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1. Introduction

The researchers involved in the study of water requirements of the plants
in Poland believe that asparagus (Asparagus officinalis L.), due to their deep and
well-developed root system, are relatively resistant to the water deficits in the soil
(Kaniszewski 2005, Kaniszewski 2006). On the other hand, asparagus plants
grown on the light soil positively respond to irrigation treatments (Rolbiecki
2013). In the experiment published by Rolbiecki (2013), the micro-irrigation ap-
plied during the post-harvest period (June-August) significantly increased the
marketable yield of asparagus spears collected in the next growing season (April-
June). The studies on the water needs of asparagus in Poland are very rare. The
exceptions are the results published by Rolbiecki (2013) that presented observa-
tions of many-years field experiments, in which irrigated asparagus plants were
investigated. In these studies, using the Grabarczyk’s formula (1976) that deter-
mines the reference evapotranspiration, the plant coefficients (kc) were evaluated
for this vegetable species. Finally, as the result of the research the crop evapo-
transpiration i.e. the water needs of asparagus plants was determined. Generally,
the crop evapotranspiration is used as the measure of plant water requirements of
particular species (Doorenbos & Pruitt 1977, Doorenbos & Kassam 1979, Allen
et al. 1998).

The purpose of this investigation was to determine the water require-
ments of asparagus plants cultivated in the five different regions of Poland.
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2. Material and methods

The calculations of asparagus (Asparagus officinalis L.) water require-
ments, based on the precipitation measurements, were performed for the thirty-
year period from 1981 to 2010. To estimate the needs of asparagus plants, con-
sidered as the crop evapotranspiration (Etp), the plant coefficients (kc) were ap-
plied (1):

Etp =kc x Eto (D

The plant coefficients were determined for the Polish field conditions by
Rolbiecki (2013) that based on the long-term field experiments, which included
observations of the irrigated asparagus plants. The reference evapotranspiration
(Eto) was calculated in accordance with the Grabarczyk et al. (1994) method (2):

Eto=K+P(1-k) ()

where:

K — constant value characteristic for individual months and different regions of
Poland

k — coefficient indicating the reduction value of water deficiencies as a result of
precipitation equal to 1 mm, designated for individual months and different re-
gions of Poland

P — monthly sum of atmospheric precipitation (mm).

The Grabarczyk’s formula was chosen because it allowed estimating the
reference evapotranspiration in a simplified way, i.e. based only on the rainfall
measurements.

The precipitation deficiencies (N) were considered according to the
Ostromecki’s method (Zakowicz et al. 2009). The rainfall deficit in the period,
including months July and August that are critical in terms of the amount of water
available to the plants, was calculated as the difference between the water needs
of asparagus, expressed as the crop evapotranspiration for a considered month,
and the total precipitation in this month (3):

N=Etp-P 3)

The water needs of asparagus were determined for five agro-climatic regions
of Poland (Labedzki et al. 2013) with the representative meteorological stations lo-
cated in Olsztyn, Bydgoszcz, Warszawa, Wroclaw and Krakow (Fig. 1).
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Fig. 1. Agro-climatic regions of Poland with the representative meteorological stations
(according to Labedzki et al. 2013)

The results were statistically calculated by determining the values, such
as maximum, minimum and median, as well as standard deviation and variation
coefficient. The calculations were performed using Excel software.

3. Results

The highest variability of asparagus water needs was calculated in in July
in the C-E region (Table 1). The variation coefficient was 8.4%. High value of
the variability of asparagus water needs was calculated also in the C-N-W region
of the Poland. The variation coefficient in July and August was 7.7% and 7.6%,
respectively. Whereas the lowest variability of asparagus water requirements
were observed in the S-W and S-E region of Poland.

Figure 2 presents the water needs of asparagus (expressed as the crop
evapotranspiration) in the period from July 1 to August 31 in the different regions
of Poland. The highest water requirements of asparagus plants were noted in C-
N-W and C-E region (100 and 129 mm in July, and 100 and 128 mm in August,
respectively). Finally, during both considered months, in total, the level of water
needs of this vegetable species was by 228 mm. The lowest water requirements
of asparagus were calculated in the N-E region of Poland (206 mm).
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Table 1. Crop evapotranspiration of asparagus plants in the different regions of Poland

Region of Poland

Specification Poland

N-E C-N-W| C-E S-W S-E
July
Minimum (mm) 70 79 66 77 71 75
Maximum (mm) 100 110 109 106 105 105
Median (mm) 89 100 101 98 97 96
SD (mm) 6.478 7.670 8.430 5.968 6.667 | 6.097
VC (%) 7.3 7.7 8.4 6.2 6.9 6.3
August
Minimum (mm) 97 92 96 100 107 106
Maximum (mm) 130 141 141 135 134 134
Median (mm) 119 130 129 128 126 126
SD (mm) 8.350 | 9.725 8.899 7.732 | 6.362 | 6.311
VC (%) 7.1 7.6 7.0 6.1 5.1 5.1

SD — standard deviation; VC — variation coefficient

During the considered period from July 1 to August 31, the highest pre-
cipitation deficiencies were observed in the C-N-W and C-E region Poland,
where the values of Nso, Na2sy, and Nioy, were 91, 157 and 209 mm, respectively
in the C-N-W region, and 89, 166 and 245 mm, respectively, in the C-E region
(Table 2). In the S-E region, were noted the lowest rainfall deficiencies of 55, 125
and 160 mm, in average dry years, medium dry years and very dry years, respec-

tively.
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Fig. 2. Water needs (Etp) of asparagus, expressed as crop evapotranspiration,
in the period from July 1 to August 31 in the different regions of Poland
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Table 2. Rainfall deficit (mm) in the asparagus cultivation at the critical period
(July-August) in the different regions of Poland

) Probability Region of Poland
Year in terms

of the amount (p) of

of rainfall occurrencel N.E | C-N-W| C-E S-w S-E

% of years

July
Average dry 50 14 22 23 17 8
Medium dry 25 56 76 72 53 57
Very dry 10 76 107 103 95 82
August
Average dry 50 52 69 66 58 47
Medium dry 25 86 81 94 75 68
Very dry 10 131 102 142 92 78
July-August
Average dry 50 67 91 89 75 55
Medium dry 25 142 157 166 128 125
Very dry 10 207 209 245 187 160

4. Discussion

In the present study, the reference evapotranspiration was calculated ac-
cording to the formula reported by Grabarczyk et al. (1994) that based on the results
of precipitation measurements. Usually, rainfall occurring during the summer is
connected to the changes in other weather factors that affect the growth and devel-
opment of plants. During precipitation, there is an increase in cloud cover and re-
duction in insolation, as well as a drop in air humidity deficits and, generally, fall
of the temperature. The weather factors, mentioned above, determine the amount
of reference evapotranspiration and thus establish the water needs and deficits in
the period of intensive biomass growth (Doorenbos & Pruitt 1977, Doorenbos &
Kassam 1979, Grabarczyk et al. 1994, Allen et al. 1998).

The largest water requirements of asparagus plants were estimated in the
C-N-W and C-E region of Poland. Previously, similar observations were pub-
lished by Rolbiecki et al. (2000 a, b), Rolbiecki & Rolbiecki (2008), Stachowski
& Markiewicz (2011) and Zarski et al. (2013), which the greatest necessity to use
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irrigation treatments complementing rainfall shortages noted in the central Po-
land, i.e. in areas with high water deficits.

In the study reported by Paschold et al. (2004), the water consumption of
asparagus plants evaluated in the lysimeter conditions ranged from 266 to 292 mm.
In turn, according to Pardo et al. (1997) the seasonal water consumption of aspara-
gus plants under lysimeter conditions was between 274 and 294 mm. In the present
research, the total water needs of asparagus in the C-N-W and C-E region of Poland
during the period from July 1 to August 31 was nearly 230 mm, while the precipi-
tation deficits were 91 and 89 mm, 157 and 166 mm, and 209 and 245 mm, respec-
tively, in average dry years, medium dry years and very dry years, respectively.
The value of rainfall deficit in very dry years (Njov) that securing the plant water
needs at p = 90%, is especially useful during planning and designing of the irriga-
tion system (Zakowicz et al. 2009). According to Kaufmann (1977), the total water
deficits (i.e. irrigation needs) in the cultivation of asparagus in the central Europe
climatic conditions ranged from 20 to 160 mm, depending on the location of the
crop. In turn, Paschold et al. (2001), based on the many-years experiment con-
ducted at the Horticultural Institute in Geisenheim (Germany), noted that the irri-
gation needs of asparagus cultivated on sandy soil depend on the level and distri-
bution of precipitation in the range from 48 to 153 mm.

In the study published by Rolbiecki et al. (2017), the comparison of water
needs of the asparagus plants grown in the regions of Bydgoszcz and Wroclaw
during the period from 1996 to 2015, demonstrate a tendency to raise the asparagus
water needs observed in July in both considered regions. In July, the monthly
amount of the asparagus crop evapotranspiration increased in every ten years by
12.3 mm in the region of Bydgoszcz and by 21.2 mm in the region of Wroclaw.
The results presented by Rolbiecki et al. (2017) confirm the opinion published by
Labedzki (2009), who believes that the expected in the near future climate changes
will increase the water needs most of the plants species. In order to get ready for
the forecasted climate changes, it would be necessary to undertake the adaptation
activities, such as the development of an irrigation program, the importance of
which will grow with the increasing of the weather changes (Labgdzki 2009, Ku-
char & Iwanski 2011, 2013, Zarski et al. 2013, Kuchar et al. 2015, 2017).

According to Rolbiecki et al. (2017), in the period from June 1 to August
31 observed during the twenty-year study, the average precipitation deficit in the
asparagus cultivation was 128 mm in the region of Wroclaw and 87 mm in the
region of Bydgoszcz. However, in August, the highest monthly rainfall deficien-
cies — 100 and 70 mm - in the Wroclaw and Bydgoszcz regions, respectively,
were noted. In the present study, the highest precipitation deficits also in August
were measured, although the values were much higher (126 and 129 mm in the
Wroclaw and Bydgoszcz regions, respectively). On the one hand, these
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differences can be explained by a different period of research (1996-2015 in the
study reported by Rolbiecki et al. (2017) and 1981-2010 in the present study). On
the other hand, different methods of the reference evapotranspiration estimation
were applied in both experiments; in the study published by Rolbiecki et al.
(2017) the calculations based on the temperature and deficits of air humidity
(Grabarczyk 1976), however in the present study the determination of reference
evapotranspiration based only on the precipitations measurements (Grabarczyk
et al. 1994).

5. Conclusions

1. The highest variability of asparagus water needs was calculated in July in the
C-E region of Poland (variation coefficient 8.4%). High variability of the as-
paragus water requirements (7.7 and 7.6% in July and August, respectively)
was also estimated in the central-north-west region of the country. While the
lowest variability of asparagus water needs were find in the south-west and
south-east region of Poland.

2. The highest water requirements of asparagus plants in the period from July 1
to August 31, on average 228 mm, were noted in the central-north-west and
central-east region of Poland.

3. The highest rainfall deficit calculated for medium dry years, average dry years
and very dry years were 91 and 89 mm, 157 and 166 mm, and 209 and 245
mm, respectively, in the central-north-west and central-east region of Poland,
respectively.

4. In August, generally, were noted higher precipitation deficiencies than in July.
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Abstract

Asparagus (Asparagus officinalis L.), due to their deep and well-developed root
system, are relatively resistant to the water deficits in the soil. On the other hand, aspara-
gus plants grown on the light soil positively respond to the irrigation treatments. The aim
of the present study was the determination of water needs of asparagus plants in the dif-
ferent agro-climatic regions of Poland. The calculations of asparagus water requirements,
considered as the crop evapotranspiration, based on the precipitation measurements col-
lected during the thirty-year period from 1981 to 2010. The estimations were achieved
for the months, including July and August, critical in terms of the amount of water avail-
able to the plants. The calculation of asparagus water needs using the plant coefficients
was performed. The plant coefficients for asparagus cultivated in the Polish field condi-
tions were determined by Rolbiecki. Published by him calculations based on the long-
term observations of the irrigated asparagus crop. The reference evapotranspiration was
calculated according to Grabarczyk’s method. The Grabarczyk’s formula was chosen be-
cause it allowed estimating the reference evapotranspiration in a simplified way, i.e. based
only on the precipitation measurements. The rainfall deficit was considered using the
Ostromecki’s method. The precipitation deficit in the period from July 1 to August 31
was calculated as the difference between the water needs of asparagus, expressed as the
crop evapotranspiration for a considered month and the total precipitation in this month.
The water needs of asparagus plants were determined for five agro-climatic regions of
Poland with the representative meteorological stations located in Olsztyn, Bydgoszcz,
Warszawa, Wroclaw and Krakow. The highest variability of asparagus water require-
ments was calculated in the central-north-west (C-N-W) region of the Poland. The varia-
tion coefficient in July and August was 7.7% and 7.6%, respectively. In contrast, the low-
est variability of asparagus water needs were find in the south-west (S-W) and south-east
(S-E) region of Poland. The highest water needs of asparagus plants, on average 228 mm,
in the period from July to August were noted in the C-N-W and central-east (C-E) region
of Poland. The highest rainfall deficit, calculated for medium dry years, average dry years
and very dry years, was 91 mm and 89 mm, 157 mm and 166 mm, and 209 mm and
245 mm, respectively, in the C-N-W and C-E region, respectively. Generally, higher pre-
cipitation deficiencies were noted in August than in July.

Keywords:
Asparagus officinalis L., crop evapotranspiration, rainfall deficiencies,
reference evapotranspiration, water requirements
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Potrzeby wodne szparaga w réznych regionach Polski
Streszczenie

Szparagi (Asparagus officinalis L.), ze wzgledu na swoj gleboki oraz dobrze
rozwinigty system korzeniowy, sg roslinami uwazanymi za stosunkowo odporne na nie-
dobory wody w glebie. Z drugiej strony, rosliny szparagdw uprawiane na glebie lekkiej
bardzo pozytywnie reaguja na przeprowadzone zabiegi nawadniajace. Podstawowym ce-
lem niniejszej pracy byto okreslenie potrzeb wodnych roslin szparagéw w réznych regio-
nach agro-klimatycznych Polski. Obliczenie zapotrzebowania roslin tego gatunku wa-
rzywnego na wodg, wyrazonego jako ewapotranspiracja potencjalna, wykonano na pod-
stawie pomiarow opadow atmosferycznych przeprowadzonych w okresie trzydziestu lat
liczac od 1981 do 2010 roku. Obliczenia wykonano dla dwoch miesigey, dla lipca oraz
dla sierpnia. Miesigce te stanowig okres krytyczny pod wzgledem ilosci wody dostepnej
dla roslin. Potrzeby wodne roslin szparaga oszacowano przy uzyciu wspotczynnikow ro-
$linnych. Wspdétczynniki roslinne dla roslin szparaga uprawianych w Polsce w warunkach
polowych zostaty ustalone przez Rolbieckiego w oparciu o dtugoterminowe obserwacje
nawadnianych nasadzen szparaga. Ewapotranspiracj¢ wskaznikowg obliczono zgodnie z
metodg zaproponowang przez Grabarczyka. Metoda Grabarczyka zostata wybrana do ni-
niejszych badan, poniewaz pozwolita ona na okreslenie ewapotranspiracji wskaznikowej
W uproszczony sposob, to znaczy tylko na podstawie pomiarow opadéow atmosferycz-
nych. Niedobory opadow zostaty obliczone przy uzyciu metody Ostromeckiego. Deficyt
opadow w okresie od 1 lipca do 31 sierpnia obliczono, jako réznic¢ migdzy potrzebami
wodnymi ro$lin szparagéw, wyrazonymi jako ewapotranspiracja potencjalna dla danego
miesigca, a suma opadow atmosferycznych w tym miesiacu. Potrzeby wodne roslin szpa-
raga okreslono dla pigciu réznych regionéw agro-klimatycznych Polski wraz z reprezen-
tatywnymi stacjami meteorologicznymi zlokalizowanymi na terenie Olsztyna, Bydgosz-
czy, Warszawy, Wroctawia i Krakowa. Najwigkszg zmienno$¢ potrzeb wodnych roslin
szparaga obliczono w §rodkowo-potnocno-zachodnim (C-N-W) regionie Polski. Wspot-
czynnik zmiennosci w lipcu oraz w sierpniu wyniodst odpowiednio 7,7% i 7,6%. Nato-
miast najmniejsza zmienno$¢ potrzeb wodnych roslin szparaga stwierdzono w potu-
dniowo-zachodnim (S-W), a takze poludniowo-wschodnim (S-E) regionie Polski. Naj-
wigksze potrzeby wodne roslin szparagdéw, srednio 228 mm, w okresie od 1 lipca do 31
sierpnia, odnotowano w C-N-W, a takze srodkowo-wschodnim (C-E) regionie Polski.
Najwickszy deficyt opadow atmosferycznych, obliczony dla przecigtnie suchych lat,
$rednio suchych lat oraz bardzo suchych lat, wynosit odpowiednio 91 mm i 89 mm, 157
mm i 166 mm oraz 209 mm i 245 mm, odpowiednio w C-N-W i C-E regionie Polski.
Podsumowujac, wicksze niedobory opaddéw atmosferycznych odnotowano w sierpniu niz
w lipcu.

Stowa kluczowe:
Asparagus officinalis L., niedobory opadoéw, potencjalna ewapotranspiracja,
potrzeby wodne, wskaznikowa ewapotranspiracja
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