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Abstract

The present study was conducted to investigate the effects of different nitrogen doses on yield and nutrient uptake of
rocket plant. The study has been carried out with three repetitions according to the experimental pattern of randomized
plots in the plastic pots with the capacity of 3 kg under the greenhouse conditions. Nitrogen doses; 0 mg N kg™, 50 mg
N kg™, 100 mg N kg, 150 mg N kg, 200 mg N kg”and were applied as CaNO3.4H,0 form. The rocket plant was
harvested after 60 days of sowing and various traits like,; shoot dry weight, macro- and micro-elements concentrations
were determined. The results of the study have shown that the highest shoot dry weight was determined in 200 mg N kg
lapplication with 4.45 g por'. In addition, the highest N concentration (5.80 % N) wa sobserved in 200 mg N kg
Lapplication, P concentration in 50 mg N kg’ application (0.34% P), K concentration in 100 mg N kg application
(7.01% K), Mg and Ca concentrations in 150 mg N kg application (0.92% Mg, 1.35% Ca) were determined.
Considering all treatments together, it was observed that increasing nitrogen doses increased yieldand macro and
microelements concentrations of rocket plant.
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INTRODUCTION (N) is one of these nutritional materials and it is
necessary for the formation of new cells in the
Rocket (Eruca sativa) is an endemic species of  plants. The growth rate of the plants declines
Brassicaceae family and a single year  due to the nitrogen deficiency. Particularly the
herbaceous plant. This species is widely  vegetative development of the plants is
cultivated such Mediterranean countries as negatively affected.
Italy, Greece and Turkey in particular (Aegean, Leave and root systems of the plants is
Marmara and Mediterranean regions) (Morales relatively weakened. Similarly, development of
and Janick, 2002; Barlas et al.,, 2011; Baser, roots and particularly the branching of the roots
2016). Fresh leaves of rocket plant have long  is weakened. Flowering and fruit production
been used in salads of Mediterranean cuisine  rates decrease and fruits are relatively small in
(Baser, 2016). With the current increase in the size (Foth, 1984; Aktas and Ates, 1998;
consumption of green vegetables which are Kantarci, 2000; Bosgelmez et al., 2001; Giizel
beneficial to human health, the economic et al., 2004; Fageria, 2009; Kacar and Katkat,
potential rocket plant has steadily increased  2010; Bolat and Kara, 2017).
recently (Esiyok et al., 2006). Although nitrogen is the main nutritient
In order for being able to harvest quality yield  element, which is the most absorbed nutrient in
in plentitude in vegetable cultivation (Stewart comparison to other elements, it is one of the
et al., 2005), plant nutrients are emphasized in most deficient nutrient elements. A great part
recent years (Adediran et al., 2004; Naeem et  of soils on the Earth is subject to nitrogen
al., 2006). Plants need at least 17 plant  deficiency.
nutritional materials or elements to achieve and The main source of nitrogen in the soil is
demonstrate optimal growth and development  organic materials. Proteins, amino acids,
(White, 2006; Gardiner and Miller, 2008; nucleic acids, enzymes, chlorophylls, ATP,
Fageria, 2009; Bolat and Kara, 2017). Nitrogen =~ ADP are among significant organic materials
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including nitrogen. As a result of the gradual
decomposition of the organic materials, plants
can make use of the nitrogen contained in these
decomposed materials.

The soils of Turkey, which are particularly
deficient in organic materials, are relatively
poor in terms of nitrogen (Cepel, 1996; Aktas
and Ates, 1998; Bosgelmez et al., 2001; Giizel
et al., 2004; Gardiner and Miller, 2008;
McCauley et al., 2009; Bolat and Kara, 2017).
For this reason, chemical fertilizers which are
commonly used for preventing nutritional
imbalance in plants and satisfying needs of
plants for  nutritional elements are mainly
composed of nitrogen content (Kacar and
Katkat, 2010). Nitrogen has a significant effect
on the plant quality.

The conducted research has demonstrated a
direct correlation between nitrogen levels and
quality of the plant yield. In accordance with
the increase in the nitrogen dose applied to the
plants, the N concentration in the plant grain
and accordingly the grain quality also
demonstrate increases (Marschner, 1997).
However, in recent years, it has been detected
that the remaining nitrogen in the soil from the
high  concentration  nitrogen  fertilizer
applications results in environmental pollution
(Zand-Parsa et al., 2006; Gollany et al., 2004;
Beman et al., 2005) and leads to accumulation
of materials in plants detrimental to human
health (Ruiz and Romero, 1999).

For this reason, the management and program-
ming of nitrogen in vegetable cultivation are of
due significance (Adiloglu et al., 2015).

The aim of the present study is determining the
effects of administering nitrogen in varying
quantities, which is a relatively significant
nutrient element, on the productivity of and
absorption of nutrient elements by rocket plant.

MATERIALS AND METHODS

This study was conducted at greenhouses of
Plant and Animal Production Department of
Cumbhuriyet University Sivas Vocational
Collage. Experiment was conducted in
randomized plots design with 3 repetitions.
Experimental soils were taken from 0-30 cm
soil profile of experimental fields of the
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department. Soils were sieved through 2 mm
sieve and 3 kg air-dried soils were placed in
experimental pots.

Some physical and chemical characteristics of
soil are provided in Table 1. Five levels of
nitrogen; 0 mg N kg, 50 mg N kg™, 100 mg N
kg', 150 mg N kg and 200 mg N kg (in
CaNO;.4H,0O form) were applied. Before
sowing, 100 mg kg P and 125 mg kg K (in
the form of KH,POy), 2.5 mg kg"'Zn (in the
form of ZnS04.7H,0) and 2.5 mg kg'l Fe (in
the form of Fe-EDTA) were applied to each pot
as basic fertilizers.

Plant analyses

Leaf samples were taken from the rocket plants
45 days after the sowing. Vegetative parts of
the plants were washed through tap water,
rinsed respectively through distilled water, 0.1
N HCI solution and twice though again distilled
water. They were placed over coarse filter
papers and excess water over them was
removed.

Plant parts were then placed in separate paper
bags and dried at 65°C until a constant weight.
Following the measurement of dry weights, dry
samples were ground in a plant mill. About 0.2
g of ground samples were wet digested in
H,0,-HNOj acid mixture in a microwave oven.
Resultant slurry was then completed to 20 ml
with distilled water and filtered through blue-
band filter paper. Samples were then subjected
to P colorimetric K, Ca, Mg, Zn, Mn, Fe and
Cu readings at 882 nm (Murphy and Riley,
1962) in an AAS (Atomic Absorption
Spectrophotometer)  (Shimadzu  AA-7000)
(Kagar and Inal, 2008). N contents were
determined with Kjeldahl distillation method
(Bremner, 1965).

Data assessment

Experimental results were subjected to variance
analyses (ANOVA) separately in accordance
with randomized plots experimental design.
SPSS 22.0 Windows software was used for
statistical analyses. Means were compared with
Tukey’s test at P<0.05. Correlation analysis
was performed to assess the relationships
between the treatments.



Table 1. Some physical and chemical properties of soil

Soil Property Depth
(0-30cm)
pH 7.26
Lime (%) 17.0
Salt (%) 0.034
Organic matter (%) 1.38
Texture SiCL
Total N (%) 0.087
Available P (kg ha™) 473
Available K (kg ha™) 744.8
Available Fe (mg kg™) 3.11
Available Mn (mg kg™ 1.04
Available Zn (mg kg™) 0.41
Available Cu (mg kg™ 1.22

RESULTS AND DISCUSSIONS

Effects of different nitrogen treatments on dry
matter production of rocket plant were

Sloat Dny Blatter (o pot’)

Muz Mkr 1

investigated and results are presented in Figure
1. The greatest dry matter production (4.45 g
pot') was obtained from 200 mg N kg’
treatment (Figure 1).

]
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Figure 1. Effects of different nitrogen fertilizer on shoot dry matter of rocket plant

This treatment was followed by 100 mg N kg™
and 150 mg N kg™ treatments respectively with
386 g pot' and 3.75 g pot' dry matter
productions which were placed in the same
statistical group. The lowest dry matter
production was observed in control treatment
(0 mg N kg") with 0.61 g pot™. Increasing dry
matter production of rocket plants were
observed with increasing N doses. Haag and
Minami (1988) applied four different nitrogen
doses (0, 100, 200, 300 kg ha™) to rocket plants
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and made harvests in June, July and August. It
was reported that marketable product quantity
increased from 4.4 ton ha' to 8.3 ton ha
(about doubled) with N treatments. Esiyok et
al. (1998) investigated the effects of different
nitrogenous fertilizers on yield and nutrient
uptake of rocket plants. Yield and nutrient
uptakes varied with nitrogen doses and the
greatest yield was obtained from 160 kg ha
'nitrogen treatment. Researchers also reported
decreasing  leaf  nitrogen,  phosphorus,



potassium and other nutrient contents with the
aging of the leaves as compared to young
leaves harvested at early periods. Demiral et al.
(2009) investigated the effects of N treatments
on plant growth and nitrate (NO3)
accumulation of four different winter
vegetables including chard (Beta vulgaris cv.
Chard), rocket (Eruca sativa), lettuce (Lactuca
sativa) and spinach (Spinacia oleracea).
Researchers applied three different N doses

(110, 175 and 240 mg I'") to the plants in 4
replications and indicated improved plant
growth with the experimental treatments.
Hanaka et al. (2016) applied two different
nitrate (0.3, 0.6 g N dm™ of medium) and 3
different potassium (0.3, 0.6, 0.9 g K dm™ of
medium) doses to rocket plants and reported
dry matter productions under experimental
treatments as between 9.2-10.1 g.

Table 2. Effects of different nitrogen fertilizer on N, P and K concentrations of rocket plant (%)

N P K
Treatments (%)
0 mg N kg™! 1.91 +0.02d 0.15 +0.01d 3.09 +0.05¢
50 mg N kg 2.75 +0.25¢ 0.34 +0.02a 440 +0.02d
100 mg N kg! 497 +0.18b 0.28 +0.01b 7.01 +0.11a
150 mg N kg'! 5.16 £0.04b 0.28 +0.03b 6.71 £0.04b
200 mg N kg™! 5.80 +0.06 a 0.22 +0.00 ¢ 5.51 £0.29¢
P<0.05

Considering the effects of different nitrogen
treatments on N concentration of the rocket
plants, the greatest value (5.80% N) was
obtained from the greatest nitrogen dose of 200
mg N kg™ treatment.

Plant N concentration of the control (0 mg N
kg treatment was 1.91% N. As it was in dry
matter productions, increasing plant N
concentrations were observed with increasing
nitrogen doses. Similarly, Hanaka et al. (2016)
also reported increasing leaf N concentrations
of rocket plants with increasing N doses
(especially when combined with S).

The greatest P concentration (0.34% P) was
observed in 50 mg N kg™ treatment and plant P
concentrations decreased after this N dose.

The greatest K concentration (7.01% K) was
obtained from 100 mg N kg treatment. K
concentrations decreased after this dose. All
nitrogen doses significantly increased % N, %
P and % K concentrations of rocket plants as
compared to the control treatment. Nurzynska-
Wierdak (2015) applied different nitrogen and
potassium doses to rocket plants and reported
% P concentrations of the plants as between
0.51-0.61% P and % K concentrations as
between 5.30-6.76% K. Barlas et al. (2011) in a
survey study, collected rocket plants from 30
different fields and reported %N concentrations
as between 2.94-5.23% N, % P concentrations
as between 0.12-0.27% P and K concentrations
as between 3.99-5.98% K.

Table 3. Effects of different nitrogen fertilizer on Ca and Mg concentrations of rocket plant (%)

Treatments Ca (%) Mg

0 mg N kg™ 0.54 +0.02¢ 0.63 +0.03 bc
50 mg N kg 1.08 +0.01 ¢ 0.88 +0.07 ab
100 mg N kg™* 1.22 +0.03 b 0.90 +0.03 a
150 mg N kg™ 1.35 +0.02a 0.92 +0.03 a
200 mg N kg™! 0.93 +0.03 d 0.59 +0.03 ¢

P<0.05

Considering the Ca concentrations of the rocket
plants, the lowest value (0.54% Ca) was
obtained from the control (0 mg N kg™)

treatment and the greatest value (1.35% Ca)
was obtained from 150 mg N kg treatments
(Table 3). Barlas et al. (2011) reported leaf Ca
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concentrations of rocket plants as between
2.20-3.55% Ca. Bukhsh et al. (2007) reported
the Ca concentration as 1900 pg g Ca in seeds
of rocket plants and as 700 pg g”. Ca in the
leaves of rocket plants. Similar to Ca
concentrations, the greatest Mg concentration
(0.92% Mg) was obtained from 150 mg N kg
treatment. This treatments was followed by 100

mg N kg treatment (0.90% Ca) which was
placed in the same statistical group. In previous
studies, Mg concentrations of rocket plants
were reported as between 37-41 mg 100 g
(Haag and Manami, 1998) and as 46 mg 100 g”'
(Bianco, 1995). Esiyok et al. (2006) reported
Mg content of organic fertilizer-treated rocket
plants as between 0.19-0.23% Mg.

Table 4. Effects of different nitrogen fertilizer on Fe, Zn, Mn
and Cu concentrations of rocket plant

Fe Zn Mn Cu
Treatments 1
(mgkg ")
0 mg N kg™ 734 +£1.31d 10.9 +0.48 ¢ 26.8 £1.05d 4.4 +0.04c
50 mg N kg 163.4 +14.07 a 30.2 +2.86a 27.7 +£0.53 cd 55 £0.32b
100 mg N kg™ 133.6 £12.52b 24.6 £0.01b 294 +£0.23¢ 59 +0.08b
150 mg N kg™! 151.3 523 a 24.6 £0.10b 357 £0.21b 6.3 +0.16 ab
200 mg N kg 97.6 +1.39¢ 12.1 +£0.07 ¢ 429 +2.18a 7.1 £0.71 a
P<0.05

Considering the micro element concentrations
of rocket plants (Table 4), the greatest Fe
concentration was obtained from 50 mg N kg™
treatment (163.4 mg kg™'). This treatment was
followed by 150 mg N kg™ (151.3 mg kg™ Fe).
As compared to control treatment, all nitrogen
doses increased plant Fe concentrations. Zn
concentrations of the rocket plants also
increased with increasing nitrogen doses.

The lowest Zn concentration (10.9 mg kg™ Zn)
was obtained from 0 mg N kg' control
treatment and the greatest Zn concentration
(30.2 mg kg Zn) was obtained from 50 mg N
kg' treatment. As it was in P concentrations,
Zn concentrations of rocket plants decreased
after 50 mg N kg' treatments. Increasing
nitrogen doses also increased Mn and Cu
concentrations of the plant. The greatest Mn

and Cu concentrations were obtained from 200
mg N kg treatment. While the greatest Mn
concentration was 42.9 mg kg'Mn, the greatest
Cu concentration was observed as 7.1 mg kg™
Cu. Bukhsh et al. (2007) reported Fe
concentration of rocket plants as 60.62 pg g
Fe, Zn concentration as 56.1 pg g’ Zn, Mn
concentration as 19.0 pug g'Mn and Cu
concentration as 32.0 pg g Cu; reported leaf
Fe concentration as 37.5 ug g Fe, leaf Zn
concentration as 1.12 pg g' Zn, leaf Mn
concentration as 10.6 pg g 'Mn and leaf Cu
concentration as 21.0 pg g’ Cu. In a survey
study, Fe concentration of rocket plants was
reported as 350.78 mg kg Fe, Zn concen-
tration as 64.86 mg kg Zn, Mn concentration
as 40.58 mg kg'Mn and Cu concentration as
5.37 mg kg (Barlas et al., 2011).

Table 5. Correlation values of parameters evaluated in the study

Parameters SDW##* N P K Mg Ca Fe Zn Mn Cu

SDW 1

N .907** 1

P .536* .194 1

K B18** .850** | 468 1

Mg 295 197 .613* .631%* 1

Ca 767 .640%* 780%* 882%* | 781** | 1

Fe 498 .188 .949%** .508 768** | .834** 1

Zn 335 .029 .948%** 421 730%** | [755%* 948** | 1

Mn .545%* .398 138 -.015 -.468 .004 .007 =148 |1

Cu 913%* .891** | 293 .678** | 113 .586* 282 .077 .661**
*Significant at P<0.05 **Significant at P<0.01 ***SDW=Shoot Dry Weight
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Considering the correlations among investi-
gated parameters, it was observed that SDW
had significant positive correlations with N, K,
Ca and Cu (P<0.01); there was significant
positive correlation between P and Mn
(P<0.05) (Table 5). There was significant
positive correlations also between N and K,
between Ca and Cu; P had positive correlations
with Mg, Ca, Fe and Zn; there were positive
correlations between K and Mg, between Ca
and Cu; and Mg had significant positive
correlations with Ca, Fe and Zn (P<0.01); Ca
positively correlated with Fe, Zn and Cu; there
were positive correlations between Fe and Zn
and between Mn and Cu.

CONCLUSIONS

The present study was conducted to investigate
the effects of different nitrogen doses on yield
and nutrient uptake of the rocket plants.

Present findings revealed increasing dry matter
productions, N, Mn and Cu concentrations of
rocket plant with increasing nitrogen doses and
200 mg N kg treatment was found to be
prominent with regard to these parameters. On
the other hand, 150 mg N kg treatments were
found to be prominent with regard to Ca, Mg
and Fe. Considering the entire findings
together, it was concluded that nitrogen
treatments significantly increased dry matter
yields and nutrient uptake of the rocket plant as
compared to the control treatment.

Present findings revealed that nitrogenous
fertilizers play a significant role in green
vegetables like rockets with increasing
consumptions.
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