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Abstract

In the first two years of study, method of cultivation did
not affect the emergence of cucumber seedlings. In the third
year, a drought occurring during the spring was the cause of
poor seedling emergence on no-tilled plots. Six weeks after seed
sowing, the shoots of cucumbers grown on the no-tilled plots
were much shorter, especially in the last study year. At the time
of cucumber seed sowing, no-tilled soil contained less phospho-
rus and potassium and in the middle of the fructification period
the content of these elements in cucumber leaves was higher
under no-tillage cultivation. Additional spring fertilization of
rye with ammonium nitrate resulted in a higher N-NO;, content
in soil and later in a higher nitrogen content of cucumber leaves.
The content of calcium and magnesium in soil and than in cu-
cumber leaves was independent of the cultivation method. In the
first two years, method of cultivation did not affect the yield of
cucumber fruits and in the third year the yield was much lower
under no-tillage because of poor seedling emergence. Moreover,
in the third year the fruits were smaller and dry matter content of
the fruit was significantly higer under no-tillage cultivation.

Key words: direct drilling, seedling emergence, dry matter,
mineral elements

INTRODUCTION

No-tillage cultivation with cover crops is the
most effective technique for halting soil erosion and
making food production truly sustainable. Other ad-
vantages are as follows: reduction of fuel consump-
tion and nitrate leaching, preservation of soil structure,
earthworms and other soil fauna, improved aeration
and internal drainage (Baker et al. 1996; Hoff-
man and Regnier,2006; Sainju andSingh,
1997; Wyland etal. 1996; Zandstra etal. 1998).
Moreover, cover crops can be useful in the control of
weeds, plant diseases and insects (Borowy, 2004;
Masiunas, 1998, Teasdale etal. 2004). No-till-

age and cover crops have an effect on soil temperature,
humidity and other physical properties (Borowy et
al. 2000) and therefore they can also influence the up-
take of nutrients by cultivated plants (Borowy and
Jelonkiewicz, 2000; Knavel and Herron,
1981; Knavel etal. 1977; Mullins et. al. 1980;
Nowosielski, 1988). Cover crop residues with
a high carbon-to-nitrogen ratio (e. g. rye) can immo-
bilize soil nitrogen, reducing yields (Schonbeck et
al. 1993;Zandstra etal. 1998).

In dependence on environmental circumstances,
cultivated plants differ in their reaction to no-tillage
(Baker etal 1996). In Poland, cucumber is one of
the most important vegetable species (Knaflews-
ki, 2007) and rye is a valuable winter hard cover crop
adapted well to the country’s natural conditions (J e -
lonkiewicz and Borowy, 2005). In an experi-
ment carried out by Be ste (1973) in the northeastern
United States, cucumbers sown directly into a killed
rye mulch produced yield lower than in conventional
tillage. In studies of Zandstra et al. (1998), rye as
a cover crop provided protection from wind erosion
but caused some cucumber yield reduction under ad-
verse growing conditions. The aim of this experiment
was to study the effect of no-tillage and rye as a cover
crop on growth and yield of cucumbers cultivated in
southeastern Poland and also on content of several
components in cucumber leaves and fruits.

MATERIALS AND METHODS

The studies were conducted in the Felin Ex-
perimental Farm on loess-like soil containing 1.6%
of organic matter and with a pH of 6.5. The experi-
ment was repeated three times in the years 1997-1998,
1998-1999 and 1999-2000. Half of the experimental
field was ploughed 20 cm deep, fertilized with 22 kg
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P xha'! super — phosphate and 50 kg K x ha' potas-
sium salt and then tilled with a rotary cultivator at the
beginning of September. Three weeks later rye (Secale
cereale L..) was sown at 140 kg x ha! by hand and then
harrowed 3 cm deep. The other half of field was ferti-
lized with the same quantities of superphosphate and
potassium salt and ploughed 20 cm deep in November.
In March of the following year, rye was top dressed

with ammonium nitrate 50 kg Nx ha' and on May
7-8 it was sprayed with glyphosate (N-phospho-
nometyl) glicyne) at 1440 g ai x ha™! plus adjuvant. At
that time, rye was 70-90 cm tall and at the pre-anthesis
stage of growth. Ten days later the desiccated rye was
rolled flat and left on the soil surface. Then the samples
were taken from the 1-20 c¢m soil layer with the aim
to determine the content of mineral elements (Tab. 1).

Table 1
Content of mineral elements in the 1-20 cm soil layer (mgxdem™) in the middle of May in 1998-2000.

Nitrogen — NO, Phosphorus Potassium Calcium Magnesium
Method of
cultivation R N 8 & N 8 X 2 8 & N 8 & N 8
) ) S ) =) S ) ) S ) ) S ) =) S
— — N — — N — — N — — N — — N
Conventional 61 66 69 122 55 50 261 120 110 710 435 460 8 57 52
No-tillage 74 49 58 95 50 48 190 102 75 585 495 480 62 61 56

Between May 17 and May 19, cucumbers (Cu-
cumis sativus L.) ‘Aladyn F> were sown on the half of
the field covered with rye mulch and also on the sec-
ond half of the field, tilled conventionally 15 cm deep
with a rotary cultivator. The seeds were sown by hand
in four 2 cm deep and 6 m long lines with inter-row
spacing of 1.5 m. The seeding rate was 2.0 kg x ha'’.
One line was considered as one replicate of 9.0 m?
area. Top dressing with nitrogen at 50 kg Nxha
! (calcium nitrate) was effected 5 and 9 weeks after
seeding. Emerged seedlings were counted 3 weeks af-
ter seeding and then 3 weeks later the shoot length of
all plants was measured. Harvesting of fruits was car-
ried out every 3-4 days. At harvest, total and market-
able yields as well as weight, length and diameter of 20
marketable fruits were measured. In the middle of the
cucumber’s fructification (beginning of August), sam-
ples of young, fully developed leaves were collected,
dried and then the content of total nitrogen (distillation
method), phosphorus (colorimetric method), potas-
sium (flame photometry), calcium (flame photometry)
and magnesium (atomic absorption spectrometry) in
the leaves was determined. At the same time, the con-
tent of dry matter in cucumber fruits (oven dry meth-
od) was also measured. The plots were weeded twice:
3 and 7 weeks after seeding and weed infestation was
described in a separate paper Jelonkiewicz and
Borowy, 2005). The obtained results were studied
by analysis of variance and the significance of differ-
ences was determined using Tukey’s test at 0.05 prob-
ability level.

RESULTS AND DISCUSSION

Method of cultivation did not affect the emer-
gence of cucumber seedlings in 1998 and 1999, but it
had a negative influence in the last year of study (Tab.
2). In May 2000, air temperatures were much higher
than usual, with almost no precipitation. Moreover, on
the no-tilled plots the rye plants depleted the soil of
the rest of water. In these conditions, the seeding and
then the seedling emergence were much more difficult
than under conventional tillage. Similarly, Liebl et
al. (1992) observed soil water depletion caused by rye
killed at soybean planting during dry periods.

Six weeks after seed sowing, the length of cu-
cumber shoots grown on the no-tilled plots was only
about half of that under conventional cultivation. It
was also dependent on the year and on the interaction
between years and method of cultivation. The shortest
shoots were developed by plants grown on the no-tilled
plots in the dry year 2000 (Tab. 2). In Poland in the
spring, the temperature of no-tilled soil covered with
rye mulch can be up to 5°C lower than under conven-
tional cultivation (Borowy et al. 2000) and cucum-
ber is a warm weather vegetable with roots sensitive
tocold (Pudelski, 1993).

Rye, as a high carbon-to-nitrogen ratio cover
crop, was fertilized additionally with ammonium ni-
trate at the beginning of spring and this resulted in
a higher content of nitrogen N-NO, in the soil dur-
ing the seeding of cucumber seeds (Tab. 1) and then
a higher nitrogen content in cucumber leaves in the
middle of the fructification period (Tab. 3). The rye
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Table 2

Seedling emergence and length of cucumber shoot in dependence on method of cultivation in 1998-2000.

Seedling emergencexm’! Length of shoot (mm)
Method of
cultivation
1998 1999 2000 Mean 1998 1999 2000 Mean
Conventional 5 8 8 7 157 355 228 247
No-tillage 5 10 0.5 5 105 167 104 125
Mean 5 9 4 6 131 261 166 186
No. of emergence Length of shoot
LSDO.OS
11.5

Method of cultivation 1.1 16.8
Years 1.6 29.0
Meth. of cult. x years 2.8

Table 3

Content of nitrogen, phosphorus, potassium, calcium and magnesium in cucumber leaves (% of dry matter) in dependence
on method of cultivation in 1998-2000.

Nitrogen Phosphorus Potassium
Method of
cultivation 1998 1999 2000 Mean 1998 1999 2000 Mean 1998 1999 2000  Mean
Conventional 2.12 2.08 291 2.37 0.53 042  0.65 0.53 2,66 2.20 3.16 2.67
No-tillage 2.06 2.58 3.52 2.72 0.55 050 0.73 0.59 299 278 3.30 3.02
Mean 2.09 2.33 3.22 2.55 0.54 0.46 0.69 0.56 2.83 2.49 3.23 2.85
LSDO.OS
Method of cultivation 0.077 0.024 0.054
Years 0.118 0.037 0.083
Meth. of cult. x years 0.217 n.s. 0.153
Method of Calcium Magnesium
cultivation
1998 1999 2000 Mean 1998 1999 2000 Mean
Conventional 4.47 4.64 3.80 4.20 0.84 0.91 0.66 0.80
No-tillage 4.13 4.57 3.48 4.06 0.67 1.15 0.63 0.82
Mean 4.15 4.61 3.64 4.13 0.76 1.03 0.65 0.81
LSD,,

.05
Method of cultivation

Years

Meth. of cult. x years

n.s.
0.848
n.s.

n.s.
0.061
0.111
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Fig. 1. The pattern of cucumber fruits harvesting under conventional tillage and no-tillage with rye as a cover crop in 1998-2000.



152 Matgorzata Jelonkiewicz, Andrzej Borowy

plants absorbed a part of phosphorus and potassium
from the soil and therefore their content was lower on
the no-tilled plots (Tab. 1). In the middle of August,
the majority of rye mulch was already decomposed
(Borowy and Jelonkiewicz,2005) and served
as a kind of organic fertilization. This could be at least
a partial explanation for the higher content of phospho-
rus and potassium in cucumber leaves under no-tillage
cultivation at this time (Tab. 3). The content of calcium
and magnesium in the soil and then in cucumber leaves
was independent of the cultivation method. The con-
tent of all the studied mineral elements in cucumber
leaves was at a satisfactory level (Nowosielski,
1988) and depended mainly on the year of study. There
was also a significant interaction between the content
of nitrogen, potassium and magnesium and the year of
study (Tab. 3). In an experiment conducted by Kna-
vel et al. (1977), the nitrogen content of cucumber
leaves was lower at one and higher at six sampling
dates under no-tillage cultivation with bluegrass or
winter wheat as a cover crop.

Fruit harvesting started in the second or the third
decade of July and was completed till the end of August
— middle of September. In 1999 there was a tendency
for slower fruit growing under no-tillage cultivation and
in 2000 first fruit harvesting on the no-tilled plots was
carried out 4 days later than on the conventionally tilled
plots (Fig. 1). This tendency was also observed in no-
tillage cultivation of other warm weather vegetables:
snap beans and tomatoes (Borowy andJelonkie-
wicz,2000; Borowy and Komosa, 2003).

Method of cultivation did not affect fresh
weight, length, diameter or dry matter content of cu-
cumber fruits. Only in the year 2000, the fruits were
smaller and dry matter content of the fruit was signifi-
cantly higher under no-tillage cultivation (Tab. 4).

Method of cultivation did not affect the yield
of cucumber fruits in 1998 and 1999. However, in the
last year of study, the yield harvested on the no-tilled
plots was much lower because of poor seed emergence
in this treatment. This agrees with the statement of
Zandstra et al. (1998) that under adverse growing
conditions the yield of cucumber fruits harvested in
no-tillage with rye as a cover crop can be lower than
in conventional cultivation. The share of marketable
yield in total yield ranged from 76% to 83% and was
independent of the cultivation method (Tab. 5).

CONCLUSIONS

1. Spring drought caused poor emergence of cucum-
ber seedlings under no-tillage cultivation with rye
as a cover crop.

2. The initial growth of cucumber plants was slower
on the no-tilled plots covered with rye mulch.

3. The content of calcium and magnesium in soil at the
beginning of cultivation and in cucumber leaves in
the middle of the fructification period was independ-
ent of, and the content of nitrogen, phosphorus and
potassium was dependent on the cultivation method.

4. Under normal weather conditions, method of cul-
tivation did not affect the yield or weight, length,
diameter and dry matter content of cucumber fruits.
Under dry weather, the yield of cucumber fruits
harvested on the no-tilled plots was lower, the fruits
were smaller and the dry matter content of fruit was
higher.

5. The share of marketable yield was independent of
the cultivation method.
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Wzrost i plonowanie ogéorka w uprawie
bezorkowej z uzyciem zyta jako rosliny okrywowej

Streszczenie

Podczas pierwszych dwéch lat badain metoda
uprawy nie miata wpltywu na wschody ogdrka, nato-
miast w trzecim roku wiosenna susza byta przyczyng
stabych wschodéw w uprawie bezorkowej. Po uptywie
szesciu tygodni od siewu nasion pedy roslin ogdrka
rosngcych na poletkach uprawianych metoda bezor-
kowg byty duzo krétsze, zwlaszcza w ostatnim roku
badan. Skutkiem dodatkowego wiosennego nawozenia
zyta saletrg amonowg byta wigksza zawartos¢ N-NO,
w glebie a takze wigksza zawartos¢ azotu w lisciach
ogérka. Podczas siewu nasion ogérka gleba pocho-
dzaca z poletek uprawianych metodg bezorkowa za-
wierata mniej fosforu i potasu, natomiast liscie ogdérka
zebrane z roslin rosnacych na poletkach tej kombinacji
i bedacych w petni owocowania zawieraty wiecej tych
pierwiastkéw. Zawartos¢ magnezu i wapnia w glebie
i w lisciach ogérka byta niezalezna od metody uprawy.
Podczas pierwszych dwdéch lat badain metoda uprawy
nie miata wplywu na plonowanie ogérka, natomiast
w trzecim roku duzo mniejszy plon uzyskano w upra-
wie bezorkowej, czego powodem byly stabe wschody
w tej kombinacji. Ponadto w tym roku owoce zebrane
z roslin uprawianych metodg bezorkowg byty mniejsze
i zawieraly wiecej suchej masy.
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