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Abstract

The aim of the study was to compare the water requirements and 
the precipitation deficiencies during cultivation of asparagus in the peri-
od from June to August in the regions of Bydgoszcz and Wroclaw. The 
water needs were calculated using the plant coefficient. The reference 
evapotranspiration was measured by Grabarczyk’s method (1976). The 
coefficients kc, determined for the Polish conditions by Rolbiecki (2013), 
were used to estimate the water requirements considered as the crop evap-
otranspiration. In the studied period (from June to August, 1996-2015), 
higher water requirements of asparagus were noted in the Wroclaw re-
gion (366.1 mm) than in the Bydgoszcz region (288.5 mm). The month-
ly water needs in June, July and August were 69.8 mm, 128.8 mm and 
167.5 mm, respectively, in the Wroclaw region, and 55.5 mm, 98.5 mm 
and 134.5 mm, respectively, in the Bydgoszcz region. In July, the ten-
dency to increase the water requirements in both observed regions was 
noted. The monthly crop evapotranspiration in July rose in each decade by 
12.3 mm in the Bydgoszcz region and by 21.2 mm in the Wroclaw region. 
In the 20-year study, the rainfall deficit in June and July during 11-13 years 
was noted. In August, the precipitation deficiencies were observed during 
16 years in the Bydgoszcz region and during 19 years in the Wroclaw 
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region. A higher rainfall deficit during the 20-year period under study was 
reported in the Wroclaw region (128.5 mm) than in the Bydgoszcz region 
(87.0 mm). In August, the highest monthly precipitation deficiencies of 
100.3 mm (Wroclaw region) and 70.3 mm (Bydgoszcz region) were noted. 
 
Keywords: Asparagus officinalis L., evapotranspiration, plant coefficient, 
rainfall deficit, water requirements

INTRODUCTION

Asparagus (Asparagus officinalis L.) produces deep and strong root sys-
tem, so it is classified as vegetable with relatively low sensitivity to soil water 
deficits (Kaniszewski 2005, 2006). On the other hand, asparagus grows well on 
the light soil that requires irrigation, although this species responds very pos-
itively to the irrigation treatment. It was noted that the drip irrigation applied 
during the post-harvest period (from June to August) significantly increased 
the marketable yield of asparagus in the next growing season (Rolbiecki 2013). 
However, in the literature no more information was found on the water require-
ments of asparagus during cultivation period. The research reported by Rolbiecki 
(2013) is the only one that, based on field experiments, studied the influence of 
irrigation on the asparagus growing. In order to evaluate the reference evapo-
transpiration of asparagus, Rolbiecki (2013) determined the plant coefficients kc 
using Grabarczyk’s model (1976). Finally, the plant coefficients kc allows for the 
calculation of the crop evapotranspiration that indicated the water requirements 
of the asparagus plants.

The objective of the twenty-year period (1996-2015) of the research was 
to compare the water requirements and the precipitation deficiencies evaluated 
during growing of the asparagus in the period from June to August in the regions 
of Bydgoszcz and Wroclaw.

MATERIAL AND METHODS

In the research the mean decade values (periods of ten days for each month) 
of air temperature (°C), moisture deficiency (hPa) and total precipitation (mm), 
measured during the period from June to August (VI-VIII) in the years 1996-
2015, were used. Meteorological data for the Bydgoszcz region were derived 
from standard meteorological measurements performed at Mochełek Research 
Station and analyzed at the Department of Land Melioration and Agrometeorol-
ogy of University of Science and Technology in Bydgoszcz. Meteorological data 
for Wroclaw region came from the Agro – and Hydrometeorology Observatory 
of the Wroclaw University of Environmental and Life Sciences.
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In the study, the water requirements of asparagus (Asparagus officinalis L.) 
were calculated using the plant coefficient method. The reference evapotranspi-
ration was evaluated according to Grabarczyk’s model (1976). The water needs 
of asparagus plants considered as the crop evapotranspiration were estimated 
using the coefficients kc that was determined for the Polish conditions by Rol-
biecki (2013) on the basis of many years of irrigation experiments. The deficit 
or surplus of rainfall in the period from June to August was calculated as the 
difference between the water requirements of asparagus – considered as Etp for 
the particular month – and the total rainfall during that month.

The results were statistically estimated by the average, median, maximal 
and minimal values and the standard deviation (SD) as well the variability co-
efficient (VC). Furthermore, the calculations were made in order to determine 
possible trends in the water needs changes of asparagus in both studied regions 
using linear regression analysis with evaluation of determination coefficients. 
The relationships between the rainfall and the rainfall deficit or surplus during 
the asparagus cultivation in the particular month and particular region, were de-
termined. The estimations were performed using Excel software.

RESULTS AND DISCUSSION

In the region of Bydgoszcz, in each of the three studied months, the values 
of variability coefficient for the water requirements of asparagus plants, consid-
ered as the crop evapotranspiration, were higher than in the region of Wroclaw 
(Table 1). The variability calculated for the monthly rainfall was higher than the 
variability measured for the crop evapotranspiration. The values of variability 
coefficient observed for the monthly precipitation ranged from 39.1% to 62.8% 
in the region of Bydgoszcz, and from 52.7% to 56.1% in the region of Wroclaw.

In each observed month the rainfall was higher in the region of Wroclaw 
than in the region of Bydgoszcz (Fig. 1). In July, the highest monthly precipi-
tation of 85.2 mm in the region of Bydgoszcz and 100.7 mm in the region of 
Wroclaw was noted. In August, the rainfall, measured as the mean for the years 
1996-2015, was similar in both studied regions (64.2 mm in the region of Bydgo-
szcz and 66.2 mm in the region of Wroclaw).

The water needs of asparagus plants increased in the following months 
(Fig. 2). Higher water requirements in the region of Wroclaw than in the re-
gion of Bydgoszcz were observed. On average, in the years 1996-2015 the water 
needs of asparagus in the region of Bydgoszcz were 55.5 mm, 98.5 mm and 
134.5 mm, while in the region of Wroclaw they amounted to 69.8 mm, 128.8 mm 
and 167.5 mm, in June, July and August, respectively. Consequently, the total 
water requirements in the period from June to August were 288.5 mm in the re-
gion of Bydgoszcz and 366.1 mm in the region of Wroclaw. In the study reported 
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by Paschold et al. (2004) the water consumption of the asparagus plants grown 
under lysimetric conditions ranged from 266 mm to 292 mm. In turn, according 
to Pardo et al. (1997) the water consumption of the asparagus plants cultivated 
under lysimetric conditions ranged from 274 mm to 294 mm.

Table 1. Water requirements of the asparagus crop and the rainfall in  
the years 1996-2015

Specification
Water requirements (mm) Rainfall (mm)

VI VII VIII VI VII VIII
Bydgoszcz region

Minimum 33.5 53.6 64.9 15.5 24.2 15.1
Maximum 79.5 137.6 236.5 133.8 146.1 150.7

Median 54.5 93.2 121.5 39.8 93.9 56.9
Mean 55.5 98.5 134.5 52.1 85.2 64.2
SD 11.2 21.3 35.1 32.7 33.3 38.3

VC (%) 20.1 21.6 26.1 62.8 39.1 59.7
Wroclaw region

Minimum 50.7 91.8 125.7 17.6 12.0 5.6
Maximum 91.0 196.9 259.7 171.7 249.7 182.7

Median 69.6 127.3 165.0 60.5 101.6 57.6
Mean 69.8 128.8 167.5 69.7 100.7 66.2
SD 10.6 24.2 27.7 36.7 55.7 37.2

VC (%) 15.1 18.7 16.6 52.7 55.3 56.1
SD – standard deviation; VC – variability coefficient
Source: Author’s own study

During the twenty-year period of the research (1996-2015), in both studied 
regions, the water needs of asparagus plants presented the tendency to decrease 
in June, and at the same time showed the trend to increase in July and August 
(Figs 3 and 4). In July, the strongest upward development in the case of water 
requirements was observed in both regions. According to the linear regression 
estimations, the monthly crop evapotranspiration of the asparagus plants in July 
increased in each decade by 12.3 mm in the region of Bydgoszcz and by 21.2 mm 
in the region of Wroclaw.
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Source: Author’s own study

Figure 1. Monthly rainfall (P) in the Bydgoszcz (B) and Wroclaw (W) regions in the 
years 1996-2015

Source: Author’s own study

Figure 2. Monthly crop evapotranspiration (Etp) in the Bydgoszcz (B) and Wroclaw 
(W) regions in the years 1996-2015
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a.

b.

c. 

Source: Author’s own study

Figure 3. Variability of the water requirements (Etp) of the asparagus crop in June, July 
and August in the region of Bydgoszcz in the years 1996-2015
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Source: Author’s own study

Figure 4. Variability of the water requirements (Etp) of the asparagus crop in June, July 
and August in the region of Wroclaw in the years 1996-2015
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a.

b. 

c.

Source: Author’s own study

Figure 5. Relationship between the rainfall (P) and the rainfall deficit (N) or surplus 
(S) in June, July and August in the region of Bydgoszcz in the years 1996-2015



Comparison of water needs and precipitation deficiency...

1851

a.

b. 

c. 

Source: Author’s own study

Figure 6. Relationship between the rainfall (P) and the rainfall deficit (N) or surplus 
(S) in June, July and August in the region of Wroclaw in the years 1996-2015
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The relationships between the monthly rainfall and rainfall deficit (or sur-
plus) are presented in Figures 5 and 6. In both studied regions, the rainfall deficit 
in the asparagus cultivation occurred more frequently than rainfall surplus. Over 
the twenty-year period under study, the rainfall deficit in asparagus growing in 
June and July was noted during 11-13 years of the research, while in August it 
occurred during 16 years in the region of Bydgoszcz and during 19 years in the 
region of Wroclaw.

Table 2. Precipitation deficiencies (mm) during asparagus cultivation in  
the years 1996-2015

Region
Months Total precipitation 

deficiencesVI VII VIII
Bydgoszcz 3.4 13.3 70.3 87.0
Wroclaw 0.1 28.1 100.3 128.5

Source: Author’s own study

In the period from July to August, higher precipitation deficiencies were 
noted in the region of Wroclaw (128.5 mm) than in the region of Bydgoszcz 
(87.0 mm) as specified in Table 2. In both studied regions, the rainfall deficit 
increased in the following months of the experiment, so in August the precipita-
tion deficiencies for the asparagus cultivation were the highest (100.3 mm in the 
region of Wroclaw and 70.3 mm in the region of Bydgoszcz).

According to Kaufmann (1977) the water requirements (i.e. irrigation 
needs), during cultivation of the asparagus under climatic conditions of central 
Europe, range from 20 mm to 160 mm, depending on the location of the crop. 
In turn, Paschold et al. (2001), based on many years of study conducted at the 
Horticultural Institute in Geisenheim, Germany, pointed that the irrigation needs 
of the asparagus grown on the sandy soil depends on the amount as well as dis-
tribution of precipitation in the range from 48 mm to 153 mm.

CONCLUSION

Higher water needs of asparagus plants were noted in the region of Wro-
claw than in the region of Bydgoszcz. In the period from June to August, the 
water requirements were 366.1 mm in the Wroclaw region and 288.5 mm in 
the Bydgoszcz region. The monthly water needs in June, July and August were 
69.8mm, 128.8 mm and 167.5 mm, respectively, in the region of Wroclaw, and 
55.5 mm, 98.5 mm and 134.5 mm, respectively, in the region of Bydgoszcz.

In both studied regions, in July the tendency to increase the water require-
ments of asparagus plants was noted. The monthly crop evapotranspiration 
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in July increased in each decade by 12.3 mm in the Bydgoszcz region and by 
21.2 mm in the Wroclaw region.

During the twenty-year study (1996-2015), the precipitation deficiencies 
in asparagus cultivation in June and July was noted in both observed regions 
during 11-13 years of the study. In August, the rainfall deficit occurred during 16 
years of the study in the region of Bydgoszcz and during 19 years in the region 
of Wroclaw.

Higher precipitation deficiencies in asparagus cultivation were noted in 
the Wroclaw region than in the Bydgoszcz region. On average, during twenty 
years of the study, in the period from June to August, the rainfall deficits were 
128.5 mm and 87.0 mm in the Wroclaw and Bydgoszcz regions, respectively. 
In August, the highest precipitation deficiencies (100.3 mm and 70.3 mm in the 
Wroclaw and Bydgoszcz regions, respectively) were observed.
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