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ABSTRACT 
 

The response of potato plants cv. Cara grown under newly sandy soil conditions, subjected to two levels of 
urea fertilizer (46% N) as a nitrogen source, 150 and 300 kg urea/fed. and four levels of bentonite as a soil 
conditioner 0, 100, 200 and 300 kg/fed. was studied during seasons of 2010/2011 and 2011/2012. Field 
experiments were conducted in a private farm at Sadaat city, Monofeya governorate, Egypt in a split plot design 
with 3 replicates and combined analysis of both seasons data were performed. Vegetative growth, tuber yield 
and chemical tuber quality characteristics of potato plants were determined. The obtained results sharply 
concluded that using the higher rate of urea (300 kg/fed.) significantly increased all measured characteristics of 
vegetative growth, tuber yield and chemical tubers quality of potato plants compared to the lower rate. Except 
for number of leaves/plant, dry weight of whole plant, phosphorous and potassium percentages. Although no 
significant difference was recorded, the highest value of potassium percentage was recorded with the lower level 
of urea application 150 kg/fed. Application of bentonite as soil conditioner for sandy soil had a positive 
significant effect on all measured characteristics of vegetative growth, tuber yield and chemical tuber quality of 
potato plants, except for protein, nitrate and N contents. Increasing bentonite application rate from 0 to 300 
kg/fed. a gradual significant increase occurred. But there no significant differences were realized between the 
rates of 200 and 300 kg bentonite/fed. Concerning the interaction effect between two nitrogen rates and four 
bentonite levels, significant differences were detected only on number of tubers per square meter and weight of 
tubers per plant. While for the rest of tuber yield characteristics as well as vegetative growth and chemical tuber 
quality characteristics of potato plants the interaction had no significant effect. Application of urea as nitrogen 
fertilizer source at rate of 300 kg/fed. and bentonite mineral as soil conditioner at rate of 200 or 300 kg/fed. gave 
the best values of all measured vegetative growth, tuber yield and chemical tuber quality characteristics of 
potato plants grown under newly sandy soil conditions. 
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Introduction 

 
Potato (Solanum tuberosum L.) is one of the Solanaceae family plants, considered as one of most important 

vegetable crops in many regions of the world. Recent publications have shown the importance of the potato as a 
global food crop, it is ranked as the fourth crop after the 3 cereals including maize, rice and wheat. In Egypt, it is 
the second vegetable crop after tomato according to the cultivation area and one of the most important exported 
crops. Also, it is a staple food crop with an average annual consumption of 22 - 25 kg tubers per capita with a 
cropping area of 140.7 thousand hectare produced about 3.7 million tons with an average of 26.2 tons/ha. 
Globally, Egypt is ranked as number eleventh among top potato producers and the first potato producer among 
African countries according to FAOSTAT (2011).   

Intensive potato cultivation demands an adequate supply of nutrients to promote high yield and quality. The 
nitrogen sources in the soil comprise the mineral nitrogen initially available in the soil, that which becomes 
available through mineralization and the external supply of N fertilizer. Excessive use of nitrogen fertilizers 
causes over production of foliage, resulting in late senescence. In addition, causes accumulation of compounds 
in the edible products which have a detrimental impact on human health, environmental pollution and 
economical losses (Wang et al., 2002). The recommendations for nitrogen fertilization of potatoes are rather 
low, 60 - 120 kg N/ha (Mustomen, 2004). Maximum yield is not always attained because of current limits on 
total nitrogen application rates and limitations related to environmental concerns. Potato is a sensitive crop to 
application management of nitrogen and amount less or more than is requirements or early and late application 
of nitrogen will affect quantitative and qualitative yield of tuber. Sufficient use of nitrogen fertilizer in early 
growth season will expand leaf area and increase photo assimilate (Mohammad and Mohammadriza, 2012). 
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Also Vos and van der Putten (1998) reported that nitrogen supply affects several parameters of potato growth 
i.e. leaf expansion rate, leaf size, total number of leaves that emerge on a plant and as a consequently crop 
production. The efficient management of nitrogen by farmers with limited resource is a very important part of 
successful soil and crop management system (Ankumah et al., 2003). 

Potato yield is greatly affected by nutrient availability, which is why research on appropriate fertilizer 
regimes has received much attention worldwide (Westermann, 2005; Poljak et al., 2008 and Vos, 2009). 
Inadequate N fertilization leads to poor potato growth and yield, while excessive nitrogen application leads to 
delayed maturity, poor tuber quality, excessive nitrate leaching and occasionally a reduction in tuber yield 
(Sharifi et al., 2005; Zebarth et al., 2006; Kumar et al., 2007 and Sincik et al., 2008). 

 In agriculture, urea is intensively used as a nitrogen fertilizer source; urea nitrogen enters the plant either 
directly or in the form of ammonium or nitrate after urea degradation by soil microbes. The contribution of plant 
urea uptake and metabolism to fertilizer urea usage in crop production is still not well investigated although 
globally more than half of all nitrogen fertilizers are applied to crops in the form of urea (Claus-Peter, 2011).  

Bentonite clay consisting mostly of montmorillonite, which is a 2:1 mineral with one octahedral sheet and 
two silica sheets (Al2O3.4SiO2.H2O), forming a layer. Bentonite possesses a permanent negative charge on its 
surface due to isomorphous substitution. The special properties of bentonite are an ability to form thixodrophic 
gels with water, an ability to absorb large quantities of water and a high cation exchange capacity (Ding et al., 
2009). Due to its large amount of ion adsorption capacity and high porosity as well as microorganism 
adheresion, it could be used in environmental protection (Fernández-Nava et al., 2011). Also, bentonite has 
many applications to a broad range of industrial, medicinal, agricultural and other activities (Hanchar et al., 
2004). Many soil conditioners such as polyvinyl polymer, bentonite, zeolite, perlite, and vermiculite and wood 
coal can be used to improve soil proprieties (Brady, 1990). However, its application in improving growth and 
yield of vegetable crops has not been widely and well investigated. 

Bentonite can be used as a soil conditioner (Croker et al., 2004). It has been reported to increase the water-
holding capacity and consequently improve water and nutrients supply to plants and also enhance crop growth 
and yield (Qu et al., 2008). Noble et al. (2004) showed that applying bentonite clay as soil conditioner 
effectively improved yields of forage sorghum grown under rain-fed conditions. 

The overall objective of this work was to study the response of potato plants subjected to two levels of urea 
fertilizer as a nitrogen source and four levels of bentonite as a soil conditioner under newly sandy soil 
conditions. 
 
Materials And Methods 

 
During two consecutive seasons of 2010/2011 and 2011/2012 field experiments were conducted in a private 

farm at Sadaat city (60 km far from Cairo city), Monofeya governorate, Egypt, on potato plants cv. Cara grown 
under newly sandy soil conditions to study the response of potato plants subjected to two levels of urea fertilizer 
(46% N) as a nitrogen source, 150 and 300 kg urea/fed. and four levels of bentonite as a soil conditioner 0, 100, 
200 and 300 kg/fed. Vegetative growth, tuber yield and chemical tuber quality characteristics of potato plants 
were determined. Analyses of the experimental soil are presented in Table (1). In addition, bentonite mineral 
used in this study was supplied by International Company for Mining and Investments (ICMI). The chemicals 
properties of bentonite mineral are given in Table (2). 

For all experimental plots, the full amount of calcium super-phosphate (16% P2O5) at rate of 60 kg 
P2O5/fed. and soil conditioner bentonite at different levels were added at the time of final land preparation. 
Furthermore, potassium sulphate (48% K2O) at rate of 90 kg K2O/fed. this amount was divided into two equal 
doses and added 50 and 75 days after planting. Regarding nitrogen fertilizer, the amount of urea (46% N) were 
divided into 2 equal portions and applied 30 and 60 days after planting.  

The potato tubers of Cara cultivar were sown under sandy soil conditions on drip irrigated ridges of 80 cm 
width, 8 m length and 30 cm apart on one side of ridge. Each experimental subplot consisted of 4 ridges with a 
net area of 25.6 m2. Potato seed (tuber) was planted manually in the experimental field on the first week of 
October during the two seasons of 2010/2011 and 2011/2012. All agricultural practices for potato crop 
production in the growing area were followed according to the recommendation of Ministry of Agriculture. 
 
Experimental design and statistical analysis: 

 
The field experiments were arranged as a split-plot design with three replicates. The two levels of nitrogen 

150 and 300 kg urea/fed. were distributed in the main plots, while the four levels of bentonite 0, 100, 200 and 
300 kg/fed. were randomly arranged within the subplots. The obtained data for each season were tabulated and 
subjected to statistical analysis. Comparisons among mean of treatments were tested using the least significant 
differences (LSD) at P<0.05 level of probability according to the method described by Snedecor and Cochran 
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(1980). The combined analysis of the data for both seasons was followed. Least significant differences (LSD) at 
the level of 5% of probability were also used for mean separations. 
 
Table 1: Physical and chemical properties of experimental soil.  

Properties Values 
Physical  
Sand % 90 
Silt % 5 
Clay % 5 
Texture Sandy  
Available nutrient 
N % Traces 
P % 0.443 
K % 0.575 
Chemical properties (meq/L) 
pH 8.20 
EC ds/m 1.50 
CaCO3% 5.50 
Ca++  2.65 
Mg++  2.40 
Na+  4.34 
CO3

-  Zero 
HCO3

-  3.85 
Cl- 53.00 
SO4

- 55.65 
 
Table 2: Chemical properties of bentonite mineral used in this study.  

Mineral CEC Surface area Si/Al ratio 
Total oxides g/kg 
SiO2 Al2O3 Fe2O3 MgO 

Bentonite 80.1 1000 3 : 10 563.0 160.1 53.1 22.1 

 
Measured characteristics: 

 
After 90 days from planting date, six plants from each sub experimental plot were randomly taken for 

recording the following data for vegetative growth characteristics that include plant height (cm), number of 
leaves/plant, number of aerial stems/plant, fresh weight of vegetative parts and whole potato plant (g) and dry 
weight of vegetative parts and whole potato plant (g).  

At harvesting stage (120 days after planting date), tuber yield characteristics which include tubers 
number/plant, tubers number/m2, tuber weight/plant (g), tuber yield ton/fed., average tuber fresh and dry weights 
(g) and tuber volume or size (cm3) were recorded in 25 tubers randomly taken from each sub experimental plot. 

In additions, sample of 9 tubers from each subplot were randomly taken and oven dried at 70oC for 72 
hours, then fine grinded and used to determine chemical tuber quality characteristics such as minerals contents 
(N, P and K) on a dry weight basis. Tuber dried samples were wet digested and total nitrogen percentage was 
determined using the modified micro Kjeldah method, phosphorus was determined using the colorimetric 
method using spectrophotometer (SPECTRONIC 20D, Milton Roy Co. Ltd., USA), according to the procedure 
described by Cottenie et al. (1982). While, potassium percentage was measured using flame photometer method 
(JENWAY, PFP-7, ELE Instrument Co. Ltd., UK) as described by Chapman and Pratt (1982). 

Tuber dried samples were also used to determine total carbohydrate, protein and nitrate contents according 
the method described by AOAC (1990). 
 
Results And Discussion 
 
A. Vegetative growth characteristics: 

 
Combined analysis of obtained data presented in Table (3) sharply showed that urea application at a higher 

rate (300 kg/fed. approximately equal to 135 N units/fed.) resulted the better vegetative growth characteristics of 
potato plant grown under newly sandy soil conditions if compared with the lower urea rate (150 kg/fed. 
approximately equal to 65 N units/fed.). Significant differences were detected between application of high and 
low rates of urea for all measured parameters except for number of leaves/plant and dry weight of whole potato 
plant. Application of urea at higher rate gave the taller potato plant, which has the higher number of leaves and 
aerial stems per plant in addition to heaviest fresh and dry weight of vegetative parts and whole potato plant. 

The superiority of vegetative growth characteristics of potato plant grown under newly sandy soil 
conditions when applied urea at higher rate might be due to an increase in the leaves and aerial stems number 
per plant which led to a higher photosynthetic rate and reflect more accumulation of assimilates that caused an 
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increase in the vegetative growth parameters. In addition many workers summarized that nitrogen is a major 
component of protein and chlorophyll molecule. However, from the physiological point of view, the role of 
nitrogen level has been associated with so many significant increases in the plant vegetative growth 
characteristics.  

The obtained results are in good accordance with that previously recorded by Zelalem et al. (2009); 
Shahzad Jamaati et al. (2010); Claus-Peter (2011); Mohammad and Mohammedriza (2012) and Amir et al. 
(2013) on potatoes.   

Concerning to the effect of application of soil conditioner bentonite agent at different rates (0, 100, 200 and 
300 kg/fed.) on vegetative growth characteristics of potato plant, the combined analysis of both seasons data 
were presented in Table (3). Application bentonite gained a clear enhancement in all vegetative plant growth 
measurements if compared with the control treatment (no bentonite addition). There was a significant difference 
increase among different rates of bentonite. The highest rate of bentonite (300 kg/fed.) gave the highest values 
of all vegetative growth characteristics of potato plant followed by application of 200 kg bentonite/fed., while 
the lowest values of all vegetative growth characteristics of potato plant were recorded by control treatment. It is 
of interest to note that there no significant differences were realized between the rates of 200 and 300 kg 
bentonite/fed.  

The positive effect of bentonite on all vegetative growth characteristics of potato plant might be attributed 
to that bentonite is a plastic clay mineral has a negative charge on its surface and has an ability to form 
thixodrophic gels with water. So it has an ability to absorb large quantities of water and a high cation exchange 
capacity (Ding et al., 2009). Also it has been reported that bentonite application led to increase the water-
holding capacity and consequently improve water and nutrient supply to plants and also enhance crop growth 
and yield (Qu et al., 2008). However, its application in improving growth and yield of vegetable crops has not 
been widely and well investigated. 

The interaction effect of urea with 2 levels and bentonite with 4 different levels on vegetative growth 
characteristics of potato plant grown under newly sandy soil conditions recorded no significant differences as 
shown in Table (3). It means that each treatment factor act independently on vegetative growth parameters of 
potato plants. Regarding of the interaction had no significant effect, the highest values of vegetative growth 
characteristics of potato plant were obtained when potato plant received urea at rate of 300 kg/fed. and bentonite 
mineral even at rate of 200 or 300 kg/fed. 

 
Table 3: Effect of urea as nitrogen fertilizer source and bentonite as soil conditioner on vegetative growth characteristics of potato  
              plant grown under newly sandy soil conditions (combined analysis of both seasons data). 

Treatments Plant 
height  
(cm) 

Number/plant Fresh weight (g) Dry weight (g) 

Urea 
Bentonite  
kg/fed. 

Leaves Stems Stems Leaves Total Stems Leaves Total 

Urea 150  
kg/fed. 

Cotrol 47.33 33.34 9.67 115.17 171.50 298.34 15.70 15.24 30.64 
100 50.84 36.83 11.00 132.84 192.67 333.67 16.85 17.23 34.05 
200 49.17 46.34 13.00 139.00 217.34 352.00 20.05 17.88 38.49 
300 53.50 49.17 14.34 136.83 231.00 368.17 23.02 19.65 43.30 

Mean 50.21 41.42 12.00 130.96 203.13 338.04 18.91 17.50 36.62 

Urea 300  
kg/fed. 

Cotrol 52.34 43.33 10.34 119.17 184.84 303.00 16.85 17.07 33.92 
100 60.84 47.00 12.67 135.67 220.00 351.17 20.25 17.90 38.15 
200 54.50 48.67 14.67 140.00 237.50 376.67 22.80 18.57 41.37 
300 62.34 52.67 15.67 143.17 238.33 379.84 22.67 22.39 45.05 

Mean 57.50 47.92 13.34 134.50 220.17 352.67 20.64 18.98 39.62 

Averages 

Cotrol 49.84 38.34 10.00 117.17 178.17 300.67 16.28 16.15 32.28 
100 55.83 41.92 11.84 134.25 206.34 342.42 18.55 17.57 36.10 
200 51.84 47.50 13.84 139.50 227.42 364.34 21.43 18.23 39.93 
300 57.92 50.92 15.00 140.00 234.67 374.00 22.84 21.02 44.18 

L.S.D.  
at 5 % 

Urea 3.68 N.S. 0.95 3.22 9.47 6.22 0.59 1.02 N.S. 
Bentonite 3.54 3.77 2.12 5.18 14.56 25.32 1.35 1.46 2.16 
Interactions N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 

 
B. Tuber yield characteristics: 

 
Addition of urea as chemical nitrogen fertilizer for potato plants grown under newly sandy soil conditions 

caused a significant increase in all tuber yield characteristics i.e. tuber number/plant, tubers number/m2, tubers 
weight/plant (g), tuber yield ton/fed., average tuber fresh and dry weights (g) and tuber volume or size (cm3) 
when added at rate of 300 kg/fed. compared to a rate of 150 kg/fed. as shown in Table (4). The highest values of 
all measured tuber yield characteristics were obtained when urea fertilizer used at rate of 300 kg/fed. while, 
application of urea at rate of 150 kg/fed. gave the lowest values.  

The superiority in potato yield as ton/fed. may be attributed to the increase in the average tuber number per 
plant and to the average fresh weight of tuber from 9.33 to 11.64 and from 109.43 to 120.88 g with 150 and 300 
kg urea/fed., respectively, and the average weight of tubers per plant from 1013.83 to 1385.67 g for 150 and 300 
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kg urea/fed., respectively. Moreover, the bigger tuber volume or size was associated with potato plants which 
received the higher rate of urea (300 kg/fed.). It could be concluded that increasing nitrogen application up to 
300 kg urea/fed. led to an increase in number of tubers/plant. Also it has been approved that with increasing 
nitrogen fertilizer up to the suitable level tuber yield per unit area was increased (Marguerite et al., 2006 and 
Alam et al., 2007). The increase in total yield of tuber mainly attributed to the increment of average tuber 
weight and tuber number per plant which led to increase the average weight of tubers per plant as a result of 
nitrogen application (Shahzd Jamaati et al., 2009). Also Ankumah et al. (2003) summarized that nitrogen 
availability is a very important determinant of crop yield.  

Data obtained herein are in good accordance with that obtained by many other studies of Zelalem et al. 
(2009); Shahzd Jamaati et al. (2010) Mohammad and Mohammadriza (2012) and Amir et al. (2013) on 
potatoes.   

Data presented in Table (4) for the combined analysis of both seasons data progressively indicated that 
application of bentonite mineral as soil conditioner resulted in a gradual increase in all tuber yield 
characteristics. All application levels of bentonite caused an enhancement in tuber yield characteristics over the 
control treatment (no bentonite addition). With increasing bentonite level up to 300 kg/fed. the tuber yield 
characteristics increased to reach the highest values. However, potato plants that received the highest bentonite 
rate 300 kg/fed. increased tubers yield over control treatment plants by 3.98 tons/fed.  

The statistical analyses of the obtained data indicated that there were significant differences among different 
bentonite levels on all tuber yield characteristics. In the same respect, there no significant differences were 
realized between the rates of 200 and 300 kg bentonite/fed.  

 
Table 4: Effect of urea as nitrogen fertilizer and bentonite as soil conditioner on tuber yield characteristics of potato plant grown under  
              newly sandy soil conditions (combined analysis of both seasons data). 

Treatments No. of tubers per Weight of tubers Average tuber Tuber 
volume  
(cm3) Urea 

Bentonite  
kg/fed. 

Plant 
Square 
meter (m2) 

g/plant Ton/fed. 
Fresh wt.  
(g) 

Dry wt.  
(g) 

Urea 150  
kg/fed. 

Cotrol 8.05 31.34 681.84 10.05 90.05 13.49 104.50 
100 8.48 33.50 995.67 12.55 115.17 17.62 119.00 
200 9.75 38.34 1112.50 14.08 116.84 19.72 126.50 
300 11.02 42.67 1265.34 15.65 115.67 19.25 145.00 

Mean 9.33 36.46 1013.83 13.08 109.43 17.52 123.75 

Urea 300  
kg/fed. 

Cotrol 10.95 43.17 1304.17 16.60 118.84 18.12 126.33 
100 11.15 49.84 1346.67 17.43 121.17 20.72 135.84 
200 11.70 48.00 1458.50 18.34 122.00 21.75 149.83 
300 12.75 50.67 1433.34 18.94 121.50 21.69 171.34 

Mean 11.64 47.92 1385.67 17.83 120.88 20.57 145.84 

Averages 

Cotrol 9.50 37.25 993.00 13.32 104.44 15.80 115.42 
100 9.82 41.67 1171.17 14.99 118.17 19.17 127.42 
200 10.73 43.17 1285.50 16.21 119.42 20.74 138.17 
300 11.89 46.67 1349.33 17.30 118.59 20.47 158.17 

L.S.D.  
at 5 % 

Urea 0.47 3.54 49.52 1.21 8.72 2.8 13.66 
Bentonite 0.55 3.34 71.35 1.14 9.29 2.02 7.97 
Interactions N.S. 4.5 100.90 N.S. N.S. N.S. N.S. 

 
Bentonite application as soil conditioner caused an increase in tuber yield characteristics over the control 

treatment. This may be due to that bentonite is a plastic clay mineral has a negative charge on its surface. These 
features make it capable to absorb large quantities of water and a high cation exchange capacity (Ding et al., 
2009). Also it has been reported that bentonite application led to increase the water-holding capacity and 
consequently improve water and nutrient supply to plants and also enhance crop growth and yield (Qu et al., 
2008). Moreover, Noble et al. (2004) reported that applying bentonite clays effectively improved yields of 
forage sorghum crop. In addition Suzuki et al. (2007) showed that the productivity of plants expressed as 
cumulative of dry matter production increased greatly by applying bentonite. 

The interaction effect between two nitrogen rates and four bentonite levels recorded significant differences 
only on number of tubers per square meter and weight of tubers/plant. While no significant differences for the 
interaction effect were detected on the rest of tuber yield characteristics. Generally, it could be stated that using 
urea at rate of 300 kg/fed. and bentonite mineral at rate of 200 or 300 kg/fed. gave the best values of all 
measured tuber yield characteristics for potato plants grown under newly sandy soil conditions.  
 
C. Chemical tuber quality characteristics: 

 
Table (5) showed the combined analysis of the two seasons data for chemical tuber quality characteristics 

i.e. total carbohydrates, protein, nitrate, N, P and K contents. Chemical tuber quality characteristics were 
influenced by different levels of urea and bentonite application. Significant differences were noticed between 
the two levels of urea application on all chemical tuber quality characteristics mentioned before, except for 
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phosphorous and potassium percentages. The highest values for chemical tuber quality characteristics were 
recorded with application of urea at rate of 300 kg/fed., while the lowest values were detected with 150 kg/fed. 
of nitrogen fertilizer urea, except for potassium percentage whereas the highest value was recorded with the 
lower level of urea application 150 kg/fed. However, total carbohydrate, and proteins increased by 3 and 1.74% 
when urea added at higher rate, respectively. Nitrate content also increased by 5.5 ppm. It is worth to mention 
that nitrate concentration in potato tuber was found to be under the acceptable levels and have not a detrimental 
impact on human health. 

The obtained results are in agreement with that reported by Shahzad Jamaati et al. (2010) and Mohamed 
and Mohammedreza (2012). 

Bentonite application as soil conditioner in newly sandy soil resulted in an increase in the chemical tuber 
quality characteristics mentioned before. A gradual and constant increase was associated with increasing 
bentonite level up to 300 kg/fed. for all chemical tuber quality characteristics except for potassium percentage. 
The obtained result showed that the peak values for potassium percentage were obtained when bentonite applied 
at rate within 100 - 200 kg/fed. A significant difference was noticed only with total carbohydrates, phosphorous 
and potassium percentage. 

 
Table 5: Effect of urea as nitrogen fertilizer and bentonite as soil conditioner on chemical tuber quality characteristics of potato plant grown  
              under newly sandy soil conditions (combined analysis of both seasons data).  

Treatments % ppm 

Urea 
Bentonite    
kg/fed. 

Carbohydrate Protein N P K Nitrate 

Urea 150 kg/fed. 

Cotrol 65.5 4.90 0.78 0.03 2.70 45.0 
100 70.1 5.88 0.94 0.05 2.60 51.0 
200 71.0 7.72 1.23 0.07 2.90 59.0 
300 73.0 7.84 1.26 0.13 2.70 66.0 

Mean 70.0 6.59 1.05 0.07 2.73 63.5 

Urea 300 kg/fed. 

Cotrol 68.1 6.74 1.08 0.03 2.20 53.0 
100 73.6 8.33 1.33 0.13 2.97 61.0 
200 74.0 8.94 1.43 0.07 2.68 75.0 
300 76.1 9.31 1.49 0.17 2.47 87.0 

Mean 73.0 8.33 1.33 0.10 2.58 69.0 

Averages 

Cotrol 66.8 5.82 0.93 0.03 2.45 49.0 
100 71.8 7.11 1.14 0.09 2.79 56.0 
200 72.5 8.33 1.33 0.07 2.79 67.0 
300 74.5 8.58 1.37 0.15 2.59 76.2 

L.S.D.  
at 5 % 

Urea 2.81 0.94 0.42 N.S. N.S. 1.28 
Bentonite 3.18 N.S. N.S. 0.13 0.06 N.S. 
Interactions N.S. N.S. N.S. N.S. N.S. N.S. 

 
Shortly, it could be stated that bentonite clay caused a positive enhancement on all chemical tuber quality 

characteristics of potato plants grown under newly sandy soil conditions. 
Concerning the interaction effect between the two main experimental factors, urea and bentonite no 

significant effect was detected on all chemical tuber quality characteristics. Generally, it could be reported that 
the highest values of total carbohydrate, protein, nitrate, N, P and K contents of potato tuber tissues were 
obtained when urea as nitrogen fertilizer added at rate of 300 kg/fed. and bentonite as soil conditioner applied at  
rate of 200 or 300 kg./fed.  
 
Conclusions: 

 
Under newly sandy soil conditions, application of urea as nitrogen fertilizer source at rate of 300 kg/fed. 

and bentonite mineral as soil conditioner at rate of 200 or 300 kg/fed. is highly recommended for better grown 
of potato plants of Cara cultivar and to guarantee high tuber yield and good tuber quality.  
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