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ABSTRACT  

This study was carried out to investigate the impact of irrigation water levels (650, 950 and 
1250 m3/fed.) and foliar application of potassium silicate rates (0.0, 1.0, 1.5 and 2.0 g L-1) on growth, 
yield, quality and plant-water relation traits of drip irrigated-potato (cv. Spunta) grown under clay 
loamy soil conditions at Experimental Vegetables Station, Agriculture Faculty, Mansoura University, 
Egypt in summer plantation of two 2014 and 2015 successive seasons. A strip-plot design with three 
replicates was used. The vertical plots were allocated to the irrigation water levels, whereas the 
horizontal-plots were devoted to the potassium silicate foliar application rates. The obtained results 
showed significant increases in parameters of vegetative growth (plant height, leaf number and 
area/plant, main stem number/plant and plant foliage fresh weight), leaves chemical constituents 
(chlorophyll a, b and total carotenoids, N, P and K content), tuber yield and its physical quality (tubers 
fresh weight and number/plant, marketable and total tubers yield/fed.), tuber chemical quality (Vit. C, 
TSS, N, P and K content) and plant-water relations (leaf relative water content and electrolyte leakage 
percentage) with increasing irrigation water level from 650 till 1250 m3/fed., and conversely for 
foliage and tubers dry matter %, tubers density and water use efficiency parameters. Regarding the 
impact of potassium silicate foliar application, the rate of 2.0 g L-1 achieved significant increase for all 
forecited parameters comparing with untreated plants. Concerning the interaction effect, drip 
irrigated-potato plants with 1250 m3/fed. and foliar applied at 2.0 g L-1 of potassium silicate 
represented the best combination treatment that attained the highest means for most aforementioned 
effective attributes and it can be recommended for high productivity and quality of Spunta potato 
cultivar grown under these conditions. 
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Introduction 

Potato (Solanum tuberosum L.) is a starchy, tuberous crop belonging to Solanaceae family 
and it is one of the most important vegetables in the world contained Egypt. Potato planted in large 
areas of different countries around the world because its high economic importance, where it arranged 
as the fourth-most staple food crop after wheat, rice and corn depending on total world's potato 
production. It is a necessary food in the human diet, since it includes high quantity of carbohydrate 
(19.4%) in the starch form, protein (2%), fat (0.1%), adequate amount of minerals (P, Ca, Mg, Fe and 
S) and all most all vitamins (Myers, 2011). It is commonly consumed as boiled, cooked and fried and 
marketed after processing in the form of chips, frozen finger potato, canned food, etc. 

The average world's potato production in 2016 was 376.6 million tonnes yearly and its area 
harvested was 18.9 million hectares and the average yield was 19.9 tonnes/hectare. Egypt occupied 
the eleventh rank worldwide in 2016 with the average cultivated area about 437562 fed., which 
produced 4955445 tonnes with the average of 11.23 ton/fed. (FAO, 2016).    

Water is a major essential resource to life on the planet and sustainable agricultural production. Its 
availability and quality are exceedingly pertinent for the viability of the crop institution, and their 
excess or deficiency can be considered as productivity restricting factors. Irrigation plays an essential 
role in agriculture and the increment in the irrigated regions and scanty water resources have 
promoted the use of adequate irrigation systems and effective management systems that improve 
water-use efficiency. Therefore, maximize water productivity and minimize water loss have been one 
of the most major challenges in agriculture (Jesus et al., 2017). Management of irrigated water 
resources at the level of farm contains the adoption of effective irrigation procedures in order to 
saving water consumed (Keyvan and Irandoost, 2015). Various factors influence water-use efficiency, 
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such as low soil fertility, management of irrigation process and irrigation system used such as drip 
irrigation. Drip irrigation has been indicated to be a more water effective replacement compared with 
traditional furrow and sprinkler irrigation systems of potato (Yuan et al., 2003; Onder et al., 2005; 
Starr et al., 2005 and Wang et al., 2007).   

Water deficit is one of the essential abiotic stresses that restrict plant growth, productivity and thus 
sustainable agricultural development around the world, particularly in arid and semiarid regions that 
represented about 30 % of the world land surface (Huang et al., 2013). In accordance with the forecast 
of the present climate change prototypes, the frequency and severity of water deficit will extend in 
various areas worldwide (Shen et al., 2010), causing considerable economic losses, especially with 
increasing growth of the world population, and therefore there is urgent need to enhance the crops 
tolerance to severe irrigation water deficit for maintaining food supplies. Water deficit stress can 
cause harmful impacts on plant growth, physiological and biochemical activities, such as 
photosynthesis, synthesis of essential organic compounds in plant metabolism, plant-water relations 
and antioxidant defense ability (Ashraf and Harris 2013). Many previous studies had indicated that 
irrigation is the most important limiting practices for potato growth and production and it is possible 
to enhance its productivity by well-managed irrigation process throughout the growing season (Erdem 
et al., 2006; Abd El-Latif et al., 2011 and Nagaz et al., 2016). 

Si-containing inorganic crystalline compounds such as magnesium silicate (MgSiO3), sodium 
silicate (Na2SiO3) and potassium silicate (K2SiO3) are soluble Si fertilizers which usually use as plant 
biostimulants (Savvas and Ntatsi, 2015) and added to plants either through drip irrigation systems or 
foliar sprays. Using foliar applications with silicon compounds is comparatively new. Foliar 
applications with silicate compounds are efficient practice that can enhance the nutrient uptake, its 
balance and efficiency within plants, which in turn results in increased plant growth, productivity and 
quality and higher tolerance to biotic and abiotic stress (Jardin, 2015). In addition, potassium silicate 
is a source of highly soluble potassium and silicon to use in agriculture systems. Silicon (Si) 
applications can enhance the tolerance to water deficit and other environmental stresses in plants by 
different mechanisms that include physical, physiological and biochemical aspects. The physical 
mechanisms can be summarized on the basis of Si-mediated enhances root growth, involves in 
osmotic adjustment, improves root water uptake, decreases cuticle transpiration, and consequently it 
ameliorates water retention. Whereas, its role in the physiological and biochemical mechanisms 
related to Si increases antioxidant defense, reduces oxidative damage, maintains cell membrane 
integrity and functions and in the same time improves nutrient uptake, stimulates activities of 
photosynthetic enzymes, increases photochemical efficiency which in turn resulted in increasing 
photosynthesis and growth, and all of them lead to increase the water deficit tolerance in plants (Liang 
et al., 2015).       

Potassium (K) is an essential major nutrient for all plants. It stimulates plant photosynthesis, 
enzyme activity, protein, fates and carbohydrates synthesis, speeds up the translocation of 
photosynthetic assimilates within plant and leads to increase plant growth, yield and quality. Also, it 
mostly contributes in maintaining plant-water relations through its vital role in synthesis of lignin and 
cellulose which needed to support and strengthen plant cellular walls and controlling its cells turgor 
pressure and regulating opening and closing the stomata, which in turn it ameliorate water-use 
efficiency (Marschner, 2012).  

Therefore, this study was aimed to investigate the influence of different irrigation water levels 
and potassium silicate foliar application rates on growth, yield, quality and plant-water relations of 
drip irrigated-potato (cv. Spunta) under Dakahlia Governorate conditions. 

Materials and Methods 

This study was done at Research Vegetable Farm, Faculty of Agric., Mansoura Univ., 
Mansoura, Egypt during the two consecutive seasons of 2014 and 2015 to investigate the response of 
growth, yield, chemical constituents and plant-water relations parameters of "Spunta" potato cultivar 
cultured in clay loamy soil conditions using drip irrigation system to potassium silicate foliar 
application rates (namely, 0.0, 1.0, 1.5 and 2.0 g L-1) under the effect of three irrigation water levels 
(i.e., 650, 950 and 1250 m3/fed.), and their interaction treatments. A strip-plot design with three 
replicates was used. The vertical plots were allocated to the three irrigation water levels, whereas the 
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horizontal-plots were devoted to the four potassium silicate foliar application rates. The physical 
properties and chemical analysis of the experimental soil are presented in Table (1). 
 
Table 1: Some physical and chemical properties of the cultured soil during 2014 and 2015 seasons. 

Seasons 
Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

Texture 
soil 

pH 
EC 

(dSm-1) 
FC 
(%) 

WP 
(%) 

AW 
(%) 

OM 
(%) 

CaCO3 

(%) 
N 

(ppm) 
P 

(ppm) 
K 

(ppm) 

2014 37.3 40.5 22.2 
Clay 

loamy 
8.18 1.53 35.5 18.8 16.9 1.9 3.41 52.8 6.1 288 

2015 36.8 41.2 22.0 
Clay 

loamy 
8.11 1.79 35.1 18.4 16.9 2.1 3.44 53.2 6.3 291 

EC: Electrical conductivity, FC: Field capacity; WP: Welting point, AW: Available water, OM: Organic matter. 

Potato tuber pieces (about 20-25 g) were manually planted in moderately moist soil at a depth 
of 13-16 cm and spaced 25 cm apart on 1st of January during the two summer growing seasons.  Each 
basic experimental unit (sub-plot) included five dripper lines with three meters length for each and 0.7 
meter distance (total plot area equal 10.5 m2) between the two dripper lines with 0.25 meter between 
drippers in the same line. Hence, one row at a width of 1.4 m was left between each two plots as a 
guard area to prevent the convergence of irrigation water infiltration. To measure the morphological 
and physiological traits two lines were used and the other three lines were employed for estimating 
the yield and its components.  

All experimental plots were irrigated after soil preparation and before tuber pieces planting 
with equal irrigation water quantities equivalent 240 m3/fed. (as germinating water) using furrow 
irrigation system through water counter. The remaining quantities of studied irrigation water levels 
used in this study as m3/fed. were applied via drip irrigation system. Drip irrigation lines were 
consisted of main plastic pipeline (63 mm in diameter) manifold to lateral plastic pipes (16 mm in 
diameter) which had inline drippers at 25 cm intervals. Dripper discharge was 4 L h-1. The applied 
irrigation water quantities were controlled by water counter at 1.5 bars. Each treatment was irrigated 
30 times at three times weekly. The irrigation water levels were applied depending on plant growth 
stage at two days intervals for each treatment at the onset of February (after one month from planting) 
and approximately stopped 7-10 days before harvesting in the two summer seasons.   

Potato plants were foliar sprayed with the various levels of potassium silicate (0.0, 1.0, 1.5 
and 2.0 g L-1) two times at 40 and 55 days after planting with a total spraying solution about 150 and 
200 L fed-1 by manual sprayer (20 litter capacity) during the first and the second foliar sprays, 
consecutively.  

Concerning the fertilization process, good decomposed farmyard manure at 30 m3/fed. and 
100 kg of granulated single calcium superphosphate (12.5% P2O5)/fed were equally added to all 
treatments during soil preparation. Fertilization programme carried out through drip irrigation system 
as a fertigation at two days intervals starting of the second month from cultivation date. All treatments 
fertilized with 120 kg N/fed. in the form of ammonium nitrate (33.5% N), 125 kg P2O5/fed. as a 
phosphoric acid (85% P2O5), 100 kg K2O/fed. as a potassium sulphate (51% K2O) and 11 kg 
MgO/fed. in the form of magnesium sulphate (15.9% MgO) in both seasons, respectively.        
 
Data recorded:        

Five plants and five hills of potato tubers (hill/plant) were taken randomly from each 
experimental plot to determine the following traits in both seasons: 

 
Vegetative growth parameters: Plant height, leaves number/plant, leaf area/plant, main stem 
number/plant, foliage fresh weight/plant and foliage dry matter percentage were recorded after 85 
days from planting.  
 
Leaves chemical constituents: After 85 days from planting, chlorophyll a, b and total carotenoids 
content and nitrogen (N), phosphorus (P) and potassium (K) percentage were estimated according to 
AOAC (1990).   
  
Tuber yield and its physical quality: After 110 days from planting (at harvesting time), potato tubers 
of 5 hills (hill/plant) were randomly taken from each plot to determine tubers fresh weight/plant, 
number of tubers/plant, tubers dry matter %, tubers density (tubers fresh weight per plant (g) divided 
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by tubers volume per plant (cm3), marketable tubers yield/fed. (as healthy and uniform tuber with 
diameter more than 3 cm and devoid of any physiological disorders and malformation) and total 
tubers yield/fed. (calculated depending on yield of each plot).  
 
Tuber chemical quality: Vitamin C (Vit. C), total soluble solids (TSS), N, P and K content were 
estimated according to AOAC (1990) after 110 days from planting. 
 
Plant-water relations: After 110 days from planting, relative water content and electrolyte leakage 
percentage were estimated according to (Korkmaz et al., 2010) and water-use efficiency was 
determined according to (El-Banna et al., 2001). 
 
Statistical analysis:  

Data obtained were statistically analyzed according to the analysis technique of variance 
(ANOVA) for the strip-plot design as described by Gomez and Gomez (1984). LSD procedure was 
made to test the differences among treatment means at 5 % of probability level as published by 
Snedecor and Cochran (1989).  

 
Results and Discussion 
 
Vegetative growth parameters: 
 
Effect of irrigation water amount: 

Data of Table 2 illustrate that increasing irrigation water levels significantly increased potato 
plant height, leaf number and area/plant, number of main stem/plant and foliage fresh weight in two 
seasons. While, there are a decrease in foliage dry matter percentage as irrigation levels increased in 
both seasons. However, the increases in leaves area/plant (cm2) were about 14.63 and 14.68 % for the 
level of 1250 m3/fed. over control (650 m3/fed.) in both seasons, respectively. These increments 
related to vegetative growth parameters may be due to that good supply with sufficient and optimum 
irrigation water amount improved plant root characteristics, increased availability, absorption and 
usage of essential nutrients, enhanced physiological and biochemical plant activities which in turn 
resulted in increased plant growth traits and vice versa in the case of insufficient irrigation water 
amounts. It has been found by various workers that irrigation had many positive effects on the 
vegetative growth parameters, physiology and metabolism of different crops. These results are in 
accordance with those found by (Ayas and Korukcu, 2010; Abd El-Latif et al., 2011; Ayas, 2013; 
Levy and Coleman, 2013; Abubaker et al., 2014 and Abd El-Gawad et al., 2017) on potato plants.  

 
Effect of potassium silicate rate: 

Potassium silicate treatments significantly increased the abovementioned parameters of potato 
plant compared with control (untreated plants) in both seasons (Table 2). Also, the highest growth 
parameters values was achieved by potassium silicate at 2 g L-1 which followed by 1.5 g L-1 rate 
without significant differences between them in the two consecutive seasons, in most cases. 
Increasing vegetative growth parameters of potato plants may be due to the beneficial direct effect of 
silicon on stimulation of good upright growth and plant rigidity through its important role in 
protection of cell walls and plasma membranes of plant root and shoot cells under drought stress by 
supplying more stable lipids included in their cell membranes, regulating and increasing nutrients 
absorption and transportation such as N, P, K, Ca, and other micronutrients as well from the roots to 
the shoots, which ameliorate plant metabolism and enhance the translocation of assimilates required 
for good plant growth and the overall tolerance against drought stress. These results are in the same 
line with those of (Abd El-Latif et al., 2011; Dkhil et al., 2011; Ati et al., 2012; Guntzer et al., 2012; 
Pilon et al., , 2013;  Salim et al., 2014; Shi et al., 2016 and Abd El-Gawad et al., 2017) on potato 
plants. 
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Table 2: Effect of irrigation water level and potassium silicate foliar spray rate on vegetative growth 
parameters of potato at 85 days after planting during 2014 (S1) and 2015 (S2) seasons. 

Parameters Plant height 
(cm) 

Leaves  
No./plant 

Leaves area 
(cm2/plant) 

Main stem 
No./plant 

Foliage FW* 
(g/plant) 

Foliage DM** 
(%) 

Treatments S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

Irrigation water level (m3 fed -1) 

650 64.8 66.7 38.1 38.7 1497 1532 2.66 2.91 210 213 6.67 6.78 

950 69.4 71.2 40.0 40.6 1614 1652 2.95 3.10 262 267 6.20 6.30 

1250 71.6 73.5 41.1 41.8 1716 1757 3.49 3.59 325 330 5.93 5.94 

LSD 5% 1.9 2.3 0.8 0.8 28 30 0.49 0.47 31 29 0.49 0.37 

Potassium silicate (g L -1) 

0.0 66.8 68.2 38.0 39.0 1434 1457 2.54 2.74 239 244 5.80 5.86 

1.0 68.1 69.7 39.2 40.0 1533 1565 2.95 3.08 259 261 6.12 6.21 

1.5 69.2 71.5 40.5 40.9 1624 1672 3.23 3.37 278 282 6.39 6.41 

2.0 70.4 72.3 41.2 41.7 1845 1895 3.42 3.61 288 293 6.77 6.90 

LSD 5% 2.0 2.0 0.8 0.9 50 51 0.43 0.48 25 26 0.36 0.35 

Interaction 

 
650 

 

0.0 62.4 63.7 36.6 37.6 1353 1375 2.35 2.56 193 197 6.19 6.26 

1.0 64.4 65.9 37.7 38.5 1425 1455 2.55 2.77 199 200 6.52 6.61 

1.5 65.8 68.5 39.0 39.4 1471 1515 2.77 2.97 215 218 6.75 6.89 

2.0 66.8 68.7 39.0 39.4 1738 1785 2.96 3.35 235 238 7.23 7.37 

 
950 
 

0.0 68.3 69.7 38.2 39.2 1450 1473 2.54 2.72 246 251 5.70 5.76 

1.0 69.1 70.8 39.7 40.5 1553 1585 2.75 2.95 257 260 6.02 6.11 

1.5 70.0 72.1 40.5 40.9 1603 1651 3.16 3.37 268 271 6.36 6.48 

2.0 70.2 72.2 41.4 42.0 1852 1901 3.35 3.35 279 284 6.73 6.86 

1250 

0.0 69.8 71.3 39.2 40.1 1498 1522 2.74 2.92 279 285 5.51 5.56 

1.0 70.7 72.4 40.1 40.9 1621 1655 3.54 3.52 321 324 5.82 5.91 

1.5 71.9 74.0 42.1 42.5 1798 1851 3.76 3.77 350 355 6.00 5.85 

2.0 74.1 76.2 43.2 43.8 1947 1999 3.94 4.12 350 356 6.34 6.46 

LSD 5% 3.6 3.5 1.5 1.6 86 89 0.74 0.82 44 46 0.62 0.61 

FW*: Fresh weight   DM**: Dry matter 

Effect of interaction treatments:  
The interaction between irrigation water amounts and potassium silicate rates had significant 

effect on plant height, leaf number and area/plant, number of main stem/plant and foliage fresh weight 
(Table 2). Moreover, the interaction between the highest level of irrigation water (1250 m3/fed.) and 
potassium silicate rate at 2 g L-1 significantly increased vegetative growth parameters (except foliage 
dry matter percentage) compared with control and the other interactions under study in the two 
successive seasons. In contrary, the increases in foliage dry matter percentage were about 31.22 and 
32.55 % for interaction between the lowest irrigation water level (650 m3/fed.) and the highest 
potassium silicate rate (2 g L-1) over the highest irrigation water level alone in 1st and 2nd seasons, 
respectively. These results may be attributed to the effective roles of both silicon and potassium 
within potassium silicate compound that include increasing water and essential elements uptake and 
availing them in the different plant physiological and biochemical processes such as photosynthesis, 
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etc. and production of various assimilates and solutes that are important to form good new plant 
organs and consequently improvement vegetative growth traits. Similar results were recorded by Abd 
El-Latif et al. (2011), Dkhil et al. (2011), Ati et al. (2012) and Abd El-Gawad et al. (2017) on potato, 
Abou-Baker et al. (2011) on bean and Abu El-Azm and Youssef (2015) on tomato.   

 
Leaves chemical constituents: 
 
Effect of irrigation level: 

Data tabulated in Table 3 reveal that nitrogen, phosphorus and potassium percentage and 
chlorophyll a, b and carotenoids content in potato leaves were significantly increased with the highest 
level of irrigation treatment (1250 m3/fed.) compared with the lowest and medium levels in both 
seasons, respectively. These results may be attributed to that as the amount of available water 
increased in plant growing medium with good soil drainage and multiple roots, the plants can uptake 
sufficient quantities of their requirements from water and different soluble nutrients such as N, P and 
K needed to several plant metabolic activities e.g. photosynthesis and biosynthesis an important 
organic compounds such as photosynthetic pigments and consequently the developed plant leaf 
tissues contain much amounts of these components. These results are in harmony with those reported 
by (Abd El-Latif et al., 2011; Abou El-Khair et al., 2011; Maralian et al., 2104; Pilon et al., 2014) on 
potato, and Kamal (2013) on sweet pepper plants. 
 
Effect of potassium silicate rate: 

As shown in Table 3, spraying potato plants with potassium silicate at 2 g L-1 twice per season 
significantly increased N, P, and K percentage as well as chlorophyll a, b and carotenoids contents 
compared with untreated plants (control treatment), with no significant differences between the rates 
of 2 g L-1 and 1.5 g L-1 for chlorophyll a and b content and among the three levels of potassium 
silicate for total carotenoids content in both seasons, consecutively. These increases in leaves 
chemical constituents may be attributed to potassium silicate-mediated facilitate root water and 
nutrients absorbance, decrease oxidative damaging of cell membranes, maintain plant water status, 
inhibit reactive oxygen species (ROS) and increase photosynthetic enzymes activity resulting in 
increased photosynthesis, and therefore the chemical constituents of potato leaves increased. The 
obtained results go in line with the findings of Dkhil et al. (2011), Pilon et al., 2014), Talebi et al. 
(2015) and Abd El-Gawad et al. (2017) on potato, Abu El-Azm and Youssef (2015) on tomato, and 
Pereira et al. (2015) on pepper plants.  

 
Effect of interaction treatments: 

There is clear trend of the interaction effect of irrigation water levels and potassium silicate 
treatments on NPK percentage and chlorophyll a, b and carotenoids content in potato leaves, where 
the values of these constituents in plant leaves are still higher with application of potassium silicate 
under all irrigation levels than control treatment (650 m3/fed. of irrigation water alone). Furthermore, 
the abovementioned parameters were increased as a result of the treatment of potassium silicate at 2 g 
L-1 combined with irrigation water level at 1250 m3/fed. compared with either those of irrigation 
treatments alone (650 and 950 m3/fed.) or those of the other combination treatments between 
potassium silicate and irrigation water quantity in two seasons. The affirmative effect of potassium 
silicate on N, P and K percentages and total chlorophyll contents of potato leaves may be due to the 
effect of silicon on enhancing photosynthesis activity, which was related to high leaves chlorophyll 
content.   Application of silicon can significantly ameliorate photosynthetic activity and therefore the 
photosynthesis process under water deficit stress. Since, si-mediated increase the plant-water 
relations, decrease oxidative damage of plant cell walls and tissues by reactive oxygen species (ROS) 
through its vital role in increment of antioxidant enzyme activities such as superoxide dismutase, 
ascorbate peroxidase, guaiacol peroxidase, glutathione reductase, dehydroascorbate reductase and 
catalase (Liang et al., 2008). Also, Si-mediated increases nutrient uptake and its use within water-
stressed plants and consequently enhanced their content in leaves. In addition, potassium silicate is 
considered as a rich source of potassium. Since potassium is directly involved in the nutrients 
absorption through the process of phloem loading as a counter ion to hydrogen and thus increased the 
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mineral content of plant leaves. These results are in agreement with those indicated by Abd El-Latif et 
al. (2011), Pilon et al. (2014), Talebi et al. (2015) and Abd El-Gawad et al. (2017) on potato plants, 
and Pereira et al. (2015) on pepper.  

 
Table 3: Effect of irrigation water level and potassium silicate foliar spray rate on N, P, K percentage 

and photosynthetic pigments content of potato leaves during 2014 (S1) and 2015 (S2) 
seasons. 

Parameters 
N 

(%) 
P 

(%) 
K 

(%) 
Chl. a1 

(mg/100g FW*) 
Chl. b2 

(mg/100g FW*) 
Carotenoids 
(mg/100g FW*) 

Treatments S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

Irrigation water level (m3 fed -1) 

650 3.47 2.93 0.368 0.380 3.26 3.33 30.9 31.7 15.1 15.4 11.2 11.4 

950 3.68 3.56 0.458 0.473 3.43 3.51 32.1 32.9 16.7 17.1 13.0 13.3 

1250 3.92 4.05 0.499 0.516 3.92 4.02 35.4 36.4 19.9 20.2 13.7 14.0 

LSD 5% 0.07 0.28 0.017 0.018 0.08 0.17  2.9  3.0 0.6  0.9 0.5 0.6 

Potassium silicate (g L -1)  

0.0 3.54 2.86 0.402 0.413 3.41 3.46 31.2 31.6 16.0 16.2 12.1 12.3 

1.0 3.63 3.37 0.424 0.437 3.46 3.53 31.9 32.7 16.8 17.2 12.6 12.9 

1.5 3.72 3.75 0.461 0.479 3.53 3.64 33.7 35.0 17.7 18.1 12.7 13.2 

2.0 3.88 4.07 0.481 0.498 3.75 3.85 34.3 35.5 18.4 18.8 13.1 13.4 

LSD 5% 0.12 0.37 0.011 0.012 0.11 0.14 2.2 2.3 1.1 1.6 0.6 0.7 

Interaction 

 
650 

 

0.0 3.32 2.31 0.293 0.299 3.18 3.23 29.4 29.7 14.3 14.5 10.7 10.8 

1.0 3.39 2.75 0.339 0.349 3.25 3.32 29.8 30.5 14.6 15.1 11.1 11.3 

1.5 3.48 3.25 0.406 0.423 3.28 3.38 32.1 33.4 15.5 15.7 11.2 11.6 

2.0 3.70 3.43 0.435 0.450 3.32 3.41 32.1 33.2 15.9 16.3 11.7 12.0 

 
950 
 

0.0 3.56 2.86 0.442 0.454 3.35 3.4 30.6 30.9 15.5 15.8 12.1 12.2 

1.0 3.63 3.40 0.456 0.469 3.38 3.45 31.4 32.1 16.6 17.1 13.1 13.4 

1.5 3.72 3.69 0.463 0.482 3.49 3.60 32.6 33.9 17.0 17.4 13.2 13.7 

2.0 3.82 4.28 0.472 0.488 3.50 3.60 33.6 34.8 17.5 18.0 13.6 14.0 

1250 

0.0 3.74 3.42 0.472 0.485 3.70 3.76 33.7 34.0 18.1 18.1 13.6 13.7 

1.0 3.87 3.95 0.479 0.493 3.74 3.82 34.7 35.6 19.1 19.4 13.7 13.9 

1.5 3.96 4.32 0.512 0.532 3.83 3.94 36.2 37.6 20.6 21.1 13.8 14.3 

2.0 4.12 4.50 0.535 0.554 4.42 4.55 37.1 38.4 21.8 22.2 13.9 14.3 

LSD 5% 0.21 0.64 0.020 0.021 0.19 0.23 3.8 3.9 1.9 2.7 1.1 1.1 

FW*: Fresh weight        Chl. a1: Chlorophyll a         Chl. b2: Chlorophyll b 

 
Tuber yield and its physical quality: 
 
Effect of irrigation level: 

Data given in Table 4 show that irrigation water level (1250 m3/fed.) recorded a significant 
increase in potato tubers weight and number/plant, marketable and total yield/fed. compared with the 
two lowest levels (650 and 950 m3/fed.) in both seasons. On the other hand, tuber dry matter 
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percentage and density (g/m3) were significantly decreased with increasing irrigation water levels in 
the first and the second seasons. The major effect of water deficient is a reduction in photosynthesis 
production which arises in the form of leaves senescence. In addition, the reduction in average potato 
tuber yield resulted from drought stress may be due to its hazardous effect on total leaves area and 
fresh and dry weights of leaves/plant. Moreover, irrigation water deficient at stolon and tuber 
initiation stages not only restrains foliage and plant growth but also limits the number of stolons 
leading to reduce tuber number, and therefore reduce dry matter and thus final marketable and total 
yield (Obidiegwu et al., 2015). These results are in agreement with the findings of Ayas and Korukcu, 
(2010), Eid et al. (2013), Fakhari et al. (2013), Abubaker et al. (2014) and Shi et al. (2015) on potato.  

 
Table 4: Effect of irrigation water level and potassium silicate foliar spray rate on tubers yield and its 

physical quality of potato during 2014 (S1) and 2015 (S2) seasons. 
Parameters Tubers FW* 

/plant (g) 
Tubers No. 

/plant 
Tuber dry matter 

(%) 
Density 
(g/cm3) 

Marketable yield 
(ton/ fed.) 

Total yield  
(ton/ fed.) 

Treatments S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

Irrigation water level (m3 fed -1) 

650 653 668 4.3 4.6 19.43 19.70 1.082 1.108 14.20 14.73 15.13 15.78 

950 867 886 5.1 5.5 18.69 18.95 1.020 1.045 19.05 19.42 20.08 20.53 

1250 996 1018 5.8 6.1 18.46 18.71 1.005 1.030 22.31 22.72 23.06 23.58 

LSD 5%  96  98 0.8 0.5  0.56  0.57 0.067 0.069  2.09  1.92  2.22  2.01 

Potassium silicate (g L -1) 

0.0 752 775 4.7 4.9 18.01 18.38 0.974 0.988 16.97 17.21 17.70 18.22 

1.0 812 824 5.6 5.9 18.65 18.89 1.039 1.060 17.58 17.96 18.52 18.91 

1.5 850 867 4.6 4.9 19.16 19.38 1.052 1.088 18.63 19.24 19.59 20.29 

2.0 940 964 5.3 5.7 19.61 19.83 1.078 1.107 20.90 21.41 21.89 22.44 

LSD 5% 156 159 0.8 0.7  0.80  0.82 0.073 0.075  3.46  3.44  3.61  3.58 

Interaction 

 
650 

 

0.0 590 608 3.9 4.1 18.25 18.62 
1.041 1.057 

13.11 13.29 13.89 14.72 

1.0 619 628 5.1 5.3 19.15 19.34 
1.059 1.080 

13.16 13.73 14.11 14.65 

1.5 623 636 3.9 4.3 19.97 20.26 
1.074 1.110 

13.43 14.38 14.36 15.56 

2.0 780 800 4.3 4.7 20.35 20.58 
1.153 1.184 

17.09 17.51 18.17 18.63 

 

950 
 

0.0 775 799 4.9 5.2 18.12 18.49 
0.970 0.984 

17.43 17.68 18.24 18.78 

1.0 821 834 5.9 6.2 18.43 18.70 
1.037 1.057 

17.72 17.97 18.73 19.02 

1.5 916 935 4.1 4.5 18.82 19.01 
1.046 1.082 

19.95 20.40 21.12 21.54 

2.0 954 978 5.5 5.9 19.37 19.59 
1.029 1.056 

21.12 21.64 22.22 22.78 

1250 

0.0 891 918 5.2 5.4 17.66 18.02 
0.911 0.925 

20.38 20.66 20.97 21.60 

1.0 996 1011 5.9 6.2 18.37 18.63 
1.021 1.042 

21.86 22.18 22.71 23.06 

1.5 1010 1031 5.7 5.9 18.70 18.89 
1.037 1.073 

22.50 22.96 23.29 23.75 

2.0 1085 1112 6.3 6.7 19.11 19.32 
1.052 1.080 

24.50 25.09 25.27 25.90 

LSD 5%  271  277 1.5 1.2  1.40  1.42 0.126 0.129  6.00  5.96  6.25  6.21 

FW*: Fresh weight         
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Effect of potassium silicate rate: 
Data of Table 4 reveal that foliar application of potato plants with potassium silicate 

significantly increased all traits of tuber yield and its physical quality, i.e. tubers fresh weight and 
number/plant, tuber dry matter and density, marketable and total yield/fed. as compared with control 
treatment (untreated plants) in the two consecutive seasons. Since, the foliar application with 
potassium silicate at 2 g L-1 achieved the highest significant values for previous traits comparing with 
control one in both seasons. These results may be due to potassium silicate compound contained both 
K and Si elements. Where, K plays a vital role in regulation and activation of photosynthesis, 
synthesis of carbohydrates and proteins that required for several plant metabolic processes and it also 
speeds up the translocation of assimilates and other solutes from plant leaves to edible plant parts and 
consequently it enhances plant yield and its components (Marschner, 2012). Also, Si-mediated 
increased essential nutrients and water uptake and transportation within plants with amelioration of all 
physiological and biochemical processes resulting in enhancement of potato tubers yield and its 
physical quality. Similar results were obtained by Soratto et al. (2012), pilon et al. (2014) and Abd El-
Gawad et al. (2017) on potato plants. 

   
Effect of interaction treatments: 

With regard to the interaction treatments between irrigation water level and foliar application 
of potassium silicate, data presented in the same Table 4 indicate that irrigation of potato plants at 
1250 m3/fed. level with 2 g L-1 of potassium silicate significantly increased the parameters of tubers 
fresh weight and number/plant, marketable and total yield/fed. comparing with those plants irrigated 
with 650 m3/fed. level without potassium silicate in both seasons, respectively. On the contrary, 
irrigation of potato plants at 650 m3/fed. level with 2 g L-1 of potassium silicate significantly increased 
the parameters of tuber dry matter percentage and density characters as compared with the plants 
irrigated with 1250 m3/fed. level only, with no significant differences between both combination 
treatments of 650 m3/fed. water level with 2 g L-1 of potassium silicate and 1250 m3/fed. water level 
with potassium silicate at 2 g L-1 in the first and second seasons. Kamal (2013) on sweet pepper plants 
found that applying 1800 m3 fed-1 of irrigation water combined with foliar application of potassium 
silicate significantly increased fruits weight and number/plant, early and total yield/fed. Such results 
are in harmony with those obtained by Abd El-Latif et al. (2011), Pilon et al. (2014) and Abd El-
Gawad et al. (2017) on potato plants, and Abu El-Azm and Youssef (2015) on tomato. 

 
Tuber chemical quality: 
 
 Effect of irrigation level: 

The impact of irrigation water level on Vit. C, TSS, N, P and K content of potato tubers was 
listed in Table 5. The obtained data show that irrigation water level of 1250 m3/fed. gave significant 
increases for all forecited attributes as compared with the lowest two levels (950 and 650 m3/fed.) in 
both seasons, respectively. The lowest values of previously mentioned parameters were recorded with 
the level of 650 m3/fed. of irrigation water. These increases could be attributed to available more 
water enhances nutrient availability which improves macro nutrients absorption that reflected on 
increase Vit. C, TSS, N, P, and K contents in potato tubers. These results are in agreement with those 
found by Abd El-Latif et al. (2011) and Eid et al. (2013) on potato. 

 
Effect of potassium silicate rate: 

Data presented in Table (5) reveal that the rate of 2 g L-1 of potassium silicate significantly 
increased all aforementioned parameters as compared with all other potassium silicate rates and 
control (untreated plants), without significant differences between both rates of 2 and 1.5 g L-1 in the 
1st and the 2nd seasons, consecutively. The maximum records in this connection were obtained with 
the rate of 2 g L-1, whereas the minimum records were registered with control treatment (untreated 
plants) in both seasons. As mentioned above, these increases might be due to the promotion effect of 
Si in amelioration of water and nutrients uptake and balancing within plants which activate 
photosynthesis and increase the photosynthetic assimilates and other important solutes that are 
translocated and accumulated in the edible potato parts by the mode of K action.    
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Table 5: Effect of irrigation water level and potassium silicate foliar spray rate on some tubers 
chemical quality parameters of potato during 2014 (S1) and 2015 (S2) seasons. 

Parameters 
Vit. C 

(mg/100g FW*) 
TSS 
(%) 

N 
(%) 

P 
(%) 

K 
(%) 

Treatments S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

Irrigation water level (m3 fed -1) 

650 13.0 13.3 4.58 4.73 1.44 1.80 0.343 0.352 3.47 3.53 

950 15.4 15.8 5.02 5.17 1.77 1.89 0.402 0.413 3.68 3.74 

1250 19.4 19.9 5.44 5.63 1.86 1.97 0.418 0.430 3.92 3.98 

LSD 5% 2.1 2.4 0.41 0.44 0.12 0.33 0.007 0.003 0.07 0.11 

Potassium silicate (g L -1) 

0.0 13.2 13.7 4.29 4.39 1.50 1.71 0.348 0.355 3.54 3.58 

1.0 14.5 14.9 4.99 5.18 1.60 1.83 0.381 0.391 3.63 3.70 

1.5 16.7 17.2 5.14 5.30 1.77 1.96 0.401 0.415 3.72 3.77 

2.0 19.4 19.7 5.62 5.84 1.88 2.05 0.420 0.432 3.88 3.95 

LSD 5% 2.6 2.4 0.34 0.40 0.11 0.16 0.003 0.004 0.12 0.16 

Interaction 

 

650 
 

0.0 10.6 10.9 3.90 3.98 1.23 1.59 0.324 0.330 3.32 3.36 

1.0 11.8 12.2 4.62 4.80 1.30 1.75 0.335 0.343 3.39 3.45 

1.5 13.4 13.7 4.71 4.86 1.52 1.91 0.349 0.361 3.48 3.53 

2.0 16.1 16.5 5.09 5.30 1.72 1.97 0.363 0.374 3.70 3.77 

 
950 

 

0.0 11.9 12.3 4.27 4.36 1.57 1.73 0.357 0.364 3.56 3.60 

1.0 13.4 13.8 4.95 5.14 1.72 1.82 0.399 0.409 3.63 3.71 

1.5 17.5 18.1 5.24 5.40 1.87 1.98 0.416 0.430 3.72 3.77 

2.0 18.9 19.1 5.60 5.80 1.93 2.04 0.437 0.450 3.82 3.90 

 
1250 

0.0 17.3 17.8 4.72 4.84 1.71 1.83 0.364 0.372 3.74 3.78 

1.0 18.4 18.7 5.41 5.60 1.79 1.93 0.410 0.420 3.87 3.95 

1.5 19.1 19.7 5.48 5.64 1.94 1.99 0.439 0.454 3.96 4.02 

2.0 23.0 23.4 6.17 6.44 2.00 2.15 0.459 0.473 4.12 4.20 

LSD 5%  5.2  5.4 0.59 0.69 0.19 0.29 0.005 0.007 0.21 0.27 

FW*: Fresh weight         

Effect of interaction treatments: 
Regarding the effect of irrigation water level and potassium silicate rate interaction, the 

irrigation water level of 1250 m3/fed. combined with foliar application of potassium silicate at 2 g L-1 
gave significant increments for all abovementioned characters comparing with control treatment 
(plants irrigated with 650 m3/fed. only) in both seasons, successively. Whereas, all other combination 
treatments recorded values between these two extremes. These results may be ascribed to supporting 
role of Si and K in improvement of water and effective nutrients uptake needed for diverse 



Curr. Sci. Int., 6(4): 940-954, 2017 
ISSN: 2077-4435 

950 

physiological and biochemical activities with speeding up translocation of assimilates and other 
solutes from leaves to potato tubers in the presence of sufficient amount of available water, and 
consequently increased the chemical content of potato tubers.  Similar results are found by Alaa et al. 
(2013) and Abd El-Gawad et al. (2017) on potato. 

 
Plant-water relations: 
 
Effect of irrigation level: 

The data described in Table 6 indicate that increasing irrigation water level up to 1250 m3/fed. 
was significantly increased relative water content percentage as compared with the lowest irrigation 
level (650 m3/fed.) in two seasons. Also, the highest irrigation water level (1250 m3/fed.) achieved the 
best significant values for electrolyte leakage percentage of potato leaves comparing with the lowest 
other two irrigation water levels (950 and 650 m3/fed.) in the first and second seasons, respectively. 
However, the best irrigation water level (1250 m3/fed.) gave lower significant values for water use 
efficiency parameter than the lowest other two irrigation water levels in both seasons. The obtained 
results may be due to that higher water levels added to potato plants resulted in keeping higher water 
content in plant cells and tissues with reducing electrolyte leakage as a result of ameliorating root 
growth, facilitating root water and nutrients absorbtion, decreasing oxidative damage because of 
enhancing antioxidant defense which in turn ameliorate plant water retention and vice versa with 
lower water levels (Zhu and Gong, 2014 and Liang et al., 2015). While, the higher water use 
efficiency could be attributed to the lower rate of water loss through evaporation from soil surface. 
These results are in accordance with those stated by Abd El-Latif et al. (2011), Eid et al. (2013), Shi 
et al. (2015), Abdel-Ati et al. (2016) and Tolessa et al. (2016) on potato, Abu El-Azm and Youssef 
(2015) on tomato. 

 
Effect of potassium silicate rate: 

It is quite clear from the data presented in Table (6) that the parameters of relative water 
content, electrolyte leakage percentage and water use efficiency had significantly been affected by all 
potassium silicate foliar application rates from 1 up to 2 g L-1 rates compared with control treatment 
(untreated plants), without significant differences between two rates of 1.5 and 2 g L-1 for all previous 
parameters in both seasons. The best records were achieved with the rate of 2 g L-1, whereas the worst 
records registered with 0.0 g L-1 (control treatment). The improvement of plant-water relations may be 
ascribed to both silicon and potassium included in important activities within plant, since they involve 
in osmotic adjustment, improve root water and essential elements uptake, and Si decreases cuticular 
and stomatal transpiration rate through deposition of silica under the epidermal cells and formation of 
a silica-cuticle double layer on epidermal tissues of leaves and stems, and consequently it involves in 
stomatal movement regulation, and thus it enhances plant water retention. Also, Si increases 
antioxidant enzyme activity such as catalase, superoxide dismutase and glutathione reductase and 
decreases acid phospholipase activity, lipid peroxidation levels and hydrogen peroxide content that 
alleviate oxidative damage of functional molecules e.g. lipids, protein and therefore silicon maintains 
cells membrane stability, integrity and hence their functions. All the previous beneficial impacts of Si 
enhance photosynthetic enzyme activities and photochemical efficiency which in turn resulted in 
increment of photosynthesis and plant growth under water deficit stress (Meena et al., 2014; Zhu and 
Gong, 2014 and Liang et al., 2015). These results go in line with those obtained by Abd El-Latif et al. 
(2011), Dkhil et al. (2011), Abdel-Ati et al. (2016) on potato, Abu El-Azm and Youssef (2015) on 
tomato and Pereira et al. (2015) on pepper. 
 
Effect of interaction treatments: 

The obtained data in Table 6 demonstrate that under each treatment of irrigation water levels, 
relative water content percentage and water use efficiency were gradually increased with increasing 
potassium silicate rate, and vice versa for electrolyte leakage percentage attribute. In this connection, 
the best significant values for both relative water content and electrolyte leakage percentage traits 
were attained with the interaction treatment between 1250 m3/fed. irrigation level and 2 g L-1 of 
potassium silicate foliar application compared with all the other interaction treatments for electrolyte 
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leakage percentage and compared with the interaction treatments particularly between the irrigation 
water level of  650 m3/fed. and all rates of potassium silicate in both seasons.  
 
Table 6: Effect of irrigation water level and potassium silicate foliar spray rate on some plant-water 

relations of potato during 2014 (S1) and 2015 (S2) seasons. 

Treatments 

Relative water content 
(%) 

Electrolyte leakage 
(%) 

Water-use efficiency 
(kg/m3 water) 

S1 S2 S1 S2 S1 S2 

Irrigation water level (m3 fed -1) 

650 68.70 69.78 83.06 84.35 23.29 24.28 

950 74.22 75.39 76.65 77.73 21.13 21.61 

1250 78.35 79.58 65.35 66.26 18.45 18.86 

LSD 5% 2.35 2.40 3.21 2.25 2.14 1.85 

Potassium silicate (g L -1) 

0.0 71.32 72.75 79.58 80.88 19.12 19.67 

1.0 73.74 74.48 77.14 78.30 19.87 20.33 

1.5 74.81 75.93 74.48 75.23 20.98 21.87 

2.0 75.16 76.51 68.88 70.05 23.86 24.45 

LSD 5% 2.14 2.18 6.47 6.54 3.51 3.34 

Interaction 

 
650 

 

0.0 66.88 68.22 88.51 90.11 21.37 21.95 

1.0 68.82 69.51 83.34 84.59 21.71 22.54 

1.5 69.42 70.46 80.99 81.80 22.10 23.95 

2.0 69.67 70.93 79.39 80.93 27.96 28.66 

 

950 
 

0.0 70.11 71.52 78.54 80.00 19.20 19.77 

1.0 74.15 74.9 78.45 79.63 19.72 20.02 

1.5 76.06 77.20 75.27 76.03 22.23 22.67 

2.0 76.58 77.96 74.34 75.26 23.39 23.98 

 

1250 

0.0 76.98 78.52 71.69 72.55 16.78 17.28 

1.0 78.24 79.02 69.63 70.68 18.17 18.44 

1.5 78.95 80.14 67.20 67.87 18.63 19.00 

2.0 79.23 80.66 52.90 53.96 20.22 20.72 

LSD 5% 3.72 3.78 11.55 11.34 6.08 5.80 

 
On the other hand, the combination treatment between 650 m3/fed. of irrigation water level and 2 g L-1 
of potassium silicate gave significant increments for water use efficiency parameter as compared with 
the level 1250 m3/fed. of irrigation water alone (without potassium silicate) in both successive 
seasons. In general, it could be said that the interaction treatment between 1250 m3/fed. irrigation 
level and 2 g L-1 of potassium silicate achieved the best values for both relative water content and 
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electrolyte leakage percentages and medium values for water use efficiency one in both seasons. As 
mentioned above, the obtained results may be attributed to the vital roles of both K and Si existed in 
potassium silicate compound associated with improvement of water and nutrients uptake, antioxidant 
enzyme defense, decreasing oxidative damage, maintaining membrane functions, enhancing 
photosynthesis whether in the plants subjected or not subjected to water deficit stress. These results 
are in the same line with those of Ati et al. (2012), Tolessa et al. (2016) and Abd El-Gawad et al. 
(2017) on potato, and Abu El-Azm and Youssef (2015) on tomato.   
 
Conclusion  

From the obtained results in this study, it could be concluded that irrigation process is 
considered one of the most effective practical agricultural procedures that must be done with high 
efficiency to achieve the best plant-water relations and field performance of vegetable crops in 
general and potato crop in particular. The harmful impacts of drought or water deficit stress on potato 
growth, yield and quality can be avoided with suitable foliar applications of potassium silicate 
(K2SiO3). Therefore, drip irrigated-potato plants (cv. Spunta) with 1250 m3 fresh water/fed. and foliar 
application of K2SiO3 at 2 g L-1 is the best treatment of which this investigation recommends to use for 
achieving the highest growth, productivity and quality of potato under similar conditions.  
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