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ABSTRACT

The field experiment was conducted during the years-2006-2008 on a very light soil in central Poland in an area
particularly deficient in water. The key aim of the study was the reaction of 10 European asparagus (4sparagus
officinalis L.) cultivars: Ravel, Rambo, Rally, Ramada, Rapsody, Cipres, Plaverd, Backlim, Grolim, Orane, grown
for green spear production to surface drip irrigation. Drip irrigation of the asparagus plants had a positive effect
both on summer stalks and green spears. A significant increase in the height, number and diameter of summer
stalks, as well as an increase in the marketable yield, weight and number of green spears was observed for most of
the cultivars. Both factors, the irrigation used and the asparagus cultivars, significantly modified the antioxidant
content in asparagus spears. The Rapsody cultivar accumulated significantly more, and the Grolim cultivar signifi-
cantly less, total polyphenols in asparagus spears at unirrigated plots. An inverse relationship was obtained in the
Grolim cultivar with respect to the content of vitamin C, which accumulated the most of it under the irrigation con-
ditions. The Ramada cultivar from irrigated plots contained significantly the highest amount of total carotenoids.
In turn, the Cipres and Grolim cultivars from irrigated plots were characterized by the highest antioxidant activity.

Keywords: asparagus, European cultivars, water needs, drip irrigation, yield, very light soil.

INTRODUCTION Asparagaceae family [Kobus-Cisowska et al.,
2019]. This species comes from the eastern Medi-
Asparagus (4Asparagus officinalis L.) is a pe- terranean and Asia Minor and has been cultivated

rennial vegetable, which is classified under the for over 2,000 years. Asparagus is grown all over
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the world, including: in the United States, Italy,
the Netherlands, Canada, Germany.

Asparagus is cultivated on a large scale in
temperate climates both in Europe (Germany,
Spain), Asia (China) and South America (Peru).
The current total area of this vegetable in the
world is approximately 200,000 hectares, the
world harvest is approximately 1.5 million tons
[Fuentes-Alventosa, 2009; Dziedzinski et al.,
2019; Szczepaniak et al., 2019]. However, Poland
is not a country with a large production of aspara-
gus, and the crops of shoots from local crops are
mainly exported to European Union countries
(mainly Germany) [Rolbiecki, 2013; Szczepaniak
et al., 2019]. The demand for this valuable veg-
etable is high mainly among domestic consum-
ers, who care about eating healthily. A. officinalis
is a low-calorie vegetable that has deacidifying
properties. Due to the presence of many minerals,
vitamins and bioactive compounds in the tissues,
such as polyphenols, anthocyanins and saponins,
this vegetable has health-promoting properties.
Based on in vitro and in vivo studies, it has been
shown that this species has anticancer, antioxi-
dant, immunomodulatory, antihypertensive and
antiepileptic, hypoglycemic, laxative and diuretic
properties [Elsaid et al., 2015; Mastropasqua et
al., 2016; Sullivan et al., 2017; Dziedzinski et
al., 2019; Guo, 2020]. In folk medicine, various
parts of asparagus have been used for centuries to
treat neuralgia, rheumatism and support eyesight
Cieslik and Siembida [2011]. Due to the presence
of the antioxidant glutathione in the shoots, eating
this vegetable is helpful in the treatment of cata-
racts and supports the functioning of the heart,
regulation of blood pressure and the nervous sys-
tem. Thanks to the presence of phytosterols, veg-
etables help reduce cholesterol levels and cleanse
blood vessels of deposits [Low Dog, 2009; Con-
versa et al., 2019]. According to the tradition of
the Far East, asparagus alleviates the course of
diseases such as diabetes, bronchitis, whooping
cough, tuberculosis, and also helps in disrupting
the menstrual cycle [Park et al., 2016].

Growing asparagus is very demanding. Ob-
taining high-quality asparagus spears depends not
only on the cultivar but also on the agrotechnical
procedures carried out during the growing season,
including the method of irrigation, which deter-
mines the properties and quality of the obtained
shoots. New cultivars of asparagus usually have
high soil and water requirements [Rolbiecki and
Rolbiecki, 2008; Rolbiecki, 2013; Szczepaniak
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et al., 2019; Rolbiecki et al., 2021a]. Therefore,
it is important to create optimal conditions for
growth and development during the growing sea-
son for obtaining a satisfactory commercial yield
of a given asparagus cultivar [Rolbiecki, 2013;
Szczepaniak et al., 2019; Rolbiecki et al., 2021a;
Cruz-Bautista et al., 2023].

Water is the main component of living or-
ganisms and is necessary for the growth and de-
velopment of plants. Globally, agriculture uses
approximately 70% of available freshwater to
irrigate crops. On light soils with low retention
capacity in arid and semi-arid regions, the need
for fresh water is nearly 90% for irrigation [Li et
al., 2020]. In Poland, almost half of the land in-
tended for cultivation consists of light and very
light soils [Pierzgalski and Jeznach, 2006]. Their
main disadvantages include unfavorable water
properties, such as: too high permeability, poor
drainage, low water retention, short-term reserves
of water easily available to plants, rapid drying of
the soil, longer and more dangerous dry periods
for plants compared to medium and heavy soils
[Rolbiecki, 2023]. For sustainable water manage-
ment in agriculture area, using simulation model
such as Aquacrop and irrigation systems are use-
ful tolls to estimate effect of applied water depth
and quality of irrigation water on crop yield [Kale
Celik, 2022]. In Poland’s climatic conditions, the
greatest rainfall deficits, extremely unfavorable
water balances and increased frequency of long
periods without rainfall occur in the central part
of the country, the so-called The Land of Great
Valleys, which also includes the Bydgoszcz re-
gion [Zarski, 2011; Rolbiecki, 2013]. In order to
increase the productivity of these soils, frequent
water shortages should be supplemented using ir-
rigation. Scientific research conducted in the By-
dgoszcz region has shown the high advisability of
using this basic yield factor on soils with low re-
tention capacity [Rolbiecki and Robliecki, 2008;
Rolbiecki et al.; 2011; Rolbiecki, 2013; Rolbiecki
et al., 2021a; Rolbiecki et al., 2021b]. A modern
irrigation technique for field crops is drip irri-
gation [Kaniszewski 2005, Jeznach, 2009; Rol-
biecki et al., 2021a; Rolbiecki et al., 2021b]. One
of the many advantages of this system is the easy
and precise administration of small doses of wa-
ter directly to the root zone of plants. This mod-
ern system has many advantages, one of which is
the easy and accurate application of small doses
of water directly to the root zone of plants [Rol-
biecki, 2013; Rolbiecki at al., 2021ab].
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The goal of the research was to verify the re-
sponse of 10 European asparagus cultivars (Ravel,
Rambo, Rally, Ramada, Rapsody, Cipres, Plaverd,
Backlim, Grolim, Orane) grown under drip irriga-
tion conditions. The experiment was carried out on
the very light, sandy soil and in an area particularly
poor in water (region of central Poland), where the
use of supplemental irrigation is justified.

MATERIALS AND METHODS

Experimental site and design

A four-year (2006-2008) field study was car-
ried out on post-agricultural land located in Kruszyn
Krajenski (53°04°53"N, 17°51°52"E) near Bydgo-
szcz in central Poland. The area where the experi-
ment was carried out belongs to the so-called Land
of the Great Valleys, where there are deficits in pre-
cipitation, extremely unfavorable water balances
and increased frequency of long-term periods with-
out precipitation [Zarski, 2011; Rolbiecki, 2013].

The field experiment was established and
carried out-in four repetitions-as a single-factor
experiment in a randomized block design “split-
plot”. The first factor of the experiment was irri-
gation. This factor was used in two variants: unir-
rigated plots (O-control), and drip irrigated plots
(D-drip irrigation). The second factor was 10 Eu-
ropean varieties of A. officinalis, including: Ravel,
Rambo, Rally, Ramada, Rapsody, Cipres, Plaverd,
Backlim, Grolim, Orane. Based on the readings
of tensiometer devices (according to the Institute
of Horticulture in Geisenheim, Germany), terms
of individual irrigation treatments of asparagus
were determined [Paschold and Weithaler, 2000].
During the drip irrigation period, the soil water
potential was not less than -50 kPa. This value
was pF 2.7, which corresponded to the depletion
of 50-60% of EWC. The tensiometer filters were
placed at a depth of 25 and 50 cm. Soil suction
pressure measurements were made every 2-3
days. Additionally, additional, ongoing observa-
tions of the appearance of plants and an organo-
leptic assessment of soil moisture were also made.
The surface drip irrigation of asparagus plants was
done with the use of drip line T Tape, where the
distances between drippers were 20 cm. The soil
of the experimental field was black gley soil made
of alluvial sand. The soil was classified as class
VI, a very weak rye complex. It was characterized
by a low specific density of 2.29-2.74 Mg-m™ in

the 0—60 cm layer. Porosity ranged from 39.7%
for the parent rock to 42.2% for the arable-humus
horizon. The soil pH was slightly acidic to neutral
(pH in H,O was 5.5). The soil was characterized
by a well-developed arable-humus horizon with an
average content of humus and nutrients, probably
the result of long-term fertilization with manure.
The average humus content in the 0—60 cm layer
was 1.35%, while the contents of selected nutri-
ents were as follows: P — 52.5 mg-dm™ of soil, K —
71.25 mg-dm of soil, Mg — 59.0 mg-dm™ of soil.
In the year preceding its establishment, manure
was applied at a dose of 60 t-ha™'. Before setting up
the experiment, magnesium lime was applied at a
dose of 1.5 t-ha™! to increase the soil pH. The agro-
technical treatments and fertilizers applied before
and during the experiment were consistent with the
generally accepted principles proposed by Knaf-
lewski [2005]. Phosphorus-potassium fertilization
was determined depending on the content of nutri-
ents in the soil in the amount of 100-120 kg-P,O,
and 200-250 kg-K,O. Nitrogen fertilization (120
kg-N-ha™') was applied in three equal doses of
40 kg'N-ha'. The following fertilizers were
used for mineral fertilization: ammonium nitrate
(34%), potassium salt (55%), granulated triple
superphosphate (46%). One-year-old asparagus
spears were planted in the ground in May 2006.
Male cultivars with high yield potential, suitable
for intensive cultivation, were selected for the
experiment. The crop was grown for green spear.

The beginning of the harvest took place, de-
pending on the year of cultivation, in the third
decade of April or the first of May, while the
end of the harvest usually fell at the end of the
second or the beginning of the third decade of
June. During each harvest (in 2007 and 2008),
measurements were taken of the marketable
yield (t-ha') of the asparagus green spears per
plot as well as the weight (g) and the number
(pcs) of the green spears. After harvesting of
green spears bioactive components were deter-
mination: total polyphenols (mg-GAE kg' FW),
ascorbic acid (mg-kg' FM), total chlorophyll
(mg-kg!-FW), total carotenoids (mg-kg' FW),
antioxidant activity (mmol-Fe*"-kg™!). After the
end of the growing season in 2006 and 2007,
measurements were made of the basic param-
eters of the asparagus summer stalks (cm), i.e.
height (cm), number of the asparagus summer
stalks (pcs), number of assimilative shoots from
one plant and shoot diameter [mm] at a height of
3-5 cm from the ground surface.
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Meteorological conditions

The meteorological conditions prevailing in
the years 2006-2008 and in the years 1971-2000
are summarized in Tables 1 and 2 based on data
from the meteorological station of the Depart-
ment of Melioration and Agrometeorology of
the University of Technology and Life Sciences
located at the Research Station of the Faculty of
Agriculture and Biotechnology in Mochelek near

Bydgoszcz, where the strict vegetation research.
This area belongs to the so-called climatic region
of Poland. The Land of the Great Valleys, charac-
terized by an increase in the amplitude of average
annual temperatures and relatively little rainfall.
The average length of the thermal growing season
in this area ranges from 210 to 217 days [Zarski,
2011]. In all years of the research period 2006—
2008, the average temperature during the grow-
ing season was higher than the temperature in the

Table 1. Air temperature (°C) in the vegetation of asparagus season in 2006-2008 against the background of the
long-term mean in the Bydgoszcz region in 1971-2000

Years Month of vegetation season
Decade - Mean
of research April May June July August September
I 53 12.9 11.8 22.7 17.6 15.2
I 7.3 13.1 18.9 21.8 17.4 15.7
2006
] 8.7 1.4 19.7 22.7 15.0 14.6
Mean 7.1 125 16.8 22.4 16.6 15.2 15.1
I 5.9 9.3 18.8 15.7 18.6 12.6
I 9.3 12.7 19.5 21.1 18.6 11.3
2007
] 10.2 19.0 16.2 17.3 16.4 13.2
Mean 8.5 13.8 18.2 18.0 17.8 12.4 14.8
I 57 12,6 19,1 19,1 19,1 16,8
I 6,7 13,0 15,6 18,2 18,3 9,7
2008
1] 10,4 14,0 18,0 20,3 16,2 10,7
Mean 7,6 13,2 17,6 19,2 17,8 12,4 14,6
2006-2008 7.7 13.2 17.5 19.9 17.4 13.3 14.8
1971-2000 7.6 13.1 16.3 18.0 17.7 13.1 14.3
Difference (+/-) +0.1 +0.1 +1.2 +1.9 -0.3 +0.2 +0.5

Table 2. Rainfalls (mm) in the vegetation season of asparagus in 2006-2008 against the background of the long-

term mean in the Bydgoszcz region in 1971-2000

Years Month of vegetation season
Decade - Mean
of research April May June July August September
I 0 10 7 0 75 37
1l 0 20 15 26 23
2006
I 45 34 0 5 17
Sum 45 64 22 31 115 42 317
I 5 21 43 79 3 18
1l 0 23 24 4 1" 5
2007
I 3 5 36 29 46 13
Sum 8 49 103 112 60 36 367
I 12 0 9 12 5
1l 13 5 38 36 2
2008
I 0 27 0 34 19
Sum 25 32 47 82 26 215
Mean for 2006—-2008 26 39 52 52 86 35 300
Mean for 1971-2000 25 43 60 67 51 42 288
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1971-2000 period (by +0.5°C on average). The
highest average temperature in the growing sea-
son was in 2008 15.1°C (+0.8°C in relation to
the average from 1971-2000). The lowest tem-
perature occurred in 2008 (14.6°C). In this year,
the average temperature during the growing sea-
son was higher than the temperature in the years
1971-2000 (+0.5°C) (Table 1). In the analyzed
research period, on average, higher rainfall was
recorded in relation to the average values for the
years 1971-2000 (Table 2). The average total
rainfall in the growing season for the research
period was 300 mm and was 12 mm higher than
the average for the years 1971-2000. The high-
est rainfall sum was recorded in the second year
of the experiment (2007), which amounted to
367 mm and was higher than the long-term aver-
age by 79 mm. In turn, the year with the least
amount of rain was 2008, when the sum amount-
ed to 215 mm and was 73 mm lower than the
average for the years 1971-2000.

Biochemical analyses of
asparagus green spears

Ascorbic acid determination

The determination of vitamin C (ascorbic
acid — AA) concentration in the asparagus was
determined by the Tillman’s titration method with
the use of standard, blue, 2,6-dichlorophenolin-
dophenol dye method using PN-A-04019 [1998].
AA contents were expressed as milligrams of
ascorbic or dehydroascorbic acid per kilogram of
fresh weight (mg-kg™).

Chlorophyll and total carotenoids determination

Chlorophyll and carotenoids were extracted
from 0.5 g of fresh samples by homogenization
in 10 ml methanol according to the method of
Wellburn [1994]. The vessel was placed on a
shaker and shaken for 10 min, then centrifuged
at 3,500 rpm (g) for 15 min. The supernatant
from the sample (clear fraction) was transferred
to a 25 ml glass flask. This steps was repeated
three times and all supernatants from the sam-
ples were collected into 1 flask (total of 4 ex-
tractions of 1 sample). The flask was filled with
methanol up to the marked line. A cuvette was
filled with this extract and the absorbance was
measured at 470, 653 and 666 nm. Results were
expressed in mg per kg of fresh sample.

Total polyphenols determination

Total polyphenols content was determined us-
ing the Folin—Ciocalteu reagent (Sigma-Aldrich,
Darmstadt, Germany) according to the method of
Singleton and Orthofer [1999]. A volume of 0.5
mL of Folin—Ciocalteu reagent previously diluted
with distilled water (1:10) was mixed with 0.1
mL of each sample. The solution was allowed to
stand for 5 min at 25 °C before adding 1.7 mL of
sodium carbonate solution (20%). Then, 10 mL of
distilled water was added to the mixture and the
absorbance was measured at 4 = 735 nm after 20
min of incubation with agitation at room tempera-
ture. Results were expressed in mg of gallic acid
equivalents (GAE) per kg of fresh sample.

Antioxidant capacity (FRAP) determination

The antioxidant capacity of the supernatants
was determined using the FRAP assay [Benzie
and Strain, 1999). The samples (200 pL) were
mixed with 3 mL FRAP reagent. The FRAP re-
agent was prepared fresh daily by combining
100 mM sodium acetate buffer (pH 3.6), 10 mM
2,4,5,-tripyridyl-Striazine in 40 mM HCI, and 20
mMFeCl, in a ratio of 10:1:1 (v:v:v). The mixture
was incubated at 21°C for 30 min, the absorbance
at 593 nm was then measured in a spectrophotom-
eter. FRAP values were calculated from Trolox
standard curves, and expressed as milligram Tro-
lox equivalent per kilogram fresh weight sample.

Water needs and rainfall deficits

The water needs of asparagus were calculat-
ed using the plant coefficient method, assuming
that these needs are identified with the potential
evapotranspiration of this species (E7p). The ETp
of A. officinalis was calculated using the formula:

ETp = kc-ETo (D)
where: kc — plant coefficient, defined as the quo-
tient of evapotranspiration measured in con-
ditions of sufficient humidity and the indi-
cator evapotranspiration [Labedzki, 2006],
ETo — indicator evapotranspiration (mm).

The values of the kc coefficient were deter-
mined from the quotient of the total water con-
sumption (S; mm) by asparagus plants during the
irrigation period (i.e. evapotranspiration mea-
sured in conditions of sufficient humidity) in the
years 2002-2007, included in the work by Rol-
biecki [2013] and the indicator evapotranspiration
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(ETo; mm ) according to Blaney-Criddle in the
same time frames:
ke = S/ETo (2)

The kc coefficient values determined in this
way are presented in Table 3.

Index evapotranspiration was determined
based on the Blaney-Criddle formula modified by
Zakowicz [Zakowicz, 2010]:

ETo=n-[p-(0.437¢t+7.6)—1.5] 3)

where: n — number of days in a month; p — evap-
oration coefficients according to Dooren-
bos and Pruitt [1977] for months and lati-
tude determined from tables; ¢ — average
monthly air temperature (°C).

The amount of rainfall deficits () for aspara-

gus was determined from the formula:
N=ETp-P 4)
where: N — precipitation deficit (mm-period™),
ETp — long-term average amount of
evapotranspiration in the analyzed period
(mm-period'), P — multiannual average
amount of precipitation in the analyzed

period (mm-period™).

The water needs of asparagus from June 21
to August 31 were higher in the first year of re-
search (2006) and amounted to 253 mm, while
in the second year (2007) they amounted to 238
mm (Table 4). Asparagus plants in July and Au-
gust - among the months of the irrigation period

- were characterized by the same total water
needs, amounting to 113 mm. In turn, the time
distribution and amount of natural precipitation
during the asparagus irrigation period — in relation
to its water needs — were the opposite: in 2006,
from June 21 to August 31, only 146 mm was re-
corded, and in 2007 it was 208 mm.

Combining the water needs of asparagus with
natural rainfall results in rainfall deficits, which
should be covered by water supplied to aspara-
gus plants through the irrigation system. The dif-
ference between water needs and precipitation
shows that larger deficits in natural precipitation
— amounting to 111 mm — occurred in 2006, and
smaller ones (55 mm) in 2007.

Seasonal irrigation doses used in asparagus
cultivation depended on natural rainfall deficits
(Fig. 1). More water was given to asparagus plants
in 2006 year of the study, and less — in 2007 year.
Therefore, for the years respectively, the seasonal
water doses were 92 mm and 54 mm. The amounts
of water applied using the drip irrigation system
are — compared to the calculated rainfall deficit —
slightly smaller. This is due to the fact that irriga-
tion was carried out based on the measurement of
water potential in the soil measured using tensi-
ometers. These differences result from the uneven
(temporal) distribution of precipitation on individ-
ual days of the asparagus growing season (irriga-
tion was complementary to natural rainfall during
the irrigation period). Therefore, depending on the

Table 3. Values of the crop coefficient for the Blaney-Criddle’a formula (modified by Zakowicz) [Zakowicz, 2010]
for asparagus cultivated in the Central Poland under drip irrigation (own elaboration)

Month 21-30 June

1-31 July 1-31 August

Crop coefficient 0.4

0.8 1.0

Table 4. Summary of the total water needs of asparagus, precipitation and rainfall deficit during the asparagus

irrigation period (mm)

Year Asparagus irrigation period 21 June—31 August
21-30 June 1-31 July 1-31 August
Water needs of asparagus (ETp; mm)
2006 17 125 111 253
2007 18 105 115 238
Precipitation (P; mm)
2006 0 31 115 146
2007 36 112 60 208
Precipitation deficit (N; mm)
2006 17 94 4 111
2007 -18 -7 55 55

296



Journal of Ecological Engineering 2024, 25(10), 291-306
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Figure 1. Amount of seasonal irrigation rates
of asparagus in the investigated years

distribution of natural precipitation, the irrigation
period in the year with greater deficits in natural
precipitation (2006) lasted 59 days and 10 single
doses were used. In turn, in 2007, the irrigation pe-
riod lasted 37 days and 6 single doses were used

Statistical analysis

The measurements of the basic parameters of the
asparagus summer stalks (cm), i.e. height (cm), num-
ber of the asparagus summer stalks (pcs), number of
assimilative shoots from one plant and shoot diame-
ter (mm) at a height of 3—5 cm from the ground sur-
face and parameters of the asparagus green spears:
marketable yield (t-ha), weight (g), number (pcs),
bioactive components of the asparagus green spears:
total polyphenols (mg-GAE kg'-FW), ascorbic acid
(mg-kg'"FM), total chlorophyll (mg-kg'FW),

total carotenoids (mg-kg'-FW), antioxidant activ-
ity (mmol-Fe**-kg). were tested for differences by
two-way ANOVA using of Statistica® 13.1 pack-
age. The significance of differences (LSD — low-
est significant difference) was evaluated using the
Tukey multiple confidence intervals for the signif-
icance level of p = 0.05.

RESULTS AND DISCUSSION

Growth parameters of
asparagus summer stalks

Drip irrigation - used in the post-harvest pe-
riod, i.e. from the third decade of June to the end
of August - significantly increased the height of as-
paragus assimilation shoots. The height of plants
- on average for the examined varieties and years
- increased under drip irrigation conditions from
153.66 cm to 166.39 cm (Table 5). The increase
in shoot height obtained thanks to irrigation — on
average for the tested varieties and two years of
research — was 12.73 cm (8.3%). This indicator
was higher in the second year of research (2007),
amounting to 15 cm (9.7%), than in the first year
(2006) - 10.46 cm (6.9%), respectively. The high-
est height of assimilation shoots in conditions of
drip irrigation — on average for the 2 investigated
years — was characteristic of the Backlim cultivar
(183.63 cm), and plants of the Rambo, Rally, Gro-
lim and Orane cultivars were also tall (over 170

Table 5. Height of the asparagus summer stalks (cm) as dependent on cultivar and irrigation

_ Cor_1tr_o| _ Drip irigation Increase of the height of summer

Cultivar (without irrigation) stalks
2006 2007 mean 2006 2007 mean 2006 2007 mean
Ravel 144.50 145.00 144.75 152.05 158.00 155.02 7.55 13.00 10.27
Rambo | 160.10 158.00 159.05 173.33 175.00 174.16 13.23 17.00 15.11
Rally 166.67 163.00 164.83 169.77 172.00 170.88 3.10 9.00 6.05
Ramada | 142.75 150.00 146.37 166.93 168.00 167.46 24.18 18.00 21.09
Rapsody | 137.60 145.00 141.30 167.85 169.00 168.42 30.25 24.00 27.12
Cipres 136.43 148.00 142.21 138.10 155.00 146.55 1.67 7.00 4.34
Plaverd | 127.35 136.00 131.67 129.17 159.00 144.08 1.82 23.00 12.41
Backlim | 170.90 169.00 169.95 184.27 183.00 183.63 13.37 14.00 13.68
Grolim 167.75 165.00 166.37 177.65 179.00 178.32 9.90 14.00 11.95
Orane 170.07 170.00 170.03 169.60 181.00 175.30 -0.47 11.00 5.27
Mean 152.41 155.00 153.66 162.87 170.00 166.39 10.46 15.00 12.73

Note: LSD = the lowest significant difference (Tukey’s confidence half-interval) at p < 0.05; 2006: LSD, _ for:

0.05 :

Irrigation = 10.001; Cultivars = 16.585; Interaction: Cultivars/Irrigation = 25.420; Irrigation/Cultivars = 15.804.
2007: LSD, , for: Irrigation = 9.221; Cultivars = 13.115; Interaction: Cultivars/Irrigation = 18.225; Irrigation/
Cultivars = 12.113. 2006-2007: LSD, , for: Irrigation = 3.792; Cultivars = 14.430; Interaction: Cultivars/Irrigation

- n.s.; Irrigation/Cultivars - n.s
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cm). The Plaverd and Cipres cultivars had the low-
estheight (144.08 cm and 146.55 cm, respectively).

Best reaction for drip irrigation — in terms of
this growth strength feature — was found in the
Ramada and Rapsody cultivars. Drip irrigation
increased the height of assimilation shoots in
these cultivars by 21.09 cm, respectively. (i.e. by
14.4%) and by 27.12 cm (19.2%).

A statistically proven influence of irrigation
on the height of asparagus summer stalks,in the
year preceding harvest was also demonstrated
by other authors, including: Hartmann [1981a,
b], Drost and Wilcox-Lee [1997], Pardo et al.
[1997], Pashold et al. [2004]. Sterrett et al [1990]
obtained an average increase in the height of as-
paragus summer stalks, of 14 c¢cm in the 3™ and
4t year of cultivation compared to the unirrigated
control. The significant increment of the height of
asparagus summer stalks (in the range 152-172
cm) as influenced by drip irrigation was found
also by Rolbiecki et al. [2021a].

Drip irrigation used in the post-harvest period
— on average for the 10 investigated cultivars and
2 years — had a positive significant influence on
the number of assimilation shoots per plant from
8.23 to 10.88 (Table 6). The number of shoots on
one plant increased thanks to irrigation (on aver-
age for cultivars and years), by 2.65 pcs. (32%).
The following cultivars were characterized by
the highest number of shoots per plant (over 11)
in conditions of drip irrigation, meanly for two
years of field experiment: Ravel, Rambo, Rally,

Ramada, Rapsody and Cipres. The Plaverd and
Orane cultivars had the smallest number of shoots
per plant (less than 10).

Cipres cultivar was characterized by best re-
sponse to drip irrigation — in terms of the growth
strength feature. The usage of drip irrigation
caused an increase in the number of shoots on one
plant by 4.18 pcs., i.e. by 56.7%, respectively.

Hartmann [1981b], Hartmann et al. [1990]
and Pashold et al. [2004] — under soil-climatic
conditions of east part of Germany — also noted
the positive influence of drip irrigation in the in-
crease of the assimilation shoots number. Drost
[1999] reports that under dry climate conditions,
lowering the moisture content of sandy soil be-
low -50 kPa caused a reduction in the number and
height of shoots in comparison to cultivars grown
under irrigation. Sterrett et al. [1990] and Batti-
lani [1997] achieved an increase in the number
of shoots thanks to irrigation by an average of 4
pcs. per plant and 1 pc. per plant, respectively.
The varied cultivars’reaction for drip irrigation
is confirmed, among others, by effects of experi-
ments conducted in the Netherlands [Mulder and
Lavrijsen, 2008] and in Poland [Rolbiecki, 2013;
Rolbiecki et al., 2021a].

Drip irrigation, on average for the examined
cultivars and years, did not significantly affect the
diameter of asparagus assimilation shoots (Table 7).

There was a varied response of individual as-
paragus cultivars to drip irrigation in relation to
this feature. The largest diameter of assimilation

Table 6. Number of the asparagus summer stalks (pcs) as dependent on cultivar and irrigation

' Cor'1tr.ol . Drip irrigation Increase of the height of

Cultivar (without irrigation) summer stalks
2006 2007 mean 2006 2007 mean 2006 2007 mean
Ravel 9.10 8.80 8.95 11.60 12.10 11.85 2.50 3.30 2.90
Rambo 9.85 9.60 9.72 11.10 11.00 11.05 1.25 1.40 1.33
Rally 9.00 9.20 9.10 11.60 12.00 11.80 2.60 2.80 2.70
Ramada 8.00 7.90 7.95 11.00 11.30 11.15 3.00 3.40 3.20
Rapsody 9.50 9.40 9.45 11.00 11.50 11.25 1.50 2.10 1.80
Cipres 7.35 7.40 7.37 11.50 11.60 11.55 4.15 4.20 4.18
Plaverd 6.25 6.70 6.47 10.10 9.80 9.95 3.85 3.10 3.48
Backlim 7.85 7.70 7.77 10.75 10.90 10.82 2.90 3.20 3.05
Grolim 6.75 6.90 6.82 10.50 10.40 10.45 3.75 3.50 3.63
Orane 8.70 8.60 8.65 8.70 9.20 8.95 0.00 0.60 0.30
Mean 8.23 8.20 8.23 10.78 11.00 10.88 2.55 2.80 2.65

Note: LSD =the lowest significant difference (Tukey’s confidence half-interval) at p <0.05; 2006: LSD

05 fOr: Irrigation

= 0.934; Cultivars = 2.981; Interaction: Cultivars/Irrigation = 3.828; Irrigation/Cultivars = 2.152. 2007: LSD, , for:
Irrigation = 0.665; Cultivars = 1.897; Interaction: Cultivars/Irrigation = 3.361; Irrigation/Cultivars = 1.831. 2006-2007:
LSD, , for: Irrigation = 0.129; Cultivars = 0.493; Interaction: Cultivars/Irrigation = 0.697; Irrigation/Cultivars = 0.409.
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Table 7. Diameter of the asparagus summer stalks (mm) as dependent on cultivar and irrigation

_ Cor_1tr_o| _ Drip irrigation Increase of the height of

Cultivar (without irrigation) summer stalks
2006 2007 mean 2006 2007 mean 2006 2007 mean
Ravel 11.45 11.20 11.32 10.07 12.10 11.08 -1.38 0.90 -0.24
Rambo 12.85 12.70 12.77 13.43 13.80 13.61 0.58 1.10 0.84
Rally 14.27 14.10 14.18 10.17 15.20 12.68 -4.10 1.10 -1.50
Ramada 15.03 13.60 14.31 9.10 14.50 11.80 -5.93 0.90 -2.51
Rapsody 11.45 12.10 11.77 11.75 13.50 12.62 0.30 1.40 0.85
Cipres 10.35 10.50 10.42 12.57 13.40 12.98 222 2.90 2.56
Plaverd 10.65 10.70 10.67 11.33 12.30 11.81 0.68 1.60 1.14
Backlim 12.85 12.60 12.72 10.35 13.40 11.87 -2.50 0.80 -0.85
Grolim 14.23 13.70 13.96 15.65 15.80 15.72 1.42 2.10 1.76
Orane 15.65 14.50 15.07 10.33 16.20 13.26 -5.32 1.70 -1.81
Mean 12.88 12.60 12.72 11.47 14.00 12.75 -1.41 1.40 0.03

Note: LSD = the lowest significant difference (Tukey’s confidence half-interval) at p < 0.05; .2006: LSD

05 for:

Irrigation = ns; Cultivars = 2.824; Interaction: Cultivars/Irrigation = 3.994; Irrigation/Cultivars = 2.515. 2007: LSD .
for: Irrigation = 0.983; Cultivars = 2.749; Interaction: Cultivars/Irrigation = 3.225; Irrigation/Cultivars = 1.873. 2006—
2007: LSD,  for: Irrigation - n.s.; Cultivars = 3.799; Interaction: Cultivars/Irrigation - n.s.; Irrigation/Cultivars - n.s.

shoots in conditions of drip irrigation (on average
for two investigated years) — was characteristic of
the Grolim cultivar (15.72 mm). The best reac-
tion for drip irrigation — in relation to this growth
strength feature — was found in the Cipres culti-
var. The use of drip irrigation caused the increase
of the diameter of assimilation shoots by 2.56 mm
(i.e. by 25.6%).

A significant effect of drip irrigation on the
shoot diameter was also observed by other au-
thors, including: Sterrett et al. [1990], Battilani
[1997] and Rolbiecki et al. [2021a]. According
to many authors, irrigation had the significant
influence on the growth of assimilation shoots
and, as a result, the yield of asparagus spears in
the following year [Hartmann, 1985; Kaufmann,
1990; Ferreyraetal., 1995; Paschold etal., 1999].
Rolbiecki and Rolbiecki [2008], on the base of
the results of the cultivar experiment carried out
as part of the 3rd IACT (comparison of 31 as-
paragus cultivars) noted a significant influence
of drip irrigation on the growth of assimilation
shoots as well as on the yield of spears obtained
in the first year of harvest. According to numer-
ous authors, the use of irrigation — securing opti-
mal moisture conditions — cause an increased ac-
cumulation of carbohydrates in asparagus roots
which the plant uses in the next year during the
spring season of the harvest year [Pressman et
al., 1989; Martin and Hartmann, 1990; Sterrett
et al., 1990; Pressman et al., 1994; Drost, 1996;
Drost and Wilcox-Lee, 1997; Drost, 1999].

Growth parameters of
asparagus green spears

Drip irrigation, on average for the examined
cultivars and years, significantly increased the
yield of the asparagus green spears from 3.93 t-ha’!
to 5.86 t-ha! (Table 8). The increase in marketable
yield of the asparagus green spears was achieved
thanks to irrigation, on average for the tested
cultivars and two years of research, amounted to
1.93 t-ha! (49%).

The Ravel cultivar — grown in conditions of
drip irrigation — was characterized by the highest
marketable yield of the asparagus green spears
amounting 8.04 t-ha'. High yields under irrigation
conditions (7.36 t-ha™!) on average for two years of
experiment — were obtained for the Grolim culti-
var. The lowest yields in conditions of (3.13 t-ha™)
were noted in case of the Orane cultivar. The best
response to drip irrigation was found in the Cipres
and Grolim cultivars. Drip irrigation increased the
marketable yields of these cultivars by 3.62 t-ha’!
(137%) and 3.45 t-ha' (88%), respectively. The
smallest increase marketable yield (0.46 t-ha™!) was
achieved by drip irrigation in the Orane cultivar.

The obtained results are confirmed by the re-
sults of research by foreign authors. Hartmann
[1981a, b] in conditions of Germany noted a yield
increase of 50% and 25% in an experiment with
drip irrigation on sandy and clay soils, respectively.
Pashold et al. [1996, 1999, 2008], while conduct-
ing a cultivars experiment using drip irrigation, the
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Table 8. Marketable yield of the asparagus green spears (t-ha') as dependent on cultivar and irrigation

_ Cor_1tr_o| _ Drip irrigation Increase of the marketable yield

Cultivar (without irrigation) of green spears
2007 2008 mean 2007 2008 mean 2007 2008 mean
Ravel 6.20 5.21 5.70 7.87 8.22 8.04 1.67 3.01 2.34
Rambo 4.84 4.01 4.42 5.39 6.42 5.90 0.55 2.41 1.48
Rally 5.84 4.21 5.02 5.43 7.44 6.43 -0.41 3.23 1.41
Ramada 5.29 4.89 5.09 5.35 7.25 6.30 0.06 2.36 1.21
Rapsody 3.84 3.1 3.47 5.04 5.75 5.39 1.20 2.64 1.92
Cipres 2.88 242 2.65 5.74 6.81 6.27 2.86 4.39 3.62
Plaverd 2.78 2.33 2.55 4.37 5.41 4.89 1.59 3.08 2.34
Backlim 3.64 3.87 3.75 3.84 5.91 4.87 0.20 2.04 1.12
Grolim 3.61 4.21 3.91 6.40 8.33 7.36 2.79 4.12 3.45
Orane 2.53 2.81 2.67 2.82 3.45 3.13 0.29 0.64 0.46
Mean 4.15 3.71 3.93 5.23 6.49 5.86 1.08 2.78 1.93

Note: LSD = the lowest significant difference (Tukey’s confidence half-interval) at p < 0.05; 2007: LSD

for: Irrigation

0.05

= 0.565; Cultivars = 1.126; Interaction: Cultivars/Irrigation = 1.593; Irrigation/Cultivars = 0.986. 2008: LSD, . for:
Irrigation = 0.721; Cultivars = 1.005; Interaction: Cultivars/Irrigation = 1.221; Irrigation /Cultivars = 1.003. 2007-2008:
LSD, , for: Irrigation = 0.508; Cultivars = 1.934; Interaction: Cultivars/Irrigation - n.s.; Irrigation/Cultivars - n.s.

highest marketable yield of the asparagus spears
were recorded in the Gijnlim cultivar.

In Polish conditions, the Gijnlim cultivar was
also characterized by the highest yields both in con-
trol objects (without irrigation) as well as in drip-
irrigated objects, amounting 6.5 t-ha™! and 10.9 t-ha-
!, accordingly. Pinkau and Grutz [1985] obtained
much lower increases in the marketable yield spears
- on average 12.4%. However, they found the highest
yield increases in dry years. In an experiment con-
ducted in the Netherlands under sprinkler irrigation,
Mulder and Lavrijsen [2008] noted the highest yields
in case of Gijnlim cultivar, amounting to 4.5 t-ha™
and 12.8 t-ha™! and in the first and the year of har-
vest, respectively. Many other authors also present
a significant influence of irrigation on the increase
in the yield of spears of asparagus grown in various
climatic zones as compared to that of Poland [Ster-
rett et al., 1990; Drost and Wilcox-Lee, 1997; Drost,
1999; Brainard et al., 2019; Campi et al., al. 2019].

Drip irrigation applied in the post-harvest period
(from the third decade of June to the end of August) in
the growing season of the year preceding the harvest,
on average for the examined cultivars and years, sig-
nificantly increased the average weight of asparagus
green spears from 34.83 g to 41.86 g (Table 9). The
increase in the average weight of spears achieved by
irrigation, on average for the tested cultivars and two
years of research, was therefore 7.04 g (20%).

The Grolim cultivar grown on irrigated plots
had the highest average weight of asparagus
spears which amounted 54.78 g, on average for
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the both investigated years. The cultivars Cipres
(47.68 g), Backlim (44.78 g), Ramada (41.26 g)
and Rapsody (40.48 g) were also characterized by
high weight of spears (over 40 g).

The best reaction for drip irrigation — in rela-
tion to this yield feature — was found in the Cipres
and Grolim cultivars. The use of drip irrigation
caused the increase in the average weight of aspar-
agus spears by 15.89 g (50%) and 10.74 g (24%),
respectively. For comparison, the weight of the
spears of the Gijnlim cultivar grown on irrigated
plots in the investigation carried out by Mulder
and Lavrijsen [2008] was approximately 40 g. Pas-
chold et al. [2008] noted level of 35 g, while Ster-
rett et al. [1990], found a plant weighing 25 g.

The use of drip irrigation — on average for the
10 cultivars and 2 years — caused the significant
increase in the number of asparagus green spears
from one plant-from 6.09 to 8.13 (Table 10). Ir-
rigation increased the number of spears on one
plant by over 2 pieces (33%), on average for the
investigated cultivars and years.

The Ravel cultivar had the highest number
of asparagus spears per plant (11.82) in condi-
tions of irrigation, on average for the two in-
vestigated years and the Orane cultivar had
the smallest number (6.05). The Rambo, Rally,
Ramada and Rapsody cultivars were character-
ized by the number of spears exceeding 8 per
plant, and the Cipres, Plaverd, Backlim and
Grolim cultivars — more than 7. The Ravel cul-
tivar was characterized by the best reaction for
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Table 9. Weight of the asparagus green spears (g) as dependent on cultivar and irrigation

Control Drio irrigati Increase of the marketable yield

Cultivar (without irrigation) rip irrigation of green spears
2007 2008 mean 2007 2008 mean 2007 2008 mean
Ravel 34.57 32.21 33.39 37.89 40.21 39.05 3.32 8.00 5.66
Rambo 37.80 34.80 36.30 38.65 41.01 39.83 0.85 6.21 3.53
Rally 32.48 33.22 32.85 37.59 39.65 38.62 5.11 6.43 577
Ramada 33.45 31.14 32.29 40.31 42.22 41.26 6.86 11.08 8.97
Rapsody 31.43 33.08 32.25 40.96 40.01 40.48 9.53 6.93 8.23
Cipres 32.34 31.24 31.79 49.64 4572 47.68 17.30 14.48 15.89
Plaverd 31.38 32.41 31.89 32.23 35.88 34.05 0.85 347 2.16
Backlim 37.14 36.28 36.71 45.25 44.31 44.78 8.11 8.03 8.07
Grolim 43.86 44.22 44.04 55.39 54.18 54.78 11.53 9.96 10.74
Orane 38.51 35.14 36.82 37.43 38.58 38.00 -1.08 3.44 1.18
Mean 35.30 34.37 34.83 41.53 42.18 41.86 6.23 7.81 7.03

Note: LSD = the lowest significant difference (Tukey’s confidence half-interval) at p <0.05; 2007: LSD, , for: Im'gation
= 0.901; Cultivars = 6.018; Interaction: Cultivars/Irrigation = 8.510; Irrigation/Cultivars = 4.946. 2008: LSD . for
Irrigation = 6.228; Cultivars = 5.211; Interaction: Cultivars/Irrigation = 7.414; Irrigation /Cultivars = 3.844. 2007 2008
LSD, , for: Irrigation = 1.015; Cultivars = 3.863; Interaction: Cultivars/Irrigation = 5.464; Irrigation/Cultivars = 3.210.

Table 10. Number of the asparagus green spears (pcs) as dependent on cultivar and irrigation

Control L Increase of the marketable yield

Cultivar (without irrigation) Drip irrigation of green spears
2007 2008 mean 2007 2008 mean 2007 2008 mean
Ravel 8.37 7.22 7.79 12.27 11.37 11.82 3.90 4.15 4.03
Rambo 5.97 6.41 6.19 8.20 9.22 8.71 2.23 2.81 2.52
Rally 6.56 6.11 6.33 7.84 8.44 8.14 1.28 2.33 1.81
Ramada 6.94 6.50 6.72 7.77 8.30 8.03 0.83 1.80 1.31
Rapsody 6.71 7.21 6.96 8.21 8.1 8.16 1.50 0.90 1.20
Cipres 4.76 5.01 4.88 6.94 7.23 7.08 2.18 222 2.20
Plaverd 6.35 5.86 6.10 7.66 8.33 7.99 1.31 247 1.89
Backlim 5.56 5.89 5.72 9.09 6.74 7.91 3.53 0.85 2.19
Grolim 5.11 5.22 5.16 6.97 7.86 7.41 1.86 2.64 2.25
Orane 4.64 5.41 5.02 5.50 6.61 6.05 0.86 1.20 1.03
Mean 6.10 6.08 6.09 7.75 8.22 8.13 1.65 214 2.04

Note: LSD = the lowest significant difference (Tukey’s confidence half-interval) at p < 0.05; 2007: LSD . for

Irrigation = 0.960; Cultivars = 1.476; Interaction: Cultivars/Irrigation = 2.087; Irrigation /Cultivars = 1 362
2008: LSD, , for: Irrigation = 0.845; Cultivars = 1.117; Interaction: Cultivars/Irrigation = 1.885; Irrigation
/Cultivars = 0.967. 2007-2008: LSD_ _ for: Irrigation = 0.396; Cultivars = 1.508; Interaction: Cultivars/
Irrigation - n.s.;

0.05
Irrigation/Cultivars - n.s.

drip irrigation - in relation to this yield feature.
The use of drip irrigation caused the increase
in the number of asparagus spears on one plant
by over 4 (i.e. 52%). An increase in the number
of asparagus spears as influenced by drip irri-
gation was also recorded in other experiments
conducted in the climatic and soil conditions
of Germany [Hartmann, 1981b; Paschold et al.,
1996] and Poland [Rolbiecki and Rolbiecki,
2008; Rolbiecki, 2013; Rolbiecki et al., 2021a].

Content of bioactive substances
in asparagus green spears

Antioxidants are biologically active com-
pounds important not only from the point of
view of human nutrition, but also necessary for
the growth and development of plants. They con-
stitute an important link in the antioxidant sys-
tem, as a mechanism that protects, among others,
against reactive oxygen species [Smirnoff, 2000;
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Benzie, 2003]. Both the applied irrigation and
the cultivar factor as well as the interaction of
both factors significantly influenced the content
of bioactive compounds, i.e. total polyphenols,

vitamin C, chlorophyll and total carotenoids, as
well as the antioxidant activity of FRAP in aspar-
agus spears (Table 11). Antioxidant compounds
in plants are phenols or phenolic compounds,

Table 11. Influence of drip fertigation on the selected bioactive components of asparagus green spears cultivars
(mean for the years 2007-2008)

Irrigation . Total Vitamin C Total Total . Antio?d.dant
Treatment Cultivar PonphenF)Is (mg-kg™' FW) chloro_phyll carote?mds actmty _
(mg GAE kg FW) (mg-kg' FW) (mg-kg'FW) (mmol Fe* kg™')
Ravel 375.05 310.10 121.20 60.88 4.79
Rambo 369.90 278.20 134.25 64.88 4.24
Rally 354.15 281.15 132.80 65.05 4.66
Ramada 387.80 319.25 142.75 68.93 5.13
Control Rapsody 389.20 312.35 142.90 64.53 6.07
(without Cipres 332.20 512.15 151.15 63.08 6.23
irrigation) Plaverd 328.95 489.30 134.25 59.95 6.04
Backlim 368.20 451.10 128.80 61.08 5.99
Grolim 310.10 526.40 111.10 68.15 6.60
Orane 344.10 276.45 128.80 65.05 4.28
Mean 355.97 375.75 132.80 64.11 5.40
Ravel 368.25 316.45 128.95 62.10 4.96
Rambo 345.80 295.65 137.80 65.20 4.61
Rally 338.80 305.30 135.95 67.05 4.85
Ramada 375.20 328.30 151.80 70.60 5.25
Rapsody 369.25 321.15 156.10 65.60 6.22
Drip irrigation Cipres 328.80 529.30 162.05 67.15 6.55
Plaverd 367.15 501.15 142.15 60.10 6.33
Backlim 351.10 489.30 134.10 62.05 6.12
Grolim 299.30 528.15 119.30 69.20 6.41
Orane 329.30 287.20 132.05 66.55 4.59
Mean 327.30 390.20 140.03 65.56 5.59
Ravel 371,65 313.28 125.08 61.49 4.87
Rambo 357,85 286.93 136.03 65.04 4.42
Rally 346,48 293.23 134.38 66.05 4.75
Ramada 381,50 323.78 147.28 69.76 5.19
Mean Rapsody 329,23 316.75 149.50 65.06 6.15
Cipres 330,50 520.73 156.60 65.11 6.39
Plaverd 348,05 495.23 138.20 60.03 6.19
Backlim 359,65 470.20 131.45 61.56 6.05
Grolim 304,70 527.28 115.20 68.68 6.50
Orane 336,70 281.83 130.43 65.80 4.43
Mean 341.63 382.92 136.41 64.86 5.49
LSD, ,, for irrigation 0.381 0.635 0.318 1.334 0.159
Cultivars 0.645 0.510 0.658 0.885 0.142
Interaction: cultivars/irrigation 0.912 0.549 0.547 1.252 0.201
Interaction: irrigation/cultivars 0.550 0.722 0.931 1.067 0.145

Note: LSD = the lowest significant difference (Tukey’s confidence half-interval) at p < 0.05.
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which are secondary metabolites. Moreover, they
influence the taste, consistency and color of food
[Papoulias et al., 2009]. Phenols are not essential
for humans, but their benefits are mainly attributed
to their antioxidant effects [Rickman et al., 2007].
The content of polyphenols in asparagus spears was
on average 341.63 mg expressed as gallic acid per
kg of fresh weight (mg-GAE-kg'-FW) (Table 11).
They obtained similar values in their research
Takacs-Hajos and Laszlo Zsombik [2015] and
the level of these compounds depended on the
years of research and the cultivar. The Ramada
cultivar contained significantly the most total
polyphenols (381.50 mg-GAE-kg'-FW). In turn,
the Grolim cultivar contained the least of these
compounds (304.70 mg-GAE-kg!-FW). Lack of
irrigation during plant vegetation increased the
content of total polyphenols in asparagus spears
(355.97 mg-GAE-kg'-FW). The interaction of
both research factors resulted in an increase in the
amount of tested compounds in the Rapsody cul-
tivar (389.20 mg- GAE-kg'-FW), the material for
analysis came from control plots. In turn, the Gro-
lim cultivar accumulated the least of these com-
pounds under the influence of irrigation (299.30
mg-GAE kg!'-'FW). The level of polyphenol
compounds in a plant is not only a species or cul-
tivar feature, but primarily a result of the climatic
and soil conditions prevailing during the grow-
ing season. Antioxidants, including polyphenols,
are a group of compounds that are extremely ac-
tive under stress conditions in plants [Lee and
Kadar, 2000]. The increase in their concentration
is related to the plants’ resistance or the ability
to quickly acclimatize to unfavorable or chang-
ing environmental conditions, e.g. during water
shortage during vegetation.

The asparagus is rich in vitamin C which very
beneficial for human organism. It is one of the
most important antioxidants. Human organism do
not synthesize vitamin C and do not accumulate
its resources, therefore it is very important to get
it with food the research by Zebrauskiené et al.
[2013] indicated that spears of different aspara-
gus cultivars accumulated different amounts of
the vitamin C. Similarly to our own research the
Grolim cultivar contained significantly the most
vitamin C (527.28 mg-kg'-FW), while the Orane
cultivar contained significantly the least (281.83
mg-kg!-FW). Irrigated asparagus accumulated
significantly more vitamin C than those grown on
non-irrigated plots. Both irrigation and the culti-
var influenced the growth of the tested compound

- the Grolim cultivar from irrigated plots con-
tained significantly the most vitamin C (528.15
mg-kg!'-FW) (Table 11).

The Cipres cultivar contained significantly the
most total chlorophyll (156.60 mg-kg!-FW), and
the Grolim cultivar contained significantly the
least (115.20 mg-kg'-FW). This cultivar is usu-
ally grown for whitened spears, while the color of
the spears in the light may change to light green,
which was obtained in tests. Irrigation caused a
significant increase in the tested compound in the
plant (Table 11).

The Ramada and Grolim cultivars accumu-
lated significantly the highest total carotenoids in
the spears, 69.76 and 68.68 mg-kg'-FW, respec-
tively, while the Plaverd cultivar accumulated sig-
nificantly the lowest amount (60.03 mg-kg'-FW).
The irrigation used significantly increased the con-
tent of this bioactive compound in the plant. A sig-
nificant influence of both studied factors was also
found. The Ramada cultivar from irrigated plots
contained the highest amount of total carotenoids
(70.60 mg-kg!-FW) (Table 11). Photosynthetic
pigments such as chlorophyll and carotenoids are
indicators of stress in plants [Ashraf and Harris,
2013]. Therefore, lower concentrations of these
compounds indicate a more frequent occurrence of
stress related to lack of hydration.

Antioxidant activity depends on the content of
bioactive compounds in plants, such as polyphe-
nols, vitamin C, carotenoids [Maeda at al., 2005].
Depending on the cultivar, asparagus stalks of the
Grolim and Cipres cultivars were characterized
by the significantly highest antioxidant activity
(6.50, 6.39 mmol Fe*'kg"). Irrigation resulted in
a significant accumulation of compounds influ-
encing the antioxidant activity of the tested as-
paragus spears. Significant interactions between
the studied factors were also proven. The highest
antioxidant activity was observed in the Cipres
and Grolim cultivars from irrigated plots (6.55,
6.41 mmol-Fe*kg™").

CONCLUSIONS

Drip irrigation of the European asparagus cul-
tivars applied on a very light sandy soil in cen-
tral Poland had a positive effect on summer stalks
(2006-2007) and green spears (2007-2008). A
significant increase in the height, number and di-
ameter of summer stalks, as well an increase in
the marketable yield, weight and number of green
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spears was observed for most of the cultivars.
Water needs during the irrigation period were
slightly higher in 2006 and amounted to 253
mm. The highest water deficits were obtained in
2006 as well. Both factors, the irrigation used
and the asparagus cultivars significantly modi-
fied the antioxidant content in green spears of
asparagus. The Rapsody cultivar accumulated
significantly more, and the Grolim cultivar sig-
nificantly less, total polyphenols in asparagus
spears that were not irrigated. An inverse re-
lationship was obtained in the Grolim cultivar
with respect to the content of vitamin C, which
accumulated the most of it under the influence
of irrigation. The Ramada cultivar from irrigated
plots contained significantly the highest amount
of total carotenoids. In turn, the Cipres and Gro-
lim cultivars from irrigated plots were character-
ized by the highest antioxidant activity.
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