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ABSTRACT  

 

 The experiment was carried out in plastic house at soil and water department, faculty of agriculture, Al-

Azhar University, Cairo, Egypt; to study the effect of nitrate and chloride at different level under nutrient film 

technique (NFT); on the growth parameter of cucumber (Cucumis sativus L.); yield quality, content, uptake and 

translocation of nutrients. Results shows to interaction effect between different concentrations of nitrate and 

chloride on dry weight of cucumber plant of (shoots, roots, and fruits), the highest values of dry weight were 

recorded at 12 (mM) of nitrate with 5 (mM) of chloride, on the other hand the nitrate and chlorine, the highest 

values of fresh and dry fruit weight (gm) of cucumber plant were recorded at 8 (mM) of nitrate with 10 (mM) of 

chloride. the N and K uptake (mg/plant) in fruits of cucumber plant, the highest values of N and K uptake 

(mg/plant) by shoots and roots of cucumber plant were recorded at 12 (mM) of nitrate with 5 (mM) of chloride; 

where it was noticed that the highest values of P uptake in fruits by cucumber plant was recorded at 12 (mM) of 

nitrate with 10 (mM) of chloride compared with control treatment. This indicates that the mobility of NPK from 

roots to shoots was negatively affected by the presence of Cl
-
 in the growth medium; while, the translocation of 

nitrogen increased with the increasing of NO3
-
 concentrations in the growth medium. It was concluded that at 

low concentrations of NO3
- 
and Cl

- 
the competition between the two ions on the specific site of absorption was 

not found. Chloride content and uptake decreased with increasing NO3 concentration; these results may be due 

to the beneficial effect of NO3 on plant growth depends on the ionic balance between NO3 and other nutrients in 

the growth medium. 
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Introduction 

 

 Chloride salts are the main ions contributing to soil salinity in many regions but chloride is an essential 

element necessary for plant growth and development. It also controls the growth of some pathogens in plants. 

Cucumber (Cucumis sativus L.) is one of the most popular vegetable belongs to the family cucurbitaceae. 

Cucumber is rich source of vitamin B, vitamin C and minerals such as nitrogen, phosphorus, potassium, calcium 

and iron. Esna-Ashari and Gholami, (2010) studied the effect of the chloride ion in nutrient solution on yield 

and fruit quality of two strawberry cultivars grown in hydroponic culture; the results showed that adding the 

chloride ion to the nutrient solution had no negative effects on fruit quality and leaf chlorophyll content. 

Moreover, Shawer, (2008) who found that, increasing the levels of Cl
- 
significantly decreased NPK uptake by 

corn plants (in the parts whole plant) in a hydroponic culture.  

 Nitrate content of the branches of broccoli plants increases with increasing nitrogen fertilization and 

decreases after chloride application (Liu and Shelp, 1996).  Also, Chapagain et al., (2003) found that, the quality 

and appearance of tomato fruit improved when potassium nitrate was replaced with potassium chloride. Also, 

the chloride ion may possibly play a role in nitrogen metabolism. Meanwhile, Zahedifar et al. (2012) reported 

that the significant positive and negative responses in fruits fresh weight of tomato to nitrogen and sodium 

chloride respectively. Phosphorus (P) content was highest in fruits and lowest in roots. Fruit P uptake decreased 

with sodium chloride applications in N controls. Moreover, Kafkafi, (1982), reported that the competition 

between chloride and nitrate uptake has been observed in tomato plant. Similarly, Martinez and Cerda (1989) 

reported that the competition between chloride and nitrate uptake has been observed in cucumber plant. 

However Richharia et al., (1997) who found that, the application of calcium chloride has caused a reduction in 

nitrate uptake as well as nitrate reductase activity in rice plant. This action is attributed to the role of chloride in 

plants. Meanwhile, Shirazi, et al., (2010) reported that salinity decreased tomato shoot height and fruit fresh 

weight. The use of N increased plant and fruit fresh weight compared to control. By application of N to saline 

nutrient solution plant height increased. Increasing N rates in nutrient solution increased micronutrients 

concentration in tomato roots. Interaction of salinity and N decreased micronutrients concentration in root. 

Nathawat et al. (2007) studied the interactions between salinity and different nitrogen sources on different 

growth parameters and mineral composition in different plant parts (leaves stem and root). Under salt stress 

different nutrient elements such as nitrogen phosphorus potassium and magnesium were decreased in different 

plant parts (leaves stem and root). The objective of this investigation is to study the effect of different 
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concentrations of (nitrate and chloride); under nutrients film technique (NFT); on the growth parameter yield 

quality, content, uptake and translocation of nutrients in cucumber plant. 

 

Materials and Methods 

 

  The aim of this experiment to study the effect of different concentrations of nitrate and chloride on the 

growth parameter yield quality, content , uptake and translocation of some nutrients by cucumber plant; Here, 

the concentrations of NO3
-
 was added in the form of potassium nitrate (KNO3) of 0, 4, 8 and 12 mM; and the 

concentrations of Cl
-
 was added in the form of potassium chloride (KCl) of 0, 5, 10 and 15 mM; as well as 

interaction effect between NO3 and Cl under the base nutrient solution at (0.25) Hoagland nutrient solution 

(Hoagland and Arnon, 1950) using nutrient film technique (NFT). The experiment was carried out in factorial 

and complete randomized design with three replicated. This study was carried out in plastic house of soil and 

water department, faculty of agriculture, Al-Azhar University, Cairo Egypt.  

 The seedlings of cucumber plant (Cucumis sativus cuv. barracuda) were initially transplanting on the 

September 2013; here the seeds of cucumber were germinated in foam trays contain peat moss mixed with 

vermiculite (1:1); The seedlings of cucumber plant were transplanting in bags (10 cm dimeter×15height) filled 

with perlite. One plant was planted in each bag, which placed in plastic tubes (PVC).  

 Nutrient film technique (NFT) consists of plastic tube (PVC), nutrient tank and circulated solution system, 

consist of plastic tube 5 inches inner diameter, 7 meters length and provided with 28 holes, space between holes 

in the tube was 50 cm, while between two tubes were 40 cm. nutrient solutions, plastic tank 50 liter (one per 

each plastic tube) were used nutrient solution tank. The tanks were placed at the front of each plastic tube was 

placed inside the tank. A submersible pump (40V) was used (one pump for each tank) for pumping the nutrient 

solution to the plastic tube. The nutrient solution returns to the solution tank by gravity with slop (1.5%). The 

nutrient solution was regularly renewed every 7 days. The pH of the solution was adjusted during the course of 

the experiment at 5.5-6.5 using diluted NaOH or H2SO4 solution. 

 Measurement of growth parameter, after 84 days from transplanting, the flowing Measurement of cucumber 

vegetative growth were record. The length and diameter (cm) fruits of cucumber plant. From the beginning of 

transplanting plant samples were taken to determined total fresh and dry weigh, each plant was divided into 

shoots, roots and total fruits. Also, taken into consideration the total fruits yield of cucumber was recorded 

(g/plant), with recording fresh and dry weight. 

 For chemical analysis; some macro and micronutrients determine followed; three replicates were used for 

each treatment; roots were rapidly washed by distilled water. plant sample (shoots, roots and fruits) were oven 

dried at 70 
o
C, then wet and dry ashing for shoots fruits and roots were made and the extracts were analyzed for 

NPK and some micronutrients (Fe Mn Zn and Cl). Plant analysis; Total nitrogen was determined using Kjeldahl 

method, phosphorus was determined colorimetrically, potassium by flame photometer according to Page et al. 

(1982). Chloride was determined after extracting with hot water. The determination was carried out 

titrimetrically (Chapman and pratt 1961). The micronutrients (Fe, Mn and Zn) were determined by Inductively 

Coupled Plasma Spectrometer (ICP) Plasma 400. Also the obtained data were statistically analysis according to 

the methods recorded Sendecor and Cochran (1980). 

 Statistical analysis: finally all obtained data were subjected to analysis of variance and treatment means 

were compared by LSD. test at the 5% level of probability according to Gomez and Gomez (1984).  

 

Results and Discussion 

 

Plant growth characteristic: 

 

 With regard to the dry weight, the results presented in Table (1) show’s that the dry weight(g/plant) of 

cucumber plant (shoots, roots and fruit) were significantly affected by different concentration of nitrate and 

chloride; the data of the same Table, show that the dry weight of cucumber plant (shoots and whole plant) 

increased with increasing NO3 concentration, but the dry weight of roots increase with increasing NO3 

concentration up to 8 mM, then a marked decrease was observed, but still higher than the control treatment; 

these results may be due to the beneficial effect of NO3 on plant growth depends on the ionic balance between 

NO3 and other nutrients in the growth medium; while the dry weight of cucumber plant of (shoots and whole 

plant) increase with increasing concentration of Cl up to 10 mM, then a marked decrease was observed at the 

concentration of 15 mM. This may be due to the toxicity effect of Cl
-
 on plant, or to the antagonistic effect 

between NO3
-
 and Cl

-
 in the growth medium. Martinez and Cerda, (1989) demonstrated that increasing Cl

-
 level 

in the growth medium decreases growth and NO3
-
 uptake of cucumber plant. 

  It is interesting to indicated that the interaction effect between different concentrations of nitrate and 

chloride on dry weight of cucumber plant of (shoots, roots and whole plant), the highest values of dry weight 

(shoots and whole plant) were recorded at 12 (mM) of nitrate with 5 (mM) of chloride compared with the other 
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treatments and the control. Afterwards, the highest values of shoots and roots and whole plant were 28.58, 6.10 

and 34.68 (g/plant) respectively; compared with control treatment the values were 15.78, 4.12 and 19.90 

(g/plant) of shoots and roots and whole respectively. These results reflect the ionic balance between nutrients in 

the growth medium. This indicate that the high concentration of Cl
-
 and NO3

-
 cause a marked imbalance 

between nutrients in the growth medium. Consequently, nutrient availability, uptake, content, or distribution 

within plant will be disordered.  These results are in a partial agreement with those obtained by Liu and Shelp, 

(1996) who found that the nitrate content of the branches of broccoli plants increases with increasing nitrogen 

fertilization and decreases after chloride application. Shirazi  et al.  (2010) studied the effect of salinity levels 

and nitrogen rates on tomato fruit quality in hydroponic culture. Results indicated that salinity decreased tomato 

height shoot and fruit fresh weight. The use of N increased plant shoot height and fruit fresh weight compared to 

control. 

 
Table 1: Effect of nitrate and chloride at different concentrations on some the growth characteristics of cucumber plants under N. F. 

technique. 

NO3(mM) 

(A) 

Cl(mM) 

(B) 

Dry weight 

(gm/plant) 

Physical fruits quality Fruits yield (gm/plant) 

Shoots Roots Whole 

plant 

Height 

(cm) 

Diameter 

(cm) 

Fresh weight Dry 

weight 

0 0 15.78 4.12 19.90 14.30 1.70 240.96 43.71 

5 17.52 4.91 22.43 16.60 1.90 250.33 45.05 

10 17.91 4.95 22.86 18.80 2.15 270.14 45.73 

15 16.97 4.61 21.58 17.20 1.95 262.16 44.90 

Mean 17.05 4.65 21.69 16.73 1.93 255.90 44.85 

4 0 18.82 4.81 23.63 19.60 2.10 280.45 47.06 

5 20.49 5.22 25.71 20.80 2.25 286.55 49.21 

10 23.32 5.31 28.63 22.50 2.36 298.58 53.97 

15 21.32 5.25 26.57 20.40 2.17 289.91 52.18 

Mean 20.99 5.15 26.14 20.83 2.22 288.87 50.61 

8 0 25.50 5.82 31.32 22.20 2.30 335.14 60.33 

5 26.08 5.94 32.02 24.10 2.45 367.41 66.13 

10 27.02 6.08 33.10 27.70 3.14 405.12 72.92 

15 24.59 5.97 30.56 25.50 2.70 390.61 70.21 

Mean 25.80 5.95 31.75 24.88 2.65 374.57 67.40 

12 0 26.43 5.65 32.08 26.90 2.73 370.92 66.75 

5 28.58 6.10 34.68 26.80 2.85 395.90 71.26 

10 27.03 5.54 32.57 27.70 2.90 390.70 70.33 

15 23.79 5.50 29.29 27.10 2.80 380.77 68.54 

Mean 26.46 5.70 32.16 27.13 2.82 384.57 69.22 

LSD at 5% 

A 0.09 0.03 0.02 0.08 0.10 2.58 0.92 

B 0.07 0.04 0.03 0.10 0.11 2.58 0.93 

A×B 0.19 0.05 0.06 0.18 0.21 NS 1.83 

*A for nitrate concentration (mM). 

**B for chloride concentration (mM).      

***A×B for interaction effect between.  

 

Physical fruits quality (length and diameter, cm):  

 

 In this concern, the physical fruits quality, data in Table 1 show that the values of length and diameter (cm) 

fruits of cucumber plant were significantly affected by different concentration of nitrate and chloride; the data of 

same Table indicated that the length and diameter fruits of cucumber plant increased with increasing NO3 

concentration; this indicated that most absorbed nitrogen by plant roots has translocated to shoots and fruits. 

However the length and fruit diameter (cm) of cucumber plant increase with increasing concentration of Cl up to 

10 mM. Afterwards a sharp decrease was observed at the concentration of 15 mM chloride. In other word, there 

was an interaction effect between different concentrations of nitrate and chloride on length and diameter (cm) 

fruits of cucumber plant. Afterwards, the highest values of length and diameter fruits of cucumber plant were 

recorded with 8(mM) of nitrate with 10 (mM) of chloride compared with the other treatments and the control; 

therefore the highest values of length and diameter fruits were 27.70 and 3.14 cm respectively; it is also 

observed that the length of fruits gave the same results with 12(mM) of nitrate with 10 (mM).The lowest values 

of length and diameter were 14.30 and 1.70 cm at the control, These results are in a partial agreement with those 

obtained by Shirazi  et al.  (2010) who found that the salinity decreased tomato height shoot and fruit fresh 

weight of tomato fruit quality in hydroponic culture. The use of N increased plant fruit fresh weight compared to 

control. Also, Zahedifar et al. (2012) who observed that, the number of fruits and root length of tomato plant 

decreased at high sodium chloride level in hydroponic culture. 
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Fruits yield (fresh and dry weight, gm/ plant): 

 

 With regard to the fruits yield (fresh and dry weight, gm/ plant) of cucumber plant, data presented in Table1 

reveal that the fresh and dry weight of cucumber plant were significantly affected due to the above treatments; 

data of same Table indicated that the fruits yield (fresh and dry weight) of cucumber plant increased with 

increasing NO3 concentration, these results may be due to beneficial effect of NO3 on plant growth depends on 

the ionic balance between NO3 and other nutrients in the growth medium; also this indicated that most absorbed 

nitrogen by plant roots has translocated to shoots and fruits; moreover, the fruits fresh and dry weight (g) of 

cucumber increase with increasing concentration of Cl up to 10 mM, after which a marked decrease was noticed 

particularly, at the higher rate of 15 mM chloride. In this concern the interaction effect between different 

concentrations of nitrate and chloride on fruits fresh and dry weight of cucumber plant, the highest values of 

fresh and dry weight fruits (gm) of cucumber plant were recorded at 8(mM) of nitrate with 10 (mM) of chloride 

compared with the other treatments and the control; this means that is no antagonistic effect between chloride 

and nitrate at low concentrations in the growth medium. It is interesting to note that the the highest values of 

fresh and dry weight were 405.12 and 72.92 gm/ fruits of cucumber plant respectively. The lowest values of 

fresh and dry weight were 240.96 and 43.71 gm/ fruits of cucumber plant respectively at the control. These 

results are in harmony agreement with those obtained by Zahedifar et al. (2012) who found that, the significant 

positive and negative responses in fruits fresh weight of tomato plant to nitrogen and sodium chloride treatments 

respectively.  

 The relative increase of fresh weight of fruit yield per plant, data in the same table show that the highest 

relative increase were  68.13 % obtained with 8 mM of nitrate and 10 mM chloride concentrations, compared 

with the lowest relative increase were 3.89 % obtained without nitrate treatment and 5 mM compared with the 

control.  

 

Macronutrients content and uptake by cucumber plant:  

 

 Data presented in Tables (2 and 3) show that the NPK contents (%) and uptake by cucumber plant 

(mg/plant) were significantly affected by different concentrations of nitrate and chloride under (NFT); generally 

data of same Tables show that both contents and uptake of NPK by cucumber plant (shoots, roots and fruits) 

increased with increasing NO3 concentrations, these results may be due to beneficial effect of NO3 on nutrients 

uptake depends on the ionic balance between NO3 and other nutrients in the growth medium. These results are 

in a partial agreement with those obtained by Feigin et al.; (1987) demonstrated that increasing NO3
-
 levels in 

the growth medium decreased Cl
-
 uptake and accumulation. Moreover, Shawer, (2008) found that, increasing 

the levels of Cl
- 
significantly decreased NPK uptake by corn plant (shoots, roots and whole plant) in hydroponic 

culture. 

 The NPK contents (%) and uptake (mg/plant) by shoots, roots and fruits of cucumber plant with increasing 

Cl concentrations up to 10 mM. Afterwards, a sharp decrease was observed at the concentration of 15mM. 

Based on the aforementioned results, it is thought that adverse effect of Cl
-
 on content and uptake may be 

attributed to the toxicity effect or over dose growth of Cl
-
 on plant. Here an antagonistic effect between chloride 

and NO3
-
 in the growth medium must be taken into consideration. In this concern Hu and Scidhalter, (1997), 

reported that chloride had an antagonistic effect on NO3
-
 accumulation resulting in suppression of NO3

-
 with 

increasing salinity in wheat plant. Also, Kafkafi, (1982); reported that the competition between chloride and 

nitrate uptake has been observed in tomato plant.  

 As regard to the interaction effect between different concentrations of nitrate and chloride on the NPK 

uptake (mg/plant) in fruits by cucumber plant, the highest values of N and K uptake (mg/plant) by shoots and 

roots of cucumber plant were recorded at 12 (mM) of nitrate with 5 (mM) of chloride compared with the other 

treatments and the control. The highest values of N and K uptake in fruits by cucumber plant were 2201.93 and 

897.88(mg/ plant) respectively; but the highest values of P uptake in fruits by cucumber plant was 281.32 (mg/ 

plant) at 12(mM) of nitrate with 10 (mM) of chloride compared with control treatment. The lowest values of 

NPK uptake in fruits by cucumber plant were 769.30, 96.16 and 397.76 (mg/ fruits) respectively with the control 

treatment. These results indicate that at low concentrations of either Cl
-
 or NO3

-
 the competition between both of 

them and nitrogen, phosphorus either potassium on the specific sites of absorption was not found.   

  In other words, the imbalance between nutrients in the growth medium leads to cause some competition 

between nutrients on the specific sites of absorption.  These results agreed to some extent with those obtained by 

Liu and Shelp, (1996) who found that, the cumulative usage of chloride increased the chloride concentrations in 

the vascular system plants, while the concentrations of nitrate and total nitrogen in xylem sap was reduced of 

broccoli plant. Meanwhile, Zahedifar et al. (2012) who found that phosphorus content was highest in fruits of 

tomato plant and lowest in roots. Fruit P uptake decreased with sodium chloride applications. Nitrogen 

application significantly decreased iron zinc copper and manganese concentrations and uptake.  
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Table 2: Effect of nitrate and chloride concentrations (mM) on some macronutrients contents (%) in shoots roots and fruits of   cucumber 

plant under N. F. technique. 

NO3(mM) 

(A) 

Cl(mM) 

(B) 

Shoots - contents (%) Roots - contents (%) Fruits - contents (%) 

N P K N P K N P K 

0 0 1.70 0.19 0.95 1.20 0.15 0.71 1.76 0.22 0.91 

5 1.75 0.23 1.31 1.21 0.19 0.88 1.77 0.27 1.10 

10 1.65 0.26 1.43 1.22 0.19 0.76 1.81 0.27 1.50 

15 1.60 0.24 1.25 1.19 0.18 0.71 1.70 0.26 1.40 

Mean 1.68 0.23 1.24 1.21 0.18 0.77 1.76 0.26 1.23 

4 0 2.10 0.24 1.21 1.25 0.17 0.75 2.23 0.28 0.92 

5 2.21 0.26 1.61 1.26 0.19 0.78 2.26 0.29 1.13 

10 2.40 0.28 1.75 1.26 0.18 0.78 2.28 0.30 1.17 

15 2.14 0.27 1.65 1.21 0.18 0.76 2.24 0.28 1.19 

Mean 2.21 0.26 1.56 1.25 0.18 0.77 2.25 0.29 1.10 

8 0 1.61 0.31 1.73 1.31 0.20 0.79 2.35 0.34 1.20 

5 3.21 0.31 1.95 1.36 0.21 0.91 3.27 0.34 1.21 

10 3.19 0.33 2.01 1.40 0.22 0.92 3.19 0.40 1.21 

15 2.65 0.30 1.95 1.23 0.23 0.94 2.90 0.35 1.25 

Mean 2.67 0.31 1.91 1.33 0.22 0.89 2.93 0.36 1.22 

12 0 2.85 0.31 1.96 1.43 0.23 1.03 2.41 0.36 1.24 

5 3.10 0.34 2.31 1.51 0.25 1.11 3.09 0.37 1.26 

10 3.00 0.30 2.22 1.58 0.26 0.96 3.05 0.40 1.01 

15 2.90 0.29 1.81 1.31 0.21 0.88 2.85 0.36 0.99 

Mean 2.96 0.31 2.08 1.46 0.24 1.00 2.85 0.37 1.13 

A 0.10 0.05 0.03 0.05 0.04 0.06 0.16 0.04 0.19 

B 0.11 0.04 0.04 0.04 0.03 0.07 0.17 0.03 0.18 

A×B 0.21 0.09 0.08 0.10 0.10 0.12 0.31 0.08 0.37 

*A for nitrate concentrations (mM). 

**B for chloride concentrations (mM). 
***A×B for interaction effect between. 

 
Table 3: Effect of nitrate and chloride concentrations (mM) on some macronutrients uptake (mg/plant) in shoots roots and fruits by 

cucumber plant under N. F. technique.   

NO3(mM) 

(A) 

Cl(mM) 

(B) 

Shoots - uptake (mg/plant) Roots- uptake (mg/plant) Fruits – uptake 

(mg/plant) 

N P K N P K N P K 

0 0 268.26 29.98 149.91 49.44 6.18 29.25 769.30 96.16 397.76 

5 306.60 40.30 229.51 59.41 9.33 43.21 797.39 121.64 495.55 

10 295.52 46.57 256.11 60.39 9.41 37.62 827.71 123.47 685.95 

15 271.52 40.73 212.13 54.86 8.30 32.73 763.30 116.74 628.60 

Mean 286.36 39.20 211.36 56.23 8.37 35.79 789.36 116.61 551.66 

4 0 395.22 45.17 227.72 60.13 8.18 36.08 1049.44 131.77 432.95 

5 452.83 53.27 329.89 65.77 9.92 40.72 1112.15 142.71 556.07 

10 559.68 65.30 408.10 66.91 9.56 41.42 1230.52 161.91 631.45 

15 456.25 57.56 351.78 63.53 9.45 39.90 1168.83 146.10 620.94 

Mean 463.82 54.57 327.41 64.34 9.27 39.64 1138.73 146.77 556.71 

8 0 410.55 79.05 441.15 76.24 11.64 45.98 1417.76 205.12 723.96 

5 837.17 80.85 508.56 80.78 12.47 54.05 2162.45 224.84 800.17 

10 861.94 89.17 543.10 85.12 13.38 55.94 2326.15 291.68 882.33 

15 651.64 73.77 479.51 73.43 13.73 56.12 2036.09 245.74 877.63 

Mean 688.79 79.97 492.73 79.17 13.10 52.98 1974.82 242.64 822.28 

12 0 753.26 81.93 518.03 80.80 13.00 58.20 1608.68 240.30 827.70 

5 885.98 97.17 660.20 92.11 15.25 67.71 2201.93 263.66 897.88 

10 810.90 81.09 600.07 87.53 14.40 53.18 2145.07 281.32 710.33 

15 689.91 68.99 430.60 72.05 11.55 48.40 1953.39 246.74 678.55 

Mean 783.80 82.02 550.32 83.18 13.67 56.98 1972.77 256.11 782.19 

A 2.44 0.98 0.72 0.51 0.18 0.43 0.73 1.08 1.19 

B 2.39 0.96 0.74 0.52 0.19 0.42 0.71 1.07 1.18 

A×B NS 1.98 1.43 1.05 0.36 0.86 1.46 2.17 2.38 

*A for nitrate concentrations (mM). 

**B for chloride concentrations (mM). 

***A×B for interaction effect between. 

 

Micronutrients content and uptake in fruits by cucumber plant:  

 

 Data in Table 4 show’s that the Fe, Mn, Zn and Cl contents (ppm) and uptake in fruits by cucumber plant 

were significantly affected by different concentrations of nitrate and chloride under (NFT); generally data of 

same Table show that the Mn and Zn contents (ppm) and uptake (µg/fruits) of cucumber plant increased with 

increasing NO3 concentrations up to 8 mM, also Fe uptake (µg/plant) of cucumber plant increased with 
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increasing NO3 concentration up to 4 mM, then a sharp decrease was observed at the concentration of 8 mM; on 

contrast Cl content(ppm) in fruits of cucumber plant decreased with increasing NO3 concentrations.  

 With regard to the Mn, Zn and Cl contents (ppm) by fruits of cucumber plant increased with increasing Cl 

concentrations, also Mn and Cl uptake by fruits increased with increasing Cl concentrations; however Zn 

content and uptake increased with increasing Cl concentrations up to 10 mM, thereafter a marked decrease was 

observed; indicating an antagonism between the two nutrients on the specific site of absorption on root surface. 

 In this concern to the interaction effect between different concentrations of nitrate and chloride on Fe, Mn, 

Zn and Cl contents (ppm) and uptake (µg/plant) by fruits of cucumber plant, It is interesting to note that the data 

presented in Table 4 show that the highest values of Fe, Mn and Zn contents (ppm) of fruits of cucumber plant 

were recorded  at 4 (mM) of nitrate with 10 (mM) of chloride compared with the other treatments and the 

control; but the highest values of Fe, Mn and Zn uptake by fruits of cucumber plant were recorded at 8 (mM) of 

nitrate with 10 (mM) of chloride. However, the highest values of Fe, Mn and Zn uptake by fruits of cucumber 

plant were 4681.46, 1540.08 and1645.08 (µg/plant) respectively; but the highest values of Cl uptake by fruits of 

cucumber plant was 8941.04 (µg/ plant) at 12(mM) of nitrate with 15 (mM) of chloride compared with control 

treatment. The lowest values of Fe, Mn, and Zn and Cl uptake by fruits of cucumber plant were 2926.82, 

577.41, 622.43 and 2889.23 (µg/ plant) respectively at the control. These results are in a good agreement with 

those obtained by Shirazi  et al.  (2010) who studied the effect of salinity levels and nitrogen rates on tomato, 

salinity increased concentrations of iron, manganese, zinc and copper in roots as 'well as Fe and Cu in fruit. 

Increasing N rates in nutrient solution increased micronutrients concentrations in tomato roots. Interaction of 

salinity and N decreased micronutrients concentrations in root compared to control.  

 
Table 4: Effect of nitrate and chloride concentrations on some micronutrients contents and uptake in fruits by cucumber plant under N. F. technique. 

NO3(mM) 

(A) 

Cl(mM) 

(B) 

Fruits - content (ppm) Fruits - uptake(µg/plant) 

Fe Mn Zn Cl Fe Mn Zn Cl 

0 0 66.96 13.21 14.24 66.10 2926.82 577.41 622.43 2889.23 

5 70.26 17.60 19.20 85.62 3165.21 792.88 864.96 3857.18 

10 72.78 17.92 21.60 118.15 3328.23 819.48 987.77 5403.00 

15 73.02 18.72 20.80 123.44 3278.60 840.53 933.92 5542.46 

Mean 70.76 16.86 18.96 98.33 3173.59 756.17 850.36 4409.99 

4 0 78.96 14.88 17.60 57.55 3715.86 700.25 828.26 2708.30 

5 83.10 16.00 22.72 81.22 4089.35 787.36 1118.05 3996.84 

10 83.40 22.72 23.20 113.32 4501.10 1226.20 1252.10 6115.88 

15 81.00 23.20 22.24 119.40 4226.58 1210.58 1160.48 6230.29 

Mean 81.62 19.20 21.44 92.87 4130.79 971.71 1085.08 4700.28 

8 0 60.18 17.6 21.28 54.32 3630.66 1061.81 1283.82 3277.13 

5 63.00 19.68 21.60 79.98 4166.19 1301.44 1428.41 5289.08 

10 64.20 21.12 22.56 103.85 4681.46 1540.07 1645.08 7572.74 

15 61.80 16.64 21.76 117.45 4338.98 1168.29 1527.77 8246.16 

Mean 62.30 18.76 21.80 88.90 4199.02 1264.42 1469.32 5991.86 

12 0 54.06 15.84 17.44 46.35 3608.51 1057.32 1164.12 3093.86 

5 60.72 13.6 18.40 73.56 4326.91 969.14 1311.18 5241.89 

10 60.30 12.96 19.20 95.64 4240.90 911.48 1350.34 6726.36 

15 58.20 12.96 15.20 130.45 3989.03 888.28 1041.81 8941.04 

Mean 58.32 13.84 17.56 86.50 4036.91 958.00 1215.50 5987.53 

*A 0.67 0.20 0.24 0.75 1.80 2.13 0.88 1.92 

**B 0.67 0.23 0.23 0.74 1.73 1.12 0.69 1.95 

***A×B 1.38 0.44 0.48 1.53 3.42 NS 1.75 3.71 

*A for nitrate concentrations (mM). 

**B for chloride concentrations (mM). 

***A×B for interaction effect between. 

 

 Translocation  (%) of some macronutrients from roots to shoots of cucumber plant as affected by the 

concentrations NO3
- 
and Cl

-
:  

 The percent of nitrogen, phosphorus and potassium translocation (%) as affected by the different 

concentrations of NO3
-
 and Cl

-
 under (NFT) are given in Table (5). The results show that the translocation (%) 

of NPK decreased with the increase of Cl
-
 concentrations in the growth medium, the mean translocation of NPK 

values were 83.59, 82.40 and 85.52 % respectively. This indicate that the mobility of NPK from roots to shoots 

was negative affected by the presence of Cl
-
 in the growth medium. 

 As mentioned above it was found that the translocation (%) of nitrogen increased with increasing of NO3
-
 

concentrations in the growth medium; in this concern, the data presented in Table (5) show that the mean 

translocation of nitrogen value was 86.47 %. This may be due to that the mobility of nitrogen was positively 

affected by the concentrations of NO3
-
 in the growth medium; but the translocation of phosphorus and potassium 

increased with increasing of NO3
-
 concentrations up to 8 mM; then a market decrease was observed at the 

concentration of NO3
- 

12 mM in the growth medium. The mean translocation of phosphorus and potassium 

values was 85.27 and 87.61 % respectively; at the high concentration of NO3
-
 (12mM) increased the 

antagonistic effect between nitrate and phosphorus decreases the absorption of phosphorus from the growth 

medium. Meanwhile, as phosphorus is highly mobile in the plant, a great deal of the absorbed phosphorus is 

translocated from the roots to the shoots. Moreover, these results indicate that interaction effect between NO3
-
 

and Cl
-
 was very clear under the high concentrations of both ions. On the other hand, the antagonistic effect 

between NO3
-
 and Cl

-
 under low concentrations of both ions was not found. Based on the above discussion, it 
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may be concluded that at low concentrations of NO3
- 
and Cl

- 
the competition between both on the specific site of 

absorption was not found. These results agreed to some extent with those obtained by Martinez and Cerda 

(1989), reported that the competition between chloride and nitrate uptake has been observed in cucumber plant. 

Shawer (2008) the results indicate that the translocation of nitrogen increased by increasing of either Cl
-
 in the 

growth medium. This may be explained as a high amount of absorbed N was translocated from roots to shoots 

(N is known to be highly mobile). 
 

Table 5: Translocation (%) of nitrogen, phosphorus and potassium from roots to shoots of corn plant as affected by the concentrations of 
NO3

- and Cl- under N. F. technique. 

NO3(mM) 

(A) 

Cl(mM) 

(B) 

Shoots – uptake (mg/plant) Whole plant– uptake (mg/plant) Translocation)%(    

N P K N P K N P K 

0 0 268.26 29.98 149.91 317.70 36.16 179.16 84.44 82.91 83.67 

5 306.60 40.30 229.51 366.01 49.63 272.72 83.77 81.20 84.16 

10 295.52 46.57 256.11 355.91 55.98 293.73 83.03 83.19 87.19 

15 271.52 40.73 212.13 326.38 49.03 244.86 83.19 83.07 86.63 

Mean 286.36 39.20 211.36 342.59 47.57 247.15 83.59 82.40 85.52 

4 0 395.22 45.17 227.72 455.35 53.35 263.80 86.79 84.67 86.32 

5 452.83 53.27 329.89 518.60 63.19 370.61 87.32 84.30 89.01 

10 559.68 65.30 408.10 626.59 74.86 449.52 89.32 87.23 90.79 

15 456.25 57.56 351.78 519.78 67.01 391.68 87.78 85.90 89.81 

Mean 463.82 54.57 327.41 528.16 63.84 367.05 87.82 85.48 89.20 

8 0 410.55 79.05 441.15 486.79 90.69 487.13 84.34 87.17 90.56 

5 837.17 80.85 508.56 917.95 93.32 562.61 91.20 86.64 90.39 

10 861.94 89.17 543.10 947.06 102.55 599.04 91.01 86.95 90.66 

15 651.64 73.77 479.51 725.07 87.5 535.63 89.87 84.31 89.52 

Mean 688.79 79.97 492.73 767.96 93.07 545.71 89.69 85.92 90.29 

12 0 753.26 81.93 518.03 834.06 94.93 576.23 90.31 86.31 89.90 

5 885.98 97.17 660.20 978.09 112.42 727.91 90.58 86.43 90.70 

10 810.90 81.09 600.07 898.43 95.49 653.25 90.26 84.92 91.86 

15 689.91 68.99 430.60 761.96 80.54 479.00 90.54 85.66 89.90 

Mean 785.01 82.30 552.23 868.14 95.85 609.10 90.42 85.83 90.59 

*A for nitrate concentrations (mM). 

**B for chloride concentrations (mM). 

***A×B for interaction effect between. 

 

 Translocation  (%) of some micronutrients from roots to shoots of cucumber plant as affected by the 

concentrations NO3
- 
and Cl

-
:  

 The percent of iron, manganese, zinc and chloride of cucumber plant translocation (%) as affected by the 

different concentrations of NO3
-
 and Cl

-
 under (NFT) are given in Table (6). The results indicated that the 

translocation (%) of Cl
-
 increased with the increase of Cl

-
 concentrations in the growth medium. It is interesting 

to note that the mean translocation of Cl values was 91.98 %; moreover the translocation of Fe, Mn and Zn 

affected by the different concentrations of Cl
-
 the mean values were 85.40, 83.60 and 84.84 % respectively. 

These indicate that the mobility of Mn and Cl from roots to shoots was affected by the presence of Cl
-
 in the 

growth medium.  
 
Table 6: Translocation (%) of iron, manganese, zinc and chloride from roots to shoots of cucumber plant as affected by the concentrations of NO3

-and Cl- under N. F. technique.   

NO3(mM) 

(A) 

Cl(mM) 

(B) 

Shoots- uptake(µg/plant) Whole plant- uptake(µg/plant) Translocation )%(    

Fe Mn Zn Cl Fe Mn Zn Cl Fe Mn Zn Cl 

0 0 1149.42 258.79 217.76 1266.19 1322.95 312.56 255.38 1392.09 86.88 82.80 85.27 90.96 

5 1343.43 356.01 254.04 1930.88 1592.37 425.39 301.03 2115.10 84.37 83.69 84.39 91.29 

10 1395.91 396.89 272.23 2421.97 1650.09 477.53 322.32 2630.96 84.60 83.11 84.46 92.06 

15 1272.75 373.34 247.76 2894.40 1482.51 440.97 290.36 3117.57 85.85 84.66 85.33 92.84 

Mean 1289.32 344.75 247.74 2115.22 1509.82 412.36 292.01 2299.72 85.40 83.60 84.84 91.98 

4 0 1443.12 408.02 272.89 1435.59 1655.10 464.73 325.27 1568.49 87.19 87.80 83.90 91.53 

5 1617.89 467.17 327.84 2166.61 1862.19 538.11 392.15 2351.51 86.88 86.82 83.60 92.14 

10 1842.75 542.89 398.77 2971.43 2132.68 620.79 465.94 3191.96 86.41 87.45 85.58 93.09 

15 1650.17 469.04 358.18 3544.24 1912.93 538.03 419.40 3772.30 86.26 87.18 85.40 93.95 

Mean 1637.64 471.02 337.94 2496.13 1889.37 539.52 399.12 2686.71 86.68 87.30 84.67 92.91 

8 0 2073.15 548.76 413.10 1810.76 2393.19 634.66 484.16 1958.18 86.63 86.47 85.32 92.47 

5 2156.29 615.49 453.79 2614.26 2513.82 715.46 540.04 2802.97 85.78 86.03 84.03 93.27 

10 2302.10 670.10 480.96 3532.87 2677.54 776.26 577.27 3773.03 85.98 86.32 83.32 93.63 

15 2021.30 558.68 383.60 3753.66 2374.43 644.65 467.66 3991.33 85.13 86.66 82.03 94.05 

Mean 2137.53 597.53 432.15 2932.49 2488.70 691.9 516.40 3135.40 85.89 86.36 83.69 93.53 

12 0 1436.73 272.76 264.30 1840.06 1602.73 319.03 309.05 1965.49 89.64 85.50 85.52 93.62 

5 1742.24 354.39 320.10 2965.46 1948.42 406.55 374.45 3143.09 89.42 87.17 85.49 94.35 

10 1751.54 358.96 305.44 2574.07 1949.60 398.35 357.24 2765.09 89.84 90.11 85.50 93.09 

15 1384.58 308.32 259.31 2996.35 1574.77 353.86 305.90 3201.06 87.92 87.13 84.77 93.60 

Mean 1576.49 323.87 287.09 2610.01 1766.76 369.64 336.45 2785.32 89.23 87.62 85.33 93.71 

*A for nitrate concentrations (mM). 

**B for chloride concentrations (mM). 

***A×B for interaction effect between. 

 

 As regard to the effect of Cl increased with increasing of NO3
-
 concentrations on translocation (%) of 

cucumber plant from roots to shoots. Meanwhile, the mean translocation of chloride value was 92.15 %. This 
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may be due to that the mobility of chloride was affected by the concentrations of NO3
-
 in the growth medium; 

this may be due to the high mobility of chloride from roots to shoots. Moreover, these results show that 

interaction effect between NO3
-
 and Cl

-
 was very clear under the high concentrations of both ions. On the other 

hand, the antagonistic effect between NO3
-
 and Cl

-
 under low concentrations of both ions was not found. These 

results agreed to some extent with those obtained by Shawer (2008) reported the chloride translocation 

expressed as percentage as affected by different concentrations of nitrate by corn plant.
 
Also, Martinez and 

Cerda (1989), reported that the competition between chloride and nitrate uptake has been observed in cucumber 

plant. 

 It was concluded that the antagonistic effect between NO3
-
 and Cl

-
 under low concentrations of both ions 

was not found. It is interesting to show that the, interaction effect between different concentrations of nitrate and 

chloride on fruits fresh and dry weight of cucumber plant, the highest values of fresh and dry weight fruits (gm) 

of cucumber plant were recorded at 8(mM) of nitrate with 10 (mM) of chloride compared with the other 

treatments and the control; afterwards, at low concentrations of either Cl
-
 or NO3

-
 the competition between both 

and nitrogen, phosphorus and potassium on the specific sites of absorption was not found. In other words, the 

high concentrations of Cl
-
 cause the imbalance between nutrients in the growth medium, tended to cause some 

competition between nutrients on the specific sites of absorption. 
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