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ABSTRACT 
In two field experiments, rocket (Eruca vesicaria subsp. sativa) plants were fertilized with low or 

high nitrogen level as the main plot.  Sub-main treatments included; control, double phosphorus (2P), 
double potassium (2K) and 2K+2P as soil fertilization as well as kinetin (25 and 50 ppm) and salicylic 
acid (50 and 100 ppm) as foliar application.  High level of nitrogen fertilization increased the fresh 
yield of rocket leaves by 50.0 and 16.4% in the 1st and 2nd cuts, respectively, while these increases in 
dry yield were 31.6 and 16.8%, respectively as compared to their low nitrogen levels control values.  
Sub-main treatments of 2P, 2K, 2P+2K, kinetin (25 and 50 ppm) and salicylic acid (50 and 100 ppm) 
increased both fresh and dry yield of rocket leaves in both 1st and 2nd cuts.  The highest percentage 
increase in total fresh and dry yield were obtained from the treatment with kinetin at the rates of 25 and 
50 ppm. Nitrate concentration in the leaf petioles of rocket plant was significantly increased by 41.2 
and 75.0% in both 1st and 2nd cut, respectively when fertilized with the high level of nitrogen, while 
all sub-main treatments significantly decreased it in the 1st cut.  Whereas the treatments kinetin (25 and 
50 ppm) and salicylic acid (50 ppm) significantly decreased nitrate concentration in the 2nd cut.  High 
nitrogen fertilization increased total nitrogen concentration in the leaves of rocket plant in both cuts.  
All sub-main treatments, increased total nitrogen concentration in the in the leaves of rocket plants in 
the 2nd cut. Phosphorus concentration in the leaves of rocket plants decreased as a result of high 
nitrogen fertilization in both cuts.  Treatments of 2P, 2K, 2P+2K and kinetin at 25 ppm increased 
phosphorus concentration in the leaves of rocket plants in both cuts, while salicylic acid treatments 
decreased it only in the 2nd cut.  Potassium concentration was slightly increased when plants were 
fertilized with the high nitrogen level, while the treatments kinetin (25 and 50 ppm) and salicylic acid 
(50 and 100 ppm) slightly resulted in decreasing it in the 1st cut.   High nitrogen level fertilization and 
kinetin (50 ppm) slightly increased iron concentrations in both 1st and 2nd cut.  Low values for both 
manganese and zinc concentrations were observed due to high nitrogen fertilization in the 2nd cut, 
while salicylic acid treatments at 50 and 100 ppm increased their concentrations, specially in the 2nd 
cut.  Soluble sugars concentrations (reducing, non-reducing and total) in the leaves of rocket plant were 
decreased when fertilized with the high level of nitrogen, while kinetin at 50 ppm showed the highest 
increase in these components in both 1st and 2nd cuts.  Total free amino acids were increased with the 
high level of nitrogen fertilization, while all sub-main treatments, except for salicylic acid in the 1st cut 
and 2P in the 2nd cut, decreased it.  High nitrogen fertilization decreased soluble phenols in both 1st 
and 2nd cut, while the sub-main treatments, kinetin (25 and 50 ppm) and salicylic acid (50 and 100 
ppm) increased it by 6.9, 6.9, 18.1 and 8.1%, respectively in the 1st cut.  No differences were observed 
in soluble phenols concentrations in the 2nd cut, except for the treatment salicylic acid at 100 ppm 
where it was decreased by 28.0%.  

 
INTRODUCTION 

Rocket (Eruca vesicaria subsp. sativa) plant fresh leaves are consumed by the Egyptian public 
as fresh green salad.  About 5000 feddan are cultivated with rocket plants in Egypt.  Besides its 
importance as green salad available all over the year, rocket seeds contain oil which is promising to be 
medicinal oil. 

Recently, a problem facing the fresh vegetables is nitrate accumulation due to its uptake from the 
soil.  A major source of nitrate in the soil is the nitrification process through the nitrifying organisms.  
Tests of nitrate accumulation in Egyptian vegetables showed considerable high values as compared to 
those found in vegetables grown in several European countries (Blom-Zandstra, 1989; Kheir et al., 
1991; Hanafy Ahmed, 1996 and Hanafy Ahmed, et al., 1997), in spite of the high intensity and long 
duration of light in Egypt which favors nitrate redution in plants.  This could be mainly due to the 
intensive application of nitrogen fertilizers carried out by the Egyptian farmers which results in 
imbalance nutritional status of the plants and consequently high nitrate accumulation.  Nitrite may be 
accumulated from NO3 after ingestion, causing methaemoglobinemia (Wright and Davison, 1964).  
Presence of NO2 in blood might result also in the formation of nitroseamines, which are carcinogenic 
(Craddock, 1983).  Reduction of nitrate accumulation in fresh vegetable crops became an important 
task which might be affected through specific treatments.  Such treatments include the application of 
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organic acids such as citric and salicylic acids (Hanafy Ahmed, 1996) as well as nitrogen and 
potassium fertilization (Hanafy Ahmed et al., 1997).   

Thus, the present work aimed to study the effect of two different levels of phosphorus and 
potassium fertilization, kinetin and salicylic acid under both low and high levels of nitrogen 
fertilization on growth and yield of rocket plants.  Also the chemical constituents of rocket plants as 
well as nitrate concentration were recorded under these treatments in an attempt to reduce it, specially 
under high nitrogen fertilization. 

      
MATERIALS AND METHODS 

Two field experiments were conducted at the Agricultural Experimental Farm, Faculty of 
Agriculture, Cairo University at Giza, during 1998 and 1999 seasons.  Rocket (Eruca vesicaria subsp. 
sativa) seeds of local Egyptian cv. “Balady” were planted on March 2, 1998 and March 6, 1999 in clay 
loamy soil.  Chemical analysis of the soil were: available nitrogen=43, available phosphorus=14 and 
available potassium=175 ppm with pH of 7.8. All experimental units were 3.0X3.5 m.  Plants were 
fertilized with ammonium sulphate (20.5% N) at 100 kg as the low nitrogen level or 200 kg/feddan as 
the high nitrogen level for each cut (the main plot). All plots were fertilized with two equal doses (one 
for each cut) of 50 kg/feddan calcium superphosphate (15.5% P2O5)=1P and 550 kg/feddan of 
potassium sulphate (48% K2O) =1K as basic application for each.  The sub-main treatments included 
eight treatments, i.e. control (1P+1K), double phosphorus (2P), double potassium (2K), 2P+2K, 25 
ppm kinetin, 50 ppm kinetin, 50 ppm salicylic acid and 100 ppm salicylic acid. The 1st dose of all soil 
fertilizers were added 10 days after planting, while the 2nd one were added 8 days after harvesting the 
1st cut  Treatments of kinetin (25 and 50 ppm) and salicylic acid (50 and 100 ppm) were sprayed twice 
at 20 days after planting (DAP) and 7 days after harvesting the 1st cut using 200 L. water/feddan.  Both 
1st and 2nd cuts were harvested at 47 DAP and 27 days from harvesting the 1st cut, respectively.  Fresh 
and dry weights of leaves/plot were recorded. Total yield determination was carried out mathematically 
by adding up the yield of both 1st and 2nd cuts.  Total fresh and dry yield/feddan (ton/feddan) were 
calculated based on the produced biomass from plots.  A split plot design with four replicates was used.   
Data were subjected to the analysis of variance and treatments mean were compared to the control 
treatment using the least significant difference (L.S.D. 0.05) according to Snedecor and Cochran 
(1980).  

For nitrate determination, Alt and Full (1988) and Szwonek (1988) reported that the N-status of 
the crop is much easier to monitor by sap analysis with a NO3 quick-test.  The “Merckoquant” test 
strips (E.Merck, Darmstadt, Germany) were used on rocket leaf petioles sap for the estimation of 
nitrate status.  Sap was squeezed from rocket leaf petioles as described by the “Snappy Sap Test” used 
by the National Vegetable Research Station, Wellesbourn, England.  Sap was obtained from rocket 
petioles by a garlic press (Prasad and Spiers, 1982). 

Determinations of total nitrogen, phosphorus, potassium, iron, manganese and zinc were carried 
out on the ground dry material. The samples were digested in a mixture of sulfuric acid, salicylic acid  
and hydrogen peroxide according to Linder (1944).  For the determination of total N, the modified 
"Microkjeldahl apparatus of Parnas and Wagner as described by Pregl (1945) was used.  Phosphorus 
was determined colorimetrically using the chlorostannus reduced molybdophosphoric blue color 
method in sulfuric acid system as described by Jackson (1967).  Potassium was determined using the 
flamephotometer, while iron, manganese and zinc were determined using atomic absorption. 

Hot ethanol extract of fresh rocket leaves was used for the determination of reducing, non-
reducing and total sugars as well as total free amino acids and total soluble phenols in the two 
successive cuts. 

Reducing, non-reducing and total sugars were determined using the phosphomolybdic acid 
method (A.O.A.C., 1975). Total free amino acids were determined using ninhydrin reagent (Moore and 
Stein, 1954).  Total soluble phenols were estimated by using Folin-Ciocalteu colorimeteric method 
(Swain and Hillis, 1959).  All chemical analysis were conducted in the growing season of 1999. 

 
 

RESULTS AND DISCUSSION 
 
Growth and yield: 

All discussed data are the mean values of the two seasons.  Fresh and dry yield/feddan data are 
presented in Tables 1 and 2.  Fresh yield of Eruca vesicaria subsp. sativa plants was significantly 
increased by 50.0 and 16.4% when fertilized with the high level of nitrogen over the low level in both 
1st and 2nd cut, respectively.  The same trend was obtained for dry yield of the leaves in the order of 
31.6 and 16.8% as affected by the previous treatments in both 1st and 2nd cut, respectively. 
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All sub-main treatments; 2P, 2K and 2P+2K as well as kinetin (25 and 50 ppm) and salicylic acid 
(50 and 100 ppm) showed increases in the fresh yield of Eruca vesicaria subsp. sativa plants in the 
order of 21.8, 25.9, 22.6, 35.0, 22.1, 22.6 and 20.6%, respectively in the 1st cut, while these increases 
were 25.8, 26.9, 14.0, 27.2, 40.1, 14.8 and 1.3%, respectively in the 2nd cut as compared to the control 
treatments.  Similar trend was obtained for dry yield of the leaves of rocket plants. Treatment of kinetin 
at the rate of 25 ppm recorded significant increases in both fresh and dry yield of rocket leaves in the 
1st cut.  However, these significant increases were only recorded by the treatments 2P, 2K and kinetin 
(25 and 50 ppm) in the 2nd cut.  In this respect, the highest increase in both fresh and dry yield of 
Eruca vesicaria subsp. sativa plants were obtained as a result of the treatment kinetin (25 ppm) in the 
1st cut and kinetin (50 ppm) in the 2nd cut.   

Moreover, total yield data in Tables 1 and 2 revealed that high nitrogen level significantly 
increased both fresh and dry yield of rocket plant as compared to the low level of nitrogen fertilization.  
This increase was 31.6% for total fresh yield and 23.2% for the total dry yield as compared to their low 
nitrogen fertilization.  Both total fresh and dry yield of rocket leaves/feddan generally increased as a 
result of all sub-main treatments when compared to their control treatments.  These increases in the 
total fresh yield were 24.0, 26.6, 18.1, 31.1, 31.7, 18.7 and 10.7% for the treatments 2P, 2K, 2P+2K, 
kinetin (25 and 50 ppm) and salicylic acid (50 and 100 ppm), respectively as compared to the control 
treatment.  The corresponding increases in total dry yield were 22.1, 21.9, 17.6, 24.6, 29.7, 14.6 and 
2.5% as compared to the control treatment.  Thus, the highest increase percentage in total yield as fresh 
and dry weights were obtained from the treatment with kinetin at the rates of 25 and 50 ppm.  All sub-
main treatments except for 2P+2K and salicylic acid (100 ppm) caused significant increases in total 
fresh yield.   While only the treatments 2P, 2K and kinetin (25 and 50 ppm) recorded significant 
increases in total dry yield.     

The effect of the interactions between nitrogen levels and sub-main treatments were significant. 
The highest values of fresh and dry yield in the 1st cut were recorded from the treatment 2P+2K under 
high nitrogen level.  As for the 2nd cut, the same results were recorded for the treatment kinetin at 50 
ppm.  The highest values of total fresh yield was recorded by the treatment kinetin at 25 ppm under 
high nitrogen level.  As for total dry yield, the same results was recorded by the treatment kinetin at 50 
ppm under high nitrogen level.   

As regard to nitrogen fertilization, similar results were obtained by Kolota and Dobromilska 
(1985), Hedge (1987) and Sharma and Lal (1991) on radish.  These increases are quite expected since it 
is well established that decreasing the C/N ratio within the plant usually favors vegetative growth.  
Moreover, the effect of nitrogen fertilization on plant might be through its effect on either the 
biosynthesis or destruction of some plant hormones (Pozsar, 1980; Angelova and Georgieva, 1983 and 
Hanafy Ahmed, 1997).  In addition, Blom-Zandstra et al. (1988), working on lettuce mentioned that the 
growth of the shoot creates a demand for nitrogen in two ways; a demand for nitrate as precursor of 
protein synthesis and as vacuolar osmoticum.  The osmotic compounds in the cell sap are important in 
order to allow cell enlargement and to maintain turgor by water uptake.  

Concerning phosphorus fertilization, Bottrill et al. (1970) reported that increasing the available 
phosphorus may increase the maximum rate of photosynthesis in spinach leaves.  In addition, Herold 
(1980) reported that increasing phosphate levels might increase photosynthesis, possibly by increasing 
ATP/ADP ratio or by a direct effect on RuP2 carboxylase activity. 

Regarding potassium fertilization, the increases may be induced to the influence of potassium on 
the normal development of tissues and cell organelles (Mengle and Kirkby, 1979),  the role played by 
K+ in the synthesis of endogenous plant hormones (Haeder and Beringer, 1981; Evenari, 1984 and 
Hanafy Ahmed 1986 and 1997), its effect on chlorophyll synthesis, carbohydrate formation and leaf 
moisture content as well as through the effect of potassium on stomatal behavior (Mac-Robbie, 1988 
and Haung et al., 1991). Tremblay and Senecal (1987) found that increasing K rates under high N 
status enhanced dry matter and carbohydrate accumulation in lettuce.  Mengel and Kirkby (1979) 
reported that the response to K uptake by crops depends to a considerable extent on the level of N 
nutrition.  Vergote (1998) reported that the use of potassium dihydrogen phosphate on lettuce improved 
root systems.  However, no effects were found on crop yield or quality. 

Considering these results, cytokinins have been established to induce the biosynthsis of 
chloroplast pigments (Fletcher and Arnold, 1986 and Bondok et al., 1995), in turn retard senescence 
(Chen, 1997), accelerating elements uptake specially potassium (Guo  et al., 1994) and increasing 
photosynthetic efficiency (Oosterhuis and Zhao, 1998).   
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Table 1: Effect of nitrogen, phosphorus and potassium fertilization as well as kinetin and salicylic 
acid on fresh yield (ton/feddan) of rocket (Eruca vesicaria subsp. sativa) plants. 

Fresh yield (1st cut) 
TreatmentB !998 season 1999 season Two seasons 

average 
 

 Low N High NA Mean Low N High N Mean Low N High N Mean 
Control 3.58 5.34 4.46 1.71 2.93 2.32 2.65 4.14 3.40 

2P 3.62 6.92 5.27 2.73 3.25 2.99 3.18 5.09 4.14 
2K 4.14 6.81 5.48 2.99 3.17 3.08 3.57 4.99 4.28 

2P+2K 3.83 6.82 5.33 1.79 4.22 3.00 2.81 5.52 4.17 
Kinet.25 3.99 6.09 5.04 3.48 4.79 4.13 3.74 5.44 4.59 
Kinet.50 4.06 6.43 5.25 2.76 3.34 3.05 3.41 4.89 4.15 
Salicy.50 4.39 6.21 5.30 2.86 3.21 3.00 3.63 4.71 4.17 

Salicy.100 4.16 6.73 5.45 2.58 2.93 2.76 3.37 4.83 4.10 
Mean 3.97 6.42  2.61 3.48  3.30 4.95  

L.S.D. (0.05):     1998 season                                     1999 season                                 Seasons average 
                 A            0.890                                                0.390                                                   0.521  
                 B            0.695                                                0.458                                                    1.042 
                 A*B       0.983                                                0.647                                                   1.550 

Fresh yield (2nd cut) 
Control 3.53 3.99 3.76 3.29 4.04 3.66 3.41 4.02 3.72 

2P 4.63 5.50 5.06 4.05 4.54 4.29 4.34 5.02 4.68 
2K 4.65 5.80 5.23 3.59 4.84 4.23 4.12 5.32 4.72 

2P+2K 4.57 4.28 4.42 3.77 4.31 4.04 4.17 4.30 4.24 
Kinet.25 4.63 5.95 5.29 3.95 4.38 4.17 4.29 5.17 4.73 
Kinet.50 5.19 6.08 5.63 4.61 4.93 4.77 4.90 5.51 5.21 
Salicy.50 4.31 4.90 4.61 3.54 4.32 3.93 3.93 4.61 4.27 

Salicy.100 3.99 4.50 4.24 2.95 3.62 3.29 3.47 4.06 3.77 
Mean 4.44 5.13  3.72 4.37  4.08 4.75  

L.S.D. (0.05):        1998 season                           1999 season                                            Seasons average 
                 A               0.253                                       0.202                                                            0.288  
                 B               0.740                                       0.591                                                             0.577 
                 A*B          1.047                                       0.836                                                             0.730 

Total fresh yield 
Control 7.11  9.33 8.22 5.00 6.97 5.98 6.06 8.15 7.11 

2P 8.25 12.42 10.34 6.78 7.79 6.28 7.52 10.11 8.82 
2K 8.79 12.61 10.70 6.58 8.01 7.30 7.69 10.31 9.00 

2P+2K 8.40 11.10 9.75 5.56 8.53 7.05 6.98 9.82 8.40 
Kinet.25 8.62 12.04 10.33 7.43 9.17 8.29 8.03 10.61 9.32 
Kinet.50 9.25 12.51 10.88 7.37 8.27 7.82 8.31 10.39 9.36 
Salicy.50 8.70 11.11 9.91 6.40 7.53 6.94 7.55 9.32 8.44 

Salicy.100 8.15 11.23 9.69 5.53 6.55 5.97 6.84 8.89 7.87 
Mean 8.41 11.54  6.31 7.85  7.37 9.70  

L.S.D. (0.05):        1998 season                           1999 season                                            Seasons average 
                 A               0.747                                      0.771                                                           0.671 
                 B               0.969                                       1.150                                                          1.300 
                 A*B          1.371                                       1.626                                                          1.960 

 
It is important to mention that some initial chlorosis in the leaves of rocket plant was observed 

when salicylic acid was used specially in the 2nd cut which might be reflected on yield production.  
This may indicate that salicylic acid treatment may lead to an early senescence with the formation of 
organic acids and less nitrate uptake which might lead to enhancement catabolism in plant.  In this 
regard, Hanafy Ahmed (1996) reported that foliar application of 100 ppm citric acid increased dry 
matter accumulation and the fresh head yield of lettuce, while using 100 ppm salicylic acid as foliar 
application decreased it. 
 
Chemical composition: 

Nitrate concentration in rocket leaves data are presented in Table 3.  Results indicated that nitrate 
concentration was significantly increased as a result of high nitrogen fertilization in both 1st and 2nd  
cuts as compared to the low level of nitrogen fertilization.  These increases were in the order of 41.2% 
in the 1st cut and 75.7% in the 2nd one. 
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Table 2: Effect of nitrogen, phosphorus and potassium fertilization as well as kinetin and salicylic 
acid on dry yield (ton/feddan) of rocket (Eruca vesicaria subsp. sativa) plants. 

 
TreatmentB !998 season 1999 season Two seasons 

average 
 

 Low N High NA Mean Low N High N Mean Low N High N Mean 
Dry yield (1st cut) 

Control 0.390 0.489 0.440 0.170 0.251 0.211 0.280 0.370 0.325 
2P 0.382 0.629 0.326 0.257 0.305 0.281 0.320 0.467 0.394 
2K 0.425 0.576 0.501 0.282 0.274 0.780 0.354 0.425 0.390 

2P+2K 0.401 0.600 0.501 0.183 0.386 0.840 0.292 0.493 0.393 
Kinet.25 0.436 0.508 0.472 0.346 0.417 0.381 0.391 0.463 0.427 
Kinet.50 0.446 0.586 0.516 0.292 0.335 0.313 0.369 0.461 0.415 
Salicy.50 0.477 0.620 0.549 0.266 0.283 0.275 0.372 0.452 0.412 

Salicy.100 0.450 0.612 0.531 0.219 0.265 0.242 0.335 0.439 0.387 
Mean 0.426 0.578  0.252 0.315  0.339 0.446  

L.S.D. (0.05):            1998 season                                   1999 season                                Seasons average 
                 A                     0.078                                            0.031                                               0.049 
                 B                     0.071                                            0.045                                                0.058 
                 A*B                0.101                                            0.063                                                0.073 

Dry yield (2nd cut) 
Control 0.445 0.496 0.470 0.356 0.410 0.383 0.401 0.453 0.427 

2P 0.559 0.620 0.589 0.397 0.520 0.458 0.478 0.570 0.524 
2K 0.529 0.686 0.607 0.367 0.525 0.446 0.448 0.606 0.527 

2P+2K 0.553 0.490 0.521 0.437 0.483 0.459 0.495 0.487 0.491 
Kinet.25 0.537 0.593 0.565 0.413 0.497 0.454 0.475 0.545 0.510 
Kinet.50 0.555 0.681 0.618 0.470 0.533 0.501 0.513 0.607 0.560 
Salicy.50 0.450 0.539 0.494 0.368 0.441 0.404 0.409 0.490 0.450 

Salicy.100 0.459 0.487 0.473 0.247 0.342 0.295 0.353 0.415 0.384 
Mean 0.511 0.574  0.382 0.469  0.447 0.522  

L.S.D. (0.05):            1998 season                               1999 season                                 Seasons average 
                 A                    0.018                                          0.027                                                0.037 
                 B                     0.090                                          0.071                                                0.074 
                 A*B                0.128                                          0.101                                                0.097 

Total dry yield 
Control 0.835 0.985 0.914 0.526 0.661 0.594 0.681 0.823 0.752 

2P 0.941 1.249 1.095 0.654 0.825 0.793 0.798 1.037 0.918 
2K 0.954 1.262 1.108 0.649 0.799 0.724 0.802 1.031 0.917 

2P+2K 0.954 1.090 1.022 0.620 0.869 0.744 0.787 0.980 0.884 
Kinet.25 0.973 1.101 1.037 0.759 0.914 0.836 0.866 1.008 0.937 
Kinet.50 1.001 1.267 1.134 0.762 0.868 0.815 0.882 1.068 0.975 
Salicy.50 0.927 1.159 1.043 0.634 0.724 0.678 0.781 0.942 0.862 

Salicy.100 0.909 1.099 1.004 0.466 0.607 0.536 0.688 0.853 0.771 
Mean 0.937 1.151  0.634 0.783  0.786 0.968  

L.S.D. (0.05):                  1998 season                            1999 season                               Seasons average 
                 A                           0.079                                       0.051                                            0.073 
                 B                           0.106                                       0.078                                             0.146 
                 A*B                      0.149                                       0.111                                             0.202 
 

Sub-main treatments of 2P, 2K, 2P+2K, kinetin (25 and 50 ppm) and salicylic acid ((50 and 100 
ppm) significantly decreased nitrate concentration in the sap of rocket leaf petioles as compared to their 
control treatments in the 1st cut.   However, only the sub-main treatments of kinetin at the rates of 25 
and 50 ppm as well as salicylic acid at the rate of 50 ppm significantly decreased nitrate concentration 
in the 2nd cut.  In this respect, treatments of kinetin at the rates of 25, 50 ppm and 2P+2K were 
effective in reducing nitrate concentration by 28.9, 42.0 and 39.8%, respectively in the 1st cut and 28.4 
and 25.2%, respectively in the 2nd cut. 

The interaction effects between nitrogen levels and sub-main treatments were significant.  The 
lowest values of nitrate concentration were recorded when 2P+2K treatment was applied under low 
nitrogen level in the 1st cut.  The same results  were recorded when kinetin at 25 ppm was applied 
under low nitrogen level in the 2nd cut. 
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Table 3: Effect of nitrogen, phosphorus and potassium fertilization as well as kinetin and salicylic 
acid on nitrate accumulation (ppm) in the sap of rocket (Eruca vesicaria subsp. sativa) 
leaf petioles.  

 1st cut 2nd cut 
TreatmentB Nitrogen levelA 

 Low High Mean Low High Mean 
Control 2175 3690 2933 1935 3450 2668 
2P 2290 2590 2440 1830 2985 2408 
2K 2345 2560 2453 1720 2835 2278 
2P+2K 1210 2320 1765 1585 3045 2315 
Kinet.25 1615 2555 2085 1220 2600 1910 
Kinet.50 1335 2065 1700 1500 2485 1995 
Salicy 50 1850 2660 2255 1565 2775 2170 
Salicy 100 1970 2445 2208 1825 2900 2363 
Mean 1849 2611  1642 2885  
L.S.D. (0.05):       1st cut           2nd cut 
 A         173                             236 

     B         345                             437 
              A*B         423                             548 

    
Similar results were obtained by Hanafy Ahmed et al. (1997) on radish, Nakamoto et al. (1998) 

on Spinach, Pechova et al.  (1998) on spinach and carrots and Santamaria et al. (1998 a and b) on 
chicory and rocket.  These results strongly confirmed the suggestion that several plants species 
accumulate NO3 as a result of an excess of N uptake over reduction.  Rufty et al. (1982) reported that 
NO3 is believed to accumulate in a storage pool, presumably in the vacuoles, from which it is not 
readily available.  Vancheva and Ivanova (1997) mentioned that spinach leaves accumulated more 
nitrate as the nitrogen fertilization level increased.  Although the present report showed that double 
phosphorus treatment (2P) decreased nitrate concentration in the leaves of rocket plant, Maynard et al. 
(1976) mentioned that phosphorus was found to have no or little effect on nitrate accumulation.  The 
reduction of nitrate accumulation in the present work due to increasing phosphorus fertilization (2P 
treatment) and foliar application of salicylic acid may be explained by the early senescence of rocket 
plant due to these treatments.  In this respect, Yoneyama (1988) reported that inorganic P within plant 
is necessary for metabolism and storage, but high concentrations inhibit enzyme reactions, create 
abnormal pressure in the cell, accelerate senescence, … etc.   It is well known that advancing plant age 
is accompanied by less nitrate uptake and accumulation.    Furthermore, it can be suggested that 
calcium as a component of calcium superphosphate   [Ca(H2PO4)2.H2O+CaSO4], used in the current 
report, may be implicated indirectly in the reduction of nitrate accumulation.  In this connection, 
Hanafy Ahmed (1996) and Ashkar and Ries (1971) mentioned that there is a negative relationship 
between increasing calcium supply and decreasing nitrate accumulation in lettuce leaves.  In this 
respect, Ali et al. (1985) pointed out that leaf nitrate reductase activity of wheat plants decreased in the 
calcium deficient plants.  Moreover, Hanafy Ahmed (1996) suggested that increasing sugars and free 
amino acids concentrations under high supply of calcium (as calcium chloride) may replace nitrate in 
the vacuole of lettuce cell.  In this connection, Blom-Zandstra and Lampe (1985) and Blom-Zandstra et 
al. (1988), working on lettuce, pointed out that NO3 accumulation was inversely related to 
accumulation of sugars and organic acids.  They also mentioned that the availability of sugars might 
affect the need for nitrate as an osmoticum.  However, Behr and Wiebe (1988) supposed that 
differences in organic acids are a consequence and not a cause of differences in nitrate accumulation. 

As mentioned previously, increasing potassium fertilizer level reduced nitrate accumulation in 
rocket leaves.  In this respect, Hanafy Ahmed et al. (1997); Ni WuZhong et al. (1997) and Wang Xiu 
Fung and Ito (1998) mentioned that increasing potassium fertilizer level resulted in reducing nitrate 
accumulation in some vegetable crops.   Furthermore, Ali et al. (1985) reported that nitrate reductase 
activity in the leaves and stems of rice plants supplied with K was higher than in those plants deficient 
in K.   However, Drlik and Rogl (1992) working on carrots, reported that the soil K resources had no 
effect on nitrate accumulation.  A similar relationship was reported by Blom-Zandstra et al. (1988) on 
lettuce plants as well as Sizov and Luner (1991) on table beet at maturity.  Moreover, it can be 
suggested that sulphur as a component of this fertilizer (potassium sulphate, K2SO4) may be implicated 
indirectly in the reduction of nitrate accumulation under this treatment.  In this respect, sulphur is 
incorporated in sulphydryl groups, which were found to be essential for nitrate reductase activity.  
Sulphur deficiency therefore might lead to increase nitrate contents  (Maynard et al., 1976).   Also, 
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Blom-Zandstra and Lampe (1983) working on lettuce, found a negative correlation between nitrate 
content and the presence of sulphate. 

Concerning the low values of nitrate accumulation under kinetin treatments (25 and 50 ppm), 
Knypl (1979) reported that cytokinins per se enhance the activity of nitrate reductase (NR); a key 
enzyme of nitrate assimilation in Agrostemma embryos and markedly enhanced the efficiency of this 
enzyme induction by the substrate in many plant species, specially in those instances that nitrate-
induced NR is not repressed by ammonia.  The author also mentioned that the effect of cytokinins 
cannot be explained fully by the assumption that cytokinins facilitate NO3 uptake and/or translocation, 
affect compartmentation of NO3 pools within the cell, decrease the level of inhibitory amino acids, 
enhance the level of available NADH and so on.  The same author also reported that in some special 
tissues cytokinins, specially with ethylene, can possibly act directly on NR-synthesizing genetical 
system.  Moreover, Abdin et al. (1993) pointed out that benzyladenine enhances the level of nitrate 
reductase gene expression.      

Generally, from these results it can be suggested that there was a positive relationship between 
nitrate concentration and yield of fresh and dry leaves noticed when nitrogen level fertilization was 
increased.  This may be due to the fact that the high accumulation of nitrate in plant enables it to use 
more carbohydrates for structural growth.  In this respect, Blom-Zandstra et al. (1988) confirmed this 
positive relation and indicated that when a plant accumulated nitrate as an osmoticum, more 
carbohydrates could be used to increase the dry matter production, since the osmotic requirements was 
fulfilled.  On the other hand, there was a negative relationship between nitrate accumulation and dry 
matter production by increasing K fertilizer and using foliar spray of kinetin and salicylic acid.  The 
effects of these treatments were to reduce nitrate accumulation, while at the same time the yield 
production of plants was increased.  In this connection, Reinink et al. (1987) assumed that a higher 
percentage of dry weight was associated with a higher concentration of organic solutes in lettuce 
vacuole, which reduced the need of the plant for nitrate. In this respect, Dapoigny et al. (1998) reported 
that after a few days, the absence of nitrate in the nutrient solution in lettuce soiless culture slowed 
plant growth but not dry matter production, indicating that nitrate supply promotes plant water 
accumulation. 

Concerning mineral composition, data in Table 4 referred that total nitrogen concentration was 
increased in the order of 39.9 and 85.1% in the leaves of rocket plant in both 1st and 2nd cuts, 
respectively as a result of the hih nitrogen level fertilization as compared the lower one.   

Sub-main treatments of 2P, 2K, 2P+2K, 25 ppm kinetin and 100 ppm salicylic acid treatments 
resulted in increasing total nitrogen by the values of 24.0, 53.5, 20.0, 14.8 and 12.0%, respectively in 
the 1st cut.  The same treatments resulted in increasing total nitrogen by 21.3, 15.7, 22.6, 44.3 and 
68.2%, respectively in the 2nd cut.  Kinetin at 50 ppm and salicylic acid at 50 ppm showed slight 
differences in total nitrogen concentration in the leaves of rocket plant as compared to their control 
values, except for the treatment salicylic acid at 50 ppm in the 2nd cut.  In this respect, it can be 
suggested that increasing total nitrogen concentration in the leaves of rocket plant is not necessarily 
accompanied by increasing nitrate accumulation in the plant.  This might be due the utilization and 
conversion of nitrogen from the simple form such as nitrate to more complicated one such as proteins 
and amino acids.  Similar suggestion was reported by Hanafy Ahmed (1996) on lettuce plant.    

Phosphorus concentration was decreased by 16.1 and 7.9% in both 1st and 2nd cuts, respectively 
when rocket plants were fertilized with the high level of nitrogen as compared to the lower one.  
Phosphorus concentration increased by 35.4, 22.9, 35.4, and 31.3% when plants treated with 2P, 2K, 
2P+2K and 25 ppm kinetin, respectively in the 1st cut.  The same treatments showed the same trend in 
the 2nd cut.  On the other hand, the treatment 50 ppm kinetin as well as salicylic acid at 50 and 100 
ppm showed similar values of phosphorus concentration as compared to the control treatment, except 
for the treatment 50 ppm kinetin in the 1st cut where it recorded an increase of 25.0%.  Increasing 
phosphorus concentration in the leaves of rocket plant as a result of excessive phosphorus fertilization 
may explain the low values of nitrate accumulation, as a result of an early senescence as mentioned 
previously. 

A slight increase in potassium concentration of 10.6 and 2.2% in the leaves of rocket plant in both 
1st and 2nd cuts, respectively, was observed when plants were fertilized with the high level of nitrogen 
as compared to their lower one. 

Sub-main treatments of kinetin (25 and 50 ppm), salicylic acid (50 and 100 ppm) recorded slight 
decreases of 2.4, 8.9, 8.9 and 5.0%, respectively in potassium concentration in the leaves of rocket 
plant in the 1st cut as compared to their control treatments.  However, the corresponding values showed 
little or no differences in potassium concentration in the leaves of rocket plant as compared to the 
control treatment in the 2nd cut. 
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Table 4: Effect of nitrogen, phosphorus, potassium fertilization, kinetin and salicylic acid on total 
nitrogen, phosphorus, potassium, iron, manganese and zinc concentrations (mg/g D.W.) 
in rocket (Eruca vesicaria subsp. sativa) plants.  

  1st cut 2nd cut 
Treatment Element Nitrogen level 

  Low High Mean Low High Mean 
Control  24.0 41.0 32.5 21.5 39.5 30.5 
2P  29.0 51.5 40.3 19.5 55.0 37.0 
2K  32.5 59.2 49.9 22.5 48.0 35.3 
2P+2K  37.5 40.5 39.0 30.7 44.0 37.4 
Kinet.25 Nitrogen 31.5 43.0 37.3 30.5 57.5 44.0 
Kinet.50  25.7 36.5 31.1 24.0 42.1 33.1 
Salicy..50  25.0 41.5 33.3 22.2 54.0 38.1 
Salicy 100  41.0 31.7 36.4 44.0 58.5 51.3 
Mean  30.8 43.1  26.9 49.8  
Control  4.8 4.8 4.8 5.8 5.4 5.6 
2P  6.0 7.0 6.5 6.5 6.3 6.4 
2K  5.3 6.4 5.9 6.5 6.2 6.4 
2P+2K  7.7 5.2 6.5 6.2 6.7 6.5 
Kinet.25 Phosphorus 7.5 5.1 6.3 7.6 6.9 7.3 
Kinet.50  7.5 4.5 6.0 5.6 5.7 5.7 
Salicy 50  5.5 4.1 4.8 5.8 4.5 5.2 
Salicy.100  5.3 4.2 4.8 6.1 4.5 5.3 
Mean  6.2 5.2  6.3 5.8  
Control  43.7 48.4 46.0 39.4 41.3 40.4 
2P  41.3 50.7 46.0 40.2 41.3 40.8 
2K  42.9 51.9 47.4 41.3 44.5 42.9 
2P+2K  46.0 45.6 45.8 41.3 43.7 42.5 
Kinet.25 Potassium 43.7 46.0 44.9 39.0 41.7 40.4 
Kinet.50  40.2 43.7 41.9 40.2 39.4 39.8 
Salicy.50  39.4 44.5 41.9 41.0 41.3 41.2 
Salicy.100  42.5 44.9 43.7 44.5 41.3 42.9 
Mean  42.5 47.0  40.9 41.8  
Control  1.11 1.27 1.19 1.04 0.65 0.85 
2P  1.14 1.27 1.21 0.96 085 0.91 
2K  1.31 1.25 1.28 0.84 0.82 0.83 
2P+2K  1.23 1.41 1.32 0.66 1.02 0.84 
Kinet.25 Iron 1.12 1.33 1.23 0.78 0.75 0.77 
Kinet.50  1.30 1.33 1.32 0.84 1.45 1.15 
Salicy.50  1.10 1.24 1.17 0.66 1.25 0.96 
Salicy.100  1.01 1.24 1.13 1.21 0.96 1.09 
Mean  1.17 1.29  0.87 0.97  
Control  0.11 0.13 0.12 0.14 0.02 0.08 
2P  0.12 0.14 0.13 0.13 0.09 0.11 
2K  0.13 0.17 0.15 0.11 0.06 0.09 
2P+2K  0.14 0.20 0.17 0.09 0.06 0.08 
Kinet.25 Manganese 0.13 0.16 0.15 0.07 0.08 0.08 
Kinet.50  0.14 0.14 0.14 0.07 0.10 0.09 
Salicy.50  0.14 0.14 0.14 0.08 0.13 0.11 
Salicy.100  0.12 0.14 0.13 0.15 0.10 0.13 
Mean  0.13 0.15  0.11 0.08  
Control  0.16 0.17 0.17 0.18 0.05 0.12 
2P  0.16 0.17 0.17 0.17 0.10 0.14 
2K  0.18 0.21 0.20 0.15 0.15 0.15 
2P+2K  0.18 0.24 0.21 0.16 0.13 0.15 
Kinet.25 Zinc 0.17 0.16 0.17 0.11 0.09 0.10 
Kinet.50  0.20 0.16 0.18 0.17 0.18 0.18 
Salicy.50  0.18 0.17 0.18 0.15 0.24 0.20 
Salicy.100  0.16 0.17 0.17 0.24 0.15 0.20 
Mean  0.17 0.18  0.17 0.14  

 
It is important here to mention that, nutrient balance may be a critical factor affecting the nitrate 

status of rocket plant.  In this respect, Hanafy Ahmed et al. (1997) reported that increasing the level of 
NK fertilizers tended to increase nitrate accumulation in jew’s mallow and radish plants.  However, 
these increases were less than those recorded by an excess of nitrogen fertilizer supply.  This may be 
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due to the reducing effect of K on nitrate concentration in the plant tissues.   Gao et al. (1989) 
conducted experiments on plants of Chinese cabbage and spinach when grown in nutrient solutions 
with different combinations of N, P and K.  They mentioned that more nitrate was accumulated in the 
leaf tissue with the nil-P treatments than with treatments supplying the highest amount of N (12 
meq./L), this was attributed to an exceedingly high ratio of N to P.  Moreover, Korschunow (1988) 
working on potato, mentioned that high rates of applied P decreased tuber nitrate contents.  Sizov and 
Luner (1991) working on table beet, reported that, at an early stage of maturity,  root nitrate content 
increased with increasing P rates at low N rates, but at high N rates, balanced N:P ratios reduced nitrate 
content.  However, the same authors mentioned that P rates did not significantly affect root nitrate at 
maturity.      

Iron concentration was slightly increased when rocket plants were fertilized with the high level of 
nitrogen as compared to the low level of nitrogen fertilization in both 1st and 2nd cut.  Kinetin at 50 
ppm increased iron concentration in both cuts, while salicylic acid increased it only in the 2nd cut as 
well as 2P+2K treatment only in the 1st cut, while 2P and 2K treatments slightly increased it.    

No differences in both manganese and zinc concentrations were observed between high and low 
nitrogen levels fertilization treatments in the 1st cut, whereas manganese and zinc concentrations were 
decreased in the 2nd cut as a result of the high level of nitrogen fertilization.  All sub-main treatments 
slightly increased manganese concentration in rocket leaves in the 1st cut. Salicylic acid treatments at 
the rate of 50 and 100 ppm increased both manganese and zinc concentrations only in the 2nd cut as 
compared to their control treatments. 

Reduction of both manganese and zinc in the 2nd cut in the leaves of rocket plant as a result of 
high nitrogen fertilization may affect indirectly nitrate accumulation due to less activity of the enzymes 
carrying out nitrate metabolism inside the plant.  In this respect, Kheir et al. (1991) and Hanafy Ahmed 
et al. (1997) reported that foliar application of micronutrients showed a negative relationship with 
nitrate accumulation in jew’s mallow, spinach, lettuce, radish and roquette plants.  This effect may be 
due to the role played by these micronutrients on nitrate reductase (NR) and nitrite reductase(NiR) 
activity.  Also, Crawford and Campbell (1990) reported that nitrate was first transported into the cell 
and then reduced to ammonia by the consecutive action of two enzymes: NR and NiR.  Both enzymes 
are metalloenzymes that require cofactors: a molybdenum-protein cofactor (MoCo) for NR and an iron-
containing hydrochlorin (siroheme) for NiR.  Menegl and Kirkby (1979) mentioned that manganese is 
essential in photosystem II and hence in the flow of electrons from water via ferredoxin to NiR.  
Amberger (1974) reported that in zinc deficient plants, an increase in ribonuclease activity and an 
accumulation of nitrate has been found, indicating that this element is implicated also in nitrate 
reduction.       

Reducing, non-reducing and total sugars as well as free amino acids and soluble phenols  
concentrations data are presented in Table 5.  The high level of nitrogen fertilization decreased 
reducing, non-reducing and total sugars concentrations in both 1st and 2nd cuts of rocket leaves, except 
for the reducing sugar concentration in the 2nd cut which showed nearly similar values as compared to 
the low nitrogen fertilization.  In this respect, a negative relationship between nitrogen level application 
and sugars concentration were reported by Hanafy Ahmed  (1991) on spinach plants.   

Sub-main treatment of kinetin at 50 ppm showed the highest increase in reducing, non-reducing 
and total sugars concentrations in the leaves of rocket plant in the order of 85.5, 37.5, and  68.4%, 
respectively in the 1st cut and was 15.2, 25.3 and 17.7%, respectively in the 2nd cut when compared to 
the control treatments.  Sub-main treatments of 2P, 2K, 2P+2K, 25 ppm kinetin and salicylic acid (50 
and 100 ppm) increased reducing and total sugar concentrations in the 1st cut.  In this respect, Buwalda 
and Warmenhoven (1999) working on lettuce, mentioned that growth reduction associated with 
limiting phosphate nutrition resulted in increases in root:shoot ratio, dry matter content and 
concentrations of sugars and organic acids.  By contrast, the concentration of nitrate in the shoots was 
reduced.  They also mentioned that the concentration of nitrate and the sum of sugars and organic acids 
in the shoots showed a strong negative correlation. Hanafy Ahmed (1996) reported that the foliar 
application of citric acid on lettuce increased sugars concentration, specially non-reducing sugars when 
compared with the control treatment or plants sprayed with salicylic acid.  Moreover, he reported high 
values of reducing sugars and slight increase of total sugars concentration by plants sprayed with 100 
ppm salicylic acid. Myczkowski et al. (1991) mentioned that spraying lettuce with GA3 + Kinetin 
reduced the leaf content of nitrate and increased water-soluble carbohydrates.  
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Table 5: Effect of nitrogen, phosphorus and potassium fertilization as well as  kinetin and 
salicylic acid on reducing sugar, non-reducing sugar), total sugar,  total free amino acids 
and soluble phenols concentrations (mg/g F.W.) in rocket (Eruca vesicaria subsp. sativa) 
plants. 

  1st cut 2nd cut 
Treatment Component Nitrogen level 

  Low High Mean Low High Mean 
Control  4.55 3.57 4.06 5.76 5.58 5.67 
2P  5.74 4.20 4.97 5.40 4.59 5.00 
2K  5.60 3.78 4.69 4.41 5.60 5.01 
2P+2K  7.98 3.57 5.78 4.91 6.21 5.56 
Kinet.25 Reducing 6.93 3.85 5.39 5.22 5.40 5.31 
Kinet.50 sugar 7.84 7.21 7.53 7.20 5.85 6.53 
Salicy.50  5.67 5.60 5.64 5.45 5.81 5.63 
Salicy.100  5.46 5.25 5.36 6.21 6.39 6.30 
Mean  6.22 4.63  5.57 5.68  
Control  2.31 2.17 2.24 2.79 1.08 1.94 
2P  1.61 1.89 1.75 3.33 1.35 2.34 
2K  2.17 2.38 2.28 3.06 1.69 2.38 
2P+2K  2.17 2.70 2.44 3.64 0.81 2.23 
Kinet.25 Non- 2.45 1.33 1.89 3.24 1.26 2.25 
Kinet.50 reducing 4.27 1.89 3.08 3.60 1.26 2.43 
Salicy.50 sugar 2.38 1.47 1.93 2.15 0.67 1.41 
Salicy.100  1.96 1.33 1.65 0.72 1.08 0.90 
Mean  2.42 1.90  2.82 1.15  
Control  6.86 5.74 6.30 8.55 6.66 7.61 
2P  7.35 6.09 6.72 8.73 5.94 7.34 
2K  7.77 6.16 6.97 7.47 7.29 7.38 
2P+2K  10.15 6.27 8.21 8.55 7.02 7.79 
Kinet.25 Total 9.38 5.18 7.28 8.46 6.66 7.56 
Kinet.50 sugar 12.11 9.10 10.61 10.80 7.11 8.96 
Salicy.50  8.05 7.07 7.56 7.60 6.48 7.04 
Salicy.100  7.42 6.58 7.00 6.93 7.47 7.20 
Mean  8.64 6.53  8.39 6.83  
Control  2.25 2.39 2.32 2.59 2.59 2.59 
2P  1.95 2.46 2.21 2.65 2.57 2.61 
2K  1.93 2.55 2.24 2.09 2.72 2.41 
2P+2K  2.02 2.38 2.20 2.63 2.23 2.43 
Kinet.25 Total free 1.80 2.32 2.06 1.86 2.57 2.22 
Kinet.50 amino  2.25 2.04 2.15 2.14 2.42 2.28 
Salicy.50 acids 2.44 2.50 2.47 1.84 2.27 2.06 
Salicy.100  2.13 2.49 2.31 2.30 2.10 2.20 
Mean  2.10 2.39  2.26 2.43  
Control  1.50 1.69 1.60 2.40 2.17 2.29 
2P  1.54 1.76 1.65 2.40 1.91 2.16 
2K  1.69 1.35 1.52 2.20 2.28 2.24 
2P+2K  1.77 1.33 1.55 2.65 2.12 2.39 
Kinet.25 Soluble 1.88 1.54 1.71 2.54 1.94 2.24 
Kinet.50 phenols 1.77 1.65 1.71 2.17 2.01 2.09 
Salicy.50  2.06 1.72 1.89 2.49 1.75 2.12 
Salicy.100  1.90 1.56 1.73 1.64 1.66 1.65 
Mean  1.76 1.58  2.31 1.98  

 
As mentioned previously, increasing the level of nitrogen fertilization increased both fresh and 

dry yield of rocket plants which is concomitant with decreasing total sugar concentration.  Thus, these 
decreases in total sugar concentrations might be explained that plants used most of carbon in structural 
growth, but incorporated relatively less carbon in soluble organic compounds.  By this way, nitrate 
accumulation will be increased in the vacuoles to compensate the shortage of sugars to replace the 
decline in osmotic value.  Thus, NO3 accumulation was inversely related to the accumulation of sugars. 
In this respect, Seginer et al. (1998), working on greenhouse lettuce, concluded that there is a negative 
correlation between the concentrations of soluble carbohydrates and nitrate in the cell sap.  This 
correlation reflects the equivalent roles of nitrate and organic solutes in the maintenance of cell turgor.  
In addition, Kirkby (1981) mentioned that plants  contain adequate concentrations of sugars are able to 
assimilate nitrate at a faster rate than comparable plants containing lower concentrations of sugars.  
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Moreover, Aslam and Huffaker (1984) reported that the rate of nitrate in the primary leaves of barley 
was much more affected by the concentration of sugars than the rate of nitrate uptake into the plants. 
However, Reinink and Blom-Zandstra (1989) working on lettuce mentioned that the amount of 
monosaccharides is less important than the amount of organic acids in explaining differences in nitrate 
accumulation.  

It is clear from Table 5 that total free amino acids concentrations were increased by 13.8 and 
7.5%, in both 1st and 2nd cuts, respectively of the plants fertilized with the high level of nitrogen as 
compared to the lower one.  However, all sub-main treatments, except for salicylic acid at 50 ppm in 
the 1st cut and 2P in the 2nd cut, decreased total free amino acids as compared to their control values. 
This might be explained through the role played by P and K or other components in the conversion of 
total free amino acids and nitrates as simple forms of nitrogen into more complicated compounds 
(proteins).    

High nitrogen fertilization decreased soluble phenols concentrations in the leaves of rocket plant 
by 10.2 and 14.3% in the 1st and 2nd cuts, respectively as compared to their lower one.  Soluble 
phenols concentration in the leaves of rocket plant recorded increases of 6.9, 6.9, 18.1 and 8.1% as a 
result of kinetin (25 and 50 ppm) and salicylic acid (50 and 100 ppm) treatments, respectively in the 1st 
cut.  Slight differences in soluble phenols concentrations were observed by most of the  treatments, 
except for salicylic acid (100 ppm) where it decreased by 28.0%, while 2P+2K increased it by 4.4% in 
the 2nd cut. 

Generally, increasing nitrogen fertilization increased both fresh and dry yield of rocket plants, 
however this increase was accompanied with increasing nitrate concentration.  Double phosphorus and 
potassium fertilization reduced nitrate concentration even under high nitrogen fertilization.  This may 
suggest that an important factor for a good yield and low nitrate accumulation is the nutrient balance, 
specially among NPK.  Kinetin may play a role in reducing leaf nitrate content and increase water-
soluble carbohydrates and total yield of rocket plant.    
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تأثر تراآم النترات والنمو والمحصول والترآيب الكيماوى لنبات الجرجير بالتسميد النيتروجينى والفوسفاتى والبوتاسى والرش 

 .بالكينيتين وحمض السلسليك 
 ** أمل محمد احمد فراج-* محمد خليل خليل الدعدع  -* احمد حسين حنفى

 . مصر – الجيزة  - جامعة القاهرة -  آلية الزراعة  -الخضر  وقسم**فسيولوجيا النبات  فرع* 
 -الملخص العربى   -

ين  من التسسميد النيتروجينى                        دلين مختلف ر بمع ات الجرجي م تسميد نبات ين ت ل مست      .  فى تجربتين حقليت د اشتمل آ ذا وق ى  ه وى عل
الكنترول،  ضعف التسميد الفوسفاتى ،  ضعف التسميد البوتاسى، ضعف التسميد الفوسفاتى والبوتاسى                     ’ معامل: المعامالت اآلتية 

زى        50و  25معا ،  الرش بالكينتين بترآيزى      ون    100 و 50 جزء غى المليون ، الرش بحامض السلسليك بترآي أدى .   جزء فى الملي
ة        % 16و4و% 50الى الى زیادة المحصول  الطازج لألوراق نبات الجرجير بنسبة            التسميد النتروجينى الع   ى والثاني فى الحشه االول

ة المستوى المنخفض من      %16ر8 و 31و 6على التوالى بينما آانت تلك الزیادة فى المحصول الجاف      ة بمعامل على التوالى بالمقارن
ل من        آما سجلت جميع المعامالت التى. التسميد النتروجينى   ادة فى آ  اجریت داخل آل مستوى من مستویى التسميد النيتروجينى زی

ة    ى والثاني ة االول ن الحش ل م ى آ ر ف ات الجرجي اف ألوراق نب ازج والج وزن الط ة  . ال بة مئوی ى نس ى اعل م الحصول عل ا ت وعموم
اق أوراق    . يون  جزء فى المل50 و 25للمحصول الكلى الطازج والجاف من نباتات معاملة الكينتين بمعدل      رات فى اعن زاد ترآيز النت

ا وبنسبة  روجين معنوی الى من النيت ر المسمدة بالمستوى الع ات الجرجي ى % 75و 41و2نب ة عل ى والثاني ى آأل من الحشة االول ف
يد النيتروجينى   بينما ادت جميع المعامالت داخل آل مستوى من التسم          .  التوالى عند مقارنتها بنباتات التسميد النيتروجينى المنخفض      

زى         ين بترآي امالت الكينت ا سجلت مع ى بينم ون وحامض     50 و 25الى انخفاض ترآيز النترات معنویا فى الحشه االول  جزء فى الملي
ز   ليك بترآي ة     50السلس ه الثاني رات فىالحش ز النت ى ترآي ا  ف ا معنوی ون  نقص ى الملي زء ف ميد   .   ج ن التس الى م توى الع أدى المس

ة                النيتروجينى الى  ى والثاني ل من الحشه االول ر فى آ ات الجرجي ى فى أوراق نب امالت   .   زیادة ترآيز النيتروجين الكل ع المع أدت جمي
ة               ى نقص         .  المنشقه  الى زیادة ترآيز النيتروجين الكلى فى اوراق نبات الجرجير فى الحشة الثاني الى ال أدى التسميد النيتروجينى الع

امالت  .  بات الجرجير فى آل من الحشتينترآيز عنصر الفسوفور فى اوراق ن      ين  2P+2K و 2K و 2Pادت المع جزء  25 والكينت
ا ادى وحمض      ة، بينم ى والثاني ه االول ن الحش ل م ى آ ر ف ات الجرجي ى أوراق نب وفور ف ز عنصر الفس ادة ترآي ى زی ون ال ى الملي ف

ا          آما اعطت نباتات التسميد الني    .  السلسليك الى نقصه فقط فى الحشه الثانية       ز البوتاسيوم بينم ة فى ترآي ادة طفيف تروجينى  العالى زی
زى                50ادت معاملة الكينتين بترآيز      ون وحمض السلسليك  بترآي ى نقص طفيف فى            100 و   50جزء فى الملي ون ال  جزء فى الملي

ى         الكينتين بترآي              . ترآيز  هذا العنصر فى الحشه االول الى سوآذلك الرش ب ى  جزء فى الملي   50ز ادى التسميد النيتروجينى  الع ون ال
ة                   ى والثاني ل من الحشه االول ز نتيجة                  . زیادة طفيفة فىترآيز عنصر الحدید فى آ ك والمنجني ل من الزن ز آ وحظ أنخفاض فى ترآي ل

ز        ليك بترآي امض السلس ة بح ا أدت المعامل ة بينم ة الثاني ى الحش ى ف ميد النيتروجين ن التس الى م توى الع تخدام المس       100 و 50اس
سجلت النباتات المسمدة بالمستوى العالى من التسميد النيتروجينى . ى زیادة ترآيزهما خصوصا فى الحشه الثانية        جزء فى المليون ال   

ز  50انخفاضا فى ترآيز السكریات المختزلة والغير مختزلة والكلية بينما ادت معاملة الكينتين بترآيز    جزء فى المليون الى زیادة ترآي
ل    .  ى والثانية السكریات فى آل من الحشه االول  ة الحرة آ أدى استخدام التسميد النيتروجينى العالى الى زیادة ترآيز االحماض االميني

ة ضعف التسميد                    ى ومعامل ه السلسليك فى الحشه االول من الحشه االولى والثانية بينما ادت جميع المعامالت المنشقة فيماعدا معامل
ا   ى              .الفوسفاتى فى الحشه الثانية الى نقص ترآيزه ل من الحشه االول ة فى آ والت الذائب ز الفين ادة فى ترآي ائج زی ا أوضحت النت   آم

زى              الكينتين بترآي ة ب ا أدت المعامل الى من التسميد النيتروجينى بينم ون    50و25والثانيه نتيجة استخدام المستوى الع  جزء فى الملي
ادة ترآي  100 و 50وحامض السلسليك بترآيز     ه بنسبة      جزء فى المليون الى زی والت الذائب % 8و1،  18ر1 ،  6ر9 ،  6ر9ز الفين

رش   ه ال دا معامل ا ع ة فيم ى الحشة الثاني ة ف والت الذائب ز الفين ى ترآي م یالحظ أى اختالف ف ا ل ى بينم ى الحشة االول والى ف ى الت عل
 %.28جزء فى المليون حيث سجلت نقص فى ترآيز الفينوالت الذائبه بنسبة 100بحامض السلسليك بترآيز 
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