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Abstract

In the years 2005-2007, research work on the influence of surface and subsurface
drip irrigation on the yield and quality of roots of parsley grown on ridges and on flat
ground was carried out. Irrigation water was supplied via drip lines, which in subsurface
irrigation were placed at a depth of 50 mm below the surface of the ridges, along the
centreline between two rows of plants. In the case of surface irrigation, the drip lines
were placed on the surface of the ridges between two rows of plants. Irrigation started
when soil water potential was between -30 and -40 kPa. Nitrogen fertilizers (100 kg-ha'l)
were applied in two doses. The first dose was applied pre-plant, while the second one was
delivered by fertigation. In the control treatment without irrigation, the second dose of
nitrogen was applied by broadcasting. Both surface and subsurface irrigation used in the
cultivation on ridges and on flat ground had a significant effect on the marketable yield
of parsley roots. However, no significant differences in the yield between surface and sub-
surface drip irrigation were found. The yield of non-marketable parsley roots in flat culti-
vation was twice as high as that in ridge cultivation. Parsley plants cultivated on ridges
produced significantly longer, better-shaped storage roots compared to those cultivated on
flat ground. Surface and subsurface drip irrigation significantly decreased the total N and
K content in parsley roots.
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WPLYW NAWADNIANIA KROPLOWEGO I METODY UPRAWY NA PLON
I JAKOSC KORZENI PIETRUSZKI

Abstrakt

W latach 2005-2007 badano wptyw nawadniania kroplowego powierzchniowego i podpo-
wierzchniowego na plonowanie korzeni pietruszki uprawianej na ptaskim gruncie i na redli-
nach. Nawadnianie prowadzono z uzyciem przewodow nawadniajacych, z wewnetrznie wtopiony-
mi co 35 cm emiterami z kompensacjg ciSnienia, ktére przy nawadnianiu podpowierzchniowym
umieszczono na gtebokosci 50 mm, posrodku dwéch rzedéw roslin. Nawadnianie rozpoczynano,
gdy potencjal wodny gleby wynosit od -30 kPa do -40 kPa. Nawozy azotowe (100 kg N-ha'l)
wprowadzano w dwoch dawkach: pierwszg zastosowano przedwegetacyjnie, druga podano przez
fertygacje. W kontroli druga dawke wniesiono w nawozeniu posypowym. Nawadnianie kroplowe
powierzchniowe i podpowierzchniowe zastosowane zaréwno na redlinach, jak i na ptaskim grun-
cie powodowalo istotny wzrost plonu handlowego korzeni pietruszki. Natomiast nie stwierdzono
réznic w plonie pietruszki po zastosowaniu powierzchniowego i podpowierzchniowego sposobu
nawadniania kroplowego. W uprawie pietruszki na redlinach udziat korzeni nieksztaltnych w plo-
nie byt o 100% mniejszy w poréwnaniu z uprawg na ptaskim gruncie. Pietruszka uprawiana na
redlinach wytwarzata dtuzsze korzenie spichrzowe, o lepszym ksztalcie w poréwnaniu z uprawa
na ptaskim gruncie. Nawadnianie powierzchniowe i wgtebne powodowalo istotny spadek zawar-
tosci azotu ogdlnego i potasu w korzeniach pietruszki.

Stowa kluczowe: pietruszka korzeniowa, metody uprawy, nawadnianie kroplowe, fertygac-
ja.

INTRODUCTION

Root parsley (Petroselinum hortense ssp. microcarpum Hoffm.) is one
of the basic spice vegetables in Poland. The total area under its cultiva-
tion is around 7 000 ha, which is around 3% of the total land area under
vegetable crops. Yields of root parsley are relatively low and on average
amount to 15 t-ha'l. The reasons for the low yields include poor germina-
tion rate caused by unfavourable weather patterns, particularly the dis-
tribution of precipitation (infrequent rainfall during germination and field
emergence) and lack of irrigation. Root parsley, like other small-seed root
vegetables cultivated by direct sowing, requires the soil to have the opti-
mal moisture content during germination and emergence. Lack or excess
of precipitation at that time causes the top layer of the soil to dry up or
become waterlogged, the soil surface becomes encrusted and more com-
pact, which reduces the rate of germination or even, in extreme cases,
halts it altogether (BrazEwicz-WoznNiak 1997). Dry weather or excess wa-
ter at the time when the storage root is forming and growing (July, Au-
gust) are also responsible for poor yields. The shape and size of parsley
roots change considerably in response to the way parsley plants are culti-
vated (RumpPEL, Kaniszewskl 1994). Cultivation on ridges or ploughing pri-
or to sowing have a favourable effect on the yield and shape of parsley
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roots (Brazewicz-Wozniak 1998, 2003). When the moisture content in the
soil is not right while the main root mass is growing, the number of
forked and deformed roots increases. According to Kaniszewski (2006), it
is necessary to start irrigating parsley plants when soil moisture falls to
60 — 65% FWC.

The aim of the experiment was to compare the effects of surface and
subsurface drip irrigation on the yield of root parsley plants grown on ridg-
es and on flat ground.

MATERIALS AND METHODS

The work was carried out in the years 2005-2007, in an experimental
field of the Institute of Vegetable Crops in Skierniewice, on a podsolic soil
containing 15-17% of leachable components in the Ap layer (0-25 c¢cm) and
1.15% of organic matter, with a pH of 6.8 in HyO. The experiment was set
up in a two-factorial design (cultivation method, irrigation system) in 4 rep-
lications. The size of each experimental plot was 10.8 m? (2.7 x 4 m).
Experimental treatments:

1) cultivation on ridges — subsurface drip irrigation,

2) cultivation on ridges — surface drip irrigation,

3) cultivation on ridges — no irrigation,

4) cultivation on flat ground — subsurface drip irrigation,
5) cultivation on flat ground — surface drip irrigation,
6) cultivation on flat ground — no irrigation,

Irrigation was set up with drip lines, which in subsurface irrigation
were placed 50 mm below the surface of the ridge, along the centreline
between two rows of plants. In surface irrigation, the drip lines were
placed on the surface of the ridge between two rows of plants. The dis-
tance between the centrelines of the ridges was 67.5 cm. Seeds were
sown on the ridges at arate of 50 per 1 running meter, in 2 rows 10 cm
apart. The same procedure was applied on flat ground. The irrigation
system was equipped with a Dosatron proportional fertilizer feeder. Irri-
gation times were determined by means of a Watermark moisture meter
made by Irrometer. Irrigation began when soil water potential was be-
tween -30 and -40 kPa. Potassium fertilizers (200 kg-ha'l K,0) were ap-
plied pre-plant on a one-off basis. Nitrogen fertilizers (100 kg N-ha'l)
were delivered in two doses. The first dose of 50 kg-ha'l was applied pre-
plant, while the other half was applied in the form of a solution via the
fertigation system. In the control combinations, without irrigation, the
second dose of nitrogen was delivered by broadcasting. Fertigation with
nitrogen finished at the end of August. Broadcasting of the second dose
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of nitrogen was carried out in the second half of July. In the successive
years of the experiment seeds of cv. Berliner parsley were sown on 16, 9
and 22 May, with harvest taking place on 18, 12 and 17 October, respec-
tively. The basic information on soil moisture and watering rates is pre-
sented in Tables 1 and 2. Samples of roots for analyses were taken at
harvest time. Concentrations of mineral elements (P, K, Mg, Ca) in pars-
ley roots were determined by emission spectrometry using an ICP plasma
spectrometer. Total nitrogen was determined by Kjeldhal’s method. The
results were evaluated statistically with an analysis of variance. Mean
values were compared with Newman-Keuls test at P=0.05.

Table 1
Monthly sum of rainfall in the vegetation period of parsley in Skierniewice
Rainfall (mm)
Years
Apr May June July Aug Sept Oct | Apr-Oct
Long-period 40 48 60 92 79 43 35 397
averages
2005 22.3 71.9 35.4 96.0 38.3 16.5 34 283.8
2006 45.9 44.0 35.5 16.7 1414 22.9 18.8 325.2
2007 28.2 65.1 81.2 63.8 52.5 46.7 18.0 355.5
Mean of 3 years 32.1 60.3 50.7 58.8 774 28.7 13.4 320.5
Table 2
Seasonal irrigation rates applied for parsley (mm)
Years
Specification
2005 2006 2007
Surface trickle irrigation 242 118 125
Subsurface trickle irrigation 218 106 112

RESULTS AND DISCUSSION

The experimental results seem to indicate that the use of surface and
subsurface drip irrigation in the cultivation of root parsley on ridges and on
flat ground has a beneficial effect on the yield of parsley plants (Table 3).
The average marketable yield of parsley storage roots in the cultivation on
ridges was 15.47 t-hal for the three years of the experiment, and was
significantly higher in comparison with the cultivation on flat ground, for
which the average marketable yield was 11.96 t-hal. However, the differ-
ence in the total yield of parsley roots between the two cultivation methods
was not significant. This was caused by yield of non-marketable roots
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Table 3
Influence of cultivation methods and drip irrigation on root yield of parsley (2005-2007)
Cultivation Yield of parsley roots (t-ha™)
hod Irrigation treatments
methods marketable | non marketable total
subsurface 17.77 5.50 23.27
surface 19.47 4.77 24.23
Ridges
without irrigation 9.17 3.43 12.60
mean 15.47 4.57 20.03
subsurface 12.23 10.13 22.37
surface 15.73 10.33 26.07
Flat ground
without irrigation 7.90 7.40 15.30
mean 11.96 9.29 21.24
Mean for irrigation treatments
surface 15.00 7.90 22.90
subsurface 17.60 7.60 25.20
without irrigation 8.60 5.50 14.00
LSD,_g o5 for:
cultivation methods (A) 3.22 3.26 n.i.
irrigation (B) 491 n.i. 5.76
interaction A (B) n.i. n.i. n.i.
BA) n.i. n.i. n.i.

(deformed, forked and small roots) in the cultivation on ridges being signif-
icantly lower than in flat cultivation. In the cultivation on flat ground there
were twice as many misshapen roots as in the ridge cultivation. In both
plant cultivation methods, surface and subsurface drip irrigation contribut-
ed to a significant increase in marketable and total yields of parsley roots
in comparison with the non-irrigated treatment. No significant differences
in yield were found between the surface-irrigated and the subsurface-irri-
gated parsley plants. In both flat and ridge cultivation there was a noticea-
ble tendency towards achieving higher yields with surface drip irrigation
than with subsurface irrigation. Drip irrigation did not have any effect on
the size of non-marketable yield. Dysko and Kaniszewski (2007) found simi-
lar effects of the cultivation and irrigation methods on the yield of carrot
plants. According to Brazewicz-Wozniak (1998), the total yield of parsley
roots depends largely on the weather pattern during the vegetative period,
especially on the moisture content of the soil. Compared to the cultivation
on flat ground, parsley roots in the cultivation on ridges were found to be
significantly longer. The average length of a parsley root was 21.38 c¢cm in
ridge cultivation and 17.26 cm in flat cultivation (Table 4).

Drip-irrigated parsley plants cultivated on ridges produced more slen-
der roots than those cultivated without irrigation. There was a negative
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Table 4
Influence of cultivation methods and drip irrigation on the length
and dry matter content of parsley roots (2005—2007)
Dry matter
Cultivation methods | Irrigation treatments Length of roots content of roots
(cm)
(%)
subsurface 21.37 27.99
surface 21.60 27.70
Ridges
without irrigation 21.17 26.99
mean 21.38 27.56
subsurface 17.00 26.26
surface 17.40 26.28
Flat ground
without irrigation 17.37 27.31
mean 17.26 26.62
LSD,_g o5 for:
cultivation methods (A) 2.24 n.i.
irrigation (B) n.i. n.i.
interaction A(B) n.i n.i.
B(A) n.i. n.i.

correlation between root diameter and root length. As the length in-
creased, there was a significant, linear decrease in the diameter of the
roots of the plants that were irrigated and growing on ridges (Figure 1).
On flat ground, however, irrigation contributed to a significant increase
in the thickness of roots, which grew longer (Figure 2). In the cultivation
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Fig. 1. Influence of drip irrigation of parsley cultivated on ridges on the root shape
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Fig. 2. Influence of drip irrigation of parsley cultivated on flat ground on the root shape

without irrigation, both on ridges (Figure 1) and on flat ground (Figure 2),
as the length increased, the root diameter also increased significantly. This
relationship was significant at ¢ = 0.01 for ridge cultivation, and at P = 0.05
for flat cultivation, and was rectilinear in character. In the estimation of
Brazewicz-Wozniak (1998), the shape and length of parsley roots are greatly
influenced by a soil tillage method prior to sowing, which changes soil den-
sity, porosity and compactness. Properly prepared ridges are able to main-
tain the same soil compactness across the entire profile, thus providing
root vegetables with the right conditions to grow in (BaBik, Dupek 2000). In
experiments on carrot, it was found that carrot plants cultivated on ridges
produced considerably longer roots than those cultivated traditionally on
flat ground (Dysko, Kaniszewski 2007). The cultivation methods and the
drip irrigation systems used in the experiment did not have a significant
effect on dry matter content in parsley roots (Table 4). EviErs et al. (1997)
found higher levels of dry matter in carrots cultivated on ridges compared
to those grown on flat ground. In the experiment by RoLBIECcKI and
RzekaNowsk (1996), neither sprinkling nor drip irrigation reduced dry mat-
ter content in carrot roots. Different results, however, were obtained by
Dys$ko and Kaniszewski (2007). Their experiment showed that dry matter
content in carrot roots decreased significantly as a result of drip irrigation.

The plant cultivation methods used in this experiment did not have
a significant effect on the concentration of minerals in parsley roots (Ta-
ble 5). Drip irrigation, both surface and subsurface, brought about a de-
crease in the total nitrogen and potassium content, but did not affect the
concentrations of phosphorus, magnesium or calcium in the roots. In the
cultivation of carrot plants, drip irrigation was also found to reduce total
nitrogen content in their storage roots (Dysko, Kaniszewski 2007).
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Table 5

Influence of cultivation methods and irrigation on the content of macronutrients
in parsley roots (2005-2007)

Cultivation Irrigation Macronutrients (g kg d.m.)
methods treatments N P K Mg Ca
subsurface 12.8 2.74 26.09 2.42 2.95
surface 13.6 2.78 24.39 2.64 2.98
Ridges
without irrigation 17.1 3.18 32.38 2.63 3.26
mean 14.5 2.90 27.62 2.56 3.07
subsurface 13.6 2.97 24.93 2.43 2.86
surface 13.2 3.03 25.81 2.49 3.17
Flat ground
without irrigation 16.4 2.99 29.79 2.55 3.25
mean 14.4 2.99 26.85 2.49 3.09
Mean for irrigation treatments
subsurface 13.2 2.90 25.60 3.90 2.90
surface 13.4 2.90 25.10 2.60 3.10
without irrigation 16.8 3.10 31.10 2.60 3.30
LSD, g for:
cultivation methods (A) n.i. n.i. n.i. n.i. n.i.
irrigation (B) 2.4 n.i. 3.7 n.i. n.i.
interaction A(B) n.i. n.i. n.i. n.i. n.i.
B(A) n.i. n.i. n.i. n.i. n.i.
CONCLUSIONS

1. Surface and subsurface drip irrigation used both on ridges and on
flat ground caused a significant increase in the marketable yield of pars-
ley roots.

2.In the cultivation of root parsley on ridges, the percentage of mis-
shapen roots in the whole crop was half of that obtained in the cultivation
on flat ground.

3. The method of laying irrigation drip lines (surface or subsurface) did
not have a significant effect on the yield of parsley plants.

4. Longer roots of a better shape were obtained in the cultivation of
parsley on ridges than on flat ground.

5. Surface and subsurface irrigation both resulted in a decrease in the
total nitrogen content and potassium content in parsley roots.
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