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INFLUENCE OF DRIP IRRIGATION
AND FERTIGATION ON THE YIELD OF POTATO TUBERS

AND CONTENT OF NITROGEN MINERAL IN THE SOIL

WP£YW NAWADNIANIA KROPLOWEGO
I FERTYGACJI NA PLON BULW ZIEMNIAKA

I ZAWARTOŒÆ AZOTU MINERALNEGO W GLEBIE

Abstract: The field experiment was conducted in the years 2006–2008 at Plant Breeding and Acclimatization
Institute, Division Jadwisin on the light and acid soil. The aim of the research was to compare tubers yield and
content of mineral nitrogen in the soil after harvest of potato by different doses in solid (100 i 150 kg N ha–1)
and liquid nitrogen form – fertigation (mean of 43.0 kg N ha–1) to the soil applied. The control was object
non-fertilized and non-irrigated. The objects were divided on: irrigated and non-irrigated. Drip irrigation
method in this experiment was applied. The nitrogen dose in fertigation form by using computer program DSS
was established. The doses of water and dates of their application by using tensiometer were established. The
soil for examination was taken from the layer of 0–30 and 30–60 cm. Analyses of nitrate and ammonium ions
contents were carried out by reflection spectroscopy using RQ flex Merck reflectometr. The yield of tubers on
irrigated object by using fertilizer program DSS was about 47 % higher than on the control object but content
of mineral nitrogen in the soil on this object was smaller than on the control. Application nitrogen dose of 150
kg N ha–1 on non-irrigated object, in all investigation years was the cause high cumulation of mineral
nitrogen in the soil after harvest of potato. In second years of investigation (2007) already after applied dose
of 100 kg N ha–1 on non-irrigated conditions high level of mineral nitrogen in the soil was faound. Nitrogen
surplus may be leached from the soil into groundwater in the autumn and winter period.
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A low coefficient of nitrogen utilization by the potato plant from the applied
fertilizers, amounting to up to 50 % [1, 2], results in more and more attention being paid
to the effects of mineral forms of nitrogen on the soil environment, principally after the
end of the plant vegetation period. A large amount of mineral nitrogen remaining after
the plant harvesting presents a hazard of washing out of this component during the
autumn/winter season, which poses a risk to groundwater [3, 4]. Lability of the mineral
forms of nitrogen in the soils is the reason why nitrogen should ideally be applied
during the stages of the highest potato plants’ demand for this component. Application
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of several supplementary doses of nitrogen during the plant vegetation period is
considered to be one of the factors optimizing fertilization with this component and
creates favourable conditions for both the appropriate yield to be obtained and
accumulation of nitrates in the soil to be reduced [5–7]. The factors which significantly
limit nitrogen utilization by the plants from the applied fertilizers may include rainfall
deficiency as well as unfavourable rainfall distribution during the period of tuber weight
increase [8]. In order to limit the unfavourable effects of the water factor, irrigation of
potato plantations is introduced. Drip irrigation is considered to be the most precise
since it does not result in washing away of furrows; moreover, water is not poured over
the aboveground parts of the potato plant and the devices incorporated in the system
allow precise fertilization at the time of irrigation [9].

The aim of the research was to compare tubers yield and content of mineral nitrogen
in the soil after harvest of potatoes by different doses of solid and liquid nitrogen form
(fertigation established by using computer program DSS) in drip irrigation conditions
and natural soil moisture.

Material and methods

The field experiment was conducted in the years 2006–2008 at Plant Breeding and
Acclimatization Institute, Division Jadwisin on the light and acid soil by light loamy
sand soil texture. Top layer of the soil contained high amounts of available phosphorus,
low to medium of potassium and low to high of magnesium forms. The content of
mineral nitrogen in spring in soil layer of 0–60 cm ranged from 40.9 to 67.1 kg ha–1.
The research years rainfall deficit in accumulation period of potato tubers yield were
recorded. In the years of 2006 and 2008 rainfall deficit in June and July was recorded,
but in 2007 years only in July was found (Table 1).

Table 1

The climate conditions of the vegetation periods in Jadwisin. Years 2006–2008

Year

Deviations from long term average

Rainfalls in mm and month Temperature in oC and month

V VI VII VIII IX V VI VII VIII IX

2006
2007
2008

–0.6
–26.4
–10.9

–26.1
–32.6
–33.5

–63.8
–18.9
–4.2

94.1
12.3
18.9

–37.5
–52.7
–2.2

–0.9
–0.5
–0.0

–1.3
–0.8
–0.6

–3.6
–0.8
–0.3

–0.7
–0.0
–0.1

–1.6
–2.3
–1.5

Combinations system was following: A. Without NPK, without irrigation (control
object); B. 100 kg N ha–1 + 34.9 kg P ha–1 + 99.6 kg K ha–1, without irrigation;
C. 150 kg N ha–1 + 34.9 kg P ha–1 + 99.6 kg K ha–1, without irrigation; D. Dose of N
according to DSS system (fertigation) + 34.9 kg P ha–1 + 99.6 kg K ha–1 + irrigation;
E. 100 kg N ha–1 + 34.9 kg P ha–1 + 99.6 kg K ha–1 + irrigation; F. 150 kg N ha–1 +
+ 34.9 kg P ha–1 + 99.6 kg K ha–1 + irrigation.

The organic fertilization consisted in using straw in dose about 5 Mg ha–1 and
aftercrop of white mustard in dose about 23.4 Mg ha–1. The phosphorus (triple
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superphosphate) and potassium (potassium salt) fertilization in spring before potato
planting were applied. Mineral nitrogen fertilization (ammonium nitrate – 34 % N) into
soil in solid and liquid form with water (fertigation) was applied. The nitrogen in solid
form of 50 kg ha–1 before planting and the rest before emergence of potatoes was
applied. The nitrogen doses in fertigation form (years of 2006 – 57.7 kg ha–1, years of
2007 – 31.7 kg ha–1, years of 2008 – 39.7 kg ha–1) and term their application on
object of D by using computer program DSS were established [10]. Drip irrigation
system by using of drip lines with compensation of pressure was used. The drip lines
with emitters (distance between emitters 35 cm) on each top ridge were located.
Fertilizer pump application ammonium nitrate solution during irrigation practices. The
doses of water (year of 2006 – 110.3 mm, year of 2007 – 20.0 mm, year of 2008 – 68.9
mm) and dates of their application on a base soil moisture by using tensiometer were
established. When soil water potential decreasing under –40 kPa irrigation practices
were started [11].

Medium early potatoes of Triada cultivar in row spacing of 75 × 33 cm were planted.
Plot area amounts to 56. 4 m2. A harvest after end of vegetation plants period was
performed. During harvest yield of tubers on each plot was determined. The soil for
examination was taken in spring before fertilizers application and in autumn after end of
vegetation period, before harvest of potato tubers. Soil sampling were taken from the
layer 0–30 and 30–60 cm. Analyses of nitrate and ammonium ions contents were carried
out by reflection spectroscopy using RQ flex Merck reflectometr [12]. The significantly
differences using Fisher test at the significance level p = 0.05 was estimated.

Results and discussion

A significant diversity was demonstrated in tuber yield in relation to the form and
dose of nitrogen fertilization (Table 2). Indeed, the highest tuber yield was obtained
following application of the dose of 150 kg ha–1 nitrogen through an irrigation system;
the difference with regard to the untreated control amounted to 60 %. With application
of nitrogen fertigation the tuber yield was found to be bigger by 13.2 Mg ha–1, ie by
approx. 47 % compared with the untreated control; moreover, it was demonstrated that
the obtained tuber yield was similar to the one from a combination with application of
nitrogen at a dose of 100 kg ha–1 in a solid form.

Table 2

Influence fertilization on the yield of potato tubers [Mg ha–1] in study years

Year
Objects

Average
A B C D E F

2006
2007
2008

27.0
18.4
38.4

33.0
23.1
45.9

37.6
23.9
54.3

48.8
23.3
51.2

47.7
23.0
53.3

51.2
24.0
58.8

40.8
22.6
50.3

Average 27.9 33.9 38.5 41.1 41.3 44.6

LSD0.05 2.1 1.9
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In the experiments by Mazurczyk et al [13] the difference in the tuber yield between
the control object and the object under drip irrigation amounted to 53.4 %, while for the
irrigated and fertigated with nitrogen the difference increased up to 88 %.

Diversified fertilization with nitrogen as well as many years’ experiments had
a significant influence on the level of mineral forms of nitrogen in the soil after the
end of the plant vegetation period. In both own experiments [14] and experiments
by other researchers [15–17] it was confirmed that the content of mineral nitrogen in
the soil after the end of the plant vegetation period increases with the increase in the
applied doses of nitrogen. Experiments revealed a significant positive effect of
increasing nitrogen fertilization on the content of mineral forms of nitrogen in both the
surface soil layer of 0–30 cm and in the layer of 30–60 cm (Tables 3 and 4). In the soils
kept in good condition the predominant form of mineral nitrogen are nitrate ions which
in turn are more labile than ammonium ions, hence in the assessment of the
environmental effects of fertilization a particular attention must be paid to the content of
this form of nitrogen in the soil [3]. Experiments demonstrated that the bigger diversity
of mineral nitrogen in the soil was related to the nitrate form rather than to the
ammonium form. Moreover, a higher content of the nitrate form in the soil layers of
0–30 cm and 30–60 cm was found under non-irrigated conditions (Tables 3 and 4),
therefore it can be concluded with greater probability that under irrigated conditions the
level of washing out of the mineral nitrogen to the deeper layers of soil at the time after
the end of plant vegetation period can be lower. It should be emphasized that the level
of the nitrate form in the soil under irrigation and nitrogen fertigation treatment was
lower than the same level found in the untreated control (Table 3).

Table 3

Content of N-NO3
– form [kg ha–1] in the soil depending on study years and fertilization

Soil
layer

Year
Objects

Average
A B C D E F

0–30 cm
2006
2007
2008

12.1
22.7
10.3

17.0
31.4
15.0

56.7
39.2
36.3

10.9
21.6
9.5

12.4
23.6
9.8

17.0
28.5
12.7

21.0
26.3
17.9

Average 15.0 21.1 44.1 14.0 15.2 19.4

LSD0.05 4.2 3.3

30–60 cm
2006
2007
2008

13.0
15.7
7.8

12.4
22.2
10.3

30.9
25.8
15.4

7.8
14.6
6.7

8.6
18.7
8.1

11.1
23.8
7.5

14.0
18.7
11.4

Average 12.2 15.0 24.0 9.7 11.8 14.1

LSD0.05 3.2 2.5

0–60 cm
2006
2007
2008

25.1
38.4
18.1

29.4
53.6
25.3

87.6
64.9
51.7

18.8
36.2
16.3

21.0
42.3
17.9

28.1
52.4
20.2

35.1
45.0
29.4

Average 27.3 36.1 68.1 23.7 27.1 33.5

LSD0.05 5.8 5.0
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Table 4

Content of N-NH4
+ form [kg ha–1] in the soil depending on study years and fertilization

Soil layer Year
Objects

Average
A B C D E F

0–30 cm
2006
2007
2008

3.1
6.7
5.1

3.2
8.3
6.3

3.6
8.3

10.3

7.9
9.5
7.1

6.7
12.7
5.5

9.1
13.5
7.5

6.9
9.5
6.3

Average 5.0 5.9 7.4 8.1 8.3 10.0

LSD0.05 2.0 0.9

30–60 cm
2006
2007
2008

2.6
7.0
4.8

5.2
8.5
6.3

7.0
7.4
7.4

5.2
8.2
5.2

5.6
10.8
6.7

8.2
11.9
5.9

7.2
8.6
5.5

Average 4.8 6.7 7.3 6.2 7.7 8.7

LSD0.05 1.7 0.8

0–60 cm
2006
2007
2008

5.7
13.8
9.9

8.4
16.9
12.6

10.6
15.7
17.7

13.1
17.7
12.3

12.3
23.5
12.2

17.3
25.4
13.4

14.1
18.1
11.9

Average 9.8 12.6 14.7 14.3 16.0 18.7

LSD0.05 2.6 1.3

According to Fotyma [18] the content of the nitrate form N-NO3
– in the light soil in

the layer of 0–30 cm, amounting to 31 kg ha–1, as well as this content in the layer of
30–60 cm, amounting to 16–17 kg ha–1, is considered to be safe, which means that the
potential hazard of groundwater contamination with excess nitrates is excluded. The
results obtained indicate that application of nitrogen at a dose of 150 kg ha–1 under
non-irrigated conditions may lead to excessive accumulation of mineral nitrogen in the
soil after potato harvesting, while in the second year of experiments application of as
low a dose of nitrogen as 100 kg ha–1 under non-irrigated conditions made it possible
for some part of nitrogen to be washed out to groundwater. Samples for assessment of
the content of mineral nitrogen were taken during September and in the beginning of
October, and it is highly probable that due to absence of nitrogen uptake by the plants as
well as to mineralization of the organic nitrogen the content of this component in the
soil could increase significantly until the winter season. Therefore Müller and Gorlitz
[19] suggest that appropriate measures should be taken to decrease the level of mineral
nitrogen in the soil after the harvesting by means of sowing aftercrops or cultivation of
winter crops.

Research revealed that after the end of vegetation period the content of the nitrate
form in the soil layer of 0–60 cm under irrigated conditions amounted to approx.
62–64 %, while under the non-irrigation conditions it oscillated between 73 % in the
untreated control and approx. 82 % following application of nitrogen at a dose of
150 kg ha–1. In earlier experiments [20, 21] a similar percentage of N-NO3

– and
N-NH4

+ in the mineral nitrogen was demonstrated. According to research by Fotyma
and Boguszewska [22], the content of nitrate ions in the soil in the autumn season may
amount to 60–80 % of the total content of mineral nitrogen. Fotyma and Boguszewska

Influence of Drip Irrigation and Fertigation on the Yield of Potato Tubers... 1025



[22] also emphasized that in a case of a high percentage of nitrate form in the soil in the
autumn season one should take into account the possibility of more intense washing
away of this form than in case of a lower percentage of this form in the total content of
the mineral nitrogen in the soil.

Conclusion

1. The yield of tubers on irrigated object by using fertilizer program DSS was about
47 % higher than on the control object (without fertilization and irrigation).

2. The irrigation significantly decreased content of mineral nitrogen, mainly nitrate
form in the soil after end of vegetation period.

3. The nitrogen application in fertigation form decreased level of mineral nitrogen in
the soil and reduced risk nitrates leached from the soil into groundwater in the autumn
and winter period.

4. Application nitrogen dose of 150 kg ha–1 in all investigation years and dose of
100 kg ha–1 (years of 2007) without irrigation was the cause high cumulate of mineral
nitrogen in the soil after harvest of potatoes.
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WP£YW NAWADNIANIA KROPLOWEGO I FERTYGACJI
NA PLON BULW ZIEMNIAKA I ZAWARTOŒÆ AZOTU MINERALNEGO W GLEBIE

Instytut Hodowli i Aklimatyzacji Roœlin, Oddzia³ Jadwisin

Abstrakt: Doœwiadczenie polowe przeprowadzono w latach 2006–2008 w Instytucie Hodowli i Aklimaty-
zacji Roœlin, Oddzia³ Jadwisin na glebie lekkiej, kwaœnej. Celem badañ by³o porównanie wp³ywu na plon
bulw i zawartoœæ azotu mineralnego w glebie po zakoñczeniu wegetacji ziemniaków zró¿nicowanego
nawo¿enia azotem stosowanego do gleby w formie sta³ej (100 i 150 kg N ha–1) i p³ynnej – fertygacja
(œrednio 43.0 kg N ha–1). Kontrolê stanowi³ obiekt bez nawo¿enia NPK i nienawadniany. Kombinacje
podzielono na: nawadniane i nienawadniane. Nawadnianie prowadzono metod¹ kroplow¹. Dawkê azotu
w formie fertygacji ustalono przy wykorzystaniu komputerowego programu nawozowego DSS. Dawki wody
oraz terminy ich stosowania ustalono na podstawie wilgotnoœci gleby przy u¿yciu tensjometrów. Glebê do
badañ pobierano z warstwy gleby 0–30 i 30–60 cm. Oznaczenie zawartoœci jonów azotanowych i amonowych
wykonano reflektometrycznie przy u¿yciu reflektometru RQ flex Merck. Plon bulw uzyskany na kombinacji
nawadnianej z wykorzystaniem programu nawozowego DSS by³ o oko³o 47 % wiêkszy ni¿ na kontroli,
a zawartoœæ azotu mineralnego w glebie na tej kombinacji mniejsza w porównaniu do kontroli. Zastosowanie
dawki azotu 150 kg N ha–1 bez nawadniania, we wszystkich badanych latach, przyczyni³o siê do du¿ej
kumulacji azotu mineralnego w glebie po zbiorze ziemniaków. W drugim roku badañ (2007) ju¿ po
zastosowaniu dawki 100 kg N ha–1 bez nawadniania stwierdzono wysoki poziom azotu mineralnego
w glebie. Nadmiar tego azotu mo¿e byæ wyp³ukany z gleby do wód gruntowych w okresie jesienno-
-zimowym.

S³owa kluczowe: ziemniak, nawadnianie kroplowe, fertygacja, plon bulw, gleba, azot mineralny
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