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ABSTRACT  
 

         Adopting experimentation ideas for alleviation drought stress is a must in the light of globally 
fresh water shortage. Therefore, this experiment was carried out during the two growing seasons of 
2016 and 2017, at the experimental farm, Faculty of Agriculture, Ain Shams University, Shoubra El-
Kheima, Kaliobia, Egypt, to assess the effect of foliar spraying by potassium silicate on tuber yield 
and quality and biochemical constituents of potato plants cultivated under drought stress conditions. 
The results indicated that spraying potassium silicate at 2000 ppm on irrigated plants when depletion 
55-60% of available soil water conferred the highest leaf area and chlorophyll fluorescence readings, 
haulm fresh and dry weight, total soluble carbohydrates and protein and free amino acids in the plant 
leaves meanwhile free proline recorded the lowest values compared to other treatments. The results 
proved that the combination of irrigation after depletion of either 55-60% or 70-75%of available soil 
water and foliar application of 2000 ppm potassium silicate considered the most favorable treatment 
where increasing the tubers yield per plant and per feddan mild drought stress without showing 
obvious stress on the plants. 
 
Key words: Biochemical constituents, Drought stress, Foliar spraying, Potato, Potassium silicate, 

Tuber yield 

Introduction 
 

        Potato (Solanum tuberosum L.) tubers own a high nutritional value and come in fifth place 
after wheat, corn, rice and barley in terms of production and consumption over the world. Its 
production is increased due to the higher productivity systems and compatibility with a wide range of 
climates and as a nutritional source (Talebi, 2015). Therefore, the potato considers a crop of major 
significance in human nutrition. Thus it is the first in energy production, and second in carbohydrate 
and protein production (Nieder, 1992; Fabeiro et al., 2001). The potato crop depends on a regular 
water supply to secure high quantity and quality of the yield. Otherwise drought stress is a factor has 
severe and adverse effects on growth and yield. Much more, numerous researchers proved that water 
deficiency threatens potato production in arid and semi-arid areas worldwide. It is recognized that 
coping with water shortages without compromising tuber yield is a major challenge for potato 
production (Shi et al., 2015).  

In many arid and semi-arid regions as in Egypt where irrigation is obligatory practice, transient 
wilting under high temperature and low air humidity is a common phenomenon. Transient stress can 
result in loss of tuber yield and quality. Drought may be the most important abiotic stress factor faces 
the future of potato production (Levy et al., 2013). Irrigation program of potato plants is an important 
because of the short vegetation period and rapid growing under the Egyptian condition which 
necessitates offering the optimum water quantity level. Potato requires 90 to 120 days for maximum 
production depending on cultivar and climatic conditions. The frequency of irrigation varies between 
2 and 14 days depending on climate, crop development and soil type. 

The drought is one of the major abiotic stresses which adversely affect crop growth and 
production worldwide so water is vital for every aspect of the plant growth and development (Abd El-
Gawad, 2015). Water is a major constituent of the plants and other living organisms. The absorption 
and transportation of nutrients to various parts of the plant are carried out by water. Water is an 
important constituent in photosynthesis through two ways; firstly, it provides hydrogen for building 
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up of glucose, and secondly opening and closing of stomata is regulated by increase or decrease in the 
amount of water. Supplemental irrigation, particularly in the yield production stages, to improve plant 
water status, gives an economic increase in yields in arid areas (Ullah et al., 2002). 

Potassium is a major plant nutrient and plays an essential role in a variety of physiological 
processes, i.e. photosynthesis, protein synthesis and maintenance of water status in plant tissues 
(Marschner, 2012). Also, it influences synthesis, transformation and storage carbohydrates as well as 
potato tuber quality (Ebert, 2009; Dkhil et al., 2011). Potassium silicate enhanced potato vegetative 
growth parameters, yield components and mineral nutrients (N, P and K) concentration (Salim et al., 
2014). Also, Silicon has a substantial role in enhancing the growth and yield of maize as being they 
are beneficial nutrients under abiotic stress (Salim, 2014). Potassium silicate is a source of highly 
soluble potassium and silicon so it is used in agricultural production system primarily as a silicon 
amendment source and has utilized of supplying small amounts of potassium help to improve the 
quality of yield (Tarabih et al., 2014). Silicon is reported that it reduces multiple stresses including 
biotic and abiotic stresses in plants by maintaining plant water potential, photosynthetic activity, 
stomatal conductance and leaf erectness under high transpiration rates (Crusciol et al., 2009; Saud et 
al., 2014; Shaaban and Abou El- Nour, 2014; Das et al., 2017).  

According to the reports on beneficial effects of potassium silicate on improving yield quality 
and nutritional and health importance of plants especially under various stresses, therefore, this study 
was conducted in order to evaluate the effect of potassium silicate on vegetative growth, leaf macro 
nutrients content, biochemical constituents and tuber yield and quality of potato plants grown under 
drought stress conditions. 
 
Materials and methods 
 

The field experiment was carried out during the two growing seasons of 2016 and 2017, at the 
experimental farm, Faculty of Agriculture, Ain Shams University, Shoubra El-Kheima, Egypt, in 
order to investigate the effect of potassium silicate on yield, tuber quality and biochemical 
constituents of potato plants under drought stress. The chemical and physical analyses of the 
experimental soil are shown in Table (A). 
 
Table A: *Some chemical and physical analysis of the experimental soil 

pH 
EC 

µS cm-1 
CaCO3 

% 
Cation meq / L Anion meq / L 

Ca++ Mg++ Na+ HCO3
- CL- SO4

--2 

8.42 0.77 1.44 6.52 2.40 1.49 2.57 3.21 1.78 
N P K 

Sand % Silte % Clay % Soil texture 
(ppm) 

82 67 165 47.09 11.80 41.11 Sandy clay 
*Central Soil and Plant Analysis Laboratory, Fac. Agric., Ain Shams University, Cairo, Egypt. 

 

Certified of the potato tubers seed of cv. Cara, obtained from General Authority for Producers 
and Exporters of Horticulture Crops, Cairo, Egypt, were sown on 18th of January during 2016 and 
2017 seasons. The experimental plot area was 12.25 m2 involved five rows; each row was 3.5 X 0.7 
meter. The plant distance was 25 cm apart on one side of the row.  

Calcium super-phosphate (15 % P2O5) at 400 kg / feddan was banned on rows at two times, the 
first (200 kg) was added during the soil preparation and the second one (200 kg) was carried out after 
one month from planting. Ammonium nitrate (33% N), at 300 kg / feddan, was applied as soil 
application in three portions, the first addition (100 Kg) was added during the soil preparation, the 
second one (100 kg) was carried out after one month from planting and the third one (100 kg) was 
added one month later. Potassium sulphate (48 % K2O) was applied at a rate of 150 kg per feddan at 
two times. The first portion took place one month from planting, whereas, the second part was added 
one month later. Cultural practices, disease and pest control management were followed according to 
the recommendations of the Egyptian Ministry of Agriculture. 

Soil samples from the experimental site were collected randomly at depths of 0-30 and 30-60 cm 
from soil surface before soil preparation for determination of field capacity, wilting point and 
available soil water during the two seasons (Table, B). 
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Table B: * Field capacity, wilting point and available soil water of the experimental soil in the two seasons of 
2016 and 2017. 

Depth of 
    soil   

2016 2017 

FC% 
Wilting 

percentage 
Available 
water % 

FC% 
Wilting 

percentage 
Available 
water % 

0-30  20.67 11.25 9.42 20.43 11.07 9.36 
30-60  18.87 10.40 8.47 19.62 9.96 9.66 
average  19.77 10.83 8.94 20.03 10.52 9.51 

* Soil Laboratory, Dep. Soil, Fac. Agric., Ain Shams University, Cairo, Egypt. 
 

The experimental treatments and design: 
 
The experiment involved two factors were irrigation scheduling (drought stress level) and foliar 

application of potassium silicate.  The irrigation was applied in furrow system and was implemented 
after the depletion of 55-60% as control, 70-75 and 85-90% of the available soil water. These 
irrigation treatments were started after three weeks from planting tubers seed date and were withheld 
before two weeks from the harvest date. Samples of soil in the 10-40 cm layer were taken up 
regularly at two-day intervals between irrigation dates to measure the soil moisture content and 
subsequently determine the timing of irrigation treatments.   

The percentage of soil moisture was measured using the following equation: 
 
                                     Weight before drying – weight after drying 
   Soil moisture % =                                                                           × 100 
                                                        Weight after drying 
 
Potassium silicate (K₂SiO₃) contained 11% silicon and 60% K2o was produced in China and 

imported by Technogene Company. It was used at four rates, namely 0 (control, sprayed with tap 
water), 1000, 2000 and 3000 ppm were applied after 30, 45, 60 and 75 days from planting as a foliar 
application.  

The experiment was laid out in a split plot design with three replicates. Drought stress levels 
were assigned in the main plots and foliar application of potassium silicate was distributed in the 
subplots. 
 
Data collection:  
 
Vegetative growth characteristics: 

 
After 70 days from sowing tubers seed, five plants per plot were randomly chosen to measure 

leaf area, haulm fresh and dry weight. Leaf area was measured in the recently fully expanded fourth 
leaf from the plant apex as a relation between unit area and leaf fresh weight (Koller, 1972). Leaf 
chlorophyll fluorescence was measured as SPAD units in the recent fully expanded mature upper leaf 
of 6 plants in the middle row per plot. A digital chlorophyll meter, Minolta SPAD-502, (Minolta 
Company, Japan) was used. 
 
Leaf macronutrients and biochemical constituents: 
 

After 70 days from sowing tubers seed, three plants per plot were randomly chosen, total 
nitrogen percentage was determined colorimetrically as shown in leaf samples, the fourth expanded 
upper leaf of 3 plants in middle row per plot (Jackson, 1973). Total phosphorus concentration was 
determined colorimetrically using the ascorbic acid method described by Watanabe and Olsen (1965). 
The concentration of potassium was determined in the digested material using flame photometer as 
described by Eppendrof and Hing (1970). Calcium concentration was determined colorimetrically 
using a Specol spectophotometer according to the procedure described by Piper (1947). Total soluble 
carbohydrates were extracted from 0.1 g dry weight of leaves according to A.O.A.C. (2005) and 
estimated by phenol sulfuric method as described by Chow and Landhausser (2004) by reading the 
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yellow developed color at the wavelength 490 nm. Total soluble protein was evaluated by the method 
of Bradford (1976). Free amino acids in the leaves were determined according to Hamilton and Van 
Slyke (1943). Free proline content was extracted from 0.5 g of leaf samples (the fourth expanded 
upper leaf of 3 plants in middle row per plot) in 3% (w/v) aqueous sulphosalycylic acid and estimated 
by using ninhydrin reagent according to the method of Bates et al. (1973). The absorbance of the 
fraction with toluene aspired from liquid phase was read at 520 nm. Proline concentration was 
determined using calibration curve.  
 
Yield and quality of the tubers:  

 
Each experimental plot was harvested individually after 110 days from tubers seed sowing date, 

tuber yield per plant and per feddan were recorded. Total carbohydrate percentage was measured in 
the dry matter of tubers of 3 plants in middle row per plot, samples were measured colorimetrically 
according to A.O.A.C. (2005). Dry matter ratio was determined by the expression described by 
Pereira et al. (2008) as follows: DM = 24.182 + 211.04 * [SG – 1.0988]. 
 
Statistical analysis: 

 
Data of the two seasons were arranged and statistically analyzed using Mstatic (M.S.) software 

program. The comparison among means of the different treatments was determined using Duncan test 
at P ≤ 0.05 level, as illustrated by Snedecor and Cochran (1982). 
 
Results and discussion 
 
Vegetative growth: 

 
The vegetative growth parameters of potato responded significantly to irrigation after different 

depletion percentages of the available soil water (Tables 1 and 2). Irrigation after depletion 55-60% of 
available soil water increased leaf area, haulm fresh and dry weight and leaf chlorophyll fluorescence 
reading in the two growing seasons as compared with the other irrigation treatments, while irrigation 
after depletion of 85-90% available soil water decreased vegetative growth parameters. This may be 
due to the role of water in translocation of photosynthetic assimilates, thus reflected increases in the 
leaf area, haulm dry weight and leaf chlorophyll fluorescence reading or due to the depression effect 
of soil dryness on leaf formation and function, growth and development. These results are in harmony 
with those obtained by Abd El-Gawad (2010) which indicated that irrigation when depletion 60 % of 
available soil water increased leaf area, leaf fresh and dry weight in common bean. In this respect, 
Wu and Wang (2000) found a significant increase in the shoot dry weight at harvest of broad bean at 
high and medium soil water levels. Osman (2009) mentioned that water deficit significantly reduced 
total biomass, flag leaf area and shoot dry weight of rice. Also, Miyashita et al. (2005) showed that 
chlorophyll reading characteristics was slightly decreased in kidney bean following drought stress. In 
addition, Levy et al. (2013) noted that when drought affects the potato crop, the first morphological 
effect is a reduction in leaf size. 

Data indicated that the vegetative growth parameters were significantly improved by using foliar 
application of potassium silicate in both seasons compared to the untreated ones. The foliar 
application of potassium silicate at 2000 ppm induced the highest significant increase in leaf area, 
haulm fresh and dry weight and leaf chlorophyll fluorescence reading as compared to other foliar 
application treatments, in both seasons. This increment in vegetative growth of potato plants may be 
due to the role of potassium on plant nutrition and enhancing the translocation of assimilates and 
protein synthesis. The results confirm that soil potassium content is not enough to the needs of potato 
plants as indicated in Table (A). In this respect, Salim et al. (2014) stated that the highest values of 
growth parameters were observed with foliar application of potassium silicate at 2000 ppm treatment 
on potato plants. Also, Dkhil et al. (2011) reported that the potassium foliar application improved the 
vegetative growth parameters of potato. Otherwise, Shi et al. (2016) found that Silicon addition to 
nutrient solution of tomato plants reduced the inhibition effect on tomato growth and photosynthesis,  
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Table 1: Effect of foliar application of potassium silicate under irrigation after the depletion of different 
percentages of available soil water on leaf area and chlorophyll reading of potato in the two growing 
seasons (2016 and 2017). 

Available 
water depletion 

% 

Potassium silicate (ppm) 

0 1000 2000 3000 Mean 

 A- Leaf area (cm2) 
 2016 season 

55-60% 144.4 e 148.0 d 165.3 a 154.8 c 153.2 A 
70-75% 134.9 g 137.9 f 157.8 b 146.0 de 144.2 B 
85-90% 117.5 j 121.5 i 138.5 f 129.7 h 126.8 C 
Mean 132.3 D 135.9 C 153.9 A 143.6 B  

 2017 season 
55-60% 155.2 c 156.6 c 176.3 a 164.6 b 163.2 A 
70-75% 149.4 de 147.1 e 163.5 b 153.5 cd 153.4 B 
85-90% 128.8 g 129.1 g 145.2 e 134.5 f 134.4 C 
Mean 144.5 C 144.3 C 161.7 A 150.9 B  

 B- Chlorophyll reading (SPAD) 
 2016 season 

55-60% 39.1 de 42.1 bc 44.7 a 42.5 ab 42.1 A 
70-75% 36.8 ef 39.4 d 42.6 ab 39.2 de 39.5 B 
85-90% 33.8 g 36.8 ef 39.9 cd 34.8 fg 36.3 C 
Mean 36.6 C 39.4 B 42.4 A 38.9 B  

 2017 season 
55-60% 38.7 e-g 41.6 cd 45.5 a 44.2 ab 42.5 A 
70-75% 36.1 hi 37.9 e-h 42.0 bc 39.3 de 38.8 B 
85-90% 33.8 i 36.3 gh 39.0 ef 36.7 f-h 36.4 C 
Mean 36.2 C 38.6 B 42.2 A 40.1 B  

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test.  
 

Table 2: Effect of foliar application of potassium silicate under irrigation after the depletion of different 
percentages of available soil water on haulm fresh and dry weight of potato in the two growing seasons 
(2016 and 2017). 

Available 
water depletion 

% 

Potassium silicate (ppm) 

0 1000 2000 3000 Mean 

 A- Haulm fresh weight (g) 
 2016 season 

55-60% 235.3 ef 243.8 cd 268.4 a 249.4 c 249.2 A 
70-75% 229.7 f 231.8 f 259.4 b 238.7 de 239.9 B 
85-90% 191.1 i 198.2 h 222.1 g 199.5 h 202.7 C 
Mean 218.7 D 224.6 C 250.0 A 229.2 B  

 2017 season 
55-60% 249.5 cd 270.3 b 296.8 a 270.6 b 271.8 A 
70-75% 239.1 d 255.8 c 275.4 b 247.2 cd 254.4 B 
85-90% 207.5 f 220.0 ef 243.9 cd 224.0 e 223.8 C 
Mean 232.0 C 248.7 B 272.0 A 247.3 B  

 B- Haulm dry weight (g) 
 2016 season 

55-60% 20.46 cd 21.67 bc 23.62 a 22.35 ab 22.02 A 
70-75% 19.46 d 20.19 cd 23.91 a 21.38 bc 21.24 A 
85-90% 15.89 e 16.80 e 19.07 d 16.82 e 17.14 B 
Mean 18.60 C 19.55 B 22.20 A 20.18 B  

 2017 season 
55-60% 22.04 c 24.06 b 27.58 a 23.86 b 24.38 A 
70-75% 20.21 d 21.88 cd 24.48 b 21.43 cd 22.00 B 
85-90% 17.09 e 17.92 e 20.48 cd 17.08 e 18.14 C 
Mean 19.78 C 21.29 B 24.18 A 20.79 BC  

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test.  
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and ameliorated water status, under water stress conditions. The improving effect of silicon seemed to 
be due to increasing root hydraulic conductance of the plants.  Also, Silicon can enhance antioxidant  
defense and then decrease oxidative substances subsequently oxidative stress in plants under drought 
(Gong et al., 2005, 2008). There is another effect of Silicon addition where it can increase the 
photosynthesis and relevant carboxylase activities under the drought conditions, as found in wheat 
(Gong and Chen, 2012).  

The results of the interaction of drought stress treatments and potassium silicate foliar 
application indicated that plants subjected to irrigation after depletion 55-60% of available soil water 
and then have sprayed with 2000 ppm potassium silicate showed the highest leaf area, haulm fresh 
and dry weight and leaf chlorophyll fluorescence reading than the other combination treatments in the 
two seasons. This may be due to the physiological function of silicon is based on relations between 
silicon deposition at certain points and enhanced resistance to various stresses (Shaaban and Abou El- 
Nour, 2014). In addition, silicon plays a role as a mechanical and a physiological barrier. It also alters 
the levels of osmolytes and antioxidant enzymes which are the first line of defense in drought stress, 
also reducing the levels of oxidative stress factors such as hydrogen peroxide (Sapre and Vakharia, 
2016). Also, Pilon et al. (2014) reported that spraying water-stressed plants with silicon has 
maintained chlorophyll content relatively similar to well-watered potato plants. In the same 
connection, Pilon et al. (2013) found that silicon application increased leaf area and chlorophyll 
concentration of well watered potato plants. Also, Maghsoudi et al. (2015) found that foliar 
application of silicon improved plant growth parameters and chlorophyll pigment concentration of 
wheat under water deficit conditions. In this respect, Oliveira et al. (2016) found that silicon 
improved plant architecture and increased the chlorophyll content of rice plants under soil water 
tensions. 
 
Leaf macronutrients compositions: 

 
Irrigation after different percentages of available soil water depletion showed insignificant 

differences in nitrogen percentage in the first season but irrigation after depletion 55-60 or 70-75% of 
available soil water increased nitrogen percentage as compared with irrigation after depletion 85-90% 
of available soil water in the second season (Table 3). For the phosphorus concentration, the irrigation 
after depletion 55-60 or 70-75% of available soil water increased phosphorus concentration 
significantly compared to irrigation after depletion 85-90% of available soil water in the two 
experimental seasons (Table 3). With respect to potassium and calcium concentrations, their 
concentrations have increased in the two seasons by irrigation after depletion 55-60 of available soil 
water compared to the other irrigation treatments (Table 4). It is thus inferred that the “Cara” potato 
cultivar is sensitive to drought stress. These results are in harmony with those obtained by Leilah 
(2009). Also, Abd El-Gawad (2010) found that irrigation at depletion 60 % of available soil water 
increased leaf calcium concentration. 

Respecting potassium silicate, generally, the obtained data indicated that the foliar application of 
different concentrations of potassium silicate gave higher values for Leaf macronutrient as compared 
to control treatment in the two seasons (Tables 3 and 4). Foliar application of 2000 and 3000 ppm 
potassium silicate increased nitrogen and potassium concentrations in the second season and in the 
two seasons, respectively, compared to the other applications of potassium silicate. The influence of 
the foliar application of potassium silicate on phosphorus concentration was statistically insignificant 
in the second season. Foliar application of potassium silicate at rate of 2000 ppm gave the highest 
values of calcium concentration in the potato leaves in both seasons. This result may be attributed to 
that the presence of silicon affect the absorption and translocation of several macronutrients (Das et 
al., 2017), may positively influence the osmotic adjustment, antioxidant enzyme (CAT and/or SOD) 
activities and photosynthetic apparatus maintenance as well as decreased H2O2 concentration in 
leaves of water stressed potato plants (Pilon et al., 2014). 

Although there is no clear trend of the interaction effect of drought stress treatments and 
potassium silicate applications on N, P and K concentration in the plant leaves, the concentration of 
the three elements in plant leaves are still higher with application of potassium silicate under all 
drought stress treatments than control. Whereas irrigation after depletion 55-60% of available soil 
water and foliar application of 2000 ppm potassium silicate together recorded the highest calcium  
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Table 3: Effect of foliar application of potassium silicate under irrigation after the depletion of different 
percentages of available soil water on nitrogen and phosphorus percentages of potato leaf in the two 
growing seasons (2016 and 2017). 

Available 
water depletion 

% 

Potassium silicate (ppm) 

0 1000 2000 3000 Mean 

 A- Nitrogen (%) 
 2016 season 

55-60% 4.27 b-d 4.40 a-c 4.57 ab 4.41 a-c 4.41 A 
70-75% 4.15 cd 4.47 a-c 4.73 a 4.26 b-d 4.40 A 
85-90% 3.91 d 3.98 d 4.21 b-d 4.14 cd 4.06 A 
Mean 4.11 B 4.28 AB 4.50 A 4.27 AB  

 2017 season 
55-60% 4.42 ab 4.39 ab 4.76 a 4.72 a 4.57 A 
70-75% 4.45 ab 4.39 ab 4.72 a 4.47 ab 4.51 A 
85-90% 3.84 c 3.72 c 4.22 b 3.84 c 3.91 B 
Mean 4.24 B 4.17 B 4.57 A 4.34 AB  

 B- Phosphorus (%) 
 2016 season 

55-60% 0.405 d-f 0.470 a-d 0.548 ab 0.558 a 0.495 A 
70-75% 0.337 ef 0.431 c-e 0.539 a-c 0.451 a-e 0.440 AB 
85-90% 0.295 f 0.377 d-f 0.437 b-e 0.362 d-f 0.368 B 
Mean 0.346 B 0.426 AB 0.508 A 0.457 A  

 2017 season 
55-60% 0.416 a-d 0.454 a-d 0.491 ab 0.508 a 0.467 A 
70-75% 0.440 a-d 0.447 a-d 0.430 a-d 0.398 b-d 0.429 AB 
85-90% 0.389 cd 0.412 b-d 0.468 a-c 0.361 d 0.407 B 
Mean 0.415 A 0.438 A 0.463 A 0.422 A  

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test.  
 

Table 4: Effect of foliar application of potassium silicate under irrigation after the depletion of different 
percentages of available soil water on potassium and calcium percentages of potato leaf in the two 
growing seasons (2016 and 2017). 

Available 
water depletion 

% 

Potassium silicate (ppm) 

0 1000 2000 3000 Mean 

 A- Potassium (%) 
 2016 season 

55-60% 2.84 b 2.83 b 3.09 a 2.96 ab 2.93 A 
70-75% 2.42 cd 2.44 cd 2.61 c 2.58 c 2.51 B 
85-90% 2.27 de 2.19 e 2.43 cd 2.28 de 2.29 B 
Mean 2.51 B 2.49 B 2.71 A 2.61 AB  

 2017 season 
55-60% 2.87 a 2.87 a 3.11 a 2.98 a 2.96 A 
70-75% 2.61 b 2.60 b 2.57 b 2.56 b 2.59 B 
85-90% 2.18 c 2.20 c 2.38 bc 2.28 c 2.26 C 
Mean 2.56 B 2.56 B 2.69 A 2.61 AB  

 B- Calcium (%) 
 2016 season 

55-60% 0.945 b 0.952 b 1.058 a 0.968 b 0.981 A 
70-75% 0.830 d 0.816 de 0.908 bc 0.851 cd 0.851 B 
85-90% 0.735 f 0.737 f 0.813 de 0.757 ef 0.761 C 
Mean 0.836 B 0.835 B 0.926 A 0.858 B  

 2017 season 
55-60% 0.899 bc 0.909 b 1.015 a 0.933 b 0.939 A 
70-75% 0.770 de 0.785 de 0.900 bc 0.834 cd 0.822 B 
85-90% 0.681 f 0.692 f 0.789 de 0.757 e 0.730 C 
Mean 0.783 C 0.796 BC 0.901 A 0.842 B  

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test.  
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values than the other treatments combinations over the two seasons. According to Shaaban and Abou 
El-Nour (2014), foliar fertilization of potassium silicate may be more beneficial for silica deposition 
in the required key points which keep very healthy hairy roots enabling better water, macro and micro 
nutrient absorption. Moreover, silicon alleviates water deficit of plant by preventing the oxidative 
membrane damage and may be associated with plant osmotic adjustment (Ahmad and Haddad, 2011). 
Also, Asgharipour and Mosapour (2016) reported that silicon affected some physiological activities, 
amounts of nutrients and increased osmoregulators hence improved tolerance against water stress and 
growth in fennel plants grown under deficit water. Silicon has been indicated that it plays an 
important role in keeping the mineral balance in plants as in maize so it can increase the levels of K+ 
and Ca++ (Kaya et al., 2006) 
 
Leaf biochemical constituents: 

 
Irrigation after depletion 55-60% of available soil water gave the highest total soluble 

carbohydrates and protein and free amino acid values but decreased free proline content in the two 
seasons compared to the other irrigation treatments (Tables 5 and 6). The positive influence of 
irrigation after the depletion of 55-60% available soil water might be the reason for the stimulation of 
vegetative growth shown in Tables (1-2). In this respect, Crusciol et al. (2009) stated that water 
deficit decreased total carbohydrates and soluble protein concentrations in the potato leaves. 
 

Table 5: Effect of foliar application of potassium silicate under irrigation after the depletion of different 
percentages of available soil water on total soluble carbohydrates and protein of potato leaf in the two 
growing seasons (2016 and 2017). 

Available 
water depletion 

% 

Potassium silicate (ppm) 

0 1000 2000 3000 Mean 

 A- Total soluble carbohydrates (mg/g DW) 
 2016 season 

55-60% 146.8 cd 151.5 bc 159.9 a 156.4 ab 153.7 A 
70-75% 131.9 f 131.5 f 142.1 de 138.3 e 136.0 B 
85-90% 117.5 i 121.9 hi 129.4 fg 124.3 gh 123.3 C 
Mean 132.1 B 135.0 B 143.8 A 139.7 A  

 2017 season 
55-60% 158.6 c 157.9 c 166.7 a 161.6 b 161.2 A 
70-75% 146.2 d 145.7 de 144.2 ef 143.5 f 144.9 B 
85-90% 125.2 i 126.2 i 136.0 g 131.0 h 129.6 C 
Mean 143.3 C 143.3 C 149.0 A 145.4 B  

 B- Total soluble protein (mg/g FW) 
 2016 season 

55-60% 2.37 d 3.03 b 3.44 a 3.04 b 2.97 A 
70-75% 2.02 f 2.68 c 3.12 b 2.59 c 2.60 B 
85-90% 1.70 g 2.22 e 2.63 c 2.28 de 2.21 C 
Mean 2.03 C 2.64 B 3.06 A 2.64 B  

 2017 season 
55-60% 2.84 c 3.25 b 3.64 a 2.62 d 3.09 A 
70-75% 2.34 e 2.95 c 3.24 b 2.35 e 2.72 B 
85-90% 2.09 f 2.49 de 2.92 c 1.95 f 2.36 C 
Mean 2.42 C 2.90 B 3.27 A 2.30 D  

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test.  

 
Concerning the effect of potassium silicate, it can be noticed that, in general, total soluble 

carbohydrates, total soluble protein and free amino acid contents were increased significantly by the 
foliar application of potassium silicate at rate 2000 ppm compared with the other applications. 
However, the foliar application of this concentration gave the lowest values of free proline as 
compared with the other applications of potassium silicate in the two seasons. This result may be 
attributed to the role of potassium in increasing enzyme activities which could be explained by that 
potassium neutralizes various organic anions and other compounds within the plant which helping to 
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stabilize pH value between 7 and 8 the optimum for most enzyme reactions (Ibrahim et al., 2015). In 
this regard, Talebi (2015) found that application of exogenous potassium silicate significantly 
increased soluble carbohydrate and protein contents of potato leaves. 

As for the interaction effect, it was clear that the combinations of drought stress treatments and 
potassium silicate were more effective in increasing total soluble carbohydrates, total soluble protein 
and free amino acids in potato leaves than the individual treatments in both seasons. The highest 
values were obtained by the treatment of Irrigation after depletion 55-60% of available soil water 
combined with the foliar application of 2000 ppm potassium silicate. Moreover, free proline content 
in the leaves of plants irrigated at the depletion 55-60% of available soil water combined with the 
foliar application of 2000 ppm potassium silicate gave the lowest values compared to other 
combinations over the two seasons. These findings may be related to the synergistic effect of the two 
studied factors on the different biochemical pathways in the plant cell. Silicon partially offset the 
negative impacts of drought stress by accumulation of proline and soluble protein content, thereby 
conferring stress tolerance (Sapre and Vakharia, 2016). In contrast, Crusciol et al. (2009) and Pilon et 
al. (2014) verified that proline concentrations in potato leaves increased under water-deficit stress and 
higher silicon availability, which indicates that silicon may be associated with plant osmotic 
adjustment. Mauad et al. (2016) reported that under water stress conditions, silicon fertilization 
reduced the proline content in the vegetative and reproductive phases of rice plants, which could be 
an indicator of stress tolerance. 
 
Table 6: Effect of foliar application of potassium silicate under irrigation after the depletion of different 

percentages of available soil water on free amino acids and proline contents of potato leaf in the two 
growing seasons (2016 and 2017). 

Available 
water depletion 

% 

Potassium silicate (ppm) 

0 1000 2000 3000 Mean 

 A- Free amino acids (mg/g FW) 
 2016 season 

55-60% 2.00 fg 2.73 c-e 3.66 a 2.96 b-d 2.84 A 
70-75% 1.87 g 2.40 d-g 3.34 ab 2.59 c-f 2.55 AB 
85-90% 1.82 g 2.33 e-g 3.03 bc 2.49 c-f 2.42 B 
Mean 1.90 C 2.48 B 3.34 A 2.68 B  

 2017 season 
55-60% 2.14 cd 3.09 ab 3.37 a 2.64 bc 2.81 A 
70-75% 2.10 cd 2.77 a-c 2.99 ab 2.08 cd 2.48 B 
85-90% 1.89 d 2.51 b-d 2.87 ab 1.91 d 2.29 C 
Mean 2.04 D 2.79 B 3.08 A 2.21 C  

 B- Free proline (µmol/100g FW) 
 2016 season 

55-60% 112.3 c-e 100.6 de 75.5 e 76.3 e 91.2 C 
70-75% 162.8 a 130.6 a-d 84.0 e 104.4 c-e 120.5 B 
85-90% 146.7 a-c 158.6 ab 114.1 b-e 149.0 a-c 142.1 A 
Mean 140.6 A 130.0 AB 91.2 C 109.9 BC  

 2017 season 
55-60% 127.5 bc 94.9 e 97.0 de 126.9 b-d 111.6 B 
70-75% 155.6 ab 126.7 b-d 118.2 c-e 114.5 c-e 128.7 AB 
85-90% 177.3 a 122.7 c-e 113.4 c-e 138.0 bc 137.8 A 
Mean 153.5 A 114.7 BC 109.6 C 126.4 B  

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test.  

 

Yield components: 
 
Data presented in Tables (7, 8) show that, generally, the irrigation after depletion 55-60% of 

available soil water produced the highest tuber yield per plant and per feddan compared to the other 
irrigation treatments. However, irrigation at the depletion 85-90% of available soil water increased 
total carbohydrate and dry matter over the two seasons compared to the other irrigation treatments. 
Such effect might be due to the influence of available soil water on plant growth (Tables 1, 2), leaf 
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macronutrients composition (Tables 3, 4) and leaf biochemical constituents (Tables 5, 6). Since the 
irrigation after the depletion 55-60% of available water produced the highest values of leaf area, 
haulm fresh and dry weight, chlorophyll fluorescence reading, N, P, K, Ca, total soluble of 
carbohydrates and protein, as well as, free amino acids and the lowest values of proline of leaves 
consequently intended to produce the highest tubers yield. These results are in harmony with those 
obtained by Evers et al. (2010) who found that the tuber yield was reduced under the drought-stress. 
Moreover, the major effect of drought is a reduction in photosynthesis, which arises by increase leaf 
senescence and the associated to the reduction in photosynthesis production. The obtained results 
completely agree with the point of view which was reported by Leilah (2009) who found that the 
reduction in average tuber yield resulted from drought stress may be attributed to its hazardous effect 
on leaf area, fresh and dry weight. Moreover, Stress at stolon and tuber initiation stages not only 
restrains foliage and plant development but also limits the number of stolons leading to reduce tuber 
number and therefore, reduce dry matter and thus final yield (Obidiegwu et al., 2015).  Furthermore, 
Levy et al. (2013) noted that drought stress can lead to losing of yield and tuber quality of potato 
plants. On faba bean plants, Siddiqui et al. (2015) reported that a decrease in growth parameters may 
be due to the impairment of cell division, cell enlargement caused by loss of turgor, and inhibition of 
various growth metabolisms. 

 
Table 7: Effect of foliar application of potassium silicate under irrigation after the depletion of different 

percentages of available soil water on tuber yield per plant and feddan of potato in the two growing 
seasons (2016 and 2017). 

Available 
water depletion 

% 

Potassium silicate (ppm) 

0 1000 2000 3000 Mean 

 A- Tuber yield / plant (g) 
 2016 season 

55-60% 553.0 c 670.1 b 863.0 a 597.8 bc 671.0 A 
70-75% 411.8 de 583.2 c 792.2 a 566.8 c 588.5 B 
85-90% 333.3 e 431.4 d 614.0 bc 412.5 de 447.8 C 
Mean 432.7 C 561.6 B 756.4 A 525.7 B  

 2017 season 
55-60% 541.1 c-f 708.5 a-c 865.9 a 530.4 c-f 661.5 A 
70-75% 446.6 e-g 622.9 b-e 765.7 ab 483.6 d-g 579.7 B 
85-90% 349.8 fg 503.0 d-f 669.3 b-d 298.8 g 455.2 C 
Mean 445.8 C 611.5 B 767.0 A 437.6 C  

 B- Tuber yield / feddan (ton) 
 2016 season 

55-60% 12.00 b-d 14.55 a-c 18.74 a 12.98 a-d 14.57 A 
70-75% 8.94 cd 12.66 b-d 17.20 ab 12.30 b-d 12.78 B 
85-90% 7.23 d 9.36 cd 13.33 a-c 8.95 cd 9.72 C 
Mean 9.39 B 12.19 B 16.42 A 11.41 B  

 2017 season 
55-60% 11.74 c-f 15.38 a-c 18.80 a 11.51 c-f 14.36 A 
70-75% 9.69 e-g 13.52 b-e 16.62 ab 10.50 d-g 12.58 B 
85-90% 7.59 fg 10.92 d-f 14.53 b-d 6.49 f 9.88 C 
Mean 9.68 C 13.27 B 16.65 A 9.50 C  

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test.  

 
Foliar application of potassium silicate at 2000 ppm increased significantly tubers yield per plant 

and per feddan and total carbohydrate in tuber as well as dry matter, except total carbohydrate which 
was insignificantly increased in the first season only. The positive effect of potassium silicate could 
be attributed to the improving of vegetative growth (Tables 1, 2), the increasing of N, P, K and Ca 
concentrations (Tables 3, 4), the rising of free amino acids, total soluble of carbohydrates and protein 
but a lower values of proline (Tables 5, 6) in leaves compared to other potassium silicate 
concentrations. These results might be due to the presence of potassium in foliar silicate compound 
which affects the photosynthesis at the various tested levels.  Meanwhile, Soratto et al. (2012) found 
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that silicon foliar application increased potato tuber yield and tuber dry matter content. On wheat, 
silicon application improved water economy and yield (Gong et al., 2011).  

Regarding the interaction between irrigation and potassium silicate treatments, the irrigation 
after depletion 55-60% or 70-75% of available soil water combined with the foliar application 
treatments of 2000 ppm potassium silicate was the most effective treatments for increasing tuber yield 
per plant and per feddan over the two seasons. However, total carbohydrate and dry matter in the 
tuber did not show a clear trend affected by those interaction treatments. These results could be 
attributed to the stimulation effect of combined irrigation after depletion of available soil water and 
foliar application of potassium silicate on vegetative growth (Tables 1-2), leaf macronutrients (Tables 
3-4) and leaf biochemical constituents (Tables 5-6). Silicon fertilization may have reduced water loss 
by plants, so proline levels were lower in this status (Mauad et al., 2016). This result is supported by 
what was found by Ibrahim (2015) and Ahmed et al. (2011). Also, Asgharipour and Mosapour (2016) 
reported that silicon foliar application improved growth and physiological indices hence could 
increase the ability of fennel plants to resistance water stress. Also, Crusciol et al. (2009) found that 
silicon application increased mean tuber weight, consequently and tuber yield of potato, especially in 
the absence of water stress. Also, Pilon et al. (2014) found that water-stressed plants that received 
foliar-applied silicon maintained relative tuber yield similar to well-watered potato plants. Also, Pilon 
et al. (2013) indicated that silicon foliar application increased photosynthesis and transpiration rates 
of well-watered potato plants. Moreover, potassium silicate application improved yield components 
of wheat (El-Hedek, 2013). Also, silicon, actually, induces dehydration tolerance at the tissue or 
cellular levels by improving the water status and hence, facilitates the plant to access photosynthesis 
at a higher rate (Ahmed et al., 2013). 
 
Table 8: Effect of foliar application of potassium silicate under irrigation after the depletion of different 

percentages of available soil water on dry matter and total carbohydrates of potato tuber in the two 
growing seasons (2016 and 2017). 

Available water 
depletion % 

Potassium silicate (ppm) 

0 1000 2000 3000 Mean 
 A- Dry matter (%) 
 2016 season 

55-60% 12.68 f 13.91 ef 14.53 ef 14.00 ef 13.78 B 
70-75% 14.91 de 15.46 c-e 17.67 ab 16.65 a-d 16.17 A 
85-90% 15.91 b-e 15.87 b-e 18.33 a 17.05 a-c 16.79 A 
Mean 14.50 B 15.08 B 16.84 A 15.90 AB  

 2017 season 
55-60% 14.15 f 14.05 f 16.00 c-f 14.71 ef 14.73 B 
70-75% 15.69 d-f 17.08 b-d 18.29 b 16.79 b-e 16.96 A 
85-90% 17.08 b-d 17.96 bc 20.44 a 18.50 ab 18.49 A 
Mean 15.64 B 16.36 B 18.24 A 16.67 B  

 B- Total carbohydrates (%) 
 2016 season 

55-60% 52.6 fg 51.6 g 53.4 d-g 52.9 e-g 52.6 B 
70-75% 53.3 d-g 55.0 c-g 58.8 ab 56.3 b-e 55.8 AB 
85-90% 55.3 c-f 56.7 a-d 60.1 a 58.3 a-c 57.6 A 
Mean 53.7 A 54.4 A 57.4 A 55.8 A  

 2017 season 
55-60% 52.9 ef 53.4 d-f 56.3 c-f 52.2 f 53.7 C 
70-75% 54.2 d-f 56.6 c-e 60.9 ab 56.3 c-f 57.0 B 
85-90% 57.1 b-d 61.3 ab 64.5 a 59.3 bc 60.6 A 
Mean 54.7 B 57.1 B 60.6 A 55.9 B  

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test.  

 
Conclusion 

 
In Egypt, most the potato tubers yield is produced in the Nile Valley where the soil has high 

water holding capacity. Meanwhile, all cultivations depend on the Nile water in irrigation and using 
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furrow irrigation system. Under fresh water shortage at the same time increasing water demand in 
agriculture production in light of extension of reclamation of desert lands, therefore the available 
water for agriculture is decreased and the cultivated crops are suffering from prolongation the 
irrigation intervals and consequently drought stress. Furthermore, in the future drought stress will 
increase due to increasing air temperature and decrease its relative humidity. So the target of our work 
is to simulate a variety of drought levels through irrigation at different depletion levels of the 
available water in the soil i.e. irrigation after depletion of 55-60, 70-75 and 85-90% of available soil 
water combined with foliar spray of potassium silicate at 1000, 2000 and 3000 ppm rates to alleviate 
the drought stress on potato plants. The results prove that spraying potassium silicate led to improving 
plant performance via stimulating more than a mechanism of stress mitigation as increase the leaves 
area and chlorophyll content, increasing osmolytes content and so on. Finally, the treatment which 
could be recommended is the foliar spraying of potassium silicate at 2000 ppm rate four times on 
potato plants makes the plants able to combat the mild drought stress.    
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