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ABSTRACT 
 

These experiments were carried out during two successive winter seasons of 2011/012 and 2012/013 
on globe artichoke cv. French. The plants were grown at Kaha Kalubia Gov. Egypt, under clay loam soil and 
surface irrigation system, to investigate the effect of nitrogen levels (100, 75 and 50 % of the recommended 
dose, Sodium nitroprusside concentrations as foliar spray of 0.0, 0.05, 0.10 and 0.15 mM/L. and their 
interaction on vegetative growth, heads quality, early, middle and late yield as well as nitrogen use efficiency 
(NUE) and nitrate accumulation of globe artichoke. The obtained results showed that increasing the nitrogen 
level up to 400 kg ammonium nitrate/fed., in general significantly enhanced the growth parameters, heads 

quality, early, middle and late heads yield as well as chemical constituents,but negatively influenced the NO3-N 
and NUE. The contra results were obtained when globe artichoke plants was sprayed by sodium nitroprusside 
at the lowest level (0.05 mM/L.) with low values of NO3-N and high NUE compared with the highest 
concentration. The combination between 100 % of the recommended dose of nitrogen (400 kg ammonium 
nitrate/fed.) with the low concentration of SNP (0.05 mM/L.) produced the best results on vegetative growth 
characteristics, head and receptacle quality, early, middle and late heads yield per plant and ton/fed. as well as 
chemical constituents. Whereas, there were no significant differences between using 400 and 300 kg 
ammonium nitrate/fed. when each of them combined separately with 0.05 mM/L. of SNP on most cases of 
vegetative growth, all head and receptacle characters as well as early, middle and late heads yield per plant and 
per fed. in both seasons. However, the nitrogen use efficiency was increased and nitrate content of heads was 
significantly decreased when artichoke plants supplied with the second nitrogen level (300 kg ammonium nitrate 
/fed.) combined with the second concentration of SNP (0.05 mM/L.).  
 
Key words: Globe artichoke, nitrogen level, Sodium Nitroprusside, growth; early yield, middle yield, late yield, 

N contents, total sugars. Nitrate accumulation, nitrogen use efficiency, NUE. 

 
Introduction 

Globe artichoke (Cynara cardunculus L. var. scolymus) is an important vegetable crop 
belonging to the Composite family (Asteraceae). The immature flower bud is the edible part of the 
plant; it has a fleshy receptacle and a fleshy tender base of bract. Artichoke is a native 
Mediterranean crop (Ryder et al., 1983). Artichoke has a high nitrogen requirements and often farmers 
apply excessive amounts of fertilizer that contributes to groundwater pollution by nitrate (Rodrigo et 
al., 2005) Artichoke nitrogen fertilization can be made more efficient by reducing the quantity. 
Nitrogen is one of the primary concerns in sustainable agriculture both in developed and developing 
nations, given the role of N as a pollutant involved in ecosystems, biodiversity and food safety 
deterioration (Ehaliotis et al. 2010; Spiertz, 2010). Crop response to applied N and use efficiency are 
important criteria for evaluating crop N requirements for maximum economic yield. Recovery of N in 
crop plants is usually less than 50% worldwide. Low recovery of N in annual crop is associated with its 
loss by volatilization, leaching, surface runoff, denitrification, and plant canopy (Fageria1, and Baligar, 
2005). With a view to ensuring high and stable crop yield in a sustainable way, today it is imperative 
to optimize the efficiency of using chemical N fertilizers in farmland. According to White and Brown 
(2010), there are two paths to achieve these targets: an agronomical one, aiming at improving 
fertilization practices through, reduce the amount of fertilizer added to the soil and a genetic one, aiming 
at spreading the cultivation of genotypes that acquire soil mineral elements more effectively. On the 
other hand, lack of additions may lead to lower productivity. Elia et al., (1996) investigated four 

different ratios, 100:0, 70:30, 30:70 and 0:100 of ammonium to nitrate (NH4: NO3) to determine the best 

ratio of nitrogen forms in a nutrient solution for artichoke growth. Results also indicated that NO3 in 

the form of N was the most suitable application for artichoke. El-Abagy (1993) investigated three 
NPK levels, low level (71 kg N, 57 kg P2O5 and 119 kg K2O/ ha), medium level (142 kg N, 114 kg P2O5 
and 238 kg K2O/ ha) and high level (213 kg N, 171 kg P2O5 and 357 kg K2O / ha) on globe artichokes 
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cultivated in clay soil in Egypt. The author recommended supplying a medium level as the best results 
for plant height, number of leaves per plant and leaf fresh weight as well as leaf dry weight achieved 
from this treatment. Pedreno et al. (1996) reported that the reduction of nitrogen application from 500 to 
300 kg N ha-1 resulted in a reduction of total biomass of artichoke. Salamah, (1997) investigated 
the response of artichoke to N-fertilization levels ranging from 95 to 380 kg ha-1  in Ismailia region, 
Egypt. The results indicated that all characteristics of plant growth such as number of leaves as well 
as leaf fresh weight and dry weight markedly increased when N-fertilization increased from 95 to 285 
kg N ha-1 without further increases when N level increased from 285 to 380 kg N/ ha. Pomares et al., 
(1993) studied effects of three different levels of NPK fertilization on artichoke (cv. Blanca de 
Espana) productivity in Valencia, Spain. There was no significant response on the yield with a N 
dose higher than 200 kg ha-1, where only slight differences were obtained with the higher levels of 400 
and 600 kg N /ha. 

Nitric oxide (NO) is an atmospheric gaseous molecule soluble in water and lipids. Research on 
NO, in plants has gained a considerable attention in recent years and there is increasing evidence of 
a role of this molecule in plants. Besides its presence in atmosphere, NO is also formed endogenously 
mainly in young actively growing tissues. NO production in plant tissues was first observed by Klepper 
(1975) and later on four different enzymatic pathways involved in its production have been proposed; 
(a) nitric oxide synthase, (b) plasma membrane bound nitrate reductase, (c) mitochondrial electron 
transport chain and (d) non-enzymatic reactions (Guo et al., 2003). Due to its highly lipophilic nature, 
NO acts as an intra and intercellular signaling plant growth regulator (Beligni and Lamattina, 2000) 
that mainly acts against the oxidative stress (Neill et al., 2002). NO at low concentrations has been 
found to be involved in regulation of diverse biochemical and physiological processes in plants 
(Kopyra and Gwozdz, 2003; Neill et al., 2008). However, at higher concentrations, NO may prove to be 
potentially toxic to the plant systems (Beligni and Lamattina, 2000). 

Keeping these points in view, the present experiment was designed with an objective to 
evaluate the effect of a range of concentrations of SNP, a nitric oxide donor on the performance of globe 
artichoke fertilized with nitrogen levels. 

 

Material and Methods 
Site description: 

This work was carried out during two successive winter seasons of 2011/012 and 2012/013 on globe 
artichoke cv. French. The plants were grown at Kaha Kalubia Gov. Egypt, under clay loam soil and 
surface irrigation system, to investigate the effect of nitrogen levels (100, 75 and 50 % of the recommended 

dose it was (400, 300 and 200 kg ammonium nitrate/fed., respectively), Sodium nitroprusside 

"Na2[Fe(CN)5NO]" concentrations as foliar spray of 0.0, 0.05, 0.10 and 0.15 mM/L. and their interaction on 
vegetative growth, heads quality, early, middle and late yield as well as nitrogen use efficiency and nitrate 
accumulation of globe artichoke. Samples of soil were taken before cultivation and subjected for physical and 
chemical analysis in Soil, Water & Environment Research, Agricultural Research Center according to method 
of Jackson (1965) and the results are presented in (Table a). 

 
Table a: The physical and chemical properties of the soil: 

Variable 2011/12 2012/13 
1- Physical properties  

59.80 
 

60.50 Clay% 
Silt % 21.70 21.90 
Total sand% 18.50 17.60 

Texture Clay loam 
2- Chemical properties  

 
97.90 

 
 

98.60 

Available 
N (ppm) 
P (ppm) 5.90 5.60 
K (ppm) 214.8 215.6 
pH 

 
7.70 7.60 

Experimental design: 
The experiment included 12 treatments which were the combination between three nitrogen rates (200, 

300 and 400 kg ammonium nitrate /fed.) and four sodium nitroprusside concentrations (SNP0 =  0.00, SNP1 
=0.05, SNP2 =0.10 and SNP3 =0.15 mM/L.). A split plots design with three replicates was used. The nitrogen 

levels treatments were arranged in the main plots, while the sodium nitroprusside concentrations were allotted 
randomly in sub plots. Each experimental plot included four ridges each was 4.5 m in length and 1m width with 
an area about 18 m2. 
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Planting technique: 

Old crowns of Globe artichoke cv. French were taken from the previous plants and divided 
longitudinally to suitable equal pieces. The pieces were transplanted at a distance of 1 m apart on one side 
of the ridge on 10th and 15th August of 2011 and 2012, respectively. Beginning at 6-8 leaf stage, the plants in 
sup-plots were treated with the sodium nitroprusside as a foliar spray twice with 15 days intervals. However, 
the levels of ammonium nitrate were applied to soil at three equal doses at 40, 60 and 80 days after 
transplanting. All treatments were received the super- phosphate and potassium sulphate fertilizers once at 
soil preparation before sowing as the recommended amounts. Moreover, other agriculture practices were 
carried out as commonly followed in the district. 

 

Data recorded: 
1- Growth parameters: A random sample of six plants was taken randomly from each experimental plot 

at 90 days after transplanting in both seasons of study to measure plant height (cm), leaves number per 
plant, leaf fresh and dry weight (g) as well as leaf area (m2). 

2- Head and receptacle characteristics: Ten heads were taken randomly from each experimental plot to 
estimate the average of head weight (g.), head diameter (cm), head length (cm), receptacle fresh weight 
(g.) and receptacle dry weight. 

3- Early, middle and late yield as well as total yield (ton/fed.): The Early yield was determined on the 
base of pickings through the period from the beginning of the harvest season till the end of February 
and middle yield during March, while late yield during April to end of May. Moreover, both number and 
weight of total yield was calculated as the weight of the three times of head pickings (early, middle and 
late yield). 

4- Chemical constituents of heads: The nitrogen content was determined in the digested dry matter of both 
leaves and receptacle according to the method described by Pregl (1945) using micro-kjeldahl apparatus. 
Total sugars were determined by using the phenol sulphoric acid reagent (Dubois et al., 1956). However, 
nitrate content in the heads receptacle was estimated according to Salicylic acid method mentioned by Cataldo 
et al., (1975). 

 
Statistical analysis: 

The data were subjected to statistical analysis using the normal (F- test). Means were separated and 
compared by Duncan's Multiple Range Test (Duncan, 1955.) at 5% level. 
 

Results and Discussion 

Growth parameters:  
Effect of nitrogen level: 

The obtained data in Tables (1 and 2) show clearly that, fertilizing artichoke plant with 200 
kg/fed. ammonium nitrate (33.5 % N) up to 400 kg/fed. led to a significant gradual increase in the plant 
height, number of leaves, both fresh and dry weight of leaves as well as leaf area per plant. Moreover, the 
highest significant increase in growth aspects were obtained by using the highest level of nitrogen (400 
kg/fed. ammonium nitrate). However, the lowest values was recorded to the control treatment. Growth 
characters of globe artichoke gradually increased with increasing nitrogen levels from 200 to 400 kg 
ammonium nitrate/fed. and this can be attributed to the fact that nitrogen promotes plant growth increases 
the number and length of the branches, which results in progressive increase in plant size, number of 
leaves, leaves fresh and dry weight as well as leaf area. El-Abagy, (1993) found that supplying a medium 
level of N (114 kg/fed.) to globe artichokes plants was the best results for plant height, number of leaves 
per plant and leaf fresh weight as well as leaf dry weight. Pedreno et al. (1996) reported that the 
reduction of nitrogen application from 500 to 300 kg N ha-1 resulted in a reduction of total biomass of 
artichoke. Salamah, (1997) investigated the response of artichoke to N-fertilization levels (95 to 380 kg N 
ha-1). The results indicated that all characteristics of plant growth such as number of leaves, leaf fresh 
weight and dry weight markedly increased when N-fertilization increased from 95 to 285 kg N/ ha without 
further increases when N level increased from 285 to 380 kg N/ ha. Shaheen et al. (2007) Fertilizing 
artichoke plant with ammonium sulphate (20.6% N) as a source of nitrogen at rates of 80 up to 120 kg. 
N/fed. had a significant effect on the plant growth characters. 
 
Effect of sodium nitroprusside concentrations: 

The data recorded in two seasons showed that foliar sprays of sodium nitroprusside (SNP) 
concentrations at the rates of 0.05, 0.10 and 0.15 mM/L. had a significant effect on most of the 
vegetative growth attributes measured (Tables 1 and 2). In this concern, the maximum values recorded 

when globe artichoke plant sprayed with SNP1 (0.05 mM/L) followed by SNP2 (0.10 mM/L.) compared 
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to the highest used level (0.15 mM/L.) and control treatments in both seasons. Foliar application of SNP1 
gave the uppermost results, may be due to the nitric oxide (NO) donor where, sodium nitroprusside is a 
bioactive free radical, which plays important role in many physiological processes in plants, such as 
growth, development, senescence and adaptive responses to multiple stresses (Beligni and Lamattina 
2001, Graziano and Lamattina 2007, Misra et al. 2010). NO is reported to ameliorate stress responses 
in plants (Misra et al. 2011). It was noted that NO stimulates growth of whole plants (Neill et al., 2008) 
as well as of individual plant parts: primary root (Hu et al., 2005) hypocotyl (Beligni, and Lamattina, 
2002), mesocotyl (Zhang et al., 2003) adventitious and lateral roots (Pagnussat et al., 2004 and Correa-
Aragunde, et al., 2006), leaves (An et al., 2005) and the shoot (Zhang et al., 2003 and An et al., 2005). 
In the presence of low concentrations of the NO donor nitroprusside, an acceleration of growth was noted 
for A. thaliana primary root, whereas inhibition of growth was observed at higher concentrations (Yemets, 
et al., 2009). 

 
Effect of the interaction: 

Regarding the interaction effect between the different nitrogen levels and SNP concentrations on 
vegetative growth characteristics, the same Tables (1 and 2) showed that, there were significant 
differences in all growth aspects as a result of applied nitrogen fertilizer combined with foliar sprays of 
SNP concentrations. In this concern, application of nitrogen fertilizer at the highest level (400 kg 
ammonium nitrate/fed.) combined with the lowest concentration of SNP (0.05 mM/L.) increased the 
values of most the growth characters followed, in descending order, by nitrogen level at 75 % of 

recommended dose (300 kg ammonium nitrate /fed.) combined with SNP1. However, this result was 

not reach to significant level in case of plant height, both fresh and dry weight of leaves in both seasons 
and in leaves fresh weight and dry weight in the second one. On the contrary, the lowest values were 
recorded for untreated control, followed, in ascending order, by using nitrogen at the rate of 50 % of the 
recommended dose (200 kg ammonium nitrate/fed.) interacting with foliar application of the high 
concentration of SNP. The remained treatments occupied an intermediate position between the 
aforementioned treatments in both seasons. 

The highest concentration of sodium nitroprusside combined with the three levels of nitrogen 
significantly decrease in all growth parameters compared with the low concentration, it can be attributed 
to the higher concentrations of SNP resulted in increasing NO content, cellular damage levels and 
reactive oxygen species (ROS) concentration further induced in older tissues (Sung and Hong, 2010). In 
addition, the activity of nitrate reductase (NR), a key enzyme involved in the generation of NO in plants, 
indicated a differential regulation in a dose and time-dependent manner. Furthermore, Antoniou et al., 
2013 found that, the expression levels of NO- responsive genes (NR, nitrate/nitrite transporters) involved 
in nitrogen assimilation and NO production revealed significant induction of NR and nitrate transporter 
during long-term 2.5 mM SNP application in mature plants and overall gene suppression in senescing 
plants. 

 
Table 1: Effect of N levels, sodium nitroprusside concentrations and their interaction on plant height, leaves number and 

fresh weight during 2011/12 and 2012/13. 
 

N-levels 
(Ammonium Nitrate) 

 
SNP treatments 

Plant height 
(cm) Number of leaves /plant Leaves F.W 

(g) 
2011/12 2012/13 2011/12 2012/13 2011/12 2012/13 

 
 
 

400 kg/fed. 

SNP0 79.51ef 82.09de 17.63fg 17.18ef 2418.7hi 2485.0fgh 
SNP1 94.41a 96.84a 25.63a 26.95a 3185.0a 3193.3a 
SNP2 88.42b 90.48b 22.27b 23.76b 2828.3bc 2791.0cd 
SNP3 84.28cd 85.71cd 19.47d 19.09d 2644.3ef 2627.7def 
Mean 86.66a 88.78a 21.25a 21.75a 2769.1a 2774.3a 

 
 
 

300 kg/fed. 

SNP0 73.38g 72.91f 16.19hi 16.29fg 2298.7j 2292.7hi 
SNP1 92.16a 93.56ab 20.76c 21.12c 2924.7b 3059.7ab 
SNP2 86.37bc 86.15c 18.82de 18.99d 2690.3de 2692.0de 
SNP3 82.41de 82.94cde 17.72fg 17.79de 2511.0gh 2528.3feg 
Mean 83.58b 83.89b 18.37b 18.55b 2606.2b 2643.2b 

 
 
 

200 kg/fed. 

SNP0 66.70h 67.58g 14.56j 14.91g 2157.7k 2134.0i 
SNP1 84.35cd 85.09cd 18.02ef 18.03de 2796.7cd 2930.7bc 
SNP2 79.27f 79.23e 16.82gh 17.00ef 2566.7fg 2650.3def 
SNP3 74.25g 73.68f 16.06i 15.92fg 2321.7ij 2367.0gh 
Mean 76.14c 76.40c 16.37c 16.46c 2460.7c 2520.5c 

 

 
Mean of SNP 

SNP0 73.20d 74.19d 16.13d 16.13d 2291.7d 2303.9d 
SNP1 90.31a 91.83a 21.47a 22.03a 2968.8a 3061.2a 
SNP2 84.68b 85.29b 19.30b 19.92b 2695.1b 2711.1b 
SNP3 80.32c 80.78c 17.75c 17.60c 2492.3c 2507.7c 

*SNP: sodium nitroprusside concentration 
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Table 2: Effect of N levels, sodium nitroprusside concentrations and their interaction on leaves dry weight and Leaf area 
during 2011/12 and 2012/13. 

 
N-levels 

(Ammonium Nitrate) 
 

    SNP treatments 

 
Leaves dry weight 

(g) 

 
Leaf  area 

(m2) 
2011/12 2012/13 2011/12 2012/13 

 

 
400 kg/fed. 

SNP0 186.00de 195.00c 4.64f 4.60h 
SNP1 226.00a 223.00a 5.63a 5.73a 
SNP2 216.00bc 213.67ab 5.32b 5.35bc 
SNP3 208.67bc 208.00b 4.83e 4.90f 
Mean 209.17a 209.92a 5.11a 5.14a 

 
 

300 kg/fed. 

SNP0 175.33f 180.33e 4.54g 4.54h 
SNP1 216.33b 218.00ab 5.38b 5.44b 
SNP2 208.00c 213.33ab 5.20 c 5.23cd 
SNP3 190.67d 191.67cd 4.71f 4.74g 
Mean 197.58b 200.83b 4.96b 4.99b 

 
 

200 kg/fed. 

SNP0 154.00h 156.67g 4.22h 4.20i 
SNP1 185.33de 182.67de 5.15c 5.17de 
SNP2 179.67ef 180.00e 4.94d 5.07e 
SNP3 165.00g 166.67f 4.51g 4.51h 
Mean 171.00c 171.50c 4.70c 4.74c 

 

Mean of SNP 
SNP0 171.78d 177.33a 4.47d 4.45d 
SNP1 209.22a 207.89a 5.39a 5.45a 
SNP2 201.22b 202.33b 5.15b 5.22b 
SNP3 188.11c 188.78c 4.68c 4.72c 

SNP: sodium nitroprusside concentration 

 
Head and receptacle quality:  
Effect of nitrogen level: 

Data illustrated in Table (3 and 4) indicate the effect of nitrogen levels, SNP concentrations and their 
interaction on head and receptacle quality i.e., number of heads per plant, head diameter, head length, 
average head fresh weight, receptacle fresh and dry weight. The head and receptacle characteristics 
were strongly influenced by increasing nitrogen fertilization from 50 to 100 % of the recommended 
dose in both seasons. In this respect, application of nitrogen at 400 kg N as ammonium nitrate /fed. 
recorded the maximum result in the most of head and receptacle characteristics followed by fertilized 
with 300 kg ammonium nitrate /feddan. Whereas, there were no significant differences between the high 
and middle levels of nitrogen in head height, head diameter and in receptacle dry weight in both 
seasons. It could be concluded that, nitrogen fertilization caused an improvement in the physical quality 
of artichoke heads yield. This might be explained on the basis that N is an essential element for plant 
growth that possibly increased the efficiency of photosynthesis, which resulted in more accumulation of 
food that caused an increase in flower bud formation during the most favourable conditions, thus 
producing heads of high quality. The obtained results are in harmony with the other reported by Pomares 
et al., (1993), Fatma et al., (1997), Salamah, (1997), El-Fatth et al., (1998), Foti, et al., (2005) and 
Shaheen et al., (2007) . 
 
Effect of sodium nitroprusside concentrations: 

Regarding the effect of SNP concentrations on head and receptacle characteristics presented in 
Tables (3 and 4) shows that head and receptacle characters were significantly increased due to foliar spray 

of the low concentration of SNP (0.05 mM/L.) compared with SNP2, SNP3 and control treatment in both 

seasons of study. In addition, the relative increase in the mean of SNP treatments as a result of applied the 
low concentration compared with control treatment amounted 9.74 and 9.35 % in case of head height, 
24.69 and 13.88 % in head diameter, 19.20 and 20.62 % in average head fresh weight, 27.63 and 40.59 % 
in receptacle fresh weight in the first and second seasons, respectively. The dry weight of receptacle 
increased due to using low concentration of sodium nitroprusside compared with the control treatment and 
this increments are 54.61 and 55.39 % in the 1st and 2nd seasons, respectively. 
 
Effect of the interaction. 

As for the interaction effect, the same data in Tables 3 and 4 indicated that application of nitrogen 
fertilizer at the highest and middle used levels 400 and 300 Kg ammonium nitrate/fed. respectively, when 
both are separately treated combined with foliar spray of SNP at the lowest concentration (0.05 mM/L.) 
exhibited the highest values in all measured head and receptacle parameter during both seasons of study. 
However, there were no significant differences were not in studied head and receptacle parameters 
between the  application of nitrogen fertilizer at 400 and 300 kg ammonium nitrate/fed. and spraying the 
plants with 0.05 mM/L. the   same trend of the effect of SNP concentration was obtained by Kopyra and 
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Gwozdz, (2003), Neill et al. (2008) and Hayat et al. (2014) they reported that, NO at low concentrations 
has been found to be involved in regulation of diverse biochemical and physiological processes in plants. 

On the other hand, application of nitrogen at the lowest level (150 kg ammonium nitrate /fed.) 

combined with the second (SNP2) or the third concentration (SNP3) of SNP (0.05 and 0.10 mM) 

respectively, produced the lower quality of head and receptacle characters in both seasons. This results 
might be due to a higher concentrations, NO may prove to be potentially toxic to the plant systems 
(Beligni and Lamattina, 2000 and Hayat et al., 2014). 
 
Table 3: Effect of N levels, sodium nitroprusside concentrations and their interaction on head height, head diameter and 

head dry weight during 2011/12 and 2012/13. 

 
N-levels 

(Ammonium Nitrate) 
  SNP treatments 

 
No. of heads /plant 

 

Head diameter 
(cm) 

Head height 
(cm) 

2012 2013 2012 2013 2012 2013 

 

 
400 kg/fed. 

SNP0 11.16d 11.19d 7.78de 7.76g 9.46ef 9.52ef 
SNP1 13.39a 13.41a 9.41a 9.93a 10.36a 10.37a 
SNP2 12.65b 12.49b 8.83b 8.88b 9.87b 9.86b 
SNP3 11.29e 11.68d 8.58bc 8.61d 9.68cd 9.69bcd 
Mean 12.12a 12.19a 8.65a 8.79a 9.84a 9.86a 

 

 
300 kg/fed. 

SNP0 11.55e 11.61de 7.58e 7.57h 9.31f 9.35g 
SNP1 13.34a 13.36a 9.36a 9.83a 10.29a 10.31a 
SNP2 12.62c 12.14c 8.67bc 8.72cd 9.76bc 9.73bc 
SNP3 11.22e 11.63e 8.39c 8.45e 9.56de 9.65cde 
Mean 12.18a 12.18a 8.50a 8.64b 9.73a 9.76b 

 

 
200 kg/fed. 

SNP0 10.36fg 10.32g 6.76f 6.76i 8.94g 9.02h 
SNP1 10.82f 10.85f 8.79b 8.79bc 9.78bc 9.82b 
SNP2 10.52g 10.61g 8.35c 8.36e 9.53de 9.53def 
SNP3 10.14h 10.14h 7.99d 8.02f 9.38f 9.41fg 
Mean 10.46b 10.48c 7.97b 7.98c 9.41b 9.45c 

 

Mean of SNP 

SNP0 11.02c 11.04c 7.37d 7.36d 9.24d 9.30d 
SNP1 12.52a 12.53a 9.19a 9.52a 10.14a 10.17a 
SNP2 11.93b 11.75b 8.62b 8.66b 9.72b 9.71b 
SNP3 10.88c 11.15d 8.32c 8.36c 9.54c 9.58c 

 
Table 4: Effect of Nitrogen levels, sodium nitroprusside concentrations and their interaction on receptacle fresh and dry 

weight during 2011/12 and 2012/13. 

N-levels 
(Ammonium Nitrate) 

 

 
 SNP treatments 

Average head FW. 
(g) 

Receptacle F.W 
(g) 

Receptacle D.W 
(g) 

2012 2013 2012 2013 2012 2013 
 

 
400 kg/fed. 

SNP0 192.33e 192.33e 30.08de 27.83c 2.76g 2.77h 
SNP1 227.33a 228.33a 38.42a 40.16a 4.59a 4.55a 
SNP2 217.00b 217.33b 33.51b 32.96b 4.17bc 4.16bc 
SNP3 209.83c 211.67c 32.77bc 33.07b 3.57cd 3.62def 
Mean 211.63a 212.42a 33.69a 33.51a 3.77a 3.78a 

 

 
300 kg/fed. 

SNP0 183.00f 179.33g 28.97ef 25.00d 3.10ef 3.10gh 
SNP1 223.67a 225.67a 37.07a 38.71a 4.52ab 4.50ab 
SNP2 208.0cd 207.33c 31.57cd 30.95b 3.85cd 3.70de 
SNP3 202.33d 198.67d 28.12f 28.01b 3.32ef 3.27fg 
Mean 204.25b 202.75b 31.43b 30.67b 3.69a 3.64a 

 

 
200 kg/fed. 

SNP0 161.00h 163.33i 17.37i 17.83g 2.28h 2.19i 
SNP1 195.00e 199.33d 22.98g 22.13e 3.84cd 3.81cd 
SNP2 183.00f 185.00f 21.20h 21.30ef 3.57de 3.34efg 
SNP3 174.00g 170.00h 20.70h 19.99f 2.89g 2.90h 
Mean 178.25c 179.42c 20.56c 20.31c 3.15b 3.06b 

 
 

Mean of SNP 
SNP0 178.78d 178.33d 25.48d 23.55d 2.71d 2.69d 
SNP1 215.33a 217.78a 32.82a 33.67a 4.32a 4.29a 
SNP2 202.67b 203.22b 28.76b 28.40b 3.86b 3.73b 
SNP3 195.39c 193.44c 27.20c 27.02c 3.26c 3.26c 

 
Early, middle and late yield as well as total yield. 
Effect of nitrogen level: 

Data illustrated in Table (5) and Fig. (1) shows that, the early, middle and late yield as well as 
total heads yield ton/fed. were responsive to the N supply, the early yield was significantly increased as a 
result of fertilized the globe artichoke plants with 400 kg ammonium nitrate /fed. by up to 37.58 and 
57.89 % in the early yield ton/fed. compared with half recommended dose of nitrogen (200 kg 
ammonium nitrate /fed.) in the first and second seasons, respectively. These results substantially confirm 
previous researches conducted in different productive areas, which found the 142–285 kg N /ha to be the 
optimal range for improving globe artichoke earliness (Elia and Conversa, 2007). Furthermore, the middle 
yield was similarly influenced by the amount of nitrogen supplied, where the increase in the middle yield 
due to the applied of the highest level of nitrogen (100% of the recommended dose) was amount 65.24 and 
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64.64 % in the total middle yield ton/feddan compared with the lowest used level. However, there were no 
significant differences between both the two levels of N at 100 and 75% of the recommended dose in case 
of early and middle yield ton/feddan in the second season only and in both seasons in the late yield. 
 
Table 5: Effect of Nitrogen levels, sodium nitroprusside concentrations and their interaction on early, middle, late and total 

yield during 2011/12 and 2012/13. 
 

N-levels 
(Ammonium Nitrate) 

 
SNP 

Treatments 

Early yield 
(ton/fed.) 

 

Middle yield (ton/fed.) Late yield 
(ton/fed.) 

2011/12 2012/13 2011/12 2012/13 2011/12 2012/13 
 

 
400 kg/fed. 

SNP0 0.588g 0.534h 4.709a 4.518a 1.418e 1.418 f 
SNP1 2.252a 1.763a 3.569c 3.805b 3.051a 2.844a 
SNP2 1.775b 1.347b 3.627c 3.493c 2.474b 2.484b 
SNP3 1.327c 0.917e 3.059d 3.341d 1.908d 1.917d 
Mean 1.486a 1.140a 3.741a 3.789a 2.213a 2.166a 

 

 
300 kg/fed. 

SNP0 0.551h 0.515h 3.901b 3.869b 1.345ef 1.329 f 
SNP1 2.242a 1.755a 3.551c 3.762b 2.967a 2.832a 
SNP2 1.347c 1.107c 3.106d 3.068e 2.300c 2.304c 
SNP3 1.022d 0.799f 2.815e 2.801f 1.755d 1.744e 
Mean 1.291b 1.044b 3.343b 3.375b 2.092a 2.053b 

 

 
200 kg/fed. 

SNP0 0.322i 0.344i 2.148g 2.151h 1.468e 1.491 f 
SNP1 0.990e 1.021d 2.825e 2.893f 1.828d 1.875 de 
SNP2 0.736f 0.739g 2.537f 2.540g 1.387e 1.413 f 
SNP3 0.550h 0.542h 2.235g 2.203h 1.180f 1.155 g 
Mean 0.650c 0.662c 2.437c 2747c 1.466b 1.484c 

 

Mean of SNP 
SNP0 0.487d 0.464d 3.586a 3.513a 1.411d 1.413d 
SNP1 1.828a 1.513a 3.316b 3.487a 2.615a 2.518a 
SNP2 1.286b 1.064b 3.090c 3.034b 2.054b 2.067b 
SNP3 0.966c 0.752c 2.703d 2.782c 1.615c 1.606c 

 

 
Fig. 1: Effect of nitrogen levels on total yield 
 
Effect of sodium nitroprusside. 

The results obtained in the same Table (5) and Fig. (2) indicated that, generally the early, middle 
and late yield were gradually decrease with increasing the SNP concentrations up to the highest used 
concentration. On the other hand, the means of late yield recorded the highest quantity of heads 
compared with the other yields (middle and early yield) in both seasons. It is known that plants with 
elevated production of NO enter the flowering stage somewhat later than plants with physiologically 
normal NO level (He et al., 2004). This phenomenon can be explained by assumption that NO acts as a 
signal that controls the timing of flowering at the genetic level (He et al., 2004). Indeed, it was found that 
NO donors inhibit expression of the genes constans and gigantea while enhancing expression of the 
flowering locus C gene (Arasimowicz and Floryszak, 2007). 
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Fig. 2: Effect of SNP concentrations on total yield  
 

Effect of the interaction. 
The analysis of the data showed in Table (5) and Fig. (3) that early, middle and late yield as 

well as total yield of heads (ton/fed.) were significantly affected by the interaction of nitrogen levels and 
sodium nitroprusside concentrations. In this concern, The highest early yield of heads were observed 
due to using nitrogen at 100 % and 75% of the recommended nitrogen fertilizer combined with the 
lowest concentration of sodium nitroprusside (0.05 mM/L.) with no significant between both 

combinations. Whereas, middle yield had the highest value with applied of only 100 % of ammonium 

nitrate per fed. recommended combined with SNP0 in both seasons. On the opposite, all nitrogen levels 

(50, 75 and 100 % of recommended nitrogen fertilizer) combinations with the other SNP concentrations 

(SNP2 and/or SNP3) were gradually decreased the early, middle and late heads values. However, the 

lowest total heads weight were detected in case of application of nitrogen fertilizer at the lowest level 

interacted with the highest SNP concentration (SNP3). 
 

 
Fig. 3: Effect of the interaction between N-levels and SNP on total yield 

Nitrogen contents and nitrogen use efficiency (NUE): 
Effect of nitrogen levels: 

Data presented in Table (6) and Figs. (4, 5 and 6) shows that nitrogen contents in both shoots 
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and receptacles were significantly increased with increasing N fertilization rates. The high N level (400 kg 
ammonium nitrate /fed) was more effective in increasing nitrogen content in globe artichoke plants. 
Moreover, nitrogen at 100 % of the recommended dose produced the maximum nitrogen contents in leaves 
and receptacles in both seasons and proved significantly superior to lower levels. However, nitrogen use 
efficiency was decreased with increasing nitrogen level up to 400 kg ammonium nitrate /fed. The 
application of high nitrogen rates may result in poor N uptake and low NUE due to excessive N losses and 
decreased N utilization efficiency (heads weight produced per unit plant N). The present findings are in 
agreement with several investigators. Sowers, et al. (1994) found that NUE decreased from 26% to 44% 
relative to the control (zero N applied) when 140 kg N/ha was fall applied. NUE decreases with 
increasing N rates (Camara et al. 2003, Staggenborg et al, 2003, Nasser and El-Gizawy 2005). 
 
Effect of sodium nitroprusside: 

The results in the two seasons in Table (6) and Figs. (7, 8 and 9) indicated that using the 
different concentrations of SNP i.e., 0.05, 0.10 and 0.15 mM/L. led to significant increase in nitrogen 
contents in the shoots and heads of globe artichoke plants as compared with the control. However, the 
lowest concentration of SNP (0.05 mM/L.) was more effective than other concentrations. These effects 
were probably due to NO induction of N uptake and assimilation Huwei Sun et al., (2015). The results of 
this chronic study were in excellent agreement with those reported by Babourina et al. (2007), Simon et 
al., (2013) and Huwei Sun et al., (2015) they suggested that the total N contents of shoots and roots of 
rice cultivars increased under SNP application and these increments connected with nitrate supply. 
Nitrogen use efficiency was significantly enhanced with decreasing the concentration of SNP. Whereas, 
the high concentration gave the lowest results when compared with other SNP concentrations. The 
findings suggest that NO generated by the NR pathway plays a pivotal role in improving the N 
acquisition capacity by increasing lateral root (LR) initiation and the inorganic N uptake rate, which 
may represent a strategy for rice plants to adapt to a fluctuating nitrate supply and increase NUE (Huwei 
Sun et al., 2015). 
Effect of the interaction: 

Data presented in Table (6) indicated that, using the highest levels of nitrogen (400 kg ammonium 
nitrate /fed.) combined with SNP at 0.05 mM/L. produced the maximum nitrogen contents in shoots and 
heads of globe artichoke plant compared with the other treatments during the two seasons. These results 
may be due to the nitrate acts as a signal to trigger a number of molecular and physiological events that 
lead to the overall response of a plant to N availability (Gojon et al., 2011). More recently, molecular 
NO has been reported to be a key signal in nitrate sensing as an early response to nitrate supply in maize 
roots (Trevisan et al., 2012; Manoli et al., 2014). The same table showed also that, NUE was increased 
with the combination between the nitrogen at the lowest level and SNP at 0.05 mM/L. 

 
 Table 6: Effect of Nitrogen levels, sodium nitroprusside concentrations and their interaction on nitrogen contents and 

nitrogen use efficiency during 2011/12 and 2012/13. 

N-levels 

(Ammonium Nitrate) 
 
 

  SNP treatments 

Nitrogen contents (mg/100g F.W) NUE           
(kg heads/kg N applied) 

Shoots Heads 

2012 2013 2012 2013 2012 2013 

400 kg/fed. 

SNP0 39.76ef 41.05de 24.19hi 24.85f-h 50.11g 48.28h 
SNP1 47.20

a 
48.42a 31.85a

 31.93a 66.22d 62.78d 
SNP2 44.21b 45.25b 28.28bc

 27.91cd 58.78e 54.66g 
SNP3 42.14cd 42.86cd 26.44ef 26.28d-f 46.98h 46.09i 

 
300 kg/fed. 

SNP0 36.69g 36.46f 22.99j 22.93hi 57.69ef 56.86f 
SNP1 46.08a 46.78ab 29.25b 30.60ab 87.17a 83.09b 
SNP2 43.19bc 43.08c 26.90de 26.92de 67.19d 64.48d 
SNP3 41.21de 41.47c-e 25.11gh 25.28e-g 55.65f 53.18g 

 
200 kg/fed. 

SNP 33.35h 33.80g 21.58k 21.34i 58.79e 59.49e 
SNP1 42.18cd 42.55cd 27.97cd 29.31bc 84.23b 86.42a 
SNP2 39.63f 39.62e 25.67fg 26.50d-f 69.57c 70.05c 
SNP3 37.13g 36.84f 23.22ij 23.67g-h 59.19e 58.21ef 



Curr. Sci. Int., 4(3): 245-258, 2015 
ISSN 2077-4435 

254 

  
Fig. 4: Effect of N-levels  on  N content of shoots 

(mg/100g F.W) 
Fig.5: Effect of N-levels  on N  content of heads 

(mg/100g F.W) 

 
Fig.6: Effect of N-levels  on NUE (kg heads/kg N applied) 
 

  
Fig. 7: Effect of SNP concentrations  on N content of 

shoots (mg/100g F.W) 
Fig. 8: Effect of SNP concentrations  on N  content of 

heads (mg/100g F.W) 
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Fig. 9 : Effect of SNP concentrations  on NUE (kg heads/kg N applied) 
 
Nitrate content and the Total soluble sugars:  
Effect of nitrogen levels: 

Data illustrated in Table 7 show that the concentration of heads nitrate and total soluble sugars 
showed differences with the increasing levels of nitrogen. The lowest nitrate content was found in the 

lower level (171 mg NO3/kg F.W in 2011/12, that is, 172 mg NO3/kg F.W in 212/13), whereas the highest 
level was obtained at 400 kg ammonium nitrate/fed. (209 mg NO3/kg FW in both seasons). Moreover, 
the total soluble sugars was gradually increased with increasing nitrogen fertilization up to the highest 
used level (100 % of the recommended dose). Guvenc (2002) reported that yield, growth, total nitrogen and 
nitrate content of radish roots increased with making raise the ammonium nitrate doses. Similarly, Ahmadi 
et al. (2010) indicated that nitrate content in spinach leaves increased with enhancing by urea application. 
In addition, ammonium-N and urea can be transformed quickly into nitrate-N, therefore increasing nitrate 
accumulation in vegetables (Wang et al., 2008). Fabek et al. (2012) found that apply large amounts of 
nitrogen fertilizer, which can result in the accumulation of nitrate, reducing the quality of broccoli. 

Effect of sodium nitroprusside concentrations: 

The same tabulated data in Table (7) and showed that foliar sprays of sodium nitroprusside 
(SNP) concentrations at the rates of 0.05, 0.10 and 0.15 mM/ L. had a significant effect on nitrate 
content and total soluble sugars. Nitrate was gradually increased with increasing the concentration, where 

the maximum values of the two characteristics recorded when the plants sprayed with SNP3 (0.15 mM/L) 

followed, in descending order, by SNP2 (0.10 mM/ L) in both seasons. 
 
Effect of the interaction: 

The interaction effect between the different nitrogen levels and SNP concentrations on nitrate 
content and total soluble sugars (Table 7) showed that, there were significant differences in both 
characteristics as a result of applied nitrogen fertilizer combined with foliar sprays of SNP concentrations. 
In this regard, the results revealed that the application of nitrogen fertilizer at the highest level (400 kg 
ammonium nitrate/fed.) combined with the highest concentration of SNP (0.15 mM/L) produced the 

highest values of both characters in both seasons. However, application of 75 % of the recommended 

nitrogen dose combined with SNP1 (0.05 mM/L) decreased the nitrate accumulation in edible part by 
11.11 % in both season when compared with application of the highest nitrogen level combined with the 
highest SNP concentration (0.15 mM/L.). 
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Table 7: Effect of Nitrogen levels, sodium nitroprusside concentrations and their interaction on nitrate contents and total 
soluble sugars of heads during 2011/12 and 2012/13. 

N-levels 
(Ammonium Nitrate) 

 
SNP treatments NO3-N content of heads 

(mg/kg F.W) Total soluble sugars (%) 

 
 
 
 

400 kg/fed 

2011/12 202/13 2011/12 202/13 
SNP0 186de 188cd 4.64f 4.60h 
SNP1 209bc 208b 4.83e 4.90f 
SNP2 216bc 213b 5.32b 5.35bc 
SNP3 226a 226a 5.63a 5.73a 
Mean 209a 209a 5.11a 5.14a 

 
 
 

300 kg/fed. 

SNP0 175f 180d 4.54g 4.54h 
SNP1 191d 191c 4.71f 4.74g 
SNP2 208c 213b 5.20c 5.23cd 
SNP3 216b 218ab 5.38b 5.44b 
Mean 197b 200b 4.95b 4.99b 

 
 
 

200 kg/fed. 

SNP0 154h 157e 4.22h 4.20i 
SNP1 165g 166e 4.51g 4.51h 
SNP2 180ef 180d 4.94d 5.07e 
SNP3 185de 183cd 5.15c 5.17de 
Mean 171c 172c 4.70c 4.74c 

 

 
Mean of SNP 

SNP0 172d 175d 4.47d 4.45d 
SNP1 188c 188c 4.68c 4.72c 
SNP2 201b 202b 5.15b 5.22b 
SNP3 209a 208b 5.39a 5.45a 

 
Conclusion  

 It was concluded from the present research work that increasing the nitrogen fertilizer level up to 400 kg 
ammonium nitrate/fed., resulted in improved growth parameters, heads quality, early, middle and late heads 
yield as well as chemical constituents, but negatively influenced the NO3-N and NUE. Whereas, reducing the 
quantity of nitrogen level to 75% of the recommended dose combined with spray the plant leaves by using 
SNP at 0.05 mM/L. it was most effective than application of the highest nitrogen level alone on all 
characteristics of yield and its quality with low values of NO3-N and high NUE. 
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