantitative data using SAS computer software (SAS,
2004) as per the following linear model for alpha lattice
design.

Yij = p + R i+ Bjjt+ T + ej:where, p = the grand mean
of trait Y; R; = the effect of replicate I; Bj; = effect of
block j within replicate I; T\ = effect of treatment k

correlation

2.5 Phenotypic and

coefficients

genotypic

Phenotypic and genotypic correlation were estimated
using the formula suggested by Miller et al. (1958)

Phenotypic correlation was computed as:
2
o pxy

" @ et py)

Genotypic correlation was computed as:
2
o gxy

L AN gx)(o’gy)

gy =

Where 7, is phenotypic correlation coefficient and
Ty 1S genotypic correlation coefficient between

2 2 .
characters x and y; o~ pxy and O~ gxy are phenotypic
covariance and genotypic covariance between

characters x and y, respectively. o’ PX and o gx are
phenotypic and genotypic variances for character x and

o’ py and o’ gy are phenotypic and genotypic
variances for character y.

The coefficient of correlation at phenotypic level was
tested for its significance with table for simple
correlation coefficient using n-2 df as suggested by
Gomez and Gomez (1984) or using °‘t’ table, with
observed t expressed as

P NH—2
[ 2
1=7r"px

The calculated ‘t> value was compared with the
tabulated ‘t” value at n-2 degree of freedom, (n = 204) at
5% and 1% level of significance (where n is the
number of genotypes).

t=

The coefficient of correlation at genotypic level was
tested according to Robertson (1959);

f= Tow
SEr : .
8% where, 14y, = genotypic correlation
coefficient,
SErgy = standard error of genotypic correlation
coefticient

\/(l—rzgxy)y
272
SEr,, = 2h"h*2

Where h? and h% are broad sense heritability for
character 1 and 2

The calculated ‘t” value was compare with the ‘t’
tabulated value at n-2 (df = 202) at the 5% and 1 %
level of significance (where n is the number of
accessions).

2.6 Path coefficient analysis

Associations of yield with its components were
determined by the application of correlation and path
analysis. The use of path analysis requires a cause and
effect situation among the variables. Path coefficient
analysis was calculated using the formula suggested by
Dewey and Lu (1959) to assess direct and indirect
effects of different traits on grain yield as:

T =pij+zrik P
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Where r;; is mutual association between the independent
traits (i) and the dependent trait (j) as measured by the
correlation coefficient, p;j is component of direct effect
of the independent trait (i) on the dependent variable (j);
and ri py; is the components of indirect effect of a given
independent trait (i) on the dependent traits (j) via all
other independent traits (k). The residual effect (U)
which is the unexplained variation of the trait that is not

accounted for by path coefficient and is calculated using
the formula of Dewey and LU (1959) as:

U= VI-R’ , where R? = anpk/

3 RESULTS AND DISCUSSION

3.1 Analysis of variance

Analysis of variance revealed highly significant
differences (P < 0.001) among genotypes for most of the
studied traits indicating genetic variability in the
characters studied (Table 1).The magnitude of mean
squares due to genotypes was high for grain yield,
biomass yield, harvest index and number of pods per

plant; while low genotype mean square values exhibited
for number of seed per pod, primary branches per plant,
pod length, and number of leaflets per leaf (Table
1).Similarly, previous studies on chickpea landraces
also reported by (Tesfamickael et al., 2014; Uday et al.,
2012).

Table 1: Mean squares, significance and CV % of morpho - agronomic characters of chickpea germplasm

Traits Mean square (CV %)

Sirinka Jari Combined
DF 24.25%%(6.56) 23.73%*%(5.04) 4.24™(8.2)
DP 31.23%%(6.46) 15.06%%(4.89) 9.73™(4.98)
PFP 18.70%*(6.07) 24.54%*%(5.02) 5.99"(6.23)
DM 42.32%%(4.28) 22.08%*(5.68) 5.39™(4.52)
CwW 38.83%%(8.15) 122.25%*%(11.5) 14.03%(22.31)
NLtL 0.87**(5.97) 3.04*(15.78) 0.79%(16.23)
PH 31.12%%(9.85) 96.27*%(17.60) 8.61%%(20.13)
PB 0.72*%*(19.65) 0.05™(21.5) 0.11"(28.9)
SB 11.11**(17.16) 0.62™(20.42) 1.88%(25.61)
NPP 520.46%%(21.02) 267.32%(28.6) 50.90*%*(30.2)
NSP 0.08™ (12.06) 0.02™(15.23) 0.029™(11.6)
PL 0.24%%(26.5) 0.65%(29.42) 0.25*%(31.2)
HSW 8.34%%(13.23) 6.27%*%(12.52) 0.43"(8.96)
GYKH 441140.22**(28.66) 393086.47**(24.56) 23558.56™(30.2)
BMKH 1936174.5%*(25.97) 1734469.2*%(29.62) 123242.6™(32.21)
HI 240.00%*(21.48) 189.23* (18.96) 1.42™(28.9)

DF = Days to flowering, DP = Days to pod setting, PFP = Pod filling period, DM = Days to maturity, CW = Canopy
width, NLtL = Number of leaflets per leaf, PH = Plant height, PB = Primary branches, SB = Secondary branches,
NPP = Number of pods per plant, NSP = Number of seeds per pod, PL = Pod length, HSW = Hundred seed mass,

GYKH = Grain yield kilo gram per hectare, BM = Biomass kilo gram per hectare, HI = Harvest index, ™

= non —

significant and *, ** significant at 5 % and 1 % probability level, respectively.

This low magnitude of mean squares indicated the traits
were relatively sensitive to environmental effects. These
results are also confirmed similarly by reports of
Zerihun (2011), Feven (2002) and Melese (2005).

3.2 Correlation studies

Studies on correlations among agronomic traits and seed
yield can supply reliable information on the nature and
level of their inter relationships. Identification and
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exploitation of traits positively attributing to seed yield
is essential as it enhances breeding efficiency of
chickpea. In this study, genotypic and phenotypic
correlation coefficients for all possible combinations
among 16 traits are presented in Table 2.

3.2.1 Association of grain yield with other traits

The linear correlation coefficient analysis determines
the magnitude and degree of relationship between two
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traits. Association between traits could be due to
genotypic correlation, which is attributed to linkage
between genes or pleiotropic gene effect (Shafique et
al., 2016), or due to environmental effect, or both
(Falconer and Mackey 1996).The correlation of grain
yield with biomass (r, = 0.71 and r,, = 0.72) and with
harvest index (r, = 0.52 and r,;, = 0.54) was positive and
highly significant both at genotypic and phenotypic
levels. The correlation of grain yield with pod filling
period, plant height, secondary branches and hundred
seed mass was positive but non-significant both at
genotypic and phenotypic levels. Muhammad et al.
(2005) reported similar results. On the other hand, the
correlation of grain yield with days to maturity, primary
branches, and number of seeds per pod was negative but
no significant at both levels.

The genotypic correlations of grain yield with days to
flowering, days to pod setting, canopy width and
number of pods per plant were positive but not
significant. On the other hand, grain yield was
negatively and non- significantly correlated with
number of leaflets per leaf. However, genotypic
correlation between grain yield and biomass yield was
positive and highly significant, which is in agreement
with the reports of Zerihun (2011), Melese (2005), and
Tesfamickael et al. (2014).That means breeding for
better biomass cultivars could be an indirect selection
on chickpea improvement or landrace promotion.

3.2.2 Associations among other traits

Days to flowering was positively and significantly
correlated with days to maturity, days to pod setting,
number of leaflets per leaf, secondary branches, number
of pods per plant, and hundred seed mass, but
negatively correlated with primary branches at
phenotypic and genotypic level (Table 2).Moreover, the
genotypic correlation coefficients of days to flowering
with these traits were greater than the corresponding
phenotypic correlation coefficients, indicating genetic
causes for the observed association. As a result, late
flowering varieties are expected to take long duration to
develop pods and mature late. According to Thakur and
Sirohi (2009), genotypic correlation coefficients higher
than that of phenotypic correlation coefficients indicate
strong inherent association between the traits and the
possibility of effective phenotypic selection.

Days to maturity showed significant and positive
correlations with days to flowering, days to pod setting,
number of leaflets per leaf, canopy width, secondary
branches, number of pods per plant, and hundred seed
mass at both phenotypic and genotypic levels. This is in
agreement with Zerihun (2011). However, the
correlation of days to maturity with primary branches
and number of seeds per pod was negative at both
phenotypic and genotypic levels (Table 2).

Plant height correlated positively and strongly with days
to pod setting, number of leaflets per leaf, canopy width,
and pod filing period; but negatively associated with
number of seeds per pod both at genotypic and
phenotypic levels. Primary branches had strong negative
correlation with days to pod setting, pod filing period,
days to maturity, and secondary branches at genotypic
level; and with harvest index at phenotypic level. On the
other hand,it had positive and significant correlation
with number of pods per plant and number of seeds per
pod at phenotypic level.

Secondary branches had high positive correlation with
days to flowering, days to pod setting, pod filing period,
canopy width, plant height, number of pods per plant,
and hundred seed mass at both phenotypic and
genotypic levels. However, it showed negative
correlation with primary branches at both levels.

Hundred seed mass showed high positive correlation
with days to flowering, days to pod setting, days to
maturity, plant height, and secondary branches both at
genotypic and phenotypic level; but negatively
associated with the number of seeds per pod at both
levels. Biomass yield had high positive correlation with
grain yield at genotypic and phenotypic levels, but
negatively correlated with harvest index at both levels
(Table 2).Generally, among the 16 traits in this study,
biomass and harvest index correlated positively and
significantly with grain yield at both genotypic and
phenotypic levels.

In general, all positive correlation between grain yield
with traits of pod filling period, plant height, secondary
branches, hundred seed mass and biomass both at
genotypic and phenotypic levels are best traits which are
important to direct selection process.
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3.3 Path coefficient analysis

Grain yield is a resultant trait of many component traits,
known as yield components. Associations between yield
and yield components as determined by correlation
coefficients do not indicate the relative importance of
the direct and indirect effect of associated trait on grain
yield. Hence, path coefficient analysis would give the
opportunity to see grain yield as the dependent variable
and other traits as casual factors (independent
variables). The results of genotypic path coefficient
analysis are given in Table 3.

Path coefficient analysis at genotypic level showed that
among the fifteen traits; biomass (0.84), harvest index
(0.69), pod length (9.73), days to pod setting (0.024),
pod filing period (0.020), canopy width (0.003), primary
branches (0.007), secondary branches (0.003), and
number of pods per plant (0.019) had positive directly
influence on grain yield.

Other traits such as days to flowering (-0.016), days to
maturity (-0.015), number of leaflets per leaf (-0.004),
plant height (-0.019), number of seeds per pod (-0.002),
and hundred seed mass (-0.002) had negative direct
effects on grain yield. These study findings are also in
line with the reports of Yucel et al. (2006), Yucel and
Anlarsal (2010), Ali et al. (2011) and Jadhav et al.
(2014) in chickpea. Padmavathi et al., (2013) also
reported high positive direct effects of biological yield,
number of pods per plant, and harvest index on grain
yield signifying the importance of these traits in
improvement of grain yield.

Pod length exerted the highest direct effect (9.73), and
also positive indirect effects on grain yield via pod
filing period, plant height, number of pods per plant,
and harvest index. However, the positive direct effect of
pod length on grain yield was counter balanced by
relatively high negative indirect effects via days to
flowering, days to pod setting, days to maturity, canopy
width, number of leaflets per leaf, primary branches,
secondary branches, number of seeds per pod, hundred
seed mass and biomass; which resulted in negative
correlation with grain yield (r, = -1.44) (Table 3).
Biomass yield exerted the second highest positive direct
effect (0.84) on grain yield. It also exhibited positive
indirect effects on grain yield through pod filing period,
canopy width, plant height, primary branches, number
of pods per plant and hundred seed mass. However, it
had high negative indirect effects on grain yield through
days to flowering, days to pod setting, days to maturity,
number of leaflets per leaf, secondary branches, and
number of seeds per pod, harvest index, and pod length.

Although the days to flowering, plant height and
hundred seed mass had positive genotypic correlation
with grain yield, their direct effects on grain yield were
negative. This imply that the observed positive

correlations of these traits with grain yield were due to
their indirect positive effects on grain yield through
primary branches, number of seeds per pod, biomass,
pod length, canopy width and harvest index. This
indicates the importance of these traits in the breeding
program to identify high yielding genotypes through
indirect selection for these traits. According to Singh
and Chaudhary (1977), whenever a character has
positive association and high positive indirect effects
but negative direct effect on economic trait like grain
yield, emphasis should be given to the indirect effects.

The estimated residual effect of path analysis was low
(0.156), which indicated that about 85 % of the
variability in grain yield was contributed by the traits
studied. This residual effect towards grain yield in the
present study might be due to other characters or
environmental factors and, or sampling errors (Sengupta
and Kataria, 1971).

According to the path coefficient analysis at phenotypic
level biomass (0.86), harvest index (0.71), pod length
(0.01), days to pod setting (0.021), primary branches
(0.004) hundred seed mass (0.003) and number of pods
per plant (0.011) had positive directly influence on grain
yield and signifying the importance of these traits in
improvement of grain yield (Table 4).

Other traits such as days to flowering (-0.02), days to
maturity (-0.004), number of leaflets per leaf (-0.02),
plant height (-0.04), canopy width (-0.01),), secondary
branches (-0.04), and pod filing period (-0.01) had
negative direct effects on grain yield (Table 4).

The estimated residual effect of path analysis was low
(0.168), which indicated that about 84 % of the
variability in grain yield was contributed by the traits
studied. This residual effect towards grain yield in the
present study might be due to other characters or
environmental factors and, or sampling errors (Sengupta
and Kataria, 1971).
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In general the information obtained from path analysis
revealed that number of pods per plant, biomass, harvest
index, secondary branches per plant, canopy width, days
to podding and pod filing period had positive direct

effect on grain yield at both genotypic and phenotypic
levels. Thus, these traits may be used as effective
selection parameters for obtaining high yield in
breeding programme for yield enhancement in chickpea.

4 CONCLUSSION

The correlation of grain yield with biomass and harvest
index was positive and highly significant both at
genotypic and phenotypic levels. In addition, its
association with pod filling period, plant height,
secondary branches and hundred seed mass was positive
both at genotypic and phenotypic levels.In general, all
positive correlation between grain yield with traits of
pod filling period, plant height, secondary branches,
hundred seed mass and biomass both at genotypic and
phenotypic levels are best traits which are important to
direct selection process. Path coefficient analysis at
genotypic level showed that among the fifteen causal
(independent) traits; biomass, harvest index, pod length,

days to pod setting, pod filing period, canopy width,
primary branches, secondary branches and number of
pods per plant had positive direct effects on grain yield
per plot.In generalthe information obtained from path
analysis revealed that number of pods per plant,
biomass, harvest index, secondary branches per plant,
canopy width, days to podding and pod filing period had
positive direct effect on grain yield at both genotypic
and phenotypic levels. Thus, these traits may be used as
effective selection parameters for obtaining high yield
in breeding programme for yield enhancement in
chickpea.
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IZVLECEK

Na Laboratorijskem polju Biotehniske fakultete smo v letu
2012 izvedli poljski poskus, v katerem smo zeleli ugotoviti
vpliv obdelave tal na porabo energije, na fizikalno mehanske
lastnosti tal v setveni posteljici in na vznik koruze. Za
predsetveno pripravo tal smo uporabili vrtavkasto brano, s
katero smo nastavili globino obdelave tal na 5 cm, 10 cm in 15
cm (dejansko dosezene globine tal 7,3 cm, 8,7 cm in 11,2 cm).
Poskusna zasnova so bili sluc¢ajni bloki. V poskusu smo
uporabili traktor z brezstopenjskim menjalnikom z imensko
mocjo 73 kW in vrtavkasto brano z delovno $irino 2,5 m.
Hitrost obdelave tal na traktometru je bila 5,0 km h™ in vrtilna
frekvenca motorja 1900 min™'. Poraba goriva na uro, poraba
goriva na hektar ter poraba energije na hektar so narascali s
povecanjem nastavljene globine obdelave tal z vrtavkasto
brano od 5 do 15 cm. Pri nastavljenih globinah obdelave tal 10
in 15 cm je bila vertikalna upornost tal na globinah med 8 in
13 ¢cm manjSa kot pri globini obdelave tal 5 cm. Med tremi
nastavljenimi globinami obdelave tal z vrtavkasto brano ni
bilo znalilnih razlik v fizikalnih lastnosti tal v setveni
posteljici in vzniku koruze. Globina obdelave tal 5 cm je bila
najprimernejSa, tako glede porabe goriva in porabe energije,
kot tudi fizikalno mehanskih lastnosti tal v setvenem sloju in
poljskega vznika koruze.

Kljucéne besede: obdelava tal; vrtavkasta brana; poraba
energije; fizikalno-mehanske lastnosti tal; koruza

ABSTRACT

INFLUENCE OF SOIL CULTIVATION DEPTH ON
ENERGY CONSUMPTION AND ON PREPARATION
OF SEED BED USING ROTARY HARROW BEFORE

MAIZE PLANTING

In 2012 on the Laboratory Field of Biotechnical Faculty the
field trial was carried out, trying to establish the influence of
the soil cultivation on the fuel consumption, on the physical-
mechanical soil properties of the seed bed and at the end on
the field emergence of maize. A rotary harrow was used for
soil preparation just before maize planting and it was adjusted
to the soil cultivation depths of 5 cm, 10 cm and 15 cm. The
trial was designed as random blocks. A tractor with stepless
transmission and nominal power of 73 kW and a rotary harrow
with working width of 2.5 m were used. The speed of soil
cultivation was 5.0 km h™' on the tractometer and the engine
rotational frequency was 1900 rpm. The fuel consumption per
hour, the fuel consumption per hectare and the energy
consumption per hectare increased by increasing the adjusted
soil depth cultivation from 5 cm to 15 cm using the rotary
harrow. At the adjusted soil cultivation depth of 10 and 15 cm
cm, the vertical soil resistance at depths between 8 and 13 cm
was lower than at the adjusted soil depths of 5 cm. No
significant differences were found regarding the soil physical
properties in the seed bed and the field emergence of maize
among three adjusted soil cultivation depths. The soil
cultivation depth of 10 cm proved to be the most appropriate
in view of the fuel consumption, energy consumption as well
as the physical-mechanical soil properties of the seed bed and
plant emergence.

Key words: soil cultivation;
consumption;
properties; maize

rotary harrow; energy
physical-mechanical soil
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1 UVOD

Z dopolnilno obdelavo tal poskrbimo, da je velikost
talnih delcev v setveni plasti ustrezna in so s tem tla
optimalno pripravljena za setev (Bernik, 2005).
Obdelava tal je eden najpomembnejsih, energetsko
potratnih in dragih tehnoloskih postopkov pri pridelavi
rastlin. Ustrezen nacin obdelave tal je odvisen od
rastlinske  vrste, vremenskih razmer, fizikalno
mehanskih lastnosti tal, obstojecih strojev za obdelavo
tal in ostalih dejavnikov. Vsak nacin obdelave tal ima
dolo¢ene prednosti in slabosti. Pri konvencionalni
obdelavi tal je veCja moznost za doseganje vecjih
pridelkov in boljSe kakovosti kot pri drugih nacinih
obdelave tal. Po drugi strani je zaradi slabe storilnosti
strojev. in  potrebe po  mocnejSih  traktorjih
konvencionalna obdelava tal drazja (Sarauskis in sod.,
2014). Isti avtorji so v poskusu primerjali globoko in
plitvo oranje, globoko in plitko rahljanje tal ter direktno
setev pri pridelavi koruze. Pri reducirani obdelavi tal
brez oranja je bila poraba goriva 12-58 % manjsa kot pri
konvencionalni obdelavi tal, ki je vkljuéevala oranje.
Zaradi manjSe porabe goriva so bili pri reducirani
obdelavi tal manjsi stroski in manjsi izpusti CO,. Pri
uporabi kmetijskih strojev pri reducirani obdelavi tal
znasajo izpusti CO, v okolje 107-223 kg ha”, medtem
ko pri globokem oranju 253 kg ha™ CO,.

Mileusni¢ in sod. (2010) so primerjali razliéne nacine
obdelave tal glede na porabo goriva. V poskusu so
primerjali 4 razlicne traktorje s prikljucenimi stroji za
konvencionalno ter konzervirajoto obdelavo tal ter
direktno setev. Pri konvencionalni obdelavi tal je pri
vseh uporabljenih traktorjih znaSala energijska poraba
goriva od 412 do 740 MJ ha™. V primeru konzervirajoce
obdelave tal je le-ta segala od 183 do 266 MJ ha™,
medtem ko je bila pri direktni setvi med 80 do 284 MJ
ha'. Energijska poraba goriva (MJ ha™) se izratuna kot
produkt porabljene koli¢ine nafte (kg ha™) in kurilne
vrednosti plinskega olja (42 MJ kg™).

Deperon Junior in sod. (2016) so analizirali stroje za
obdelavo tal pri pridelavi koruze, in sicer diskasto
brano, plug in rahljalnik ter 4 stopnje zbitosti tal. Prva
stopnja pomeni, da ni bilo prehoda traktorja, druga
stopnja pomeni 3 prehode traktorja, tretja stopnja
pomeni 6 prehodov traktorja in Cetrta stopnja pomeni 9
prehodov traktorja. Rezultati kazejo, da izbira stroja za
obdelavo tal wvpliva na volumsko gostoto tal in
poroznost tal na globini 0-10 cm. Zaradi vecje zbitosti
tal se je povecala vertikalna upornost tal na globini 0-30
cm. Pri vertikalni upornosti tal nad 153 N cm™ se je
linearno zmanjsal pridelek suhe snovi in pridelek zrnja.
Ce je bila vertikalna upornost tal vecja kot 218 N cm™,
se je zmanjSala tudi suha snov korenin.
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Z uporabo ustreznih strojev za obdelavo tal je mogoce
zmanjSati stroske energije pri rastlinski pridelavi (Mani
in sod., 2007; Ozkan in sod., 2007; Tabatababaeefar in
sod., 2009). Nacin obdelave tal vpliva na lastnosti tal,
kot so volumska gostota tal, poroznost in zbitost tal
(Strudley in sod., 2015). Vertikalna upornost tal sluzi
kot indikator vpliva obdelave tal in §tevila prehodov tal
s kmetijskimi stroji na talne lastnosti. Veliko raziskav je
bilo narejenih o vplivu Stevila prehodov tal s
kmetijskimi stroji na vertikalno upornost tal (Carrara in
sod., 2007; Koch in sod., 2008). Ugotovljeno je bilo, da
vertikalna upornost tal narasa s povecCanjem Stevila
prehodov (Barik in sod., 2014). Botta in sod. (2004) so
ugotovili, da je zaradi vecje vertikalne upornosti tal
prislo do zmanjsanja pridelka soje od 10 do 38 %. Pri
konvencionalni obdelavi tal, ki vkljucuje oranje s
plugom, je v zgornji plasti tal manjsa vertikalna
upornost tal za 230 N cm™ kot pri konzervirajo&i
obdelavi tal in tudi direktni setvi (Kuhwald in sod.,
2016). Pri slednjih dveh obdelavah tal znasa vertikalna
upornost tal 380 N cm™ v zgornjih 30 cm tal, medtem
ko pri konvencionalni obdelavi tal le 150 N cm™. Na
drugi strani nastane pri konzervirajo¢i obdelavi tal vecje
Stevilo por in vecja hidravlicna prevodnost na globini
30-35 cm kot pri konvencionalni obdelavi tal. Zaradi
obra¢anja na koncu njive se tam pojavi najvecja
vertikalna upornost tal, in sicer 600 N cm™.

Pred setvijo koruze je pomembna pravilna delovna
globina predsetvene priprave tal, ki je odvisna tudi od
priporo¢ene globine setve koruze. Kot splosno
priporocilo naj bi globina setve koruze znasala 5 cm,
nikakor pa ne sme biti manjsa kot 3,8 cm (Crop Focus,
2015). V setveni posteljici in tudi na povrsini tal ne sme
biti prevelikih talnih delcev, ki bi lahko ovirali vznik
rastlin.

V Sloveniji za predsetveno pripravo tal v mnogih
primerih uporabljajo vrtavkasto brano. Njena uporaba je
smiselna na srednje tezkih do tezkih tleh, pri katerih
samo z rotirajoimi elementi dosezemo zadovoljivo
drobljenje talnih delcev in optimalno pripravo setvene
posteljice. Zaradi zgoraj naStetih dejavnikov smo se
odlo¢ili za poskus, v katerem smo uporabili tri razliéne
nastavitve globine obdelave tal, in sicer 5, 10 in 15 cm
pri predsetveni pripravi tal z vrtavkasto brano za
kasnejSo setev koruze. Namen dela je bil ugotoviti
primerno delovno globino pri predsetveni pripravi tal za
setev koruze za zrnje na tezkih tleh. Pri tem nas je
zanimala poraba energije, fizikalno-mehanske lastnosti
tal v setvenem sloju, dejanska globina obdelave tal in na
koncu tudi vznik koruze.
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2 MATERIALI IN METODE

Poskusna zasnova so bili nakljuéni bloki s Stirimi
ponovitvami. Obravnavali smo tri razlicne nastavljene
globine obdelave tal pri delu z vrtavkasto brano pred
setvijo koruze, in sicer 5 cm, 10 cm in 15 cm.
Posamezna parcela je bila dolga 100 m in Siroka 2,5 m.
V poskusu smo uporabili traktor imenske moci 73 kW
in vrtavkasto brano delovne Sirine 2,5 m. Vrtilna
frekvenca prikljuc¢ne gredi traktorja pri delu z vrtavkasto
brano je bila 540 min', medtem ko je bila vrtilna
frekvenca nozev 284 min™'. Nastavljena delovna hitrost
na tempomatu je znaSala 5,0 km h'. Za doseganje
zelene globine obdelave tal 5, 10 in 15 cm smo postavili
sornik na nosilcu stroja v 3 razliéne izvrtine. Dolzina
nozev na vrtavkasti brani je znasala 280 mm. Porabo
goriva na uro smo odcitali na traktometru vsakih 20 m
na posamezni poskusni parceli. Na podlagi porabe
goriva na uro in povrsinske storilnosti smo izracunali
porabo goriva na hektar. Nato smo iz porabe goriva na
hektar in kurilne vrednosti plinskega olja (42 MJ kg™)
dolo¢ili porabo energije na hektar.

Globino obdelave tal smo izmerili z merilnim trakom na
petih naklju¢nih mestih pri vsakem obravnavanju.
Vertikalno upornost tal smo merili z vertikalnim
hidravli¢nim penetrometrom.

Hitrost pomikanja konice potenciometra v tla je 1,8 cm
s, frekvenca meritev pa 10 Hz. Podatki meritev so se
shranjevali v .txt datoteko. Podatki meritev se obdelajo
v programu LabView. Program izracuna vertikalno
upornost tal za vsak centimeter globine in tudi
povprec¢no vertikalno upornost tal do globine 25 cm.
Meritev velikosti talnih delcev smo opravili do globine
obdelave tal, in sicer po en vzorec za vsako
obravnavanje. Vzorec tal smo vzeli na naklju¢nem
mestu s posebno lopato in ga stresli na sita, ki so bila
zlozena eden na drugega. Mase s sit s talnimi delci smo
stehtali na elektronski tehtnici Kern. Sita so imela
razli¢ne velikosti mrez, in sicer 50, 30, 10, 5,3, 1 in 0,5
mm. Na podlagi mase posameznih frakcij talnih delcev

in skupne mase talnih delcev smo izracunali povprecni
masni premer talnih delcev.

S Kopeckijevimi cilindri smo vzeli vzorce tal do globine
obdelave tal z vrtavkasto brano. Vzorce smo po
odvzemu najprej stehtali, nato pa smo jih 24 ur susili na
105 °C. Po koncu suSenja smo jih ponovno stehtali in na
izracunali volumsko gostoto tal, poroznost in masni
odstotek vode.

Koruzo smo posejali 12.05. 2012 s pnevmatsko
nadtlacno sejalnico za presledno setev Becker Aeromat
2. Na sejalnici smo najprej nastavili medvrstno razdaljo
na 70 cm. Sejalnico smo s potisnim kolesom nastavili na
zeleno globino setve 5 cm. V poskusu smo uporabili
seme koruze proizvajalca Pioneer du Pont hibrid
PR39B29, zrelostni razred FAO 180. Proizvajalec
priporo¢a gostoto setve od 90000 do 95000 zrn na
hektar. Sejalnico smo nastavili na razdaljo med semeni
v vrsti 15,5 cm, kar je pomenilo gostoto 92166 semena
na hektar. Vznik koruze smo dolo¢ili 13 dni po setvi
tako, da smo na nakljuénem mestu presteli rastline na
dolzini 15,5 m. Povprecna dnevna temperatura zraka je
v obdobju od priprave tal do vznika znaSala 14,4 °C,
medtem ko je bila koli¢ina padavin v tem obdobju 84,9
mm (Meteo, 2018).

V programu Statgraphics Centurion 16 smo opravili
analizo variance po postopku za sluCajne bloke. Za
ugotavljanje statisticnih razlik med obravnavanji smo
uporabili Duncanov test mnogoterih primerjav pri 5 %
tveganju. Razlike med obravnavanji smo oznacili z
razli¢nimi ¢rkami. Z regresijsko analizo smo ugotavljali
odvisnost porabe energije na hektar od dejanske globine
obdelave tal z vrtavkasto brano. Najprej smo preverili,
kateri model je najprimernejsi in nato izracunali ocene
za posamezne parametre modela. Kasneje smo naredili
analizo variance in izracunali F-statistiko, koeficient
determinacije, koeficient korelacije in standardno
napako regresije.

3 REZULTATI

Pri nastavljeni globini obdelave tal z vrtavkasto brano
5 cm je bila dejanska izmerjena globina nekoliko vecja,
in sicer 7,3 cm. Pri nastavljeni globini obdelave tal 10

cm in 15 cm je bila dejanska globina obdelave tal
manj$a, in sicer je znasala 8,7 cm oz. 11,2 cm (slika 1).
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Slikal: Izmerjena globina tal pri treh nastavljenih globinah obdelave tal z vrtavkasto brano
Figure 1: Measured values of soil depth at three adjusted soil depths using rotary harrow
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Slika 2: Vertikalna upornost tal pri treh globinah obdelave tal z vrtavkasto brano
Figure 2: Vertical soil resistance at three soil cultivation depths using rotary harrow

Na sliki 2 je prikazana vertikalna upornost tal pri treh  obdelave tal (Pregl. 1). Vertikalna upornost tal je na
globinah obdelave tal z vrtavkasto brano. Do globine  obmo&ju globine 0-7 cm znaala do 6,6 N cm™. Na 8 cm
obdelave tal 7 cm ni bilo znacilnih razlik v vertikalni  globine je bila pri nastavljeni globini 5 cm vertikalna
upornosti tal med tremi nastavljenimi globinami  upornost tal (9,5 N cm™) znailno ve¢ja kot pri
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nastavljeni globini obdelave 15 c¢m (6,9 N c¢cm™). Na
globinah 9 in 10 cm je bila vertikalna upornost tal pri
nastavljeni globini obdelave 5 cm znacilno vecja kot pri
ostalih dveh nastavljenih globinah 10 in 15 cm. Na
globini meritve 11 cm so bile med vsemi tremi
nastavljenimi globinami znacilne razlike. Pri nastavljeni
globini obdelave tal 5 cm je bila najvecja vertikalna
upornost tal (22,7 N ¢cm™), medtem ko je bila najmanjsa
vertikalna upornost tal pri nastavljeni globini 15 cm

(11,4 N cm™). Pri nastavljeni globini obdelave tal 10 cm
je bila vertikalna upornost vmes med obema globinama
obdelave tal 5 in 15 cm. Na globini meritve 12 cm je
bila vertikalna upornost tal pri nastavljenih globinah 5
in 10 cm znacilno veéja kot pri globini meritve 15 cm.
Na globinah meritve 13-15 cm ni bilo znacilnih razlik
med tremi nastavljenimi globinami obdelave tal v
vertikalni upornosti tal.

Preglednica 1: Razlike v vertikalni upornosti tal (CI) po globini meritev med posameznimi obravnavanji
Table 1: Differences in vertical soil resistance (CI) at measurement depths between individual treatments

Globina (cm) Znacilnost razlik CI(N cm™)

5cm 10 cm 15 cm
1 p=0,0783 0,2 a* -0,02 a 0,19 a
2 p =0,4034 0,9 a 0,9 a 04a
3 p=0,5015 1,3a 1,6 a I,1a
4 p=0,2764 19a 24 a 1,7a
5 p=0,2525 29a 35a 2,6 a
6 p =0,3669 4,6 a 49 a 39a
7 p=0,1935 6,6 a 6,2a 53a
8 p =0,0236 9,5b 7,8 ab 6,9 a
9 p = 0,0002 13,4b 9,8 a 82a
10 p =0,0001 18,6 b 12,6 a 10,2 a
11 p=0,0001 22,7 ¢ 16,4 b 11,4a
12 p=0,0001 24,0b 21,1b 13,8 a
13 p=0,0915 23,0 a 23,7 a 18,5a
14 p=0,7019 24,1 a 24,8 a 26,5 a
15 p=0,1015 24,1 a 25,0 a 29,8 a

* razli¢ne ¢rke v isti vrsti pomenijo statisti¢no znacilno razliko po Duncanov testu (o= 0,05)

Izracunali smo tudi povpreéno vertikalno upornost tal
na obmocju globine 0-15 cm pri vseh treh nastavljenih
globinah obdelave tal z vrtavkasto brano (Slika 3). Pri

nastavljeni globini obdelave tal 5 cm je bila vertikalna
upornost tal znacilno vecja kot pri globini obdelave tal
15 cm (9,4 N ecm™).
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Slika 3: Povprec¢na vertikalna upornost tal za obmocje globine 0-15 cm
Figure 3: Mean vertical soil resistance at the depth area of 0 to 15 cm
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Na obmodcju globine 0-5 cm ni bilo znacilnih razlik v
povprecni  vertikalni  upornosti tal med tremi
nastavljenimi globinami (slika 4). Pri nastavljeni globini
obdelave tal 5 in 10 cm je bila vertikalna upornost tal na

obmoc¢ju globine 5-10 cm znacilno veéja kot pri
nastavljeni globini obdelave tal 15 cm. Na obmocju
globine 10-15 cm ni bilo znacilnih razlik med tremi
nastavljenimi globinami obdelave tal.

30,0

250 -

CI (N/em?)

|II
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0-5 cm 5-10 em 10-15 cm
Obmodje globine

Slika 4: Povprecna vertikalna upornost tal po globinah 0-5 cm, 5-10 cm in 10-15 cm
Figure 4: Mean vertical soil resistance at depths of 0-5 cm, 5-10 cm and 10-15 cm

Poraba goriva na uro je narasCala s poveCanjem
nastavljene globine tal (Slika 5). NajmanjSa poraba
goriva na uro je bila pri nastavljeni globini obdelave tal
5 cm, in sicer 11,8 1 h™'. Pri nastavljeni globini obdelave

tal 15 cm smo dosegli najvecjo porabo goriva uro (18,3
1 h"). Pri nastavljeni globini obdelave tal 10 cm je
znadala poraba goriva 14,5 1 h”', kar je bilo vmes med
porabo goriva pri 5 in 15 cm nastavljene globine.
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Slika 5: Poraba goriva na uro pri treh nastavljenih globinah obdelave tal
Figure 5: Fuel consumption per hour at three adjusted soil cultivation depths
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Izracunali smo tudi porabo goriva na hektar (Slika 6).
Tudi poraba goriva na hektar je narascala s poveanjem
nastavljene globine obdelave tal z vrtavkasto brano.
Najmanjsa poraba goriva na hektar je znasala 9,4 1 ha™
pri nastavljeni globini obdelave 5 cm, medtem ko je bila

najvedja poraba 14,7 1 ha' pri nastavljeni globini
obdelave 15 cm. Pri globini obdelave 10 cm je znasala
11,6 1 ha in je bila vmes med obema globinama 5 in
15 cm.
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Slika 6: Poraba goriva na hektar pri treh globinah obdelave tal
Figure 6: Fuel consumption per hectare at three soil cultivation depths

Na sliki 7 je prikazana odvisnost porabe goriva na
hektar od dejanske globine obdelave tal z vrtavkasto
brano.

Model: Poraba na ha (I ha') =
1,19812*izmerjena globina (cm)

1,06815 +

Ce znasa globina obdelave tal z vrtavkasto brano 5,0
cm, bo predvidena poraba goriva znagala 7,1 1 ha™. V
kolikor bi bila globina obdelave tal 10 cm, bo
napovedana poraba goriva znasala 13,0 1 ha™. Za vsak

cm v globini obdelave tal se poraba goriva poveca za
1,21ha™.

16,9

Poraba goriva na ha (Vha)

8.9

1 L L L " N
7 8 9
Dejanska globina obdelave tal (cm)

10 11 12 13

Slika 7: Linearni regresijski model za odvisnost porabe goriva na hektar od dejanske globine obdelave tal z intervali
zaupanja za povprecno (notranji hiperboli) in posamezno napoved (zunanji hiperboli)

Figure 7: Linear regression model for the relationship between the fuel consumption per hectare and the actual soil
cultivation depth with confidence intervals for the mean prediction (i.e. the inner bounds)

Acta agriculturae Slovenica, 111 - 3, december 2018

677



Rajko BERNIK, Filip VUCAJNK

Poraba energije pri obdelavi tal z vrtavkasto brano na
globini 5 cm je znaSala 347 MJ ha™' in je bila najmanjsa
med vsemi tremi nastavljenimi globinami obdelave tal z
vrtavkasto brano. Pri nastavljeni globini obdelave tal 15

cm je bila poraba energije najvecja in je znasala 539 MJ
ha' (Slika 8), medtem ko je pri nastavljeni globini
obdelave tal 10 cm znaSala 427 MJ ha™".
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Slika 8: Poraba energije pri treh nastavljenih globinah obdelave tal z vrtavkasto brano
Figure 8: Energy consumption at three adjusted soil cultivation depths using rotary harrow

Med obravnavanji

ni bilo ugotovljenih razlik v

volumski gostoti tal, poroznosti, masnem odstotku vode
in povpreCnem masnem premeru talnih delcev.
Volumska gostota tal je bila med 1,12 in 1,16 g cm’,

medtem ko je poroznost znasala med 56,4 in 57,8 %.
Masni odstotek vode se je gibal med 31,7 in 33,3 %,
povpreéni masni premer talnih delcev pa med 7,7 in 9,1
mm (Pregl. 2).

Preglednica 2: Volumska gostota tal, poroznost, masni odstotek vode v tleh in povpre¢ni premer talnih delcev
Table 2: Soil density, soil porosity, soil water content and mean diameter of soil particles

Nastavljena Volumska gostota | Poroznost (%) Masni odstotek | Povprecni premer talnih
globina tal (g cm™) vode (%) delcev (mm)

0cm 1,12 a 57,8 a 333a 7,7 a

5cm 1,16 a 56,4 a 31,7 a 8,1a

10 cm 1,15a 56,4 a 32,5a 9,1a

Med nastavljenimi globinami setve ni bilo razlik v poljskem vzniku koruze. Le ta je znasal od 96,0 do 97,7 %.

Preglednica 3: Vznik koruze pri treh nastavljenih globinah obdelave tal
Table 3: Maize emergence at three adjusted soil cultivation depths

Nastavljena Vznik (%)
globina

0cm 97,7 a
5cm 96,3 a

10 cm 96,0 a
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4 RAZPRAVA

Dejanska globina obdelave tal je bila za 2,3 cm vecja od
nastavljene globine 5 c¢cm. V tem primeru bi morali
sornik na vrtavkasti brani prestaviti za 1 izvrtino nizje
na nosilcu in s tem bi zmanj$ali globino obdelave tal.
Nastavljena globina 10 cm je bila za 1,3 cm manjsa, kar
pomeni, da bi morali sornik prestaviti za 1 izvrtino visje
in s tem bi globino obdelave priblizali 10 cm. Pri
nastavljeni globini 15 cm je bila dejanska globina za 3,8
cm manj$a, kar pomeni, da bi morali sornik prestaviti za
2 luknji vi§je na nosilcu, s tem bi povecali delovno
globino. Rezultati kazejo, da je dejansko globino
obdelave tal tezko natan¢no nastaviti predvsem pri
vecjih globinah.

Znacilne razlike v vertikalni upornosti tal so se med
tremi nastavljenimi globinami obdelave tal z vrtavkasto
brano 5 cm, 10 cm in 15 cm pojavile na globinah od 8-
12 cm. Na globinah 8 cm, 9 cm in 10 cm je bila pri
nastavljeni globini obdelave tal 5 cm veéja vertikalna
upornost tal, kot je bila pri nastavljenih globinah 10 cm
in 15 em. Ti rezultati so bili pri¢akovani, saj so nozi pri
nastavljenih globinah 10 cm in 15 cm rahljali zemljo na
globinah od 8-10 cm, medtem ko se pri nastavljeni
globini 5 cm to ni zgodilo. Na globinah 11 in 12 cm je
bila pri nastavljeni globini obdelave tal 15 cm manjsa
vertikalna upornost tal kot pri ostalih dveh nastavljenih
globinah obdelave tal 5 in 10 cm, kar je bilo
pri¢akovano. Podobne razlike smo pri¢akovali tudi na
globinah 14 in 15 c¢m, vendar je bila dejanska globina
delovanja nozev pri nastavljeni globini 15 cm manjsa. V
poskusu se je izkazalo, da je izredno tezko nastaviti
natan¢no dejansko globino delovanja nozev, kljub temu
da smo pred izvedbo poskusa te nastavitve izvedli na
sosednji parceli. Neposrednih primerjav iz tujih raziskav
ni. Vecina raziskav glede vertikalne upornosti tal pri
pridelavi koruze se nanasa na razlicne nacine obdelave
tal. Zeyada in sod. (2017) piSejo, da je v tleh z majhno
do srednje veliko vertikalno upornostjo tal (od 60 do
165 N cm™) najprimernej$a globina obdelave tal z
diskasto brano 10 cm. Na tleh z veliko vertikalno
upornostjo tal (od 165 do 230 N cm™) pa je potrebno tla
obdelati do globine 20 cm. Podatki iz njihove raziskave
se navezujejo na vertikalno upornost tal pred dopolnilno
obdelavo tal, kar pa ni direktno primerljivo z nasim
poskusom, saj mi nismo merili vertikalne upornosti pred
dopolnilno obdelavo tal. V naSem poskusu je bila
izmerjena vertikalna upornost tal bistveno manjsa, in
sicer ni presegla 30 N cm™ na globini 15 cm, kolikor je
znasala globina obdelave tal. Tako lahko trdimo, da je
bila setvena posteljica zelo rahla in prakti¢no ni¢ zbita.
Povprecna vertikalna upornost na globini 0-15 cm ni
presegala 12 N cm™. Kuhwald in sod. (2016) so
ugotovili manjSo vertikalno upornost tal v zgornji plasti
tal pri konvencionalni obdelavi tal v primerjavi s
konzervirajoCo obdelavo tal in neposredno setvijo.

Rezultate drugih raziskav o vertikalni upornosti tal ne
moremo neposredno primerjati z naSimi, saj gre za
razlicne globine meritev vertikalne upornosti tal,
razliéni Cas meritev, razlicne nacine obdelave tal,
razliéne traktorje, stroje za obdelavo tal, razlicne
vremenske razmere, itd.. Zaradi navedenega so
vrednosti vertikalne upornosti v teh raziskavah precej
vecéje od nasih. Ker je neposrednih primerjav zelo malo,
smo navedli nekatere rezultate raziskav. Deperon in sod.
(2016) so ugotovili zmanjsanje pridelka koruznega zrnja
in pridelka suhe snovi, ¢e je znaSala vertikalna upornost
tal ve¢ kot 153 N cm™ pred dopolnilno obdelavo tal.
Leghari in sod. (2016) trdijo, da je bila pri direktni setvi
ugotovljena najveCja vertikalna upornost tal v
primerjavi z konvencionalno in konzervirajoco
obdelavo tal, in sicer je znaSala 80 N c¢m™. Veliko je
bilo raziskav o vplivu Stevila prehodov s kmetijskimi
stroji, v katerih so ugotovili povecanje vertikalne
upornosti tal s povecanjem S$tevila prehodov po polju
(Barik in sod., 2014; Koch in sod., 2008). Te rezultate
ne moremo neposredno primerjati z naSimi, saj mi
Stevila prehodov v poskusu nismo obravnavali.

Poraba goriva na uro je narascala s poveCanjem globine
obdelave tal z vrtavkasto brano, kar je bilo pricakovano.
Bolj poglobljeno sliko glede porabe goriva nam pokaze
poraba goriva na hektar. S povecCanjem nastavljene
delovne globine je znacilno narascala poraba goriva na
hektar in to od 9,4 1 ha™' pri nastavljeni globini 5 cm do
11,6 1 ha pri nastavljeni globini 10 ¢m in na koncu do
14,7 1 ha™ pri nastavljeni globini 15 cm. Nasi rezultati
glede porabe goriva na hektar pri delu z vrtavkasto
brano so primerljivi z rezultati, ki jih navaja KTBL
(2012), kjer znaa poraba goriva 10,4 1 ha™, le da je v
njihovem primeru delovna $irina vrtavkaste brane
znaSala 3 m. Tudi Brehm (2010) je pri preizkusanju 3 m
vrtavkaste brane na delovni globini 8 cm ugotovil
porabo goriva 11,0 1 ha™', kar je popolnoma primerljivo
z nasimi rezultati. Poraba goriva (I h™) je odvisna od
imenske moci traktorja (kW) in specificne porabe
goriva (g kWh'). Ce primerjamo traktorja z isto
imensko mocjo, ki poganjata vrtavkasto brano iste
delovne Sirine pri isti vozni hitrosti, bo poraba goriva na
hektar manjSa pri traktorju z manjSo specifi¢no porabo
goriva. V kolikor bi uporabili traktor z vec¢jo imensko
mocjo in vecjo specificno porabo goriva od naSega v
poskusu pri isti vozni hitrosti, bi bila poraba goriva na
hektar vecja kot je bila v naSem poskusu. Traktor Fendt
210 Vario, ki je bil uporabljen v poskusu, ima pri
imenski moc¢i 70 kW specifi¢no porabo goriva 210 g
kWh', kar pomeni zelo majhno specifiéno porabo
goriva. Odvisnost porabe goriva na hektar od dejanske
globine obdelave tal z vrtavkasto brano smo potrdili z
linearnim regresijskim modelom. 86,4 % variabilnosti
porabe goriva na hektar pojasni dejanska globina
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obdelave tal, ostali del ostane nepojasnjen. Koeficient
korelacije znasa 0,99, kar pomeni moéno povezavo med
porabo goriva na hektar in dejansko globino obdelave
tal.

Mileusni¢ in sod. (2010) so izracunali energijsko porabo
goriva pri razliénih na¢inih obdelave tal (MJ ha™) kot
produkt porabljene koli¢ine plinskega olja (kg ha™) in
kurilne vrednosti plinskega olja (42 MJ kg™). Ce nase
podatke o porabi goriva v litrih na hektar pretvorimo v
kg ha™' in pomnozimo s 42 MJ kg™, dobimo energijsko
porabo goriva na hektar. Pri nastavljeni globini
obdelave tal 5 cm z vrtavkasto brano znasa poraba
energije 347 MJ ha’, pri nastavljeni globini 10 cm
zna$a 427 MJ ha™ in pri nastavljeni globini 15 cm znasa
539 MJ ha". Rezultati kazejo, da poraba energije na
hektar znacilno narasca z nastavljeno globino obdelave
tal. Direktno primerljivih rezultatov z naso raziskavo ni.
Po ugotovitvah Mileusni¢a in sod. (2010) je znaSala
poraba energije pri konvencionalni obdelavi tal med 412
in 740 MJ ha'. V tej energiji je zajeta energija za
oranje, pripravo tal in setev, ¢esar mi v naSem poskusu
nismo merili. V poskusu smo mi analizirali le porabo
energije pri predsetveni pripravi tal, ni¢ pa porabo
energije za samo oranje in setev. Vsekakor nasi podatki
kazejo, da je pri nastavljeni globini 15 cm poraba
energije na hektar nekoliko prevelika za predsetveno
pripravo tal za koruzo. Veliko avtorjev navaja, da se pri
konzervirajoC¢i obdelavi tal in pri direktni setvi poraba
energije na hektar zmanjsa (Sarauskis in sod., 2014;
Stajnko, 2017), a tega mi v poskusu nismo ugotavljali.

Med fizikalnimi lastnostmi tal ni bilo ugotovljenih
razlik pri razli¢nih nastavljenih globinah obdelave tal z
vrtavkasto brano pred setvijo koruze, kar ni bilo v
skladu s postavljeno hipotezo. Predvidevamo, da se
razlike niso pojavile, ker je bila razlika v globini
odvzema vzorcev tal S Kopeckijevimi cilindri zelo
majhna (od 5 do 10 cm). Pri vec¢jih globinah obdelave
tal se fizikalne lastnosti tal na tako ozkem obmocju
globine niso spremenile. Ce bi bile te razlike med
globinami obdelave tal vecje, se bi pojavile tudi razlike
v fizikalnih lastnostih tal. Volumska gostota tal je
znasala od 1,12 do 1,16 g cm™. Tla, ki imajo volumsko
gostoto manjo od 1,40 g cm™, kot je bilo v nasem
poskusu, veljajo po Mrharju (1995) za malo zbita.
Vsekakor je bila v naSem poskusu precej manjsSa
volumska gostota tal, kot navajajo Leghari in sod.
(2016). V njihovem poskusu z razlicnimi nacini
obdelave tal pri koruzi je volumska gostota tal pri
direktni setvi znaSala med 1,4 in 1,5 g cm™. Pri
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konvencionalni in konzervirajo¢i obdelavi tal je bila
volumska gostota tal manjSa kot pri neposredni setvi.
Tudi v poroznosti tal in masnem odstotku vode ni bilo
znacilnih razlik med tremi nastavljenimi globinami
obdelave tal z vrtavkasto brano. Poroznost tal je v
neposredni povezavi z volumsko gostoto tal, saj se s
povecanjem zbitosti tal zmanjSa poroznost tal zaradi
zmanjSanega deleza makropor (Sommer, 1974). Po
navedbah Sommerja in Zacha (1986) znaSa poroznost za
poljska tla med 40 in 50 %. V nasem poskusu je bila
poroznost nad 56 %, kar pomeni, da je bil delez
makropor v tleh velik, zato so nastale ugodne razmere
za izmenjavo zraka in vode v setveni posteljici ter
kasneje tudi za rast korenin. Prav tako nismo ugotovili
razlik v povprecnem premeru talnih delcev (MWD) in
odstotku talnih delcev po frakcijah med tremi
nastavljenimi globinami obdelave tal z vrtavkasto
brano. MWD je znasal med 7,7 in 9,1 mm. Direktnih
primerjav s tujimi raziskavami nimamo. Brehm (2010)
navaja, da je po obdelavi tal z vrtavkasto brano
povpreéni premer na ilovnatem pesku znasal 9,6 mm,
kar je nekoliko veé¢ kot v nasem poskusu. Bernik (2005)
navaja, da naj bi v srednji Evropi povpreéni premer
talnih delcev v setveni posteljici znasal med 8§ in 10
mm, kar smo mi v naSem poskusu potrdili.

Med tremi nastavljenimi globinami obdelave tal ni bilo
razlik v poljskem vzniku koruze. Ta je znasal od 96,0 do
97,7 %. Rezultati kazejo, da je bila setvena posteljica pri
vseh treh nastavljenih globinah dobro pripravljena, kar
je omogocilo dober vznik rastlin. Liitke Entrup in sod.
(2013) navajajo, da lahko pride do zaskorjenja povrsine
tal, kar privede do zmanjSanega vznika rastlin. Do
zaskorjenja lahko pride, ¢e takoj po dopolnilni obdelavi
tal pade veéja koli¢ina deZja, nato pa nastopi daljSe
susno obdobje brez padavin. Takrat se tla zaskorjijo Se
posebe;j, Ce so bila preve¢ intenzivno obdelana in ni bilo
na povrsini tal vecjih talnih agregatov. Ti bi povzro€ili,
da bi bila povrsina bolj hrapava in ne bi prislo do
zaskorjenja tal. Predvidevamo, da bi lahko tudi v nasem
poskusu v primeru ekstremnih vremenskih razmer prislo
do zaskorjenja.

Glede na dobre fizikalno-mehanske lastnosti tal pri vseh
treh nastavljenih globinah obdelave tal z vrtavkasto
brano predvidevamo, da bi lahko izbrali vecjo delovno
hitrost od 5 km h™', ki je bila v poskusu (npr. 8 km h™).
Tako bi dosegli manjSo porabo goriva na hektar in prav
tako tudi manjSo porabo energije na hektar pri pripravi
tal z vrtavkasto brano. Ta dejavnik hitrosti obdelave tal
bo potrebno vkljuciti v nadaljnje poskuse
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5 ZAKLJUCEK

Rezultati kazejo, da se je pri predsetveni pripravi tal z
vrtavkasto brano za setev koruze, tako glede porabe
goriva kot tudi fizikalno mehanskih lastnosti tal, kot

najprimernejsa izkazala nastavljena globina obdelave tal
5 cm.
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ABSTRACT

The use of nitrogen fertilizers is one of the main effects for the
accumulation of nitrates in plants. Conventional agriculture, in
comparison to integrated and organic farming, causes greater
environmental pollution and poorer quality of crops. Within
the framework of the research, we studied the influence of the
method of cultivation on the content of nitrates in the samples
of lettuce (Lactuca sativa L.). The samples were received
directly from growing areas from different parts of Slovenia
and analysed in the laboratory for the nitrate content (NO;)
according to the accredited method. The samples from
conventional cultivation showed the highest sample
representation (51 %), with values in the highest concentration
range (1000 - 2500 mg of NOs™ kg, one sample exceeded
2500 mg kg™ fresh mass). Within the framework of integrated
cultivation, there were less such samples (34 %), and among
the samples from organic cultivation no sample exceeded
1000 mg of NO; kg'. Of 88 analysed samples, one sample
exceeded the statutory limit value applicable to lettuce of the
type Iceberg ('Ljubljanska ledenka'). On average, the Iceberg
samples contained more nitrates than other types of lettuce.

Key words: organic; conventional; integrated cultivation;
nitrates; lettuce

IZVLECEK

VPLIV NACINA PRIDELAVE NA VSEBNOST
NITRATOV V VZORCIH VRTNE SOLATE

Raba dusikovih gnojil je eden glavnih vplivov kopicenja
nitratov v rastlinah. Konvencionalno kmetijstvo, v primerjavi
z integriranim in ekoloskim kmetijstvom povzroca vecje
onesnazenje okolja in slabso kakovost pridelkov. V okviru
raziskave smo ugotavljali vpliv nac¢ina pridelave na vsebnost
nitratov v vzorcih vrtne solate (Lactuca sativa L.). Vzorce smo
prejeli neposredno iz pridelovalnih povrsin iz razliénih delov
Slovenije. V laboratoriju smo vzorce analizirali na vsebnost
nitrata (NO3) po akreditirani metodi. Kot pri¢akovano, so
vzorci iz konvencionalne pridelave pokazali najvecjo
zastopanost vzorcev (51 %), z vrednostmi v najvi§jem
koncentracijskem obmog&ju (1000 — 2500 mg NO5™ kg sveze
mase, en vzorec je presegel vrednost 2500 mg kg™"). V okviru
integrirane pridelave je bilo tak$nih vzorcev manj (34 %),
izmed vzorcev iz ekoloSke pridelave pa ni bilo vzorca, ki bi
presegel vrednost 1000 mg NO;™ kg™!. Izmed 88 analiziranih
vzorcev, je en vzorec presegel zakonsko predpisano mejno
vrednost, ki velja za vrtno solato tipa ledenka ('Ljubljanska
ledenka'). V povpre¢ju so vzorci ledenk vsebovali vec
nitratov, kot druge vrste vrtne solate.

Kljuéne besede: eckoloska; konvencionalna;
pridelava; nitrat; vrtna solata

integrirana

1 INTRODUCTION

Nitrogen is the most important element in plant
nutrition. The plants need it as a nutrient for building
amino acids, proteins, nucleic acids and other vital
compounds. The plants receive the nitrogen in the form
of nitrate (NO3") and ammonium ion (NH,"). Due to the
oxidation of the ammonium nitrogen form to nitrate,
which takes place in the soil in the presence of bacteria,
the nitrate is the predominant form received by the plant
(Below, 1994).

The intensity of farming and the associated use of
nitrogen fertilizers cause nitrates to accumulate in
plants. Most of nitrate is accumulated in vegetables
(especially leafy vegetables), less in field crops, and
much less in fruits (Schuddeboom, 1993; Ysart et al.,
1999; Zhong et al., 2002). Vegetables are the largest
source of nitrate input in the human body; that is 70-
80 % of the total NO;™ input (Gangolli et al., 1994).
Nitrate itselves is harmless to health, however, after
ingestion, it is influenced by microbiological processes
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which convert it into nitrite that can cause
"methemoglobinemia" (inability of oxygen transfer in
organism). Nitrite is in the stomach precursor for the
nitrosation  of the compound (nitrosamines,
nitrosamides), which are, according to the criteria of the
International Agency for Research on Cancer, grouped
into individual groups of carcinogenicity (Boink and
Speijers, 1999, Santamaria, 2006).

The accumulation of nitrate in plants is influenced by
various factors, such as the harvest time, the length of
the growth age, soil fertility characteristics (pH),
weather conditions (rainfall, light), cultivar type and to a
great extent the use of nitrogen fertilizers (McCall and
Willumsen, 1999; Dapoigny et al., 2000; Chen et al.,
2004; Guadagnin et al., 2005; Weightman et al., 2006).
The latter can be influenced by different methods of
cultivation. Lately, great attention is being paid to the
organic and integrated cultivation methods, which are,
unlike conventional, more environmentally friendly.

Conventional cultivation allows the use of mineral
fertilizers, plant protection products (FFS) and
genetically modified organisms. Mineral fertilizers
additionally improve the supply of the soil with
nutrients and increase the fertility of the soil, but on the
other hand pollute the environment (Kocjan Acko,
2000).

Integrated cultivation represents a more friendly form of
farming for the environment and for the consumer. This
mode of cultivation is today widespread in most of
Western European countries and ensures the consumers
that vegetables do not contain harmful substances above
the permitted limit (Osvald and Kogoj Osvald, 2003).
Unlike conventional farming, integrated farming
demands careful monitoring of the use of minerals and
organic fertilizers, whereby the fertilization with
organic fertilizers is preferred (livestock manure, animal
or plant residues, compost). Soil analysis is needed
before fertilization, from which we find out how much
nutrient intake is needed. Plant protection products in
integrated farming are used only when biological,
mechanical and other measures do not work (DZuban,
2015).

Organic cultivation is the only sustainably oriented
agricultural food production system. It is a way of
farming, which also pays attention to the balance
between living organisms. Also, among all the ways of
farming, it is the least burdensome on the environment
(Postrak, 2010). Organic farming system prohibits the
use of soluble mineral fertilizers, as well as the use of
plant protection products and genetically modified
organisms.
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Crop plants absorb nitrogen mainly in the form of
nitrate ions. Mineral nitrogen fertilizers used in
conventional agriculture directly provide the nitrate,
while many organic fertilizers gradually release their
nitrogen content. The amount of nitrate absorbed by
plants depends on the nitrate dissolved in the soil
solution and, therefore, the type of fertilizer is not the
only cause of nitrate accumulation in plant. Incorrect
practices, such as overfertilization with nitrogen also
favour this accumulation (Matallana Gonzalez et al.,
2010; Barker, 1975; Muramoto, 1999; Raigon et al.,
2002).

Many studies have demonstrated that organically grown
crops have lower nitrate content that integrated and
conventionally grown crops (Muramoto, 1999;
Pussemier et al., 2006, Merino et al., 2006), although
this conclusion is not uniformly supported (De Martin
and Restani, 2003; Guadagnin et al., 2005).

Woese et al. (1997) reviewed 41 comparative studies of
nitrate content in conventional and organically grown
vegetable and concluded that, in general, higher nitrate
levels were found in leaf, root and tuber vegetables with
mineral fertilization. Worthington (2001) summarized
the results of 18 studies comparing nitrate levels of
organic and conventional vegetable, and found that in
72 % of the cases nitrate levels were higher in the
conventional products, while in 24 % of the cases nitrate
levels were higher in the organic products. In Slovenia,
a comparison between conventionally cultivated lettuce
and organic lettuce was presented and confirmed 30 %
higher values of nitrates using conventional method of
cultivation (Hmeljak Gorenjak et al., 2012).

In recent years, organic farming is becoming an
increasingly way of producing food. Consumers are
becoming more aware of the importance of a healthy
diet, and organic farming is thus becoming a fast
growing industry in the world. The data show that the
share of organic land in the EU is around 4 %. Some
countries are more "ecologically aware", such as
Liechtenstein (26 %), Austria (11 %), Switzerland
(10 %), Italy (8 %), Sweden (6 %) (Postrak, 2010;
Repi¢, 2010). In 2016, 3518 Slovenian agricultural
holdings, which represent 4.8 % of all Slovenian farms,
were included in “Eco control — organic method of
cultivation”, however, the number of them is increasing
every year (MKGP RS, 2016).

Within the framework of the research, we wanted to
determine how the cultivation method (conventional,
integrated or organic) affects the nitrate content in the
cultivated vegetables of Slovenian producers. We
focused on the samples of lettuce.
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2 MATERIAL AND METHODS

2.1 Sampling

In the laboratory of the Agricultural Institute of
Slovenia we received 88 samples of lettuce from
different regions of Slovenia. The samples belongs to
various lettuce cultivar groups, such as Iceberg lettuce
('Ljubljanska ledenka'), Crisphead lettuce (‘Margord',
'Beldi' and 'Vegor'), Looseleaf lettuce ('Green Oakleaf’),
Romaine lettuce ('Salakis'), Batavian lettuce ('Noisete'
and 'Vanity'), Frilly open lettuce type with an iceberg
bite ('Crystal') and Butterhead lettuce ('Zimska rjavka').

Plants were harvested at the stage of market acceptance
(5 May and 23 October). The samples were grown
outdoors, with the exception of one ('Marcord') that was
from a greenhouse. They were cultivated using organic,
integrated or conventional method. Among them, there
were 31 samples which were produced conventionally,
53 were cultivated using integrated method and only 4
samples were organically produced. A similar ratio
represents the actual state of organic, integrated and
conventional farming in Slovenia (MKGP RS, 2016).
This might be a reason for a small number of samples in
organic farming.

At organic cultivation method farmers used fertilizers of
organic origin, such as compost manure, green manure
and places emphasis on techniques such as crop
rotation and companion planting.

In the frame of integrated production system, farmers
mostly used fertilizers of organic origin and mineral
nitrogen fertilizers. Synthetic pesticides were not
included in their way of production, as they can be in
conventional method of cultivation.

2.2 Chemical analysis

One lettuce sample consisted of several heads of lettuce.
The scrap leaves of each head were removed and all
inner and outer leaves were homogenized and prepared
for the analysis. Water was added to homogenized
sample and the nitrate ions were extracted into the
solution by shaking with the shaker. The content of
nitrate in the extraction solution was determined
photometrically with a segment flow analyser (San,
Skalar). The nitrate in the sample was reduced to nitrite
with hydrazine sulphate. The nitrite forms, in reaction
with sulphanilamide, a diazo compound, the latter
turning red after the addition of NEDD (N-
naphthylethylenediamine dihydrochloride). The colour
intensity was measured photometrically at a wavelength
(A =540 nm) (EN 12014-7, 1998). The method for the
determination of nitrate in vegetables is accredited at the
Agricultural Institute of Slovenia (Kmecl and Znidaréi¢,
2015).

2.3 Limit values of nitrates in lettuce in accordance
with the legislation

Table 1: The prescribed threshold values for nitrates in lettuce (Commission Regulation (EU) No. 1258/2011)

Foodstuffs Harvesting time/ Maximum levels
Place of production (mg NO5 kg™
1.1. Lettuce (Lactuca sativa L.) ~ Harvested 1 October to 31 March:
(protected and open-growth ~ Lettuce grown under cover 5000
lettuce) excluding lettuce Lettuce grown in the open air 4000
listed in point 1.2.
Harvested 1 April to 30 September:
Lettuce grown under cover 4000
Lettuce grown in the open air 3000
1.2. Iceberg type lettuce Lettuce grown under cover 2500
Lettuce grown in the open air 2000
3 RESULTS AND DISCUSSION
The Commission Regulation (EU) No. 1258/2011 value for Iceberg type lettuce, which naturally

defines the maximum permissible levels of nitrate for
the lettuce cultivar groups (Lactuca sativa L.) and
among this groups separately defines the permissible

accumulates less nitrates. In the light of the above
classification, we present the values of nitrates in
analyzed samples of lettuce (Table 2 and 3).
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Table 2: Concentration of nitrates in the samples of lettuce

Nitrates (NO3")

Sample No. of Min. Max. Average Median

samples (mg kg’ (mg kg’ (mg kg (mg kg’
leeberg 20 47 3211 968 912
lettuce
Other types of 68 1 2451 841 780
lettuce
Table 3: Number and percentage of samples in a particular concentration range

Number and percentage of samples in the concentration range of nitrates (NO;")
Sample <200 200-500 500-1000 1000-2500 >2500
(mgkg™) (mg kg™ (mg kg™) (mg kg™ (mg kg

Iceberg 0 0 0 0 0
lettuce 1(5%) 4 (20 %) 6 (30 %) 8 (40 %) 1(5%)
Other types 10 (15 %) 9 (13 %) 19 (28 %) 30 (44 %) 0 (0 %)
of lettuce

The amount of nitrates in vegetables depends on the
type of cultivar, the weather conditions (light, quantity
of rainfall), method of cultivation and harvesting time.
Vegetables that are grown in winter or early spring and
those grown in greenhouses contain more nitrates.
Lettuce grown in a greenhouse in winter in reduced
light can contain up to 3500 mg of NO5 kg If it is
grown outdoors, at a time when the illumination is
greater, the content of nitrates can be ten times smaller
(Brown et al., 1993; Amr and Hadidi, 2001). In general,
the cultivars of lettuce with looseleaf heads accumulate
more nitrates than lettuce with tightly formed heads,
such as Iceberg type lettuce (Commission Regulation
(EU) No 1258/2011).

The latter statement could not be confirmed by our
research. Iceberg type samples on average contained
more nitrates (968 mg kg™'), compared to other types of
lettuce (841 mg kg'). The reason probably lies in the
fact that a significant proportion of these samples were
produced in a conventional way (35 %) and the rest of
the samples used integrated cultivation method (65 %).
No sample was produced organically. The highest
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concentration of nitrates was contained in a sample of
Iceberg lettuce ('Ljubljanska ledenka'), 3211 mg kg™
(grown outdoors in June, using conventional cultivation
method). Among other varieties of lettuce we found the
highest value in the sample of '"Marcord', which was
cultivated in a greenhouse in spring (2451 mg NO; kg’
". The reason of so high value of nitrates is due to the
conventional farming system and the way of cultivation
in greenhouse. Individual samples contained very little
nitrates (<50 mg NO; kg™), which is likely the result of
lower intensification of fertilization with nitrogen
fertilizers or other aforementioned factors.

Most samples of all types of lettuce (43 %) contained
nitrate in the concentration range from 1000 to 2500 mg
kg' (38 samples). Of these, 4 samples exceeded 2000
mg NO; kg'. 28% of the samples (25 samples)
contained nitrate in the range of 500 to 1000 mg kg™,
15 % of the samples (13 samples) were in the range of
200 to 500 mg of NO; kg, and in 13 % of the samples
(11 samples) we determined lower values (< 200 mg
NO; kg"). In one sample, the presence of nitrate was
greater than 2500 mg of NO5 kg™ (1 % of the samples).
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Figure 1: The proportion of samples in a particular concentration range of NO3’

Since 2011, the Slovenian legislation has prescribed
nitrate limits for some leafy vegetables such as spinach,
rocket and lettuce, and prepared baby food. For lettuce
with looseleaf heads and tightly formed heads (Iceberg
type), the limit values from 2000 to 5000 mg of NO5 kg’
! are prescribed. The values vary according to the
harvest time (cultivation from October 1 to March 31,
and from April 1 until September 30) and according to
the method of cultivation (outdoor cultivation or in
sheltered spaces). The standards are in accordance with
the norms of the European Union (Commiss. Reg. (EU),
1258/2011).

All the samples that were analysed were growing the
period from May to October, when the illumination of
the plants is greater. During this time, less nitrogen
accumulated in plants and NOj; values, which are

Integrated
farming

prescribed by the legislation, were not exceeded. In
winter, the light is less intense, which causes slower
rates of photosynthesis, and at the same time greater
accumulation of nitrate in certain parts of plants
(Schuddeboom, 1993). Of the 88 analysed samples, 1
sample of Iceberg type with the value of 3211 mg of
NO; kg, exceeded the legislative limit value (2000 mg
NO; kg™'; for Iceberg type lettuce grown in an open air).
Other samples did not exceed the limit values.

With this investigation we wanted to determine how the
cultivation method (organic, integrated or conventional)
affects the nitrate content in the crops. According to the
producers' statements, most of the lettuce was grown
using the integrated cultivation method (60 %), 35 % of
the samples used the conventional method and only 5%
of farmers cultivated lettuce organically.

Ecological
farming

Conventional
farming

Figure 2: The proportion of organic, integrated or conventionally cultivated lettuce
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A similar ratio represents the actual state of organic,
integrated and conventional agriculture in Slovenia.
Therefore, it is not surprising that we received only four
samples of lettuce produced with organic method of
cultivation (5 %), for which the producers used
primarily organic fertilizers (compost, matured livestock
manure, etc.). Most of the samples were received within
the framework of the integrated cultivation method (53
samples), for which the use of mineral fertilizers (N,
P,0s, K,O fertilizers) is otherwise allowed, however,
carefully monitored. A relatively large proportion of the
samples (31) was received from the conventionally
oriented farms, where the intensive farming method has
been maintained, with the emphasis on the quantity of
produce and less on the quality (greater soil stocking
with mineral fertilizers).

3.1 Organic method of cultivation

Two of the 4 lettuce samples of organic production
('Green Oakleaf' and 'Zimska rjavka') contained below
500 mg of NO; kg (138 and 429 mg kg'). Two
samples ranged from 500 to 1000 mg of NO; kg™ (783
and 969 mg kg'; 'Crystal' and 'Noisette'). Values above
1000 mg of NO; kg were not detected in any sample.
It is interesting that organic cultivation did not result in
very low levels of nitrates, as opposed to individual
samples that came from integrated and also
conventional cultivation.

3.2 Integrated method of cultivation

Within the framework of integrated production, 53
samples of lettuce were analysed ('Ljubljanska ledenka',

'Marcord', 'Beldi', 'Salakis', "Noisette', 'Vegor', 'Vanity'
and 'Green Oakleaf'). 34 % of samples contained nitrate
in higher concentration range (from 1000 to 2500 mg of
NO; kg). The highest proportion of samples (38 %)
had values between 500 and 1000 mg kg™, while 28 %
of the samples were in the <500 mg NO; kg™ range.
The lowest measured value was 29 mg of NO; kg’
(Marcord") and the highest 2200 mg of NO; kg’
('Beldi").

3.3 Conventional method of cultivation

In the context of conventional production, 31 samples
were analysed ('Ljubljanska ledenka', 'Noisette',
'Marcord' and 'Green Oakleaf'). The values of almost
half of the samples (48 % or 15 samples) ranged from
1000 to 2500 mg of NO;” kg™. 23 % of the samples (7)
ranged between 500 and 1000 mg kg, 26 % of the
samples (8) between 0 and 500 mg kg”'. Two samples
contained very little nitrate, which is unusual for
conventionally grown lettuce (11 mg NO; kg',
"Noisette' and 47 mg NO;™ kg, 'Green Oakleaf'). One
sample exceeded the value of 2500 mg NO; kg’
('Ljubljanska ledenka').

Figure 3 shows the distribution of nitrate content in
lettuce according to the method of cultivation (in %).
The highest values of nitrates (1000 to 2500 mg NO5’
kg and more) contain samples from the conventional
production. In the case of the samples from integrated
production, the proportion of such samples is lower,
while the organically cultivated samples had values
below 1000 mg of NO; kg™

O0< 200 mg/kg
@1000-2500 mg/kg

0200-500 mg/kg
m> 2500 mg/kg

@500-1000 mg/kg

conventional (N=31) | 10 16 23 H

integrated (N=53) 13 15 38 _
ecological (N=4) 25 25 50
0% 20% 40% 60% 80% 100%

Figure 3: The distribution of nitrate content in lettuce according to the method of cultivation (in %)
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4 CONCLUSION

Farmers advocated for a long time the conventional way
of cultivation, where it was possible to produce more
crops with less effort. Today, the opinion is different,
especially with consumers who want healthy food and
clean environment. In Slovenia, the share of producers
who cultivate in the traditional way is still great.
However, other methods of cultivation are becoming
popular, such that use more environmentally friendly
methods. The integrated cultivation of vegetables and
fruits is becoming almost a demand on the Slovenian
market, while more and more farmers are becoming
interested in organic farming.

As part of our research we analysed the samples of
lettuce of different types and cultivars. Of the 88
samples, there was 1 sample with a value of 3211 mg
NO;™ kg' which exceeded the statutory limit value of
2000 mg kg', which applies to Iceberg type lettuce
('Ljubljanska ledenka'). The sample was -cultivated
outdoors and grown in the conventional way. Other
samples did not exceed the statutory limit values,
although for 43 % of the samples we determined

relatively high values (from 1000 to 2500 mg of NO5’
kg"). On average, Iceberg type samples contained more
NO;™ than other types of lettuce, which is probably
because of different ways of cultivation and other
factors that affect the accumulation of nitrates in plants
(the use of nitrogen fertilizers, plant illumination,
rainfall amount, soil fertility, length of growing,
harvesting time and others).

Depending on the method of cultivation (conventional,
integrated, organic), the laboratory received 35 % of the
samples from conventional production, 60 % of samples
from integrated and 4.5 % from organic production.
Despite the fact that the number of analysed samples
was relatively small, the results of the research confirm
that the samples, cultivated in the conventional way,
were the most contaminated with nitrates. On the other
hand, it is surprising to know that the lowest values of
nitrates (<50 NO; mg kg™') were detected in individual
samples from integrated and conventional cultivation
and not in organic lettuce.
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ABSTRACT

Genetic matching with an evolutionary algorithm was applied
to evaluate the impact of the Ministry of Agriculture, Forestry
and Rural Development (MAFRD) grant programs to support
greenhouse vegetable production in Kosovo. The primary
contribution of the paper is to assess whether grants have an
impact on the farmers’ gross seasonal revenue after matching
similar grantees to non-grantees. The findings showed that
greenhouse tomato grantees make 2,151.80 euros more per
growing season in comparison to the non-grantees (95 %
confidence interval -324.71 to 4,628.31 euros). Similarly,
greenhouse pepper grantees make 2,866.69 euros more per
growing season compared to non-grantees (95 % confidence
interval 446.42 to 5,286.96 euros). The study identified
farmers’ education and region as important matching variables
which may be of interest to policy researchers in Kosovo.

Key words: greenhouse economics; genetic matching;

government farm grants; Kosovo agriculture

IZVLECEK

UGOTAVLJANJE UCINKOVITOSTI VLADNIH
POMOCI: PRIMERI PRIDELOVALCEV
PARADIZNIKA IN PAPRIKE V RASTLINJAKIH NA
KOSOvVU

Genetsko ujemanje in razvojni alagoritem sta bila uporabljena
pri vrednotenju vpliva programov pomoc¢i Ministrstva za
kmetijstvo, gozdarstvo in razvoj podezelja pri vzpodbujanju
pridelave zelenjave v rastlinjakih na Kosovu. Glavni pripevek
te raziskave je ocena pomoc¢i na sezonski bruto prihodek
kmetov, ki so vladno pomo¢ dobili v primerjavi s tistimi, ki je
niso prejeli. Izsledki so pokazali, da je pomoc¢ pri pridelavi
paradiznika v rastlinjakih prispevala 2.151,80 EUR ve¢ na
sezono v primerjavi s tistimi, ki pomo¢i niso dobili. (95 %
interval zaupanja je znaSal -324,71 do 4.628,31 EUR).
Podobno je pomo¢ pri pridelavi paprike v rastlinjaku dala za
2.866,69 EUR vec na sezono v primerjavi s tistimi, ki pomo¢i
niso dobili (95 % interval zaupanja je bil 446,42 do 5.286,96
EUR). Raziskava je pokazala, da sta izobrazba kmetov in
obmocje pridelave pomembni vplivni spremenljivki, ki bi
lahko zanimali raziskovalce agrarne politike na Kosovu.

Kljuéne besede: ekonomika rastlinjakov; genetsko ujemanje;
vladna pomo¢ kmetom; kmetijstvo Kosova

1 INTRODUCTION

The development of Kosovo’s agriculture has long been
adversely affected by the Kosovo war, a conflict that
shaped the dynamics of the agricultural sector and left it
vulnerable with large losses of productivity. After the
war, the newly formed government of Kosovo invested
in agriculture to reestablish a well-functioning
economy. Over the last decade, some government
investments in the form of competitive grants were

targeted to support greenhouse farming. Across Kosovo,
tomatoes and peppers are among the main crops grown
in greenhouses. In Kosovar greenhouses, tomatoes are
more common than peppers (Kaciu, 2008), however, the
Ministry of  Agriculture, Forestry and Rural
Development or MAFRD (2016) suggests that the
cultivation of both of these crops have increased since
the end of the war.
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In Kosovo, agricultural production has intensified
because of increasing support through grant programs
(Miftari et al., 2016). These grants have helped support
desperately needed upgrades in farm facilities. These
grants may also affect farmers’ gross revenue levels,
however, details regarding gross revenue changes are
lacking. Similarly, reliable evidence regarding the
relationship between government financial support and
higher gross farm revenue per growing season could be
valuable to policy makers. This study considers whether
awardees of the MAFRD grants for the purchase of new
greenhouses (grantees) have gross seasonal revenues
that differ from non-grantees. We chose to examine the
tomato and pepper crops because of their increasing
levels of production in a greenhouse setting and because
tomatoes and peppers remain among the main
vegetables produced in Kosovo (Kaciu et al., 2016). In
fact, vegetable farms are among the highest income
generating farms (Martinovska Stojceska et al., 2008).
Understanding the gross revenue impacts of the grant
programs are also important given the increasing
inequality in productivity between small and large
greenhouse tomato and pepper farms. This may be one
factor that is leading to different gross seasonal revenue
levels.

Governmental reports address the effectiveness of the
MAFRD grant programs (MAFRD, 2017), but empirical

studies on the effects of these grants to advance the
greenhouse vegetable subsector are lacking. Without the
backing of empirical evidence, conclusions reached
about the effectiveness of MAFRD’s provision of grants
for the greenhouse farmers can be misleading. It is
important to know what factors impact greenhouse
tomato and pepper farmers’ ability to win grants. One
approach to understand the gross revenue differences
between farmer grantees and non-grantees is the use of
matching to compare grantees to similar non-grantees.
There are many methods available to perform matching
and no consensus has emerged in the literature as to the
best matching method (Stuart, 2010; Ruiz et al., 2017).
There are several studies which have reviewed
propensity score matching methods (see e.g.
D'Agostino, 1998; Terza et al., 2008; Caliendo &
Kopeinig, 2008).

A review of the literature revealed no studies since the
early 2000s that have looked at the financial
determinants of the greenhouse tomato and pepper
production in Kosovo. A matching method known as
genetic matching was selected to estimate casual
treatment effects of the farmers who received an
MAFRD grant. The analysis using this method allows
us to quantify the treatment effects of grants on the
farmers’ gross revenues.

2 MATERIALS AND METHODS

2.1 Data

The data for the study were obtained from surveys
completed by greenhouse tomato and pepper farmers in
Kosovo from June to August 2017. Two research
surveys (one for each crop) were developed to interview
the farmers. There were three steps involved in
gathering data from the field: (a) prioritize
municipalities and villages with a greater number of
farmers growing greenhouse tomatoes and peppers; (b)
interview farmers over the age of 18; and (c) evaluate
the data for quality and outlying values. The initial
sample covered 136 greenhouse farms which, after
accounting for data outliers, decreased to 127
greenhouse farms. The farmers producing tomatoes
were from the four regions of Ferizaj, Gjakova, Peja and
Prizren and those producing peppers were from the four
regions of Ferizaj, Gjakova, Peja and Mitrovica.

2.2 Descriptive Statistics

The summary statistics of the covariates used for
analysis are separated by grant status (grantee or non-
grantee) for both greenhouse tomato and pepper farmers
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(Table 1). These covariates included distance to market
in km, education in years, experience in years, and
region indicators that take values of 0 or 1. The grantees
producing tomatoes are located on average 12.9 km
further away from the market than non-grantees and
they have roughly two more years of education than
non-grantees. However, there is no large difference in
years of experience (0.11 years) between grantees and
non-grantees producing tomatoes. The majority of these
grantees (50 %) are from the region of Prizren. The
largest percentage of non-grantees (32 %) are also from
the region of Prizren. While grantees producing peppers
are located on average only 3.2 km further away from
the market than non-grantees and they have roughly
three more years of education than non-grantees. The
mean level of experience is 5.75 years among grantees
showing that these farmers do not have extensive
experience in growing greenhouse peppers. Similarly,
non-grantees have only one more year of experience
than grantees. Grantees producing peppers come mainly
from the region of Peja (38 %), however, non-grantees
are mostly from the region of Ferizaj (31 %).
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Table 1: Descriptive statistics of the covariates by grant status

Grant Status Grantees Non-Grantees
Covariates (x) Mean St. Dev. Min Max Mean St. Dev. Min Max

Tomato Farmers N=10 N=77

Distance to market in km 28.23 27.52 0.30 66 15.36 14.11 0.50 62
Education in years 12.20 5.01 8 20 10.48 2.95 8 20
Experience in years 9.60 341 5 17 9.71 7.72 2 30
Region of Ferizaj 0.30 0.48 0 1 0.16 0.37 0 1
Region of Gjakova 0.10 0.32 0 1 0.04 0.20 0 1
Region of Peja 0.10 0.32 0 1 0.06 0.25 0 1
Region of Prizren 0.50 0.53 0 1 0.32 0.47 0 1
Pepper Farmers N=28 N=32

Distance to market in km 28.38 20.58 10 60 25.22 21.45 3 84
Education in years 13.88 4.22 8 20 11.06 2.65 8 15
Experience in years 5.75 2.92 2 9 6.41 2.80 2 13
Region of Ferizaj 0.25 0.46 0 1 0.31 0.47 0 1
Region of Gjakova 0.25 0.46 0 1 0.13 0.34 0 1
Region of Peja 0.38 0.52 0 1 0.13 0.34 0 1
Region of Mitrovica 0.13 0.35 0 1 0.09 0.30 0 1

2.3 Methods

Early work to develop propensity score matching (PSM)
was conducted by Rosenbaum and Rubin (1983), and
has become a widely used approach to estimate causal
treatment effects (Caliendo & Kopeinig, 2008).
Propensity score matching can be performed using
various methods to match subjects. One method
includes genetic matching as a multivariate matching
method. In this study, the genetic matching algorithm is
used to find covariate balance after matching between
MAFRD grantees and non-grantees. The
implementation of this method enables us to estimate
the average treatment effect on the treated (ATT), which
we use to assess the average differences in the farmers’
gross seasonal revenue between grantees and non-
grantees. According to Diamond and Sekhon (2013),
genetic matching is performed by reducing a
generalized version of the Mahalanobis distance
(GMD). In contrast to the Mahalanobis distance, genetic
matching includes an extra weight parameter W.

GMD(X;.X;,W) = \/(Xi-Xj)T(S'”Z)Tws"/z(xi-xj)

From equation (1), X; and X are covariates from
farmers i and j, respectively. The matrix from the model
contains the covariates described in Table 1. W is a
k x k positive definite weight matrix, S is the sample

covariance of matrix S, and S? is the Cholesky
decomposition of S (Diamond & Sekhon, 2013).
Replacement was used to ensure that a farmer who
received a grant (treatment group) has a proper match
with a non-grantee (control group). It is noted in the

literature that matching with replacement can provide
better matches (Stuart & Rubin, 2008), and is preferred
to use in methods with a control group that has similar
values relative to a treatment group (Dehejia & Wahba,
2002). Lastly, we do our analysis with the help of the R-
CRAN package “Matching” pioneered by Sekhon
(2011).

2.4 Considerations in covariate selection

Four factors that we measure may have influence on a
MAFRD grantee’s ability to match with a non-grantee.
The first covariate is distance to market in km. Farmers’
markets bring consumers closer to producers (Ling &
Newman, 2011), and the farmer’s distance to market
may impact both produce quantity and ability to sell the
produce in a timely manner. Distance from farm to
market can also be an important factor determining the
farmer’s access to the product markets (Ahmed, et al.,
2016).

Agricultural education may influence productivity gains
(Fintineru & Madsen, 2012). An earlier study that used
propensity score matching found that education was
positive and significant for cherry production (Ali et al.,
2013). In a later study, education was found to be a
contributing factor affecting the farmer’s income
(Panda, 2015). Based on these previous studies, we
concluded that education was an important matching
variable. Farm experience is included as a matching
variable for similar reasons. Farmers’ years of
experience vary by region in Kosovo when growing
greenhouse tomatoes and peppers. For example, given
the strong tradition of tomato production in the region
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of Prizren, it is expected that Prizren greenhouse tomato
producers may have more years of farm experience than
producers in other regions. For greenhouse pepper
producers, however, years of farm experience may
differ little from region to region.

Lastly, we consider using covariates to control for four
greenhouse tomato and pepper producing regions.
Potentially, region may be an important variable in

matching MAFRD grantees to non-grantees. For
example, Kosovo's regions can have differences in the
production of greenhouse vegetable crops because of
the climatic conditions, or because of regional
differences in family farming traditions. However,
reasons may vary as why farmers from one region or
another are more or less likely to acquire government
farm grants. Therefore, it is important to use the
covariate region in the matching procedures.

3 RESULTS AND DISCUSSION

When analyzing gross revenue per growing season, it
was suggested from both groups of farmers that grantees
compared to non-grantees were associated with higher
revenue levels (Figure 1). The box plot analysis from
Figure 1 shows that farmers producing tomatoes who
received MAFRD grants have a mean of 5,759.30 euros
while non-grantees have a lower mean of 3,178.84 euros
of gross revenue per growing season. Grantees
producing peppers suggest a mean of 5,080.43 euros
while non-grantees suggest a lower mean of 3,739.02
euros of gross seasonal revenue. Figure 1 indicates also
that when observing the densities of both groups of
farmers, grantees highlight higher seasonal revenue
levels than non-grantees. There were only few grantees
producing tomatoes and peppers with gross seasonal
revenue greater than 10,000.00 and less than 3,000.00
euros. However, there were more non-grantees
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producing tomatoes and peppers with revenue levels
less than 3,000.00 euros. Considering that grants could
have a positive impact on farmers’ gross seasonal
revenues, we estimated possible differences using gross
seasonal revenue as the outcome variable in the model.
As explained above, covariates including distance to
market in km, education in years, and farm experience
in years were used in the matching of greenhouse
tomato and pepper grantees to non-grantees. Depending
on the region, however, farmers were sometimes from
different locations. For the matching of greenhouse
tomato grantees to non-grantees, we included the
regions of Ferizaj, Gjakova, Peja and Prizren. While, the
regions of Ferizaj, Gjakova, Peja and Mitrovica were
used in the matching of greenhouse pepper grantees to
non-grantees.
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Figure 1: Greenhouse Tomato and Pepper Farmers’ Gross Seasonal Revenue Levels

The average treatment effect on the treated (ATT)
estimates revealed significant differences in gross
seasonal revenue among greenhouse tomato and pepper
farmer grantees and non-grantees. There was a
statistically significant impact of grants for both
greenhouse tomato and pepper farmers (Tables 2 and 3).
Table 2 shows a positive and marginally significant (p <
0.1) ATT among greenhouse tomato farmers. The
estimate of a difference of 2,151.80 euros in gross

revenue per growing season was estimated for grantees
relative to non-grantees. The 95 % confidence interval
is -324.71 to 4,628.31 euros per growing season.
However, it should be noted that the study contains a
smaller sample of farmers than was desired. Therefore,
ATT results could vary with a larger sample. The
findings here suggest that it is possible MAFRD grant
programs positively affect gross seasonal revenue levels
of greenhouse tomato farmers that were awarded grants.

Table 2: Greenhouse Tomato Grantees’ Average Treatment Effect on the Treated

Greenhouse Tomato Grantees

95% CI
Outcome Variable Unit Mean T-stat p-value Lower Upper
Gross Seasonal Revenue
Estimate euro 2,151.80 1.703 0.088%* -324.71 4,628.31

Note: T-stat, t statistic; CI, confidence interval. The statistical significance of the estimate is denoted by *p < 0.1;

4 < 0.05; ***p < 0.01.

Similarly, Table 3 shows a positive and significant
(p <0.05) ATT for greenhouse pepper farmers. The

estimate of a difference of 2,866.69 euros in gross
seasonal revenue was suggested for grantees relative to
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non-grantees. The 95 % confidence interval is 446.42 to
5,286.96 euros per growing season. The MAFRD grant

programs seem to influence positively the gross
seasonal revenue levels of greenhouse pepper farmers.

Table 3: Greenhouse Pepper Grantees’ Average Treatment Effect on the Treated

Greenhouse Pepper Grantees

95% CI
Outcome Variable Unit Mean T-stat p-value Lower Upper
Gross Seasonal Revenue
Estimate euro 2,866.69 2.322 0.020%** 446.42 5,286.96

Note: T-stat, t statistic; CI, confidence interval. The statistical significance of the estimate is denoted by *p < 0.1;

**p < 0.05; ***p <0.01.

The evolutionary algorithm of genetic matching
determines the weight each covariate receives (Diamond
& Sekhon, 2013). These weights are used in the
matching estimate of the ATT. Improvements in the
standardized mean difference (SMD) between pre and
post matched samples are influenced by these covariate
weights. Covariate balance results for tomato producers
are presented in Table 4. There was a slight
improvement in the mean value of distance to market.
This covariate’s SMD went from 46.77 to -36.95
showing that it was not considered important by the
algorithm. In fact, distance to market had a low weight
of only 3.86. Education in years showed a mean
improvement of roughly a year and a half of education.
Its SMD reduced from 34.34 to 5.99, and with a much

Table 4: Greenhouse Tomato Covariate Balance Results

larger weight of 601. Although experience in years had
a relatively high weight of 440, yet its SMD did not
improve. Regions of Ferizaj, Gjakova, and Peja marked
SMD improvements from 29.84 to 0, 19.30 to 0, and
11.10 to 0, respectively. The three regions showed
balance in mean values in the post-match phase (Table
4). Accordingly, the three regions were assigned high
weights (594, 655, and 619) which could support the
improvement in balance for these region indicators.
However, region of Prizren registered a smaller
improvement in its SMD and mean value. This
covariate highlighted only a weight of 229. Overall
balance was favored for the measure of education and
indicators for the regions of Ferizaj, Gjakova, and Peja.

Covariate Pre-Match (N=87) Post-Match (N=10)

Tomato Farmers Grantees Non-Grantees d Grantees Non-Grantees d
Distance to market 28.23 15.36 46.77 28.23 38.40 -36.95
Education in years 12.20 10.48 34.34 12.20 11.90 5.99
Experience in years 9.60 9.71 -3.36 9.60 9.90 -8.81
Region of Ferizaj 0.30 0.16 29.84 0.30 0.30 0
Region of Gjakova 0.10 0.04 19.30 0.10 0.10 0
Region of Peja 0.10 0.06 11.10 0.10 0.10 0
Region of Prizren 0.50 0.32 33.27 0.50 0.40 18.97

Note: N, number of observations; d, standardized mean difference.

As in the case of tomato farms, distance to market
similarly continued to have an imbalance in in the post-
matched sample of pepper farms. This measure received
a low weight of 126. Likewise, education in years did
not show a large reduction in its mean or SMD. Its SMD
decreased from 66.59 to 38.47 and it had a weight of
225. Experience in years had the highest weight (909)
and the balance improved from -22.51 to -8.57. The
SMDs of regions of Ferizaj and Gjakova decreased from
-13.50 to 0 and 27 to 0, respectively. The two regions
showed balance in the post-match phase (Table 5). In
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addition, the former region had a weight of 814 and the
latter a weight of 899. Region of Peja had a small
balance in its mean and SMD and a low weight of 71.
While the mean of region of Mitrovica improved, its
SMD degraded from 8.84 to -35.36. However, this
indicator had a very small weight (4.94) among the
covariates. In comparison to greenhouse tomato
farmers, balance was favored partly for the covariate
experience in years and indicators for the regions of
Ferizaj and Gjakova.
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Table 5: Greenhouse Pepper Covariate Balance Results

Covariate Pre-Match (N=40) Post-Match (N=8)

Pepper Farmers Grantees Non-Grantees d Grantees Non-Grantees d
Distance to market 28.38 25.22 15.33 28.38 27.50 4.25
Education in years 13.88 11.06 66.59 13.88 12.25 38.47
Experience in years 5.75 6.41 -22.51 5.75 6.00 -8.57
Region of Ferizaj 0.25 0.31 -13.50 0.25 0.25 0
Region of Gjakova 0.25 0.13 27.00 0.25 0.25 0
Region of Peja 0.38 0.13 48.31 0.38 0.25 24.15
Region of Mitrovica 0.13 0.09 8.84 0.13 0.25 -35.36

Note: N, number of observations; d, standardized mean difference.

4 CONCLUSIONS

The presence of the government grant programs as an
agricultural policy may provide the opportunity to
promote Kosovo’s greenhouse production given that
each year more and more farmers apply to the MAFRD
grant programs. In this study, important matching
variables for greenhouse tomato farmers were education
and indicators for the regions of Ferizaj. Gjakova, and
Peja. While indicators for the regions of Ferizaj and
Gjakova and partly experience in years were most
important for greenhouse pepper farmers.

Policy researchers in Kosovo may take interest in the
evidence of the positive gross seasonal revenue
difference of 2,151.80 euros for the greenhouse tomato
grantees relative to the non-grantees, and 2,866.69 euros
for the greenhouse pepper grantees relative to the non-
grantees. This evidence may help to identify which
group of greenhouse farmers are likely to be influenced
from the MAFRD grant programs. The study results
should also be of interest to nonprofit organizations and
agencies for development that invest to help MAFRD’s
efforts in Kosovo for the provision of new and upgraded

farm facilities and greenhouses. Regarding the impact
estimates, this study found the genetic matching method
with a good convergence of the results with our sample
of surveyed farmers. Despite the large or small mean
differences of the covariates pertaining to the
greenhouse tomato grantees and non-grantees prior to
matching, the genetic matching method provided a
significant improvement in the covariate balance.
Nevertheless, it should be noted that the study contained
a sample of farmers that was not sufficiently large, and
ATT results could vary with a larger sample.

In conclusion, these overall results suggest that grants
awarded to the greenhouse farmers improved their gross
revenue levels per growing season. Greenhouse tomato
and pepper MAFRD grantees attained higher gross
seasonal revenue levels relative to the non-grantees.
Considering balance on the covariates, it was found that
based on the farmers’ education and depending on the
region, balance was possible for MAFRD grantees and
non-grantees.
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IZVLECEK

Deficitno namakanje je eden izmed najbolj raziskanih nacinov
upravljanja namakanja vinske trte, katerim so raziskovalci
potrdili veliko pozitivnih u¢inkov na pridelavo grozdja. Za
doseganje optimalne rasti in mase grozdja pri posamezni sorti
moramo vinski trti med rastno dobo zagotoviti ustrezno
koli¢ino vode. Vinsko trto bo potrebno v bliznji prihodnosti
zaradi vse pogostejSe suse ponekod namakati tudi v Sloveniji.
Pri deficitnem namakanju z manj$o koli¢ino dodane vode, kot
bi bilo optimalno, vplivamo na rast vinske trte in s tem na
kakovost in koli¢ino pridelka. Pricakovani rezultat deficitnega
namakanja so krajse mladike (15,5 % pri sorti 'Monastrell',
manjsa listna povrSina, manjSa masa lesa po rezi), manjSe
jagode in s tem manjsi pridelek za 38 % do 57 % pri sorti
'Monastrell' in 24 % do 27 % pri sorti 'Tempranillo', manjse
Stevilo grozdov na trto, primernejSo sestavo jagod (vec
sladkorjev in antocianov, manj kislin) in ucinkovitejSo rabo
vode, pomeni ve¢ pridelka na enoto dodane vode. Zelo
primeren nacin za nadzor deficitnega namakanja pri vinski trti
je merjenje vodnega potenciala rastline. Za uspeSen prenos
principa deficitnega namakanja v prakso je potrebno poznati
tudi kriti¢ne fenofaze razli¢nih sort vinske trte, in odziv sorte v
doticnem okolju. Uspesen prenos deficitnega namakanja v
prakso bo mogo¢ le ob financ¢ni in strokovni podpori
pridelovalcem.

Kljuéne besede: vinska trta; namakanje; deficitno namakanje;
rast; rodnost; sestava grozdnih jagod

ABSTRACT

DEFICIT IRRIGATION OF VINES (Vitis vinifera L.) —
REVIEW OF EXPERIENCES AND POTENTIAL FOR
SLOVENIA

Deficit irrigation is one of the most researched irrigation water
management techniques for vines with many potential benefits
for successful grape production. For optimal growth and grape
quantity of individual variety, suitable water quantity over
growing season should be provided. Due to more frequent
droughts vine irrigation will be needed also in Slovenia. The
principle of deficit irrigation is affecting vine growth and
quality and quantity of the yield by adding smaller amount of
water than optimal. Decreased vine growth (reduced growth of
shoots, 15.5 % for '"Monastrell, reduced leaf area, reduced
pruning mass), smaller berries, and thus yield quantity from
38% to 57% for ‘Monastrell’ and 24 % to 27 % for
'"Tempranillo', respectively, improved berry composition
(higher sugar and antocianin content, lower acid content),
better water use efficiency, meaning higher yield per unit of
added water, are expected. Most suitable method for deficit
irrigation management of vines is by measuring plant water
potential. For successful transfer of deficit irrigation in
practice, good knowledge of critical growth stages of irrigated
vine variety and its behavior in a certain environment is
needed. Successful application of this irrigation method in
practice will be possible only with financial and expert
support.

Key words: vines; irrigation; deficit irrigation; growth;
fertility; grape berry composition
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SEZNAM OKRAJSAV

¥ — vodni potencial

¥pp— vodni potencial pred zoro

¥, — opoldanski vodni potencial

ET — evapotranspiracija

ET,— dejanska evapotranspiracija

ET. — potencialna evapotranspiracija rastline oziroma v
primeru tega Clanka trte

ET,—referenc¢na evapotranspiracija

INK — izmeni¢no namakanje korenin

IPNK — izmeni¢no polovi¢no namakanje korenin

k.— koeficient rastline

NDN - nadzorovano deficitno namakanje

OIV — Mednarodna organizacija za trto in vino (International
Organisation of Vine and Wine)

PN — podzemno namakanje

TDN — trajno deficitno namakanje

WP —produktivnost rastlin

Y,— masa trznega pridelka

1 UVOD

Glede na zadnje podatke Mednarodne organizacije za
trto in vino (International Organisation of Vine and
Wine; OIV, 2018) je povrsina svetovnih vinogradov leta
2017 pokrivala 7,6 milijonov ha. Najvecji doprinos k
svetovni pridelavi grozdja imajo ravno evropske drzave,
predvsem Spanija, Francija ter Italija, saj pridelajo okoli
70 % celotnega svetovnega pridelka grozdja in
zavzemajo okoli 60 % skupnih pridelovalnih povrsin
grozdja v svetu (Malheiro in sod., 2010). V Sloveniji je
bilo leta 2016 v Register pridelovalcev grozdja in vina
(RPGV) vpisano okoli 16 000 ha vinogradov (Simon¢i¢
in sod., 2017).

Obmoc¢je pridelave grozdja v Evropi se zaradi
segrevanja ozracja pomika proti severu, medtem ko se
bodo pridelovalci grozdja v drzavah juzne Evrope in
drugod po svetu (Kajfez-Bogataj, 2009; Hannah in sod.,
2013) vse pogosteje spopadali s suSo (Malheiro in sod.,
2010). Zaradi tovrstnih razmer je namakanje neizbezen
tehnoloski ukrep, v mnogih drzavah pridelovalkah
grozdja, kot so Alzirija, Avstralija, Cile, Italija, Crna
Gora, Nova Zelandija, Srbija, Slovenija, Spanija, Svica
in Urugvaj (Matthews in sod., 1987; FAO database,
2016). Po podatkih Statisticnega urada Republike
Slovenije (Stat, www.stat.si) smo vinograde in trsnice v
Sloveniji prvi¢ namakali leta 2007, in sicer 4 ha, leta
2014 se je ze namakalo 12 ha. Dandanes namakanje
slovenskih vinogradov ni pogosta praksa, za katero
nimamo uradnih podatkov.

Zaradi nenadzorovane porabe vode pri namakanju
kmetijskih rastlin in hkrati globalnega segrevanja

ozra¢ja lahko pride v naravi do velike omejitve
razpolozljivih vodnih virov (D&ll, 2002; Kumar Kar,
2011), zato pridelovalci i8¢ejo najbolj uéinkovit nacin
namakanja, s katerim bi dosegli optimalno razmerje
med rastjo in rodnostjo, primerno sestavo jagod ter
hkrati minimalno porabo vode (Cifre in sod., 2005;
Edwards in Clingeleffer, 2013; Zhang in sod., 2014).
Trti je potrebno dodati toliko vode, da se ji ustrezno
omeji vegetativno rast, optimizira maso pridelka in
izboljSa sestavo jagod, kar je najbolj pogojeno z
znaCilnostmi gojene sorte. Za doseganje opisanih ciljev
je danes v vinogradniStvu najbolj primerno deficitno
namakanje, pri kateremu trtam dodamo manj$o koli¢ino
vode, kot znaSa njihova evapotranspiracija (Fereres in
Soriano, 2007; Ruiz-Sanchez in sod., 2010; Lanari in
sod., 2014). Deficitno namakanje vinske trte se v
drzavah Sredozemlja ter v aridnih delih Severne in
Juzne Amerike uspe$no uporablja s tehnologijo
kapljicnega namakanja in namakanja z razprsSilci
(Moriana in sod., 2003, Ruiz-Sanchez in sod., 2010),
vendar je zaradi vecje uc¢inkovitosti smotrnej$a uporaba
kaplji¢nega namakanja.

Raziskav o vplivu suSnega stresa oziroma uravnavanja
vodnega rezima vinske trte pri nas $e ni, se pa podrobno
raziskuje obcutljivost vinske trte na bolezni in
Skodljivce (Hladnik in sod., 2014; Lamovsek in sod.,
2014; Strukelj in sod., 2016) ter preverja avtohtonost
sort (Stajner, 2010; Pelengi¢ in sod., 2012; Imazio in
sod., 2014; Rusjan in sod., 2015), saj naj bi bile
udomacene, lokalne sorte vinske trte najmanj prizadete
v sus$nih rastnih razmerah.

2 POTREBE VINSKE TRTE PO VODI

Na odziv vinske trte na suSni stres vpliva vec
dejavnikov. Z vidika pridelka je klju¢no vpraSanje, za
kateri namen gojimo vinsko trto, namizno grozdje ali
pridelavo vina. V Sloveniji imamo 95 % vinske trte
namenjene za pridelavo vina, zato v prispevku
obravnavamo zgolj to. Vinska trta ima v posameznih
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fenofazah razlicne potrebe po vodi (Slika 1). Med
brstenjem in razvojem mladik (BBCH 01-10) korenine
¢rpajo vodo in v njej raztopljene rudninske snovi, ki so
potrebne za uspesno rast vinske trte. Stalna preskrba z
vodo med rastjo mladik in listov (BBCH 11-19)
omogoci optimalen razvoj listne stene, ki je pomembna
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za absorpcijo svetlobe in tvorbo asimilatov. Od brstenja
do zacetka cvetenja (BBCH 07-60) znasa potreba vinske
trte po vodi 9 % potreb celotne rastne dobe. Takrat je
voda potrebna za optimalno rast korenin in razvoj listne
stene ter nastavek grozdja za prihajajoco in naslednjo
sezono. Med zafetkom cvetenja in razvojem plodiCev
(BBCH 60-70) je zadostna koli¢ina vode, ki znasa 6 %
nujna za tvorbo fertilnega peloda, pesti¢a in prasnikov
ter za uspesno oprasitev in oploditev. Najve¢ vode
vinska trta potrebuje med debeljenjem jagod (BBCH
71-79), in sicer okrog 35 % celokupne potrebne koli¢ine
v rastni dobi, to je od 1. 4. do 31. 10. (Maljevic, 2003).
Rast jagod sprva poteka na racun hitre delitve celic in
kasneje njihovega ve¢anja. Ce v tem &asu pride do

Nastavek

Brstenje grozdja

Zatetek
zorenja

Sinteza taninovin
hidroksicimetnih kisli

Jul

pomanjkanja vode, bo manjse §tevilo celic in hkrati tudi
njihova velikost, kar se bo odrazalo v manjsi koncni
velikosti jagod. Med zorenjem, vse do trgatve
(BBCH 81-89) vinska trta potrebuje priblizno 36 %
celokupne potrebne koli¢ine vode v rastni dobi, z
namenom, da trte ne izpostavljamo susnemu stresu po
nepotrebnem in ji ohranjamo zdravo listno steno. Od
trgatve in vse do odpadanja listov (BBCH 91-97) znasa
poraba vode vinske trte 14 % porabe celotne rastne
dobe. Pred mirovanjem je pomembno, da se v listih Se
vedno sintetizirajo sladkorji, ki se nato transportirajo in

.....

(Moyer in sod., 2013; Goldammer, 2018).

Opadanje listov

Trgatev . .
in mirovanje

15 % 35%

Cas vegetativne rasti

I Cas akumulacije rezervnih snovi

36% 14 %

Cas razvoja jagod

Obmodje prekrivanja vegetativne in generativne faze

Slika 1: Razpored fenofaz in delez potreb vinske trte po vodi v rastni dobi (prirejeno po Romero in sod., 2013)
Figure 1: Vine's growth stages and water demand in the growing season (adapted from Romero et al., 2013)

Vinski trti najbolj ustrezajo globoka in zracna tla, ki
dobro prepuscajo vodo, da lahko razvije globok
koreninski sistem. Slednji ji omogoca lazje prezivetje
susnih razmer, da najde in izkoristi tudi najmanjSe
zaloge razpolozljive vode v tleh (Vrsi€ in LesSnik, 2010).
Koreninski sistem vinske trte se lahko razvije do
globine ve¢ metrov, sesalna sila za vodo lahko znasa do
—1,6 MPa (Deluc in sod., 2009; V1si¢ in Lesnik, 2010).
Enako kot ostale rastline trta uravnava vodni status z
regulacijo prevodnosti listnih rez. Glede na ohranjanje
vodnega potenciala v listih (%) lo¢imo izohidre in
anizohidre sorte vinske trte (Schultz, 2003; Hochberg in
sod., 2017). Izohidre sorte ob pomanjkanju vode v tleh
natan¢no regulirajo transpiracijo listov in hitro zapirajo
listne reze, da ohranjajo vodni status blizu optimalnega.

Pri teh sortah, je ¥ redko manjsi od —1,5 MPa (Lovisolo
in sod., 2010). Dosedanje raziskave kazejo, da so
izohidre sorte vinske trte 'Montepulciano', 'Grenache',
'Modra frankinja', in 'Portugalka’ (Zs6fi in sod., 2008).
Anizohidre sorte so tolerantnejSe na pomanjkanje vode
in listnih rez, ob manjsi koli¢ini razpolozljive vode ne
zapirajo tako hitro, kar pomeni, da njihov ¥ bolj variira.
Primer takSnega naina ohranjanja vodnega rezima so
sorte 'Shyrah', 'Sangiovese', 'Semillon' in 'Chardonnay’
(Rogiers in sod., 2009). Pri omenjeni razdelitvi sort
vinske trte lahko zaradi razliénih okoljskih razmer pride
do odstopanj, saj ima lahko ista sorta izohidrni in tudi
anizohidrni odziv na pomanjkanje vode, ki je po
navedbah mnogih avtorjev odvisen od fenofaze rastline
in pojava suse v dnevnem ciklu in rastni dobi (Medrano
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in sod., 2003; Chaves in sod., 2007; Rogiers in sod.,
2009; Lovisolo in sod., 2010; Conesa in sod., 2016).
Sorte s tovrstnim odzivom so 'Syrah', 'Grenache',
'Merlot' in '"Modri Pinot' (Lovisolo in sod., 2010; Zhang
in sod., 2012). Kljub dobrim fizioloskim, morfoloskim
in anatomskim prilagoditvam vinske trte na
pomanjkanje vode v tleh, lahko pride do negativnih
posledic suse, ki se najpogosteje kazejo kot omejena
rast mladik, manjsi pridelek in slabSa sestava jagod
(Intrigliolo in Castel, 2009).

Pri vinskih sortah so zazelene manjse jagode, z manjSo
vsebnostjo kislin in vecjo vsebnostjo sladkorjev ter
fenolnih spojin, ki so po McCarthy (1997) tudi edini

parametri, ki vplivajo na kon¢no kakovost vina. To se
lahko dosezZe, ¢e ima vinska trta na voljo manj vode, kot
je potencialna evapotranspiracija (ET,), kar pomeni, da
se trte nacrtno izpostavi blagemu su$nemu stresu. V
Stevilnih raziskavah so v jagodah trt pod susnim stresom
izmerili ve¢jo vsebnost antocianov in drugih fenolnih
snovi kot v jagodah trt, ki so bile zadostno preskrbljene
z vodo (Matthews in Anderson, 1988; Matthews in sod.,
1990; Roby in sod., 2004; Salon in sod., 2005).
Prekomerno dodajanje vode lahko vodi do manj izrazite
barve vina zaradi manj$e vsebnosti antocianov v kozici
jagod, manjse vsebnosti sladkorjev ter fenolnih spojin in
kislinskega neravnovesja (Hepner in sod., 1985; Esteban
in sod., 2001; Lanari in sod., 2014).

3 DOLOCANJE POTREB PO VODI

Na volumen trti razpoloZljive vode v vinogradnih se
lahko vpliva z razlicnimi tehnoloskimi ukrepi (Cancela
in sod., 2017; Tomaz in sod., 2017), katerih izvajanje je
pomembno pred ureditvijo in v obdobju rodnosti
vinograda. Pomembna je izbira lege (Stajnko in sod.,
2010), obdelava tal pred sajenjem, predvsem je
pomembno globoko rigolanje, izbira podlage (Lavrencic¢
in sod., 2007) in sorte vinske trte, redno gnojenje,
predvsem z duSikom, od brstenja do zaCetka cvetenja,
sadilne razdalje ter gojitvene oblike, urejen odtok vode
oziroma osuSevanje tal ob pojavu prevelike koliine
vode. Med rastno dobo je pomembno odstranjevanje
2015, 2016), kosnja ali mulCenje travne ruse veckrat v
sezoni (od brstenja do trgatve), ki prepreCuje izsusitev
tal in namakanje ob pomanjkanju vode v tleh (Novello
in sod., 1992; Kosta, 1998; Pintar, 20006).

Rastlini razpolozljiva voda v tleh je v obmocju
matri¢nega potenciala tal, ki je med poljsko kapaciteto
in to¢ko venenja (Romano in Santini, 2002). Poljska
kapaciteta predstavlja najvecjo koli¢ino vode, ki jo tla
lahko zadrzijo; le-ta se vzpostavi, ko odtece
gravitacijsko odcedna voda. V literaturi je najveckrat
privzeta poljska kapaciteta —0,033 MPa. Tocka venenja
predstavlja tisto koli¢ino vode, pri kateri rastline
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ireverzibilno uvenijo. Splosno privzeta sila vezave vode
pri tocki venenja je —1,5MPa. Voda, ki je vezana
Sibkeje kot poljska kapaciteta, gravitacijsko odtece,
voda, ki je vezana moc¢neje od tocke venenja predstavlja
rastlinam nedostopno vodo.

Evapotranspiracija (E7) je prehod vode v obliki vodne
pare z vodne povrSine ali iz tal ter iz rastline v
atmosfero (Pintar, 2006). Referen¢na evapotranspiracija
(ET,) predstavlja ET iz povrSine aktivno rastoce travne
ruse, ki popolnoma prekriva povr§ino povpreéne visine
12 cm, ki je zadostno preskrbljena z vodo, s povprecno
upornostjo rastlinskega pokrova 70 m s~ in albedom
0,23. ET, predstavlja ET v primeru zadostne koli¢ine
vode v tleh za izbrano rastlino. Izracunamo jo po
Penman-Monteith metodi, ki upoSteva temperaturo
zraka, son¢no sevanje, relativno zra¢no vlago in hitrost
vetra. Pri izra¢unu referenéno evapotranspiracijo (E7))
pomnozimo s koeficientom rastline (&), ki pri vinski trti
obic¢ajno ni vecji od 0,8 (pogosto med 0,35 in 0,76)
(Slika 2). Slednji nam pove, koliko vode potrebuje
vinska trta v primerjavi s travno ruso. Vecji kot je k.,
ve¢ vode trta potrebuje, kar kaze na veliko povrsSino
listne stene ter sencCenje pod trto in medvrstnega
prostora (Allen in sod., 1998; Evapotranspiration...,
2015).
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Slika 2: Razmerje med izraCunanim koeficientom rastline (k) in listno povrs§ino (m?/trto) sorte 'Thompson Seedless'

(prirejeno po Williams in Ayars., 2005)

Figure 2: Ratio between calculated crop coefficient (k.) and leaf area (m”/vine) for 'Thompson Seedless' (adapted

from Williams and Ayars, 2005)

Pri namakanju rastlinam dodajamo toliko vode, da je
rastlina optimalno preskrbljena, tj. do poljske
kapacitete (Pintar, 2006). Hkrati pri nacrtovanju
namakalnega sistema upostevamo nacelo, da pokrivamo
potrebe najbolj zahtevne rastline, pri cemer pokrivamo

80—90 % verjetne potencialne evapotranspiracije
(Cveji¢ in Pintar, 2013), izraCunane po Penman
Monteithovi metodi (Allen in sod., 1998). Pri

deficitnem namakanju je koli¢ina dodane vode pod
tocko optimalne preskrbe, zato je dovoljen manjsi vodni
stres, ki ima minimalen ucinek na pridelek (English in
Raja, 1996). Primanjkljaj vode pri deficitnem
namakanju torej ni prepuséen nakljucju, temvec
koli¢ino vode nadzorovano zmanj$amo glede na razvoj
rastline in lastnosti tal (Lu in sod., 2003).

Dodajanje manjSe koli¢ine vode, kot je trta izgubi z
evapotranspiracijo, a Se vedno dovolj, da le-ta nima
negativnega vpliva na pridelek, imenujemo deficitno
namakanje (Intrigliolo in Castel, 2009). Z dodajanjem
manjSe, nezadostne koli¢ine vode, se izboljsa sestava
jagod in hkrati manj obremenjuje naravne zaloge vode v
tleh (Fereres in Soriano, 2007; Podgornik in Bandelj,
2015).

Voda v tleh, in sicer del, ki je dostopen, prehaja iz tal v
korenine na osnovi razlike v ¥. Sprejem je mozen,
kadar je ¥ tal vecji kot ¥ korenin. Razliko v vodnem
potencialu v razmerah, ko rastline transpirirajo, generira

matri¢ni potencial (tenzija) v listih. Ta je tudi osnova za
snovni tok vode iz korenin v nadzemne dele. V
razmerah, ko je transpiracija omejena, se lahko razlika v
¥ med koreninami in tlemi ustvarja na ra¢un sprejema
ionov mineralnih hranil v centralni cilinder korenine. S
tem se ustvarja osmotski uéinek, ki omogoca sprejem
vode, tlacna sila, ki nastaja v koreninah (koreninski
tlak), prispeva k transportu po ksilemu. V susnih
razmerah lahko rastline z aktivnim kopicenjem
osmotikov vzdrzujejo sprejem vode iz tal in ohranjajo
turgor (Steudle, 2001; Vodnik, 2012).

Razpon intervala rastlinam dostopne vode je odvisen od
lastnosti tal, predvsem od teksture in strukture (Tuller in
Or, 2005). Praksa pri konvencionalnem namakanju za
doseganje optimalnega pridelka je dodajanje vode do
poljske kapacitete, kjer se, odvisno od rastline dopusti
30 ali 50 % primanjkljaj glede na rastlinam dostopno
vodo v tleh. Pri vinski trti se pri deficitnem pristopu
namaka, ko je dosezen 70 % primanjkljaj (Du in sod.,
2008). Za uspesno deficitno namakanje je nujno
poznavanje vodnozadrzevalnih lastnosti tal
(Montalebifard in sod., 2013). V pescenih tleh lahko
rastline hitreje obcutijo vodni stres, medtem ko imajo v
tleh finejSih teksturnih frakcij moznost postopne
prilagoditve na ve¢ji matri¢ni potencial (Katerji in sod.,
2008).
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Za uspeh deficitnega namakanja sta klju¢na dobro
poznavanje rastline in nadzor nad primanjkljajem vode,
ki mu je rastlina izpostavljena (Lu in sod., 2003; Pintar
in Zupanc, 2017). Nadomescanje primanjkljaja vode
lahko uravnavamo na podlagi potreb rastlin po vodi, t.j.
rastlinam je v namakalnem obroku dodan za nek
koli¢nik zmanjSan delez potencialne evapotranspiracije
rastline (Moriana in sod., 2003); na osnovi meritev
stanja rastline, t.j. merjenje vodnega potenciala rastlin
(Moriana in sod., 2003; Fernandez in sod., 2008;
Fernandez, 2014), merjenje vodnega toka v ksilemu
(Yunusa in sod., 2004; Sousa in sod., 2006; Zhang in
sod., 2011; Zhang in sod., 2012; Edwards in
Clingeleffer, 2013); dodajanje vode v obsegu intervala
rastlinam dostopne vode na podlagi meritev koli¢ine
vode v tleh (Moriana in sod., 2003; Ruiz-Sanchez in
sod., 2010). Slednji pristopi zahtevajo opremo, ki
omogoca meritve vsaj vodnega potenciala trt
neposredno v vinogradu.

Vodni status rastline ugotavljamo z merjenjem vodnega
potenciala v listih ali deblu rastlin (Patakas in sod.,
2005). To sta vodni potencial pred zoro (¥pp) ali
opoldanski vodni potencial (%), ki predstavljata
maksimum in minimum v 24 urnem hodu vodnega
potenciala. V splosnem velja, da imajo rastline, ki niso v
suSnem stresu ¥s ve¢ji od —1,0 MPa; rastline v blagem
suSnem stresu imajo ¥s med —1,0 in —1,2 MPa, medtem
ko imajo rastline v mo¢nem su$nem stresu ¥s med —1,2
in —1,5 MPa (Acevedo-Opazo in sod., 2010; Vodnik,
2012).

Po Podgornik in Bandelj (2015) deficitno namakanje
temelji na nacelu, da vodo dodamo takrat, ko jo rastlina
najbolj gospodarno uporabi. Namakanje lahko izvajamo
v kriti¢ni razvojni fazi vinske trte (NDN — nadzorovano
deficitno namakanje), med celo rastno dobo v enakih
odmerkih (TDN - trajno deficitno namakanje) oziroma
del korenin v enem odmerku optimalno oskrbimo z
vodo in drugega izpostavimo susnemu stresu (IPNK —
izmeni¢no poloviéno namakanje korenin) (Ruiz-
Sanchez in sod., 2010; Podgornik in Bandelj, 2015). Pri
NDN trte, se le-to v doti¢ni fenofazi ohranja na to¢no
dolo¢eni stopnji su$nega stresa. Obicajno se ga prvié
izvaja po nastavku grozdja (BBCH 71), z namenom
zmanjSanja rasti mladik, listov ter jagod, in drugi¢ po
zacetku zorenja z namenom izboljSanja sestave jagod
(Romero in sod., 2013), vendar le v vinogradih, ki so ze
v obdobju polne rodnosti. Glavni cilj pri oskrbi mladega
vinograda je pospesiti razvoj trsov, da jih ¢im hitreje
uredimo v Zeleno gojitveno obliko in pri tem se je
vsakrSnemu pomanjkanju vode najbolje izogniti. NDN
uposteva tudi sposobnost rastline za prezivetje v susnih
razmerah in njeno fenofazo, od cesa je odvisen tudi
odziv vinske trte na omejeno razpolozljivost vode, Cas
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njene aplikacije ter trajanje in intenziteto suSnega stresa
(Ruiz-Sanchez in sod., 2010).

Manjsa koli¢ina vode v namakalnem obroku zmanjsa
evapotranspiracijo (E7) in rast rastlin predvsem zaradi
manjsSe transpiracije vode iz jagod (Greenspan in sod.,
1996) in liste zaradi zapiranja listnih rez ter posledicno
manj$e asimilacije ogljika (Medrano in sod., 2003). Ker
je transpiracija na pripiranje rez bolj odzivna kot
fotosinteza je mogoce, da ob zmernem pripiranju rez,
slednja ni nujno zmanj$ana. V takem primeru se zelo
poveda trenutna ucinkovitost izrabe vode (razmerje
fotosinteza/transpiracija). Ko prihaja do omejitev
fotosinteze, je rast lahko zmanjSana, spremeni se tudi
premescanje sladkorjev. Tako se lahko z deficitnim
namakanjem omeji tudi rast jagod in izboljSa njihova
kemijska sestava (poveCa se vsebnost sladkorjev,
zmanjSa vsebnost kislin ter izboljSa razmerje med
sladkorji in kislinami). Do tega pride =zaradi
koncentriranja omenjenih snovi v jagodah na racun
manjSe vsebnosti vode v jagodah ter vecje
izpostavljenosti grozdov svetlobi (Grimplet in sod.,
1970; Barroso in sod., 2017). Ce rastlinam dodamo
toliko vode, da so v stanju mocnega suSnega stresa 0z.
prevelikega pomanjkanja vode, lahko pride do manjSega
pridelka in slabse kakovosti grozdja. Klju¢no vprasanje
je, katera je Se sprejemljiva spodnja meja zmanjSanja
namakalnega obroka, da se ohrani ali celo poveca
koristi tovrstnega nacina dodajanja vode (English in
Raja, 1996; Intrigliolo in Castel, 2009), kar se s poskusi
ugotavlja za posamezno sorto v razlicnih okoljskih
razmerah.

Cilj deficitnega namakanja je povecati produktivnost
rastlin z uporabo vode (WP — crop water productivity).
Po Geerts in Raes (2009) produktivnost rastlin (WP)
opiSemo kot razmerje med maso pridelka (Y,) in
koli¢ino vode, ki jo rastlina porabi (E7,). Na obmocjih,
kjer pogosto prihaja do pomanjkanja razpolozljive vode
v tleh, so zaZelene vrste in sorte z ve¢jo WP, kar pomeni
vedji pridelek in manjSo porabo vode (Geerts in Raes,
2009).

WP (kg m) = Y/JET,

Za dosego deficitnega namakanja je na voljo vec
tehnologij. Najbolj pogosto uporabljena tehnologija v
intenzivni rastlinski pridelavi je kapljicno namakanje,
kjer so cevi s kapljaci polozene nad povrsino tal ali celo
v tleh, t.i. podzemno namakanje (Camp, 1998). Ce ob
enem obroku namakanja omoc¢imo samo eno stran vrste
ter ob drugem obroku drugo, namakanje izvajamo z
metodo izmeni¢nega polovicnega namakanja korenin
(IPNK). To se lahko poleg kapljicnega namakanja
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izvaja z namakanjem v brazde, ki v Sloveniji ni
uveljavljena praksa in je z vidika porabe vode tudi
neracionalna (Pintar, 2006; Araujo in sod, 1995a,b). V
prispevku bomo v nadaljevanju obravnavali kaplji¢no
namakanje za S$tiri sorte vinske trte.

Kaplji¢no namakanje

Pri kapljicnem namakanju se vodo aplicira neposredno
v obmocje korenin, kar poveca izkoristek dodane vode,
in sicer na od 85 do 95 % (Pintar, 2006). V svetovno
znanih vinorodnih obmo¢jih v Italiji, Spaniji in Cilu so
izpeljali raziskave, kjer so proucevali vpliv razli¢nih
obravnav NDN na rast, pridelek in sestavo jagod ob
trgatvi, pri razlicnih sortah vinske trte. Izbrani poskusi
na sortah 'Cabernet Sauvignon', 'Monastrell’,
'Sangiovese' in 'Tempranillo' z rezultati so prikazani v
preglednici 1.

Pri sorti 'Cabernet Sauvignon' deficitno namakanje ni
vplivalo na vegetativno rast, za razliko od sorte
'Monastrell'. Izmerjene razlike med parametri rasti so
bile pri 'Cabernet Sauvignon' majhne, kjer voda v
globokih ilovnatih tleh z velikim volumskim delezem
vode (420 mm) ni bila omejujo¢ dejavnik rasti trt, ki so
imele koreninski sistem vse do 350 cm globine tal. Pri
sorti 'Monastrell' je prislo do znacCilnega zmanjSanja
rasti pri trtah z NDN, kjer so zabelezili krajse mladike
in manjSo maso lesa po rezi v primerjavi s TDN.
Rezultati nakazujejo, da je vegetativna rast pri omenjeni
sorti zelo obcutljiva na pomanjkanje vode, predvsem
rast mladik v dolzino (Romero in sod., 2013). To
potrjujejo tudi rezultati raziskave na sorti 'Tempranillo’,
saj je bila rast mladik in debla ter masa lesa po rezi
zmanjSana zaradi vpliva manj razpoloZljive vode
(Preglednica 1). Ce primerjamo dva deficitna obroka
vode se je masa lesa po rezi najbolj zmanjSala pri
NDN2, kjer je bila najmanjSa izmerjena 0,34 kg,
najvecja pa 0,49 kg (Acevedo-Opazo in sod., 2010;
Santesteban in sod., 2011). Pri sorti 'Sangiovese' je na
maso lesa po rezi mocno vplivala letna koli¢ina
padavin. Povpre¢no najmanjSa masa je znasala 0,53 kg
na trto in je bila izmerjena pri I, medtem ko je bila
povprecno najvecja masa izmerjena pri obravnavanju I,
(0,65 kg na trto) (Lanari in sod., 2014).

Pri sortah 'Monastrell' in "Tempranillo' je nadzorovano
deficitno namakanje (NDN, Preglednica 1) znacilno
zmanjSalo pridelek ob trgatvi, predvsem na racun
manjsih jagod. Pri sorti 'Monastrell' je bil pridelek pri
trtah z NDN-1 zmanjS$an za od 38 do 47 % in pri NDN-2
za od 52 do 57 % (Preglednica 1). ZmanjSalo se je
Stevilo grozdov na trto pri sorti 'Tempranillo'
(Santesteban in sod., 2011; Romero in sod., 2013),
medtem ko pri sorti 'Sangiovese' ni pri§lo do znacilnih
razlik med obravnavanji, vendar so pri slednji, kljub

temu, znacilno najvecji pridelek izmerili pri namakanih
trtah (Lanari in sod., 2014).

Pri sortah 'Cabernet Sauvignon' in 'Monastrell' se je v
jagodah trt pod deficitnim namakanjem vsebnost
sladkorjev povecala. Rezultati nakazujejo, da blag susni
stres pred zacetkom zorenja pozitivno vpliva na
vsebnost sladkorjev in hkrati na kon¢no sestavo jagod
sort v poskusu (Santesteban in sod., 2011; Romero in
sod., 2013). Med zorenjem jagod se vsebnost sladkorjev
vecCa in hkrati vsebnost kislin manjSa, kar pomeni da
ve¢ja vsebnost sladkorjev nakazuje manjSo vsebnost
kislin. To potrjujejo rezultati poskusa na sortah
'Monastrell' in 'Sangiovese', kjer so v jagodah trt pod
najvecjim suSnim stresom izmerili najvecjo vsebnost
sladkorjev ter najmanjSo vsebnost titrabilnih kislin
(Romero in sod., 2013; Lanari in sod., 2014). Pri vseh
proucevanih sortah razlicna namakanja niso vplivala na
pH jagod (Acevedo-Opazo in sod., 2010; Santesteban in
sod., 2011; Romero in sod., 2013; Lanari in sod., 2014).

Kaplji¢no namakanje je uc¢inkovit naéin, s katerim lahko
izvajamo nadzorovano deficitno namakanje na rastlinah
vinske trte in jih s tem izpostavimo blagemu susnemu
stresu. Zmerno pomanjkanje vode vodi do manjSe rasti
mladik v dolzino, manjSega pridelka na trto in boljSe
sestave jagod, kar je pri vinskih sortah kljucnega
pomena za pridelavo kakovostnega vina (Cifre in sod.,
2005). Kljub obetavnim rezultatom raziskav se Se vedno
opazi velik vpliv okolja na sam potek poskusov oziroma
na nadzor dodajanja vode za dosego deficitnega
namakanja. Moyer in sod. (2013) navajajo, da se
globina najvecje gostote korenin razlikuje pri
namakanih in nenamakanih trtah. Pri kapljicnem
namakanju naj bi se glavnina korenin nahajala blizu
povrsja, pod kapljaci (Araujo in sod., 1995a, b). Na
takSno namakanje tip tal nima znacilnega vpliva, saj se
vodo dodaja veckrat in pocasi, v manjsih koli¢inah, ki jo
tla lahko sproti absorbirajo (Poling in Spayd, 2015).
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Izmeni¢no poloviéno namakanje korenin (IPNK)

Izmeni¢no poloviéno namakanje korenin (IPNK) temelji
na izmenjujo¢em dodajanju vode dvema deloma korenin
vinske trte (Slika 2). Del korenin v mokrih tleh naj bi
trto preskrboval z vodo, del v suhih tleh naj bi listom in
mladikam poslal signal o pomanjkanju vode, ki bi
posledicno zmanjsale prevodnost listnih rez in s tem

PV J\M\-f/‘w
‘/
|

transpiracijo (dos Santos in sod., 2003; Intrigliolo in
Castel, 2009). Dosedanji rezultati o vplivu izmeni¢nega
namakanja na rast, rodnost in sestavo jagod pri vinski
trti kazejo na velik vpliv sorte, okoljskih razmer,
lastnosti tal in nacina aplikacije vode na fizioloske
odzive posamezne trte. Posledi¢no Se ni mo¢ zagotovo
trditi ali se IPNK dobro obnese v vseh pridelovalnih
razmerah (Gu in sod., 2004; Du in sod., 2013).

Slika 3: Izmenicno kaplji¢no namakanje (prirejeno po Du in sod., 2008)
Figure 3: Alternate partial drip irrigation (adapted from Du et al., 2008

Poskus, kjer so ugotavljali vpliv IPNK na rast, pridelek
in sestavo jagod so izvedli v Spaniji na sorti
'"Tempranillo'. Pri obravnavanjih so upostevali E7j in £,
stran namakanja so zamenjali na vsaka dva tedna. Pri
obravnavanjih z izmeniénim namakanjem so najprej
namakali severno in nato juzno stran trt (preglednica 1).

Izmeni¢no kapljicno namakanje (IKN) ni znacilno
vplivalo na vegetativno rast vinske trte. Masa lesa po
rezi ter povrSina listne stene sta se opazno povecala pri
bolj namakanih trtah (100 % in 100 % IKN), vendar
razlik med obiCajnim in izmeni¢nim namakanjem niso
opazili. Pri 50 % je bila povrSina listne stene na trto
7,5 m’, pri 50 % IKN pa 7,6 m® (Intrigliolo in Castel,
2009).

Pridelek in parametri rodnosti ($t. grozdov na trto in
masa posameznega grozda) se pod vplivom razli¢nega
nacina namakanja niso znacilno razlikovali. Razlike so
bile opazne le med trtami, ki so jim dodali razlicen
volumen vode (Preglednica 1). Pri kontroli brez
namakanja so izmerili najmanjsi povprecni pridelek na
trto (5,92 kg/trto) in maso grozdov (370 g), medtem ko
so polno namakane trte pod obiajnim namakanjem dale
najve¢ grozdja (7,43 kg/trto, masa enega grozda v
povpredju 437 g). Stevilo grozdov na trto se med
obravnavanji ni spremenilo (Intrigliolo in Castel, 2009;
preglednica 1).
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Nacin dodajanja vode ni vplival na kon¢no sestavo
jagod. Pri vseh obravnavanjih je vsebnost sladkorjev
variirala med 20,9 °Brix pri kontroli in 22,8 °Brix pri
trtah pod obicajnim 100 % kapljicnim namakanjem.
Med obravnavanji se tudi pri vsebnosti titrabilnih kislin
in pH vrednosti niso pokazale znacilne razlike
(Intrigliolo in Castel, 2009).

Dosedanje raziskave vpliva izmeni¢nega kapljicnega
namakanja na rast in rodnost vinske kazejo nasprotujoce
rezultate, predvsem zaradi velikega Stevila dejavnikov,
ki vplivajo na procese v sistemu tla — vinska trta — listna
stena. Omeniti velja predvsem vremenske razmere,
znacaj sorte, lastnosti tal in nacine namakanja, zato bi
morali tovrstno namakanje preizkusiti v razli¢nih
okoljskih razmerah z razli¢nimi tipi tal, na ve¢ sortah in
pod razli¢nimi nacini dodajanja vode (Gu in sod., 2004).
Se bolj kot pri kaplji¢énem namakanju, kjer namakamo
celotno obmoc¢je korenin, tip tal mocno vpliva na
izmeni¢no namakanje, pri katerem je pomembno, da
dosezemo ocitno mejo med mokrim in suhim delom tal.
Tezja tla se pocasneje segrevajo ter ohlajajo in hkrati
osusujejo, kar pomeni, da mora cikel namakanja ene in
osuSevanja druge strani vinske trte trajati dlje ¢asa, sicer
izmeni¢no namakanje ne pride do izraza (Du in sod.,
2008).
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4 NAMAKANJE VINSKE TRTE V SLOVENIJI

Namakanje vinske trte v Sloveniji nima tak$ne tradicije
izvajanja kot v drugih drzavah pridelovalkah grozdja s
toplejsih obmocij, vendar se je tudi Ze pri nas nekaj
vinarjev odlocilo za ureditev namakalnega sistema. Prvi
poskusi vpeljave deficitnega namakanja so v teku pri
oljkah (Podgornik in Bandelj, 2015), medtem ko vinsko
trto pri nas namakajo predvsem na Primorskem, kjer
izrazito plitva tla ne omogocajo zadrzevanja vode. Po
podatkih javnih baz namakanih vinogradov v Sloveniji
ni. V zadnjih letih se je na nekaterih omejenih obmocjih
Goriskih brd in Krasa uredilo posamezne kaplji¢ne
namakalne sisteme. Najverjetneje je vodni vir
vodovodna voda ali dezevnica. V drugih vinorodnih
okolisih se namakanje v pridelavi grozdja ne izvaja
(Rusjan, 2018). Za strokovno pravilno namakanje ter
prenos principa deficitnega namakanja v prakso bo

potrebno preveriti odziv sort v danem okolju. Na
uspesnost izbranega pristopa k namakanju oziroma
deficitnemu principu namakanja imajo velik vpliv
Stevilni dejavniki, kot so sorta in podlaga vinske trte,
poznavanje kriti¢nih faz namakane sorte, lastnosti tal.
Zato je smiselno tovrstni princip namakanja dobro
preuciti v razlicnih okoljskih in eksperimentalnih
razmerah ter lo¢eno za vsak vinorodni okoli§ Vv
Sloveniji. Dobro poznavanje nadzora deficita je kljucno,
za kar je potrebno znanje ter dostop do opreme, ki bo
omogocala nadzor deficita. V Sloveniji se namaka
pogosto le po obcutku (Cveji¢ s sod., 2015), zato sta
strokovna in finan¢na podpora pridelovalcem pri
vpeljavi te tehnologije namakanja v vinogradnistvu
nujni.

5 ZAKLJUCKI

V pregledu vsebin dosedanjih objav obravnavamo vpliv
razlicnih pristopov deficitnega namakanja na rast in
rodnost zlahtne vinske trte (Vitis vinifera L.).

Deficitno namakanje je eno izmed najbolj raziskanih
nacinov upravljanja namakanja vinske trte, pri katerem
raziskovalci navajajo veliko pozitivnih ucinkov za
uspesno pridelavo grozdja. TakSen nacin upravljanja
namakanja vinske trte se je v svetu zacel uporabljati
zaradi zmanjSevanja zalog rastlinam razpolozljive vode
v tleh. Pri deficitnem namakanju se nadzorovano dodaja
manjs$i volumen vode, kot jo trta potrebuje. Rezultati
tovrstnega namakanja so manjSa rast trte (krajSe
mladike, manjsa listna povr§ina, manjSa masa lesa po
rezi), manjSe jagode in s tem sprejemljivo manjsi
pridelek, boljsa sestava jagod (ve¢ sladkorjev in
antocianov, manj kislin), ve¢ja u¢inkovitost rabe vode
(ve¢ pridelka na enoto dodane vode) in manj$a poraba
vode. Najboljsi naéin za nadzor deficitnega namakanja

pri vinski trti je sprotno merjenje vodnega potenciala
oziroma ksilemskega toka trte.

Izkusnje z dosedanjimi poskusi nakazujejo, da susSni
stres pred in po zacetku zorenja vodi do najboljSega
razmerja med rastjo in koli¢ino pridelka ter sestavo
grozdja sort 'Cabernet Sauvignon', 'Monastrell' in
'Sangiovese'. Na uspeSnost izbranega pristopa k
deficitnemu namakanju imajo velik vpliv sorta in
podlaga vinske trte ter tekstura tal, zato je smiselno to
tehnologijo namakanja dobro preuciti v razlicnih
okoljskih in eksperimentalnih razmerah ter za vsak
vinorodni okoli§ v Sloveniji. Za uspesen prenos principa
deficitnega namakanja v prakso je potrebno poznati tudi
kriti¢ne fenofaze namakanih sort vinske trte, kakSen je
odziv sorte v nekem okolju, potreben je dostop do
opreme, ki bo omogocCala nadzor deficita. UspeSen
prenos v prakso bo mogo¢ le ob finan¢ni in strokovni
podpori pridelovalcem pri vpeljavi te tehnologije
namakanja.
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ABSTRACT

Priming techniques are gaining importance in agriculture with
the increase in environmental stresses. Resource-poor farmers
are in urgent need of such techniques as they are simple,
economical, and value-added intervention associated with
low-risk bearing factors. Seed enhancement methods are key
to improve seed performance and achieve a good stand
establishment. Worldwide beneficial effects of priming are
recorded. But these technologies have still not reached most
farmers. This review highlights the importance of on-farm
priming strategies in modern crop production system to yield
better productivity and obtain higher economic returns.
Stimulation of the pre-germination metabolic changes by
priming is necessary to overcome the environmental
challenges that a plant can encounter. Thus, the study also
focuses on mechanisms associated with priming-induced
stress tolerance of crops. Various safe practical methods of
seed priming can be easily adopted by the farming community
to alleviate the levels of different stresses which can hamper
productivity. Simultaneously they can produce good quality
seeds and use them further for the next crop cycle cutting the
costs of seed purchase.

Key words: priming methods; priming agents; stress; stress
tolerance; plant growth
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India

IZVLECEK

UVAJANJE PREDSETVENE OBDELAVE SEMEN
POLJSCIN NA KMETIJAH

Tehnike predsetvene obdelave semen pridobivajo na pomenu
v kmetijstvu s povecevanjem okoljskih stresov. Zaradi
preprostosti uporabe, ekonomicnosti in dodane vrednosti
zaradi zmanjSanja tveganja so te metode nujno potrebne za
revne kmete. Metode pospesevanja kalitve semen so kljucne
za izboljSanje setve in za vzpostavitev dobrih posevkov.
Blagodejni uéinki predsetvene obdelave semen so zabelezeni
Sirom po svetu, vendar te tehnologije Se vedno niso dosegle
vecine kmetov. Ta pregled osvetljuje pomen teh postopkov na
kmetijah v modernih sistemih pridelovanja poljs¢in za boljso
produktivnost in doseganje vecjih iztrzkov. Vzpodbujanje
predkalitvene presnovne aktivnosti semen z njihovo
predsetveno obdelavo je potrebno za preseganje okoljskih
izzivov s katerimi se soocajo rastline. Raziskava se osredotoca
tudi na mehanizme, povezane s predsetveno obdelavo semen
vzpodbujene tolerance na stres pri kmetijskih rastlinah.
Razliéne varne in praktiéne metode predsetvene obdelave
semen bi lahko bile z lahkoto uporabljene pri kmetovalcih za
zmanjSevanje okoljskih stresov, ki ovirajo produktivnost
rastlin. Hkrati bi tako pridelali kvalitetna semena za naslednjo
setev in s tem zmanjsali stroske njihovega nakupa.

Kljuéne besede: metode predsetvene obdelave semen;
sredstva za predsetveno obdelavo; stres;
toleranca na stres; rast rastlin
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1 INTRODUCTION

Farmers in developing countries often encounter poor
crop establishment in crop production practices. The
reasons for this failure might be due to some basic

factors like availability of good quality seeds,
knowledge of seed technology, proper sowing
techniques, or climate change and various

environmental stresses (Figure 1). The extra costs in
labour, draft power, and materials hinder the small and
marginal farmers to alleviate these constraints
efficiently. Therefore, we need to popularize the seed
enhancement technologies which could be easily
adopted by all farmers, irrespective of their socio-
economic conditions. Because successful crop
production depends on good quality seeds.

Abiotic and biotic stresses are the norm for any plant
while completing its phenology (Suzuki et al., 2014).
Among others, the predominant abiotic stresses include
extremes of temperature, drought, high salinity, nutrient,
and oxidative stress. While pathogens (fungi, bacteria,
viruses, and nematodes) and pests (insects, arachnids,
herbivores, and weeds) are threats to plants as biotic
stress. These stresses are known to cause physiological,
biochemical, and metabolic changes in crop plants
affecting the metabolism, performance, and ultimately
adversely reducing the yield of plants (Anjum et al.,
2011; Rejeb et al., 2014).

High salt stress is the cause for disruption of water
relations and ionic distribution in plants (Munns &
Tester, 2008). Basically, salinity has a negative impact
on seed germination and seedling establishment either
by inhibiting water uptake with development of high
external osmotic potential or through accumulation of
toxic ions (Na" and CI) in the system (Nasri et al.,
2015; Negrao et al., 2017). Water is a primary factor of
production, and hence drought stress, particularly at the
critical growth stages is one of the major environmental
limiting factor affecting crop growth and productivity
(Araus et al.,, 2002). The negative consequences of
drought stress can be seen in every aspect of plant life
(Rahman et al., 2004). Drought stress is known to bring
about a series of adverse effect in biochemical and
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physiological processes of plants, viz., disturbance in
ion homeostasis and enzymatic activities, increased
levels of reactive oxygen species (ROS), decreased cell
division, leaf parameters (area, size, and chlorophyll
contents), CO, assimilation, photosynthesis, root
proliferation, stem elongation, and water use efficiency,
and consequently reduction in grain yield (Farooq et al.,
2009; Anjum et al., 2011; Farooq et al., 2012; Nikju et
al., 2015). Moreover, seeds sown in dry soil often
delays in germination as they absorb too little water
from the soil, following delay in several imbibition
processes. If a method of germination could be devised
to overcome with this time lag in germination by pre-
soaking of the seeds in water, germination would occur
swiftly ensuing in a better crop stand.

Another major global constraint in productivity of
agricultural crops is the inaccessibility of nutrients by
plants due to their deficiency in soil, commonly known
as nutrient stress (Baligar et al., 2001; Sun et al., 2011).
Both macro- and micronutrients have great roles in
meeting crops demands and improving the yield levels.
Micronutrient deficiency has already been found in the
food chain; proper management strategies focusing on
nutritional quality is a serious concern in sustainable
agriculture (Khoshgoftarmanesh et al., 2010). Several
other abiotic stresses like cold, heat, light, or irradiation
can adversely alter the plant physiology and govern the
occurrence of biotic stresses in the environment (Suzuki
et al., 2014; Pandey et al., 2017).

Plants in response to multiple environmental stresses
activate various defense mechanisms and signaling
pathways regulated by ROS, hormones (salicylic acid,
abscisic acid, jasmonic acid, ethylene, gibberellic acid,
auxins, and cytokinins), proteins, and transcription
factors (Verma et al., 2016; Gimenez et al., 2018).
Understanding these mechanisms will not only help in
saving important crops but also preventing economic
losses. Searching suitable priming agents can
significantly contribute to acclimation pathways of
plants developed against the threats of stress-induced
infections.
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Figure 1: Basic issues in low productivity of crops

While attempting to maintain an optimum external
environment for crops, the overdependence on natural
resources and fossil fuel-based technology, over the
years, has led to the gradual depletion of global water
resources, escalating greenhouse gas emissions, and a
gradual decline in productivity particularly in the high
input-intensive agriculture systems. This scenario is
likely to worsen and the brunt of the menace will
supposedly be faced by rainfed agriculture systems
globally on account of their inherent resource limitation.
While 40 % of the world’s and 68 % of Indian

¥
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agriculture is rainfed, 42 % of the Indian food
requirement is met through dryland agriculture (Singh et
al., 2004). Climate change is a real intimidation to the
developing world which unchecked, will become a
major hindrance to poverty eradication. Besides, the
contamination of the natural water bodies and soil strata
through excessive agrochemical use coupled with
improper irrigation techniques in intensive-irrigated
agriculture systems call for alternative options under
low-input sustainable agriculture systems with the
ultimate aim of acquiring global food security.

2 POSSIBLE ALTERNATIVES

Throughout the history of agriculture, several methods
have been adopted to achieve better crop tolerance to
stresses and production in unfavorable environmental
conditions. These entail breeding strategies (selection
and hybridization, molecular breeding, genetic
engineering) (Athar & Ashraf, 2009; Waqar et al.,
2014), agronomic strategies (variety selection, date of
sowing, soil management, irrigation) (Mariani &
Ferrante, 2017; Lamaoui et al., 2018), physiological
approaches (seed priming, foliar spray) (Bakhtavar et
al., 2015), etc. The success of breeding techniques is
often limited due to huge requirement of skilled
manpower and energy, complexity associated with
stress tolerance traits, tedious and costly methods, and
ethical regulations. These drawbacks have forced the
researchers to go for the alternatives which are simple

and low-cost solution so that they are easily introduced
at the field scale by resource-poor farmers.

Pre-sowing seed treatment (seed priming, seed coating,
and seed pelleting), in this regard, is an effective
strategy to overcome different stresses. This pragmatic
and short-term approach is basically used as seed
enhancement aimed at value adding or upgrading the
quality of seed (Taylor et al., 1998). Such intervention
involves the application of physical, chemical, and/or
biological agents to stimulate seed germination,
seedling vigour, and crop yield in a sustainable manner
(Sharma et al., 2015). Seed priming is an effective pre-
germination physiological method that mends seed
performance and delivers quicker and synchronized
seed germination (Matsushima & Sakagami, 2013;
Nawaz et al., 2015) by prior exposure of seed to a stress
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situation, which endows plant to better withstand the
future stress imposition (Yadav et al., 2011; Ibrahim,
2016). It involves soaking of seeds in water
(hydropriming) or solutions of lower water potential
(osmotic solutions) composed of polyethylene glycol
(PEG) (osmopriming) or salts (CaCl,, CaSO,4, KH,PO,,
KCI, NaCl, etc.) (halopriming) prior to germination
(Jisha et al., 2013; Paparella et al., 2015; Wojtyla et al.,
2016). In priming, controlled imbibition is provided so
as to induce the metabolic process of germination
without actual germination and seminal root emergence
(Binang et al., 2012; Nejad & Farahmand, 2012). Seed
coating is a process of application of adhesive polymers
with active ingredients (nutritional elements, plant
growth regulators, insecticides, fungicides, and other

chemicals) to the seed surface without altering its
original shape or size (Avelar et al., 2012; Mandal et al.,
2015; Pedrini et al., 2017). Seed pelleting came out as
an advanced form of seed coating technology. The
method includes enclosing of seed in a layer of inert
material that may change the shape and size of raw
seed, but produce a standard product (uniform round
seeds) to facilitate improved planting (Mandal et al.,
2015; Mei et al., 2017 ). Seed coating technologies are
sophisticated and expensive (Sharma et al., 2015). Seed
priming emerged as the most common method of pre-
sowing treatments (Parera & Cantliffe, 1994; Jisha et
al., 2013; Soleimanzadeh, 2013; Paparella et al., 2015;
Lutts et al., 2016; Wojtyla et al., 2016).

3 ON-FARM PRIMING OPTIONS

In “‘on-farm’’ seed priming, seeds are soaked in water,
surface dried, and sown in the field (Rashid et al.,
2002). The term on-farm is used to differentiate it from
the intensive agricultural systems using high input and
advance technology for seed priming (Harris et al.,
1999). This practice is very common in tropical
environments or semi-arid agricultural lands as a low-
cost and low-risk intervention. A plethora of priming
techniques has been developed to enhance and stabilize
field emergence, and those are categorized according to
the priming agents used. The efficiency of these
approaches is dependent upon certain factors like
aeration and water potential of priming solution, light,
temperature, priming duration, post-hydration drying,
seed and storage condition, and plant species (Parera &
Cantliffe, 1994; Wojtyla et al., 2016). Thus, it is
essential to evaluate the efficacy of various priming
options in different crops and agro-climatic conditions,
and optimize our chosen priming technique.

3.1 Hydropriming

Slow and non-uniform germination of seeds induced the
requirement of water-based seed priming. Hydropriming
is a very simple, cost-effective, and eco-friendly
technique which basically involves soaking seeds in
water for a pre-determined time followed by re-drying
to their initial moisture content (Farooq et al., 2006;
Lutts et al., 2016). Submergence can also be performed
in distilled water with or without aeration. Earlier, this
practice was known as hardening, which was done by
alternate soaking of seeds in water and drying before
sowing. The process of seed germination occurs in three
phases, viz., rapid water uptake or imbibition (phase I),
lag or plateau phase (phase II), and protrusion of
seminal root and resumption of growth (phase III)
(Bewley, 1997). Hydropriming reduces the lag period,
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and ensures rapid and uniform germination for good
stand establishment (Ahammad et al., 2014). Controlled
seed hydration as a pre-sowing strategy triggers pre-
germination metabolic activities in the form of cellular
physiological, biochemical, and molecular changes
(Figure 2) (Ibrahim, 2016; Wojtyla et al., 2016).
Improved germination of hydroprimed seeds is a result
of activation of enzymes (amylase, protease,
phosphatase, lipase, etc.), ATP production, RNA and
protein synthesis, DNA replication, detoxification of
ROS and lowering of lipid peroxidation by antioxidant
enzymes [superoxide dismutase (SOD), catalase (CAT),
peroxidase (POD), and glutathione reductase (GPx)],
accumulation of germination enhancing metabolites
(proline, soluble sugars, etc.), higher utilization of seed
reserves  (proteins, carbohydrates, lipids, and
phosphorus compounds), and other metabolic repairing
mechanisms (McDonald, 2000; Ghassemi-Golezani &
Hosseinzadeh-Mahootchi, 2013; Vaz Mondo et al.,
2016).

Information on duration (maximum length of time)
(Table 3) of hydration treatment can bring success at the
farmer’s level. Mahmoodi et al. (2011) evaluated four
hydropriming durations (6, 12, 18 and 24 h) to improve
seedling vigour and field establishment of maize, and
found 18 h to be the most effective priming period. In
case of pinto bean, Ghassemi-Golezani et al. (2010)
reported 7 and 14 h priming is sufficient to augment
seed and seedling vigour, stand establishment, and grain
yield instead of soaking the seeds for 21 h. For
optimizing duration of hydropriming in mung bean,
Shukla et al. (2018) chose five intervals of time viz., 2,
4, 6, 8, 24 h, and concluded 6 h of priming to be
optimum as the germination responses were almost
similar if the duration was increased after this priming
treatment.



The major limitations associated with this technique
include uncontrolled water uptake, which cannot be
regulated because it is a property of seeds; and non-
uniform  hydration of seeds may result in
unsynchronized germination (Taylor et al., 1998;
McDonald, 2000; Di Girolamo & Barbanti, 2012). To
overcome these challenges, drum priming is often used,
where major focus is given on duration, temperature,
and volume of water.

3.2 Osmopriming

Osmopriming is alternatively known as osmotic
priming, osmotic conditioning or osmoconditioning. In
this technique, seeds are soaked in osmotic solutions of
organic compounds like PEG, mannitol, glycerol,
sorbitol, etc. having low water potential so as to restrict
the water uptake by seeds and allow the pre-germinative
metabolic events to continue, but prevent the seminal
root protrusion (Ashraf & Foolad, 2005). PEG with a
molecular weight of 6000-8000 daltons having some
osmotic potential (¥s) is dissolved in water for seed
treatment. Out of the different concentrations (5, 10, 15,
and 20 %) of PEG solutions, Faijunnahar et al. (2017)
reported 10 % is sufficient to improve the germination,
seedling growth, and water relation behaviour of wheat
genotypes. Sadeghi et al. (2011) tested the efficacy of
PEG-6000 with different levels of osmotic potentials (-
0.4, -0.8, -1.2, -1.6, and -2 MPa) and priming durations
(6, 12, 24, and 48) on germination behaviour
(percentage, mean time, index) and vigour of soybean
seeds. Better results were observed in the seeds primed
with -1.2 MPa for 12 h.

This technique is further classified as halopriming when
the seeds are soaked in low water potential solutions
composed of inorganic salts. Osmopriming/halopriming
are also used for developing stress tolerances in plants
(Table 2 and 3). Eivazi (2012) found wheat seeds
primed with 2.5 % KCI for 16 h developed drought
tolerance in plants besides increasing the grain yield.
Rice seeds primed with NaCl @ 50 and 75 mM
performed higher seedling vigor, osmotic stress
tolerance potential, and overall crop growth than
hydropriming (Jisha & Puthur, 2014). However, both of
the priming treatments were able to modulate
antioxidant enzyme activities, reduce lipid peroxidation
of Dbiomembranes, and increase the protein,
carbohydrate, photosynthetic pigment, photochemistry,
and mitochondrial activities of rice seedlings under salt
stress conditions. A similar study of Goswami et al.
(2013) revealed that rice seedlings conferred drought
resistance by seed priming with 5 % of PEG-6000 and
NaCl, which strengthened GPx activity and reduced
peroxidative damage of the crop. Interestingly, priming
effects of NaCl and PEG was not visible in chickpea
under water deficit stress conditions (Kaur et al., 2002);
priming with mannitol (4 %) and water gave better

On-farm seed priming interventions in agronomic crops

results in growth by modulating enzymes (amylase,
invertase, sucrose synthase, and sucrose phosphate
synthase) of sucrose metabolism (Kaur et al., 2002,
2005). Seed pretreatment with NaCl (50 mM)
moderated the adverse effect of salt stress by modifying
the antioxidant enzymes like SOD, CAT, and catechol
peroxidase (CPX), enhancing accumulation of
osmolytes (proline), lowering malondialdehyde (MDA)
and H,O, contents of plants, and improving growth and
photosynthetic pigments (total chlorophyll, chlorophyll-
a, chlorophyll-b, and carotenoids) (Saha et al., 2010).
Application of PEG may cause disruption in aeration of
solution due to its high viscosity (Paparella et al., 2015).

3.3 Seolid Matrix Priming

In solid matrix priming (SMP) or matric conditioning,
solid or semi-solid medium is used instead of liquid
medium (Copeland & McDonald, 1995). This technique
is accomplished by mixing seeds with a solid or semi-
solid medium and specified amounts of water. By the
virtue of the physical and chemical characteristics of the
matrix, the water uptake by the seeds is restricted. In
SMP, a small amount of liquid per unit of seed and solid
particles is used. During SMP, water is slowly provided
to the seeds and thus, slow or controlled imbibition
occurs, allowing cell repair mechanisms to function
(Jisha et al., 2013). Predominant solid matrices are
exfoliated vermiculite, expanded calcined clay,
bituminous coal, sodium polypropionate gel or synthetic
calcium silicate (Kubik et al., 1988). Some locally
available materials that are generally utilized as solid
matrices are sawdust, charcoal and volcanic cinder and
they offer the scope for reducing priming costs
(Lorenzo, 1991). In the study of Lorenzo (1991) on
SMP using sawdust, ground charcoal and volcanic
cinder, soybean seeds responded favorably to shorter
incubation periods, i.e., 1, 2, and 5 days. The longer
incubation periods and higher water levels were harmful
to the seeds because they encouraged fungal growth.
SMP was also found to be effective in improving
soybean germination by Mercado & Fernandez (2002).

3.4 Biopriming

Biopriming or biological seed treatment is the
application of beneficial microbes in seed—plant—soil
system to enhance plant productivity and
simultaneously maintain the ecological balance. The
process is accomplished by controlled seed hydration
followed by coating of seeds with biological agents
(Sarkar et al., 2017). The priming agents help in plant
growth promotion by supplying nutrients to crops,
enhancing resistance of plants to biotic and abiotic
stresses, improving soil diversity (Singh, 2016),
ameliorating soil structure, bioremeding the polluted
soils (Mahmood et al., 2016). The technology basically
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aims at reduction of chemical inputs in our production
system.

Farmers can treat the seeds with microbial formulations
at the rate of 10 g kg™ seed after soaking the seeds for
12 h and incubate at room temperature for 48 h to obtain
microbial  coating of seeds (Reddy, 2013).
Carboxymethyl cellulose (CMC), gum arabic, rice
water, etc. are used for adhesion of inoculums. The
seeds are air-dried after incubation, and then used for
sowing. Liquid formulations can also be used by the
farmers as they mix well over the seed
surface without any sticking agent. Root dipping of the
seedlings for few hours before transplanting is also a
common practice now-a-days. Biopriming agents are
potential in promoting germination, controlling

Table 1: Some field experiments carried on biopriming

pathogens, and favouring growth and development in
plants (Table 1). Microbial consortium of compatible
microbes can also be used for better effects. Selection of
microbes is an important step in biopriming as the
growth-promoting abilities of microbes are highly
specific to certain plant species, cultivars, and
genotypes (Rakshit et al., 2015). Further, it can also
promote synergistic interaction between microbes (e.g.,
Trichoderma and arbuscular mycorrhiza) (Meena et al.,
2017). Arbuscular mycorrhizal fungi (AMF) (e.g.,
Glomus sp.) are getting special attention in biopriming
techniques because of their multi-functional nature
stimulating the growth and development of plants
(Dhawal et al., 2016). Biopriming is a suitable tool to
enhance the nutrient use efficiency in soil-plant—
environment system (Meena et al., 2016).

Crop Biological agent Method Major effect References
Boro rice Trichoderma sp. Seed inoculation Higher grain yield Rahman et al.
@ 4% of seed (2015)
weight before 4 h
of sowing
Maize Trichoderma Seed inoculation Reduction of Fusarium Chandra Nayaka
harzianumRifai, @ 10 gkg " seed verticillioides (Sacc.) Nirenberg et al. (2010)
(1969) (1976) and fumonisin infection,
increased seed germination,
vigour index, field emergence,
yield, 1000 seed mass
Barley Azospirillum sp. Seed inoculation Increased plant height, spike Shirinzadeh et al.
@7 gkg' seed length, number of spike per (2013)
area, grains per spike, 1000
grain mass, grain yield
Soybean Rhizobium sp. Seed inoculation Increased germination, Amule et al.

@ 7.5 x 10° cells

-1
seed

nodulation, seed yield, harvest (2017)

index, nitrogen harvest index

Pearl millet Pseudomonas Seed inoculation
fluorescens (Fligge

1886) Migula, 1856

Enhanced germination, seedling Niranjan Raj et al.

vigour, plant height, leaf area, (2004)
tillering capacity, 1000 seed

weight, grain yield, induction of
resistance

against  downy

mildew
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3.5 Nutrient priming

Nutrient priming has been proposed as a novel
technique that combines the dual benefits of seed
priming with an improved nutrient supply (Al-Mudaris
& Jutzi, 1999). In nutrient priming, seeds are primed in
solutions containing the limiting nutrients instead of
being soaked just in water (Arif et al., 2005). Of the
mineral nutrients, potassium plays an important role in
imparting stress tolerance to plants (Cakmak, 2005).
Seed priming in Zn®" solutions improves grain yield of
chickpea and wheat (Arif et al., 2007). Micronutrients
are required in traces however, their deficiencies are
quite common in crop plants (Abd El-Wahab, 2008).
There are mainly 3 methods of micronutrient
application in crops: application to soil, through foliar
sprays and seed treatment (Johnson et al., 2005). Each
method may affect plant growth distinctly. The use of
micronutrient enriched seeds (seed priming) has been
reported to be an easier and cost-effective strategy in
overcoming micronutrient deficiencies (Harris et al.,
1999; Rakshit et al., 2013). Seed priming has been
shown to enhance the speed of germination (Deering &
Young, 2006), reduce the emergence time, enhance
seedling vigour (Harris, 1996) and obtain better stand
establishment (Diniz et al., 2009), and increase yield
(Yilmaz et al., 1998) in wheat, rice, maize, sorghum,
chickpea, and soybean. There is evidence that sowing
seeds enriched with  micronutrients is also
agronomically beneficial (Welch, 1986).

3.6 Redox priming

The cell processes are largely determined by “redox
state”. While redox state can categorically imply to the
ratio of interconvertible oxidized and reduced species in
a redox pair, lately this term is also correlated to define
the cellular redox environment (Krebs, 1967; Schaefer
& Buettner, 2001). It is opined that if the reduced redox
state of a cell is possible to maintain, the extent of
stress-induced damage can be significantly mitigated
(Mittler, 2002). Srivastava et al. (2009) found that
thiourea treatment to the seeds of Indian mustard
(Brassica juncea (L.) Czem.) was helpful in maintaining
the integrity and functioning of mitochondria in seeds as
well as seedlings under salinity stress conditions.
Srivastava et al. (2010b) treated Brassica juncea seeds
with thiourea and observed different signaling and
effector mechanisms to be regulated in a synchronized
manner.

Seed priming with hydrogen peroxide was also reported
in wheat (Wahid et al., 2007). Manjunatha et al. (2008)
reported notable enhancement of seed germination and
seedling vigour due to exogenous application of nitric
oxide (NO) donors through seed treatment in pearl
millet. Recently, Barba-Espin et al. (2012) reported that
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hydrogen peroxide could act as signaling molecule
during the initiation of seed germination involving
certain specific changes at proteomic, trancriptomic and
hormonal levels. In the opinion of Dragani¢ & Lekic¢
(2012), priming with antioxidant substances like
ascorbic acid, glutathione and tocopherol (vitamin E)
was beneficial in increasing the vigour of sunflower
seeds exposed to low temperatures. In sorghum, seed
priming with cysteine reduced the injury caused by
gamma radiations and the effects of cysteine were most
prominent in primary root elongation (Reddy & Smith,
1978).

3.7 Hormonal priming

Plant growth regulators like auxins, cytokinins, and
gibberellins can be utilised as a pre-sowing seed
treatment to improve their germination and emergence
in stress situations (Lee et al., 1998; Jisha et al., 2013).
Particularly, abscisic acid (ABA) is extensively
involved in plant responses to abiotic stresses such as
drought, low temperature, and osmotic stress (Fujita et
al., 2006). Besides inducing the expression of many
salt-responsive genes (Chandler & Robertson, 1994),
exogenous ABA application was found in some
experiments to increase salt tolerance of the treated
plants or plant tissues (Xiong & Zhu, 2002). At the
molecular level, ABA is known to induce the expression
of numerous plant genes (Rock, 2000). ABA priming
showed increased rate of germination as compared to
nonprimed seeds in Indian mustard (Srivastava et al.
2010a, b). The beneficial effects of gibberellic acid
(GA;) on germination are well known (Angrish et al.,
2001; Radi et al., 2001). GA; (100 mg 1) applied as
presowing treatment resulted in the highest K™ and Ca**
content in the shoots of faba beans (Vicia faba L.) and
cotton (Gossypium barbadense L.) (Harb, 1992). Auxin
has also been used for priming. In wheat seed
germination, auxin treatments increased the hypocotyl
length, fresh and dry mass of seedlings and hypocotyl
dry mass (Akbari et al., 2007).

Improved replication in root tips has been found by
hormonal and vitamin priming (Shakirova et al., 2003)
which could be attributed to rapidly dividing root apical
meristem, consequently leading to better growth.
Moreover, hormone applications maintain the auxin and
cytokinin ratios in the tissues, which inadvertently are
responsible for enhancing cell division (Sakhabutdinova
et al.,, 2003). Hormonal priming, specifically ethylene
(ET) and chloroethylphosphonic acid (CEPA) has also
been found to impart tolerance to cadmium toxicity (50
uM cadmium chloride (CdCl,) to pigeon pea (Cajanus
cajan (L.) Mill.) (Sneideris et al., 2015).

Some seed priming options adopted in various crops
over time are presented in Table 2. Detailed description
of seed priming agents and their respective
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concentrations along with the treatment durations are  responsible for improved plant performances are shown
mentioned in Table 3. The major events of seed priming  in Figure 2.

Table 2: Seed priming methods developed for various agro-ecologies and their effect on imparting stress tolerance in
agronomic crops

Crop Agro-ecology Treatment Effect and References
protective
mechanism
Cereals
Rice Rainfed Halopriming (NaCl, Drought and salinity Goswami et al.
KH,PO,), osmopriming tolerance by (2013); lJisha &
(PEG), hydropriming increasing Puthur (2014)
carbohydrate,
protein, and
photosynthetic
pigment  content,
modulating

antioxidant enzyme
activities (SOD,

POD, GPx),
reducing lipid
peroxidation of
biomembranes,
enhancing
photochemistry and
mitochondrial
activities of rice
seedlings

Subtropics Se and SA priming Chilling resistance Wang et al.
by increasing (2016a,b)

membrane stability,
antioxidant activity,
starch  metabolism
(a-amylase activity,
total soluble sugar
contents) of primed

seedlings
Wheat Arid and semi-arid ~ Halopriming  (CaCl,), Salt tolerance by Afzal et al. (2006);
hydropriming, chemical increasing Wahid et al. (2007);
priming (H,O,), antioxidant activity Akbari et al. (2007);
hormonal priming (SOD, CAT), leaf Salamaetal.(2011)
(auxin), choline priming  water relations,

nutritional status
(K", Ca*, NOs,
PO,*), improving
K" Na" ratio,
reducing toxic
elements (Na*, CI),
RMP leakage of
ions, enhancing root
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Hormonal
(ascorbic acid)

priming

growth

Drought resistance
due to accumulation
of proline and
phenolics leading to
membrane stability,
tissue water
maintenance,

reduced  oxidative

damages

Farooq et al. (2013)

Barley

Arid

Nutrient
(KH2P04, ZHSO4)

priming

Drought and
nutrient stress
tolerance due to
increase in  root
biomass influencing
nutrient uptake,
water use efficiency

Ajouri et al. (2004)

Maize

Sub-tropical semi-
arid

Halopriming (CaCl,)

Drought resistance
due to well-
developed root
system facilitating
higher water and
nutrient supplies

Khan et al. (2015)

Triticale

Rainfed

Hydropriming,

halopriming (KH,POy,)

Drought and salt
tolerance is related
with higher water
uptake ability of
seeds enhancing the
relative water
content of shoot,
increased root and

shoot growth

Yagmur and
Kaydan (2008)

Pulses

Mung bean

Subtropics

Halopriming (NaCl)

Salt stress tolerance

by enhancing
growth,
photosynthetic
pigments
(chlorophyll,
carotenoids),
activities of
antioxidant

enzymes (SOD,
CAT, CPX),
accumulation of

osmolytes (proline),
lowering MDA and
H,O, contents of

Saha et al. (2010)
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plants
Chickpea Semi-arid Osmopriming Drought tolerance Kaur et al. (2002,
(mannitol), by rapid hydrolysis 2005)
hydropriming of transitory starch
Soybean Dryland Nutrient priming Soda saline-alkali Dai etal. (2017)
(ZnSO,),  halopriming stress tolerance by
(CaCly), vitamin better osmotic
priming (betaine  adjustment,
hydrochloride), antioxidant defense
hormonal priming (GA3;) system, membrane
integrity, higher
photosynthetic
pigment  contents,
starch accumulation
Alfalfa Arid and semi-arid ~ Hydropriming, Salinity  tolerance =~ Amooaghaie (2011)
osmopriming (mannitol)  with higher activity
of antioxidant
enzymes (POD,
CAT, SOD),
accumulation of
proline, stabilizing
membranes by
reducing MDA

accumulation  and
electrolyte leakage

Sugar crops

Sugarcane

Tropics
subtropics

and Halopriming

osmopriming (PEG)

(NaCl),

Salt and drought
tolerance by
osmotic adjustment,
antioxidant defense
system

Patade et al. (2011)
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Table 3: Seed priming agents and treatment durations applied for developing tolerances in some crops under drought

and salinity stress

Crop species

Seed priming treatment

References

Rice

Halopriming (NaCl @ 50 and 75 mM) for 12 h;
hydropriming with distilled water for 24 h; biopriming with
Trichoderma harzianum @ 10 g kg of seed for 24 h;
spermidine (0.5 mM) priming for 24 h

Jisha and Puthur (2014);
Yuan-Yuan et al. (2010);
Rawat et al. (2012); Zheng et
al. (2016)

Wheat Hydropriming (16 h); halopriming (2.5 % KCI) for 16 h; Patra et al. (2016); Eivazi
osmopriming (10 % PEG) for 12 h; hormonal priming (2 (2012); Faijunnahar et al.
mM ascorbic acid solution) for 10 h; choline priming (5 mM  (2017); Farooq et al. (2013);
choline chloride) for 24 h Salama et al. (2011)

Barley Hydropriming for overnight (12 to 16 h) Rashid et al. (2006)

Maize Osmopriming with aerated solution of CaCl, (ys -1.25 MPa) Khan et al. (2015)
for 24 h

Mung bean Hydropriming (6 h); chemical priming with f-amino butyric Shukla et al. (2018); Jisha
acid solution (1.0 mM) for 6 h and Puthur (2016)

Pea Halopriming with KCI and KOH @ 250 and 500 ppm (1 h) Naz et al. (2014)

Soybean Hydropriming (12 h) and hormonal priming (gibberlic acid Langeroodi & Noora (2017);
@ 50 ppm) for 14 h; biopriming with 7richoderma Khomari et al. (2018)
harzianum @ 10 g kg of seed

Indian Hydropriming with distilled water (18 h) Srivastava et al. (2010a)

mustard

Sunflower Hydropriming with distilled water (18 h) Kaya et al. (2000);

Moghanibashi et al. (2013)

Sugarcane Halopriming (NaCl @ 100 mM) for 8 days Patade et al. (2009)
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4 CHALLENGES IN ADOPTION OF SEED PRIMING

Many of the experiments which showed better results
were practiced in greenhouse or controlled conditions,
especially in the rainfed regions of Bangladesh,
Pakistan, Nepal, Africa, and India. Their validation in
field conditions is still unexplored. However, this
customised method is gaining popularity, and emerged
as a smart intervention across diversified agro-
ecological regions. Harris et al. (1999, 2001) suggested
on-farm seed priming can be revived through farmer-
participatory  approaches. Farm  walks, group
discussions, and other tools of extension should be
adapted by the researchers/scientists. If the duration of
priming is exceeded, then it may lead to seed or
seedling damages. Special care is needed while
transporting liquid inoculants and applying to the fields
(Mahmood et al., 2016). Higher concentrations of
priming agents may hamper or delay seed germination.
The longevity of low vigour seeds are improved, but

reduced in high vigour seeds (Varier et al., 2010).
Reduced storability of primed seeds enhances the
maintenance costs of farmers (Lutts et al., 2016). In
hydropriming, the activation of the physiological
processes are non-uniform because seeds are not equally
hydrated (Girolamo & Barbanti, 2012). Heavy rainfall
after sowing decays primed seeds in soils remaining
saturated for a longer period of time (e.g., black soils)
(Ramamurthy et al., 2005). Contamination of priming
agents can heavily impair seed germination. The
efficiency of the biological agents is often low or
variable due to unfavourable environmental conditions
(e.g., relative humidity, temperature, etc.), shorter shelf-
life, low quality, and/or competition with local microbes
(O’Callaghan, 2016). For better implementation of seed
priming processes, crop species, location, duration of
priming, priming agents, temperature, and storage
conditions must be considered.

5 CONCLUSION

On-farm seed priming is an apt technology for the
predominantly resource-poor farmers of the developing
world. It is a simple, low-cost intervention which shows
quick results in varied eco-systems ranging from arid
and semi-arid tropics in India, Africa, the Middle East
as well as in highly controlled temperate agriculture
systems. Pre-sowing water hardening of seeds has been
an age-old practice in several dryland agro-ecosystems.
However, the recent advances in halopriming, chemical
priming with KNO;, KH,PO,, ZnSO,, MnSO,, etc.,
solid matrix priming, ascorbate priming, and redox
priming have given this technique an added edge over
the traditional system of seed hardening. Coupled with
the success of modern science in agriculture, our
understanding of the priming-induced responses of
crops will open new vistas regarding their stress
tolerance abilities, and devise further integrated and
sustainable approach applicable in diverse agro-
ecosystems. Biopriming with potent strains of
Trichoderma spp. and Pseudomonas spp. among others
is a stratagem of not only alleviating moisture stress but
also imparting much needed biotic stress tolerance. Seed

priming is known to activate certain signaling pathways
during the early stages of plant phenology and result in
quicker plant defence responses. Thereby, upon
subsequent or future exposure to these biotic and abiotic
stresses, a  second signaling event would
excite/stimulate the signaling proteins consequently
amplifying the signal transduction, and therefore
leading to more rapid and/or more intense activation of
previously acquired defence responses (Conrath et al.,
2006).

A better and refined transition from laboratory to field
adaptability of the different seed priming methods is
also needed, which essentially should be adjudged to
extensive farmer participatory trials. While seed
priming is indeed ascertained as a potential technology
to mitigate the adverse effects of climate change and the
ensuing alterations in water availability, extremes of
temperatures, salinity stress, etc.; future work is needed
on the usability of various priming options for varied
agro-ecosystems and different crops.
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In Memoriam - Prof. dr. Julija Smole

(1930-2018)

V jeseni, ko je sadjar poplac¢an za ves trud z obilico plo-
dov raznolikih oblik in barv, nas je 27. septembra 2018, v 89.
letu starosti zapustila nasa cenjena pedagoginja, spostovana
sodelavka in kolegica profesorica dr. Julije Smole.

Prof. dr. Julija Smole se je rodila 25. aprila 1930 v
Ljubljani. Osnovno $olo je obiskovala v Smarju pri Ljubl-
jani (1937-1942), gimnazijo pa v Ljubljani. Leta 1949 se je
vpisala na tedanjo Agronomsko in gozdarsko fakulteto, kjer
je junija 1955 diplomirala. 1. avgusta 1955 se je zaposlila v
Sadni drevesnici in vrtnariji v Kamniku. Tu je ob nastaja-
jocih nasadih uspesno opravila prakso in se v $tirih letih
usposobila za vodenje pridelave ter leta 1959 postala direk-
tor obrata. Leta 1961 je bila izvoljena na razpisano mesto
asistenta na Katedri za sadjarstvo Biotehniske fakultete. S
tem imenovanjem se je zaCela njena uspesna, hitra akadem-
ska kariera ter pot med vodilne univerzitetne ucitelje na fa-
kulteti in med vrhunske strokovnjake v pomoloskih vedah,
v teoriji in praksi.

Prevzela je naloge iz teme proucevanja in selekcije ces-
enj in marelic v goriskem in istrskem sadnem okoliSu. Njeni
dosezki so zbrani v letnih poro¢ilih in zbirkah Pomoloske
raziskave slovenskega ozemlja ter v veliko objavljenih raz-
pravah v domacih in tujih publikacijah. Leta 1971 je prido-

bila akademski naziv magistra, 1973 pa je bila promovira-
na za doktorico agronomskih znanosti. Njeno magistrsko
delo, disertacija in druge razprave predstavljajo znanstvene
temelje sodobnega izbora ¢eSenj in viSenj za goriski sadni
okoli$ ter priporocilo za vseslovenski perspektivni sadni
izbor. Na osnovi raziskovalnih dosezkov je bila prof. dr. Ju-
lija Smole leta 1974 habilitirana, leta 1976 izvoljena v naziv
docentke, leta 1978 v naziv izredne profesorice in leta 1983
v naziv redne profesorice za podrodje sadjarstva.

Delovno podro¢je prof. dr. Julije Smole je bila tudi
hibridizacija, selekcija in introdukcija ter vzgoja novih
sort breskev in Ce$enj ter proucevanje in uvajanje marelic
v posavskem in goriskem sadnem okolisu. Uspesno je bilo
krizanje in vzgoja novih sort breskev. V sedemdesetih letih
je opravila s sodelavci kriZanje sorte 'Slovenija' z ameriskimi
sortami ter s testiranjem in odbiro dobila osem pozitivnih
krizancev. Posebej uspesno je bilo tudi krizanje ¢esenj in kot
rezultat je nova slovenska sorta 'Vigred'. Rezultati njenega
dela so objavljeni v knjigah Na$ sadni izbor, RazmnozZevanje
sadnih rastlin, Ce$nje in vi$nje. Sodelovala je na mnogih do-
macih in tujih konferencah in znanstvenih srecanjih, bila je
mentor §tevilnim diplomantom, pod njenim mentorstvom
pa je magistriralo in doktoriralo 6 kandidatov.

Acta argiculturae Slovenica, 111 - 3, december 2018, 737-739



Prof. dr. Julija Smole je prejela Stevilna priznanja in
odlikovanja. Za uspehe pri pedagoskem in znanstvenem
delu, za prizadevanje pri razvoju stroke in fakultete je leta
1975 prejela Priznanje Biotehniske fakultete. Za ekologke in
fizioloske raziskave pri ¢e$njah je prejela leta 1978 Nagrado
sklada Borisa Kidri¢a. Za uresnic¢evanje delavskih interesov
z dolgoletnim in poZrtvovalnim delom v sindikalni orga-
nizaciji in za pomembne uspehe v njenem uveljavljanju in
razvoju je prejela leta 1978 Srebrni znak sindikatov Sloveni-
je, leta 1979 pa od takratnega predsednika SFR] Red dela s
srebrnim vencem.

Bila je namestnica predstojnika za agronomijo in dol-
goletna predstojnica Katedre za sadjarstvo in kasneje Insti-
tuta za sadjarstvo, vinogradnistvo in vrtnarstvo, kjer je vzgo-
jila precej diplomantov in mladih raziskovalcev. Z veseljem
je prisko¢ila na pomo¢ z idejami, komentarji, popravki,
sadjarskimi nasveti in nasveti za vsakdanje zivljenje. 15. 10.
1994 se je upokojila.

Prof. dr. Julija Smole je bila dejavna v strokovnih orga-
nizacijah, zdruzenjih in drustvih, v odborih Poslovne skup-
nosti za sadjarstvo Republike Slovenije in delovnih skupi-
nah Alpe - Jadran. Bila je ¢lan oddel¢nih in fakultetnih teles,
Raziskovalne skupnosti Slovenije, Strokovnega sadjarskega
drustva Slovenije in Hortikulturnega drustva, uredniskega
odbora glasila Na$ vrt in revije SAD in drugih upravnih,
poslovnih in druzbenih teles. Bila je ustanovna ¢lanica Stro-
kovnega sadjarskega drustva Slovenije in v njem delovala ze
od vsega zacetka — zavidljivih 48 let.

Predavanja prof. Smoletove niso bila obvezna, pa je bila
predavalnica vedno polna. Njena predavanja so bila izredno
zanimiva in so vedno pritegnila $tudente. Snov je podajala
na zelo razumljiv in zanimiv nacin, vzbujala je vedozeljnost.
Mnogo $tudentov ima shranjene zapiske njenih predavanj in
velikokrat pridejo prav $e danes.

Bila je odli¢en pedagog. V odnosu z nami $tudenti je
bila vedno prijateljska, izkazovala je pomo¢ pri delu in si
zavzeto prizadevala za boljsi u¢ni uspeh. Svoje znanje je ne-
sebi¢no razdajala $tevilnim generacijam sadjarjev, povedala
kaks$no modrost in Zivljenjski nasvet.

Prof. dr. Julija Smole je pustila pomemben pecat v slo-
venskem sadjarstvu s svojim raziskovalnim, strokovnim in
pedagoskim delom ter s svojim znanjem zaznamovala slo-
venske sadjarje.
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In memoriam Prof. Dr. Julija Smole
(1930-2018)

Fall is the time, when fruit grower's work is rewarded
with bountiful and vibrant fruit. But as the earth gives it also
takes away and we are sad to say goodbye to our esteemed
colleague, teacher and friend, prof. dr. Julija Smole, who
passed away on 27th of September 2018.

Prof. dr. Julija Smole was born on 25th of April 1930 in
Ljubljana. She attended primary school in Smarje near Lju-
bljana (1937-1942) and high school in Ljubljana. In 1949 she
enrolled to the former Faculty for Agronomy and Forestry
in Ljubljana and graduated in June 1955. She started work at
a fruit nursery in Kamnik on August 1st 1955, where she ac-
quired practical experience by setting up and managing new
orchards. After four years, in 1959, she became the direc-
tor of the company. In 1961 she started work as an assistant
at the Chair for Fruit Growing at Biotechnical Faculty. Her
fast and fruitful academic carrier launched her among the
leading university professors at the Faculty. Moreover, she
became a skilled professional in pomological sciences, both
in theoretical and practical aspects.

She was involved in cherry and apricot selection set up
in Gorica and Istria fruit-growing regions. Her achievements
were described in Pomological yearbooks and other Slove-
nian pomological publications. She was also very active in
disseminating her work in national and international peri-
odicals. In 1971 she became Master of Science and defended
her PhD in agronomy in 1973. Her MSc and doctoral thesis
represented the scientific basis for modern sweet cherry and
sour cherry selection suitable for the Gorica fruit-growing
region. Moreover, these works paved the path for Slovenian
Fruit selection today. Research achievements enabled prof.
dr. Julija Smole to acquire university habilitation in 1974,
promotion to assistant professor for Fruit Growing in 1976,
associate professor in 1978 and full professor in 1983.

The work field of prof. dr. Julija Smole extended to hy-
bridization, selection and introduction of new peach and
sweet cherry cultivars as well as to the study and introduc-
tion of apricot cultivars in the Posavje and Gorica fruit-
growing regions. She was successful in crossing and cultiva-
tion of new peach cultivars. In 1970’s she and her colleagues
succeeded in crossing the cultivar 'Slovenia' with several
American cultivars with an outcome of 8 new promising
crosses. She was also successful in sweet cherry breeding
and is most known for the 'Vigred' cultivar. She published
her breeding activities in the following publications: Nas
sadni izbor (Our fruit selection), Razmnozevanje sadnih
rastlin (Propagation of fruit plants) and Ce$nje in visnje
(Sweet and sour cherries). She actively participated in many
national and international conferences and research meet-
ings, and mentored numerous graduate and MSc theses. She
was a mentor to no less than 6 doctoral students.



Prof. dr. Julija Smole was the recipient of several awards
and honours. Among others, she received the award of Bio-
technical Faculty for her teaching and research work in 1975
as well as the Boris Kidi¢ fund award for her environmental
and physiological research on cherries in 1978. She received
the Silver token of the labour union in 1978 as she devoted
many years and energy for recognition and progress of this
organization and particularly, worker’s rights. In 1979 the
former president of SFRY awarded prof. dr. Julija Smole the
Silver wreath order.

She was deputy head of the Agronomy Department
and long-time head of the Chair for Fruit Growing, Viticul-
ture and Vegetable Growing. She was always eager to help,
advise, comment, direct and lead young undergraduate stu-
dents, PhD students, researchers and colleagues. Her profes-
sional knowledge was also complemented with day-to-day
advice on life itself. Prof. dr. Julija Smole retired on 15th of
October 1994 but she remained active in professional socie-
ty as well as warmly greeted by her co-workers on different
social occasions.

Prof. dr. Julija Smole actively participated in profes-
sional organizations, associations and societies, took part
in the Slovenian Business Community for Fruit Growing
and in Alpe - Jadran working groups. She was a member
of different committees at the Department and Faculty le-
vels, Slovenian Research society, Professional Fruit Growing
Society, Horticultural Society, she was on editorial board
of Nas vrt and SAD newsletters and attended several other
administrative, legal and social groups. She was one of the
founding members of Professional Fruit Growing Society in
Slovenia and has been active in it since the very beginnings
— for 48 years!

Her classes were not obligatory but nevertheless, the
classroom was always full. She was a compelling lecturer
and always knew how to appeal to students. She presented
the topics coherently and intrigued curiosity. Many students
still have notes from her lectures and these remain relevant
today. Prof. dr. Julija Smole was simply an amazing pro-
fessor. She was always friendly with the students, helpful
and eagerly trying to promote their learning success. She
unselfishly distributed her knowledge to many generations
of fruit growers, shared her wisdom and advice.

Prof. dr. Julija Smole assigned a significant mark on
Slovenian fruit growing both in research and professional
fields but mostly left a lasting impression of her knowledge
on many generations of Slovenian fruit growers.

prof. dr. Metka Hudina
Biotehniska fakulteta / Biotehnical Faculty
Oddelek za agronomijo / Department of Agronomy
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NAVODILA AVTORJEM

UVOD

Acta agriculturae Slovenica je cetrtletna odprtodo-
stopna znanstvena revija z recenzentskim sistemom, ki jo
izdaja Biotehniska fakulteta Univerze v Ljubljani. Revija
sprejema izvirne in Se neobjavljene znanstvene ¢lanke v
slovenskem ali angleskem jeziku, ki se vsebinsko nanasa-
jo na $ir§e podrodje rastlinske pridelave in Zivalske pri-
reje in predelave. Pokritost zajema $irok razpon tem, kot
so agronomija, hortikultura, biotehnologija, fiziologija
rastlin in Zivali, pedologija, ekologija in okoljske Studije,
agrarna ekonomika in politika, razvoj podezelja, socio-
logija podezelja, genetika, mikrobiologija, imunologija,
etologija, mlekarstvo, zivilska tehnologija, prehrana, bi-
oinformatika, informacijske znanosti in ostala podro¢ja,
povezana s kmetijstvom. Pregledne znanstvene ¢lanke
sprejemamo v objavo samo po poprej$njem dogovoru z
uredniskim odborom. Objavljamo tudi izbrane razsirje-
ne 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 prispe-
vek del diplomske naloge, magistrskega ali doktorskega
dela, navedemo to in tudi mentorja na dnu prve strani.
Navedbe morajo biti v slovenskem in angleskem jeziku.
Urednistvo revije zagotovi prevode izbranih bibliograf-
skih elementov (naslova, izvlecka, opomb in klju¢nih
besed) v primeru tujih avtorjev. Prispevke sprejemamo
skozi celo leto.

PROCES ODDAJE PRISPEVKA

Avtorji lektorirane prispevke oddajo v elektronski
obliki na spletni strani OJS Acta agriculturae Slovenica.
Pred oddajo prispevka se mora avtor na spletni strani
najprej prijaviti oziroma registrirati, ce prvi¢ vstopa v
sistem (potrebno je klikniti na Registracija in izpolniti
obrazec za registracijo). Bodite pozorni, da na dnu regis-

AUTHOR GUIDELINES

INTRODUCTION

Acta agriculturae Slovenica is an open access peer-
reviewed scientific journal published quarterly by the
Biotechnical Faculty of the University of Ljubljana, Slo-
venia. The Journal accepts original scientific articles from
the fields of plant production (agronomy, horticulture,
plant biotechnology, plant-related food-and-nutrition
research, agricultural economics, information-science,
ecology, environmental studies, plant physiology & ecol-
ogy, rural development & sociology, soil sciences, genet-
ics, microbiology, food processing) and animal produc-
tion (genetics, microbiology, immunology, nutrition,
physiology, ecology, ethology, dairy science, economics,
bioinformatics, animal production and food process-
ing, technology and information science) in Slovenian
or English language. Review articles are published upon
agreement with the editor. Reports presented on confer-
ences that were not published entirely in the conference
reports can be published. Extended versions of selected
proceedings-papers can also be considered for accept-
ance, provided they include at least 30 % of new original
content, but the editorial board must be notified before-
hand. If the paper is part of BSc, MSc or PhD thesis, this
should be indicated together with the name of the men-
tor at the bottom of the front page and will appear as foot
note. All notes should be written in Slovenian and Eng-
lish language. Slovenian-language translation of selected
bibliographic elements, for example the title, abstract,
notes and keywords, will be provided by the editorial
board. Manuscripts are accepted throughout the year.

SUBMISSION PROCESS

Manuscripts should be submitted to the Acta ag-
riculturae Slovenica OJS site. The submitting author
should be registered to the site. Click Register and fill
in the registration form. Be sure to check in the Author
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tracijskega obrazca ne pozabite odkljukati potrditvenega
polja » Avtorg, sicer oddaja prispevka ne bo mogoca.
Proces oddaje prispevka poteka v petih korakih.
Priporocljivo je, da se avtor pred oddajo najprej seznani s
postopkom in se na oddajo prispevka pripravi:

Korak 1: Zacetek oddaje prispevka
— izbrati je potrebno eno od sekcij,
— pri rubriki »Pogoji za oddajo prispevka« morate
potrditi vsa potrditvena polja,
- dodatna pojasnila uredniku je mogoce vpisati v
ustrezno polje.
Korak 2: Oddaja prispevka
- Nalozite prispevek v formatu Microsoft Word
(.doc ali .docx).
Korak 3: Vpis metapodatkov
- Podatki o avtorjih: ime, priimek, elektronski
naslovi in ustanove vseh avtorjev v ustreznem
vrstnem redu. Koresponden¢ni avtor mora biti
posebej oznacen.
- Vpisite naslov in izvlecek prispevka,
- Vpisite kljuéne besede (najve¢ 8, loceno s
podpi¢jem) in oznadite jezik besedila,
- Vnesete lahko tudi podatke o financerjih,
- V ustrezno besedilno polje vnesite reference
(med posameznimi referencami naj bo prazna
vrstica).
Korak 4: Dodajanje morebitnih dodatnih datotek
- Grafi¢no gradivo naj bo nalozeno v eni ZIP
datoteki. Graficne slike imenujte Slikal.jpg,
Slika2.eps, in podobno,
- Za vsako dodatno nalozeno datoteko je potreb-
no zagotoviti predvidene metapodatke.
Korak 5:Potrditev
- Potrebna je kon¢na potrditev.
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