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The effects of different months of the year and nitrogen sources on garden cress (Lepidium sativum L.) 
yield, quality and nitrate accumulation were investigated during the years 2002 and 2003. In both years, 
seeds were sown on the first days of September, October, November, January, February and March. 
Three different nitrogen sources were used: Farmyard (cattle) manure (100 ton·ha-1), Ca(NO3)2-15.5% N 
(150 kg N·ha-1) and (NH4)2SO4)-21% N (150 kg N·ha-1). Yield, leaf color, dry matter, vitamin C, total 
glucosinolate content and nitrate accumulation were assessed. No interaction between sowing date and 
nitrogen form was observed for any of the assessed parameters. Growing period affected all 
parameters significantly. Plants obtained from January and February sowings resulted in better yield, 
leaf color, dry matter and vitamin C content. But the nitrate contents also increased. Highest total 
glucosinolate content was observed during the warmer months. Nitrate nitrogen application increased 
yield, leaf greenness, vitamin C and nitrate content while farmyard manure application raised dry matter 
and total glucosinolate contents. Nitrate content of the garden cress plants did not exceed 391 mg kg-1 
fresh weight, which is below the accepted daily intake of 3.7 mg nitrate per kg-1 bodyweight set by 
European Commission’s Scientific Committee on Food. 
 
Key words: Lepidium sativum L., farmyard manure, nitrate, glucosinolate, vitamin C. 

 
 
INTRODUCTION 
 
Fresh fruits and vegetables are an important element of 
human nutrition. World Health Organisation Panel on 
Diet, Nutrition and Prevention of Chronic Diseases 
recommended an individual intake of at least 400 g or 
five servings of fruits and vegetables every day (WHO, 
2003). Several epidemiological studies showed that there 
is an inverse relationship between the consumption of 
fruits and vegetables and cancer and cardiovascular 
diseases (World Cancer Research Fund, 1997). Recent 
research suggests that vegetables are more effective 
compared to fruits in preventing chronic diseases such as 
cancer, stroke (Su and Arab, 2006), cardiovascular 
diseases (Cox et al., 2000) and non-insulin dependent 
diabetes (Williams et al., 1999). Raw vegetables are 
theoretically more beneficial because of the better 
preserved vitamins and phytochemicals. With the 
consumption of salads and raw vegetables, it  is  possible 
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to meet daily vitamin C, E, B-6 and folate 
recommendations (Su and Arab, 2006).  

Since people are encouraged to increase their salad 
consumption, there is also a need to diversify the 
vegetables to be used in salads. Adams et al. (2005) 
showed that variety in salads tend to increase the salad 
intake in elementary school students. Recently, garden 
cress (Lepidium sativum L.), a member of Brassicaceae, 
has gained more interest from consumers and producers 
(Zhan et al., 2009), and can be a good choice for salads 
with its peppery taste, and health promoting substances 
such as glucotropaeolin, a glucosinolate compound and 
the precursor of benzyl isothiocyanate (Kassie et al., 
2002) and sterols (Conforti et al., 2009).  

Several pre-harvest factors including climatic conditions 
and available nutrients affect the yield and quality of 
vegetables (Lee and Kader, 2000). The yield declining 
effect of sub and supraoptimal temperatures in leafy 
vegetables was reported by different authors (Pavlou et al., 
2007; Stagnari et al., 2007; Dufault et al., 2009). 
Temperature also affects the vitamin and phytochemical 
content of plants.  Vitamin  C  content  of  broccoli  (Brassica 



 

 
 
 
 
oleracea L. var. Italica) tends to increase under low 
temperature stress (Schonhof et al., 2007; Lee and 
Kader, 2000). High temperatures are reported to increase 
total glucosinolate (T-GLS) content of different Brassica 
crops (Cartea and Velasco, 2008).   

Nitrogen is an important component of many structural, 
genetic and metabolic compounds such as chlorophyll 
and amino acids in plant cells. Nitrogen deficiency is a 
limiting factor for plant growth. But the excessive use of 
nitrogen fertilizers in order to guarantee yield, increases 
the risk of nitrate accumulation, since accumulation of 
nitrate in plants occurs when the nitrate uptake exceeds 
its reduction and assimilation. Although there are 
conflicting views on the long-term health risks of nitrate 
intake (L’hirondel and L’hirondel, 2002; Addiscott, 2005; 
Powlson et al., 2008), reducing dietary nitrate intake as a 
preventive measure is advisable (Santamaria, 2006).  

Several factors such as plant species, the dose and 
form of nitrogen, nitrification, availability of other 
nutrients, climatic conditions and water availability affect 
nitrate accumulation (Umar and Iqbal, 2007; Santamaria, 
2006). The most studied factor is the nitrogen fertilization, 
especially the rate. Nitrogen form was also studied by 
several authors; some of the studies were conducted in 
soilless culture systems (Zhang et al., 2007; Kim et al., 
2006; Santamaria et al., 1999; 1998b; Elia et al., 1998) 
and others in soil (Stagnari et al., 2007; Wang et al., 
2008; Wang and Li, 2003). The use of nitrogen in 
ammonium form decreased nitrate content, due to the 
higher availability of nitrogen in nitrate based fertilizers 
(Umar and Iqbal, 2007). Organic fertilizers also reduce 
nitrate accumulation (Zhou et al., 2000).  

Temperature and light intensity also affect nitrate 
content of plants. Nitrate reductase activity increases in 
high light intensity conditions, and therefore decreases 
nitrate accumulation (Umar and Iqbal, 2007). Santamaria 
et al. (2001) reported an interaction between light 
intensity, temperature and nitrogen availability in rocket 
salad (Eruca sativa Mill.). Even low nitrogen availability 
increases the nitrate content of rocket salad in low light 
and high temperature conditions, while in high light 
intensity and temperature conditions, only high doses of 
nitrogen cause an increase in nitrate content.  

The aim of the present research was to study the 
effects of farmyard manure and two mineral fertilizers on 
garden cress yield and quality grown through autumn to 
spring. 
 
 
MATERIALS AND METHODS 
 
Plant material and growing conditions 
 
The study was carried out in the experimental fields of Ege 
University, Faculty of Agriculture, Department of Horticulture, Izmir 
(38º27’ N; 27º13’E; 26 m above sea level, sandy clay loam) during 
the years 2002 and 2003. Climatic conditions during the experiment 
are given in Figures 1a and b.  Garden cress (L. sativum L.) seeds 
(1 g m-2) were sown to 2 m2 beds with a 10 cm space between rows  
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to give a final number of ca. 450 plants m2 on the first days of each 
month from January to March and September to November in both 
years. Prior to sowing, different nitrogen (N) sources, namely, 
farmyard (cattle) manure (100 ton·ha-1), Ca(NO3)2 (150 kg N ·ha-1) 
and (NH4)2SO4 (150 kg N ·ha-1), were uniformly mixed with the 
topsoil. Phosphorus (120 kg P2O5·ha-1, as triple superphosphate) 
and potassium (180 kg K2O·ha-1, as K2SO4) were also applied in the 
case of chemical nitrogen source.  The properties of the soil and 
farmyard manure are given in Table 1.  Irrigation, weeding and 
chemical spraying were applied when needed.  
 
 
Harvest and sample preparation 
 
All plants in beds were hand harvested by cutting the plants as 
close to the soil as possible, when 90% of the plants reached to 7 
to 10 leaf stage (Table 2).  The plants were put in plastic bags and 
weighed to determine the yield, and brought to laboratory in cool 
boxes, where they were washed first with tap water, then twice with 
deionized water.  Excess water was removed with a domestic salad 
spinner. 
 
 
Quality determination 
 
Leaf color was measured with a Minolta CR 300 Colorimeter 
(Minolta, Japan) as CIE (Commission Internationale De L'eclairage) 
L*a*b*.  Colorimeter was calibrated with the standard white tile prior 
to measurements. A minimum of 20 plants were measured for each 
treatment, and the color was characterized by lightness (L*), Hue 
angle (H°=tan−1(b*/a*)) and chroma. 

Dry matter was determined by drying the samples in an oven at 
65ºC until constant weight was obtained. 

Vitamin C was determined according to Pearson (1970) 
colorimetically with some modifications. 25 g of garden cress leaves 
were homogenized in a Waring Blender (Waring Products Inc., 
Connecticut, USA) with 100 ml of 0.4% aqueous oxalic acid 
solution, filtrated through Whatman No 1 paper and centrifuged for 
10 min at 7000 rpm. The centrifuged solution was diluted 10 folds 
with 0.4% oxalic acid.  1 ml of sample was mixed with 9 ml 2,6 
dichlorophenol-indophenol (Merck KGaA, Germany), and 
immediately the absorbance was measured with a 
spectrophotometer (Varian Cary Bio 100, Australia) at 518 nm 
against the solution of sample mixed with distilled water (1:10). 
Standard curve was constructed by using L(+) ascorbic acid (Merck 
KGaA, Germany) solutions with known concentrations, and vitamin 
C content of the samples calculated against the standard curve. 

Total glucosinolate content was determined according to the 
method described by Szmigielska et al. (2000). Total glucosinolates 
were extracted by adding ca. 50 ml of boiling water to 10 g of fresh 
sample.  Samples were boiled in a waterbath at 95ºC for another 20 
min, cooled, made up to volume and centrifuged at 7000 rpm for 10 
min, and the supernatant was filtered through 0.45 µm Millipore 
filters. 200 µl of the filtrate was mixed with 3.80 ml of freshly 
prepared sodium tetrachloropalladate (Sigma-Aldrich Chemie, 
Germany) solution (0.588 mg L-1 in water).  The mixture was left for 
30 min at room temperature for the reaction, and the absorbance 
was measured at 450 nm with Cary 100 UV/Vis spectrophotometer. 
A standard curve was constructed with known concentrations of 
Sinigrin Monohydrate (Sigma-Aldrich Chemie, Germany), and total 
glucosinolate content of samples were calculated against the 
standard curve. 

Nitrate content of fresh leaves was determined colorimetrically 
according to the method of Balks and Reekers (1955).  5 g of fresh 
leaves were homogenized in a Waring Blender with 50 ml of 
distilled water, transferred to 100 ml volumetric flasks, made up to 
volume and filtered through white ribbon filter paper.  2.5 ml of the 
filtrate was transferred to a 100 ml  volumetric  flask   and   0.1 g 2,4  
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Figure 1. Climatic conditions during (a) 2002 and (b) 2003. 

 
 
xylenol and 22.5 ml 90% sulphuric acid (both from Sigma-Aldrich 
Chemie, Germany) added.  15 min later, 60 ml of deionized water 
was added. After the solution was cooled, it was transferred to a 
separation funnel and 30 ml of diethylether (Sigma-Aldrich Chemie, 
Germany) added, mixed well, and diethylether phase was 
discarded. 10 ml of 5% NaOH (Sigma-Aldrich Chemie, Germany) 
was added to the remaining phase, shaken by hand for 1 min and 
the absorbance value of the colored phase was measured at 
433 nm. Nitrate content was calculated against the standard curve 
constructed by known concentrations of potassium nitrate (Sigma- 

Aldrich Chemie, Germany). 
 
 
Statistical analysis 
 
Data were subjected to analysis of variance according to a split-plot 
design with three replicates (main plot: sowing time; subplot: 
nitrogen sources) by SPPS v11 for Windows (SPSS Inc., USA), and 
significantly different means were separated by Duncan’s multiple 
range test (P=0.05). 
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Table 1. Some properties of the soil and farmyard (cattle) manure used in the 
experiments. 
 
Soil  Farmyard (Cattle) manure 
Soil texture Sandy clay loam  pH 9.10 
pH 7.36 Total soluble salts (%) 1.92 
Total soluble salts (%) 0.059 Organic matter (%) 34.13 
CaCO3 (%)                             3.60 Total C (%)                       19.80 
Organic matter (%) 2.06 Total N (%)                                  1.11 
Total N (%) 0.100  C/N 17.84 
Available P (mg•kg-1) 4.2 Total P (%)                      0.76 
Available K (mg•kg-1) 460 Total K (%) 1.50 
Available Ca(mg•kg-1) 3750 Total Ca (%) 7.47 
Available Mg (mg•kg-1) 56 Total Mg (%) 0.76 
Available Fe (mg•kg-1) 52 Total Na (%) 0.18 
Available Cu (mg•kg-1)          4.60 Total Cu (mg kg-1) 1.62 
Available Zn (mg•kg-1) 0.90 Total Zn (mg kg-1)  294 
Available Mn (mg•kg-1) 26.00 Total Mn (mg kg-1) 93.10 
Total S (mg•kg-1) 1630.91 Total S (mg kg-1) 742.02 

 
 
 

Table 2. Days needed after sowing garden cress seeds  to 
reach the 7 to 10 leaf stage during the experiment.  
 

Growing periods 
Days after sowing 
2002 2003 

January 56 51 
February 48 62 
March 47 59 
September 30 29 
October 38 36 
November 45 48 

 
 
 

RESULTS 
 

Growing period by nitrogen source interaction did not 
have a statistically significant effect on any of the 
assessed parameters in both years of the experiment.  
Growing period affected yield significantly (P<0.001), and 
although yield was slightly higher in 2003, a similar 
pattern was observed in both years (Tables 3 and 4). The 
highest yields were obtained in February and January, 
followed by March and November.  The lowest yielding 
months were September and October. The yield average 
of January and February was 30% higher than the 
average of March and November, and 45% higher than 
the average of September and October. The effect of 
nitrogen source was also statistically significant (P<0.05). 
Highest yield was obtained when NO −

3 -N was applied, 

although not differing from yield obtained when NH +
4 -N 

was applied; farmyard manure gave the lowest yield, 
although not significantly different from yield obtained 
when NH +

4 -N was applied. NO −
3 -N application  increased  

yield by 18% compared to farmyard manure. 
In both years, similar leaf color values were observed 

and all the color parameters were affected by growing 
period (P<0.001) (Tables 3 and 4). Garden cress grown 
in March and September had lighter colored leaves 
compared to the other months.  They had higher 
lightness and chroma values, which indicates a lighter 
and more vivid color, and although not statistically 
significant different in March of 2002, lower hueº values, 
the indication of a more yellowish-green color. When all 
color parameters considered together, plants grown in 
January and November had darker green leaves. 
Nitrogen source did not have a statistically significant 
effect on leaf lightness values, but the effect on hueº and 
chroma was significant (P<0.05 and P<0.01, respec-
tively). The plants grown with farmyard manure had 
yellowish-green leaves compared to those grown with 
other fertilizers. Farmyard manure application resulted 
brighter colored leaves compared to NO −

3 -N application. 
Both growing period and nitrogen source affected the 

dry matter content of garden cress significantly (P<0.001 
and P<0.05, respectively) (Tables 5 and 6). The dry 
matter content changed between 8.24 and 11.12% in 
2002, and between 8.09 and 10.91% in 2003. Plants 
grown in colder months had higher dry matter content 
compared to others. The highest dry matter content was 
observed in January and decreased with the increasing 
temperature in both years. In comparison to NO −

3 -N 
application, the use of farmyard manure increased dry 
matter content by 14.5%. There are researches reporting 
that nitrogen source neither affects dry matter content 
and February nor from plants grown in September, 
October and   November.  Farmyard  manure  application
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Table 3. Changes in yield, color and dry matter of garden cress during 2002. 
 

Growing period Yield (g m-2) Lightness Hueº Chroma 
January 3180.5 a1 46.46 c 139.0 a 31.5 c 
February 3223.0 a 48.16 bc 131.9 bc 34.6 b 
March 2484.8 b 51.61 a 130.7 ab 36.4 ab 
September 1692.3 c 52.24 a 132.3 b 36.8 a 
October 1711.6 c 48.79 b 133.6 b 35.0 ab 
November 2453.3 b 47.05 bc 140.7 a 31.9 c 
Significance2 *** *** *** *** 

 
Nitrogen source     
Farmyard manure 2260.3 b 49.50 132.2 b 35.4 a 

NH +
4 -N 2438.8 ab 49.36 136.0 a 34.5 ab 

NO −
3 -N 2673.6 a 48.30 136.0 a 33.2 b 

Significance * n.s. * ** 
 

1Means separated with different letters in columns differ significantly according to Duncan’s multiple range test. 
2 *, **, *** statistically significant at P<0.05, P<0.01 and P<0.001 levels, respectively. 

 
 
 

Table 4. Changes in yield, color and dry matter of garden cress during 2003. 
 

Growing period Yield (g m-2) Lightness Hueº Chroma 
January 3265.1 a1 46.4 c 139.3 a 30.9 c 
February 3299.6 a 48.1 bc 132.2 b 33.8 b 
March 2514.9 b 51.5 a 130.9 b 35.5 ab 
September 1731.4 c 52.1 a 132.6 b 36.0 a 
October 1755.6 c 48.7 b 133.9 b 34.2 ab 
November 2541.4 b 47.0 bc 140.3 a 31.3 c 
Significance2 *** *** *** *** 

 
Nitrogen source 
Farmyard manure 2315.2 b 49.26 132.5 b 34.7 a 

NH +
4 -N 2499.6 ab 49.42 135.9 a 33.8 ab 

NO −
3 -N 2739.2 a 48.19 136.2 a 32.4 b 

Significance * Ns * ** 
 
1Means separated with different letters in columns differ significantly according to Duncan’s multiple range test. 
2 *, **, *** statistically significant at P<0.05, P<0.01 and P<0.001 levels, respectively. 

 
 
 
(Santamaria et al., 1998a; Kopsell et al., 2007; Kim et al. 
2006; Elia et al., 1998), and the increase in dry matter in 
organic products (Magkos et al., 2003), which is in 
accordance with our results. 

The effect of growing period on vitamin C content of 
garden cress leaves was statistically significant in both 
years, ranging between 0.669 and 0.892 mg g-1 FW (fresh 
weight), in 2002, and 0.664 and 0.879 mg g-1 FW, in 2003 
(Tables 5 and 6).  Nitrogen source also affected vitamin 
C content significantly (P<0.05). NO −

3 -N resulted in a 
slight increase in vitamin C content compared to farmyard 

manure application, both years. 
In 2002, total glucosinolate content of garden cress 

leaves changed between 9.97 and 12.79 mmol kg-1 DW 
(dry weight), and both the effects of growing period and 
nitrogen source were statistically significant (P<0.01 and 
P<0.05, respectively) (Table 5). The highest total 
glucosinolate content was obtained in September, 
October and November. Plants grown in January and 
February had the lowest total glucosinolate content. 
Plants grown in March had total glucosinolate content not 
statistically different neither from plants grown in January 
In the second year of the experiment,  total  glucosinolate 
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Table 5. Changes in vitamin C, total glucosinolate and nitrate content of garden cress during 2002. 
 

Growing period Dry matter 
(%) 

Vitamin C 
(mg g-1 FW) 

Total glucosinolates 
(mmol kg-1 DW) 

Nitrate  
(mg kg-1 FW) 

January 11.12 a1 0.882 a 9.97 b 391.36 a 
February 10.98 ab 0.892 a 10.03 b 324.21 c 
March 9.52 bc 0.778 ab 11.00 ab 349.72 b 
September 8.35 c 0.669 c 12.79 a 253.90 f 
October 8.24 c 0.676 c 12.76 a 269.64 e 
November 9.64 abc 0.770 ab 12.53 a 306.77 d 
Significance2 *** ** ** *** 

 
Nitrogen source 
Farmyard manure 10.28 a 0.706 b 12.37 a 309.61 b 

NH +
4 -N 9.66 ab 0.801 ab 11.80 ab 313.16 b 

NO −
3 -N 8.98 b 0.827 a 10.62 b 325.04 a 

Significance * * * ** 
 
1Means separated with different letters in columns differ significantly according to Duncan’s Multiple Range test. 
2 *, **, *** statistically significant at P<0.05, P<0.01 and P<0.001 levels, respectively. 

 
 

Table 6. Changes in vitamin C, total glucosinolate and nitrate content of garden cress during 2003. 
 

Growing period Dry matter 
(%) 

Vitamin C 
(mg g-1 FW) 

Total glucosinolates 
(mmol kg-1 DW) 

Nitrate 
 (mg kg-1 FW) 

January 10.91 a1 0.879 a 10.53 b 382.42 a 
February 10.79 ab 0.814 ab 9.76 b 342.39 b 
March 9.31 bc 0.763 ab 9.72 b 317.31 c 
September 8.09 c 0.664 c 13.39 a 249.65 e 
October 8.18 c 0.691 c 11.21 ab 263.94 e 
November 9.45 abc 0.709 c 11.02 ab 301.14 d 
Significance2 *** * * *** 

 
Nitrogen source 
Farmyard manure 10.10 a 0.681 b 11.69 303.27 b 

NH +
4 -N 9.47 ab 0.778 ab 10.96 306.47 b 

NO −
3 -N 8.80 b 0.802 a 10.17 318.69 a 

Significance * * ns * 
 
1Means separated with different letters in columns differ significantly according to Duncan’s multiple range test. 
2 *, **, *** statistically significant at P<0.05, P<0.01 and P<0.001 levels, respectively. 

 
  
content of garden cress leaves was only affected by 
growing period (P<0.05) (Table 6). The highest total 
glucosinolate content was obtained in September, 
followed by October and November, although they did not 
statistically differ from the other months. 

The effect of growing period on nitrate content was 
statistically significant in both years (P<0.001). Nitrate 
accumulation was higher during the colder months, and 
decreased with increasing temperatures. NO −

3 -N    appli-
cation increased nitrate accumulation in  both  years,  but 

the increase in nitrate accumulation when NH +
4
-N used 

was not statistically different from farmyard manure. The 
use of NO −

3 -N increased the nitrate content of leaves 4 

and 5% in comparison to NH +
4 -N and farmyard manure, 

respectively. 
 
 
DISCUSSION 
 
In our study, we found that the vegetative growth and  dry  
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matter content of garden cress plants were better in 
colder months compared to warmer months, and yield 
declined with the increasing temperature. Since garden 
cress is reported to be a cool season plant and to prefer 
temperatures below 20ºC (Munro and Small, 1997), this 
is not a surprising result.  

Many research work reports that leafy vegetables 
prefer nitrogen in nitrate form, and the use of NO −

3 -N 
promotes growth, therefore increase yield (Wang and Li, 
2003; Stagnari et al., 2007). There are also articles on 
yield decrease in leafy vegetables with the use of organic 
fertilizers (�usti� et al., 2003; Stagnari et al., 2007). 
Similarly in our experiment, NO −

3 -N application increased 
yield compared to farmyard manure, both years. Plants 
with shorter growing cycles like garden cress may benefit 
more from NO −

3 -N fertilization, since nitrogen is readily 
available. Also during some months of our experiment, 
low temperature conditions were unfavorable for nitrogen 
in the soil mineralization, therefore the effect of NO −

3 -N 
was more pronounced. Although the temperatures were 
higher during September and October, and therefore 
should increase nitrogen mineralization and the yield of 
farmyard manure applied plots, these conditions were not 
suitable for garden cress production, and yield declined 
considerably. 

León et al. (2007) reported that leaf lightness and hueº 
values are strongly correlated with the leaf chlorophyll 
content in butter head lettuce (Lactuca sativa cv. Lores). 
Madeira et al. (2003) also reported a strong relationship 
with chlorophyll content and chroma and hueº values in 
sweet pepper (Capsicum annum L., cv ‘Capistrano’) 
leaves. Both research groups reported that with the 
increasing concentrations of chlorophyll, lightness and 
chroma values decreased and hueº values increased. 
Based on our leaf color results, it can be said that garden 
cress plants grown in January and November had more 
chlorophyll content, since they had darker colored leaves 
compared to other months. It seems that when the days 
are short and light intensity is low, plants had darker 
colored leaves, which is in accordance with the results of 
Naidu and DeLucia (1998), who reported that leaves of 
Quercus spp. plants grown in shade conditions had more 
total chlorophyll.  

Our results showed that leaf color parameters, 
especially hueº and chroma values, were affected by 
nitrogen form. Mineral fertilizers produced darker colored  
leaves compared to farmyard manure; and although not 
statistically significant, lightness values showed a similar 
trend. Leaf nitrogen concentration is directly related to 
leaf chlorophyll content, therefore to leaf greenness 
(Chapman and Barreto, 1997), as a result, there are 
several researches on the prediction of crop nitrogen 
status via chlorophyll measurements or analysis 
(Sandoval-Villa et al., 1999; Shaahan et al., 1999; 
Sandoval-Villa et al., 2002; Westerveld et al., 2004; Liu et  

 
 
 
 
al., 2006). However, there are not many researches 
about the effect of nitrogen form. Kopsell et al. (2007) 
reported that kale (Brassica oleracea L. var. acephala 
DC) varieties responded differently to the increasing NO3-
N in terms of chlorophyll a concentrations, and, similar to 
Sandoval-Villa et al. (2002) results, the highest 
chlorophyll a concentration was obtained with 25% NH +

4 -

N:75 % NO −
3 -N. Since our experiment was conducted in 

soil conditions, it is not possible to make such clear 
distinctions; but, mineral fertilizers, probably because of 
the faster uptake of nitrogen, resulted in darker green 
colored leaves, which might be due to the increased 
chlorophyll content.  

The vitamin C content of garden cress in our study is 
quite high compared to Zhan et al. (2009), who reported 
a total vitamin C content of 33.52 mg 100 g-1 FW. 
Compared to other salad greens such as lettuce, garden 
cress is a rich source of vitamin C with its content of 50 to 
80 mg 100 g-1, which may provide almost half of the 
recommended dietary allowance (Cahill et al., 2009).  

NH +
4 -N and NO −

3 -N applications increased the vitamin 
C content compared to farmyard manure slightly. Similar 
to yield, plants benefited more from NO −

3 -N and NH +
4 -N 

applications in terms of vitamin C content, probably 
because of the higher availability of nitrogen. Excessive 
nitrogen fertilization was reported to decrease vitamin C 
content in several crops (Lee and Kader, 2000). Although 
the nitrogen dose used in this experiment is not low 
(150 kg N ha-1), it seems that this level of nitrogen is not 
very high for garden cress grown in soil conditions. There 
are conflicting results on the effect of organic fertilizers on 
vitamin C content. It is reported to increase, decrease or 
not affect the vitamin C content of vegetables 
(Worthington, 2001; Magkos et al., 2003; Premuzic et al., 
2004; Toor et al., 2006; Wunderlich et al., 2007; 
Zahradník and Pet�íková, 2007). In our study, the low 
vitamin C content of garden cress grown with farmyard 
manure could be due to the low nitrogen mineralization 
during colder months, hence lower availability of nitrogen 
in the soil. 

Climatic conditions have been reported to affect the 
total glucosinolate content of plants, of which temperature 
and day light are two of the most important (Rosa and 
Rodrigues, 1998; Ciska et al., 2000; Vallejo et al., 2003; 
Charron et al., 2005; Radovich et al., 2005; Schonhof et 
al., 2007). It is reported that plants tend  to accumulate  
more glucosinolates at higher temperatures (Charron et 
al., 2005; Cartea and Velasco, 2008). In our experiment, 
high temperatures during September, October and 
November (Figure 1) resulted an increase in total 
glucosinolate content. Although the temperatures were 
quite high for garden cress during September, which 
caused a decline in yield, being higher than the optimum 
might be the cause of the increase in total glucosinolate. 
Since supraoptimal temperatures  has  been  reported  to  



 

 
 
 
 
increase the total GLS content (Ciska et al., 2000; Vallejo 
et al., 2003; Charron et al., 2005; Radovich et al., 2005), 
high maximum temperatures in September, as well as 
longer days, might have increased total GLS content.  

Nitrogen and sulfur fertilization are also known to affect 
the total glucosinolate content. Schonhof et al. (2007) 
reported that broccoli plants should be supplied with 
sufficient sulfur and nitrogen in order to obtain greater 
amounts of glucosinolates.  In low nitrogen conditions 
(1 g N plant-1), sulfur fertilization did not have a significant 
effect on glucosinolate content, but at optimal nitrogen 
availability (4 g N plant-1), additional sulfur application, 
especially in sulfur deficit soils, increased the total 
glucosinolate content. Similarly, a linear increase in 
glucosinolate content with sulfur fertilization was also 
reported by Kopsell et al. (2003), who compared the 
effects of sulfur fertilization (4, 8, 16, 32 and 64 mg S L-1) 
on three different kale cultivars (Winterbor, Redbor, 
Toscano). Our results showed similar tendencies. 
Although there was no statistically significant difference 
between ammonium sulfate and calcium nitrate, a small 
increase in the total glucosinolate content was observed 
in 2002 when plants was grown with farmyard manure 
and ammonium sulfate. Since an additional amount of 
sulfur was applied with farmyard manure (Table 1) and 
ammonium sulfate, the higher total glucosinolate content 
can be expected. But the high sulfur content of the soil 
(Table 1) in the experimental area may be the cause of 
the slight increase in total glucosinolate content. De 
Pascale et al. (2007) suggested that if the sulfur content 
of the soil is high enough to saturate plant requirements, 
additional sulfur fertilization may not affect the 
glucosinolate content.   

The effect of nitrogen form on nitrate accumulation in 
different leafy vegetables, such as rocket salad, lettuce, 
spinach and garden cress, was studied by several 
authors (Santamaria et al., 1998a, 1998b; Kim et al., 
2006; Pavlou et al., 2007; Stagnari et al., 2007; Zhang et 
al., 2007; Fontana and Nicola, 2008). Highest nitrate 
accumulation was caused by NO −

3 -N, followed by NH +
4 -

N, and manure (Wang and Li, 2003; Pavlou et al., 2007; 
Stagnari et al., 2007), which is in accordance with our 
results. Faster uptake of nitrogen in NO −

3 -N fertilizer 
causes an accumulation in leaves. Our results confirmed 
that climatic conditions, especially photoperiod, also 
affects nitrate accumulation. Increased light conditions 
cause an increase in nitrate reductase activity, and there 

is a negative correlation between photosynthetic 
activity and nitrate accumulation (Pavlou et al., 2007). 
Lowest nitrate content was observed during September 
and October, when the days were longest.  

Garden cress was reported to be a high nitrate 
accumulating plant, and Fontana and Nicola (2008) 
reported nitrate contents varying between 119 and 
4040 mg·kg-1 FW for young garden cress grown in 
soilless culture with  different  nitrogen  rates,  forms  and  
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regimes. In our experiment, although both growing period 
and nitrogen source affected the nitrate accumulation, the 
highest nitrate content of both years, 382.42 mg·kg-1 FW, 
was well below the Acceptable Daily Intake of 3.7 mg 
nitrate per kg-1 bodyweight (Scientific Committee on 
Food, 1995). A balanced nitrogen and sulfur fertilization 
may prevent leaf nitrate accumulation by increasing the 
incorporation of nitrogen to organic compounds (De 
Pascale et al., 2007). The total sulfur content of soil used 
was 1630.91 mg kg-1 (Table 1), which is considered very 
high (Aguilera et al., 2002), and also an extra sulfur was 
applied with ammonium sulfate. This may be the cause of 
lower nitrate content in our experiment.  
 
 
Conclusion 
 
Our research has shown that January, February and 
November are the most suitable months of the year to 
sow garden cress in our climatic conditions, and probably 
for other regions which have a Mediterranean climate. 
Warmer months significantly reduced yield and quality. 
Although garden cress has a potential to accumulate high 
amounts of nitrate in leaves, plants grown in soil, 
especially in sulfur sufficient soils, do not hold a threat in 
terms of nitrate content. 
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