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D

ROUGHT stress is a serious abiotic factor that limits yield and quality of many crops
grown in newly reclaimed lands of Egypt. A field experiment in split-plot design was
conducted to assess the usefulness of potassium silicate [K2SiO3 (K-silicate)] on alleviating
drought stress on sugar beet grown in a saline calcareous soil. The main plots were assigned
for three irrigation intervals as 8, 14 and 20 days, whereas the subplots were assigned for
four K-silicate foliar spray concentrations (0, 500, 1000 and 2000 mg L-1 silicate). The results
indicated that increasing the irrigation interval from 8 to 14 and 20 days caused a significant
reduction in sugar beet yield. However, irrigation with interval 14 days and spraying K-silicate
at concentrations of 1000 mg L-1 silicate gave root fresh yield of 51.65 Mg ha-1, compared
with 38.81 mg L-1 obtained without spraying K-silicate. Likewise, spraying K-silicate in
concentration of 1000 mg L-1 silicate increased N, P and K removal in shoot by 66.0, 15.5 and
134.2 kg ha-1 and in root by 152.0, 34.4 and 244.2 kg ha-1, respectively. These values were
64.6, 14.2 and 122.6 kg ha-1 in shoot and 128.4, 29.0 and 223.1 kg ha-1 in root without spraying
K-silicate, respectively. Spraying K-silicate showed also the potential to increase fertilizer use
efficiency, and hence can save fertilizers. For instance, increasing irrigation interval to 14 days
without spraying K-silicate gave partial factor productivity (PFP) of N, P and K fertilizers
to the levels of 647, 1252 and 1552 kg root kg-1 fertilizer, respectively. However, spraying
K-silicate at concentration of 1000 mg L-1 silicate increased these values to 861, 1666 and 2066
kg root kg-1 fertilizer, respectively. In conclusion, this study suggests that spraying K-silicate
has the potential to alleviate the negative effects of drought stress on sugar beet yield grown in
calcareous soils.
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Introduction
Sugar beet (Beta vulgaris L.) is an important sugar
crop in Egypt and the second after sugarcane
in the cropped area. Sugar beet is well adapted
to a wide range of soil types and considered a
tolerate crop to salinity, and mainly cultivated
in newly reclaimed lands. Abiotic stresses result
from intensive use of natural resources and
increasing population contributing significantly to
reduce crop yields below the potential maximum
yields (Cakmak, 2002 and Ashraf et al., 2010).
Drought stress is a major abiotic stress, which
has adverse effects on crops. In Egypt, water
shortage has become a significant limiting factor
for agricultural production in new lands.

Silicon (Si) is abundantly present in soils, but
it is not an essential element for plants (Ma &
Takahashi, 2002 and Ashraf et al., 2009). However,
importance of Si has been widely recognized for
plants under stressful environments (Ma, 2004;
Shi et al., 2005; Li et al., 2009; Parveen and Ashraf,
2010). It has been reported that Si treatment could
alleviate drought stress (Gong et al., 2005; Hattori
et al., 2005), salt stress (Al-Aghabary et al., 2005;
Romer-Aranda et al., 2006; Ibrahim et al., 2015),
heat stress (Ma, 2004), oxidative damage (Liang
et al., 2003 and Zhu et al., 2004). According to
Epstein and Bloom (2005), Si does not appear to
be beneficial to plants, in most cases, until some
stress is imposed. The beneficial role of Si in
alleviating stress in plants exposed to drought is

Corresponding author: alimohamed1982@gmail.com
DOI: 10.21608/ejss.2019.7086.1236
©2019 National Information and Documentation Centre (NIDOC)

16

A. M. ALI et al.

mainly due to the enhancement in water relations
and photosynthesis (Hattori et al., 2005, Liang et
al., 2007 and Maghsoudi et al., 2015).
Water deficit or drought leads to closure
of stomatal, reduced transpiration, decrease
in water potential of plant tissues, decrease in
photosynthesis and ultimately plant growth and
development is inhibited (Lawson et al. 2003
and Yordanov et al. 2003). Plants can adapt
different mechanisms, morphologically and
physiologically, such as drought avoidance and
drought tolerance to acclimatize drought stress
(Blum, 1996 and Sakamoto & Murata 2002).
Recently, some studies suggested that Si could be
used as a growth regulator and it has the potential
to improve plant growth under drought stress
(Raven, 2003, Trenholm et al., 2004, Gong et al.,
2005, Gunes et al. 2007, 2008a, 2008b and Eneji
et al., 2008). The ameliorative effect of Si on
drought has been related to several mechanisms
such as: depression of excess loss of water by
transpiration (Romero-Aranda et al., 2006),
osmotic adjustment (Trenholm et al., 2004),
improved nutrient uptake (Gunes et al., 2008a)
and/or activation of antioxidant defense system
in plants (Gunes et al., 2008b). In the present
investigation, the usefulness of K-silicate foliar
spray has been studied in terms of alleviating
water deficit stress on sugar beet grown in a saline
calcareous soil.

Materials and Methods
A field experiment on sugar beet crop was
carried out during 2016/2017 growing season in
Mariout Research Station of the Desert Research
Center at Northwest Nile Delta of Egypt. Soil
Samples were collected before initiating the
experiment and analyzed for physical and
chemical properties (Table 1) following methods
described by Page et al. (1982). Available N
was extracted by 2 M KCl solution according to
Dahnke and Johnson (1990) and N in the extract
was estimated by Kjeldahl method. Available P
and K were extracted by 1 M NH4HCO3 in 0.005 M
DTPA adjusted to a pH of 7.6 (Soltanpour, 1991)
and then determined using spectrophotometer and
flamephotometer, respectively.
The experiment was laid out in a split-plot
design with three replications. Main plots were
assigned to three irrigation intervals as 8, 14 and
20 days, whereas subplots were assigned to four
K-silicate (K2SiO3) foliar spray concentrations as
0, 500, 1000 and 2000 mg L-1 silicate. Foliar spray
with K-silicate treatments were practiced 4 times
during the growing season. All treatment plots
were received fertilizer recommendations as 60,
31 and 25 kg ha-1 of N, P and K. Sources of these
fertilizers were ammonium nitrate (33.5 % N),
single superphosphate (15 % P2O5) and potassium
sulphate (48 % K2O).

TABLE 1. Some physical and chemical properties of the topsoil layer (0-30 cm) of the experimental site at Mariout
Research Station of the Desert Research Center
Soil characteristics

Values

Texture

Sandy loam

Saturation percentage, %

35.8

Field capacity, %

16.9

Wilting point, %

7.0

pH*

8.63

EC**, dS m-1

8.4

CaCO3, %

21.7

Organic matter, %

0.94

Available N, mg kg-1

68.2

Available P, mg kg-1

8.1

Available K, mg kg-1

226

*pH in saturated soil paste. ** Electrical conductivity in saturated soil paste extract.
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At harvest, 10 plants were taken from each
plot. Shoots and roots were cleaned, separated
and weighted to determine yield. Shoot and root
samples were dried at 70 °C oven for analysis.
Dried samples were ground and digested in
H2SO4 – H2O2 mixture for N, P and K analysis
(Karla, 1997). In the digests, N was estimated
by micro-Kjeldahl method. Phosphorus and K
were determined colorimetrically and flame
photometerically, respectively. Sucrose content
was determined in fresh root samples using a
saccharometer (AOAC, 1995).
The analysis of variance (ANOVA) was
performed on different parameters as described by
Gomez and Gomez (1984). The difference between
means was tested at probability levels 0.05 using
Duncan’s Multiple Range Test (DMRT). Fertilizer
use efficiency in terms of partial factor productivity
(PFP) was computed as:
PFP (kg root kg-1 fertilizer)= root fresh yield in each treatment
quantity of nutrient applied

Results and Discussion
Effect of foliar spray of K-silicate on sugar beet
yield and sucrose percentage
Irrigation interval and foliar spray with
K-silicate caused significant effects on shoot and
root yields of sugar beet (Table 2). In the absence
of drought stress (irrigation every 8 days), spraying
K-silicate at a concentration of 2000 mg L-1 silicate
increased shoot and root fresh yields significantly
from 9.8 and 43.13 Mg ha-1 to 12.7 and 54.48 Mg
ha-1, respectively. This increase may be due to the
presence of K in the K-silicate solution, which
has a significant role in scaling of roots of sugar
beet, posing a potential for increasing yield by
adjusting K fertilizer recommendation in the study
area. Furthermore, it could be due to reducing
the negative effects of high salinity in soil of the
experimental site, as noted by Romer-Aranda et
al. (2006) and Ibrahim et al. (2015). Increasing the
irrigation interval from 8 days to 20 days caused
a significant reduction in root yield by around
33 %. However, spraying K-silicate significantly
alleviated the negative effects of drought on sugar
beet yield. Irrigation with interval 14 days and
spraying K-silicate at concentrations of 0, 500,
1000 and 2000 mg L-1 silicate gave shoot and root
fresh yield values of 8.62 and 38.81, 10.22 and
46.0, 11.18 and 51.65, and 11.42 and 52.75 Mg
ha-1, respectively. On the other hand, increasing
the irrigation interval to 20 days with spraying
K-silicate at same concentrations gave shoot
and root fresh yield values of 6.45 and 28.85,
7.18 and 32.09, 7.58 and 33.89, and 8.06 and
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36.06 Mg ha-1, respectively. At medium drought
stress (irrigation every 14 days), there were no
significant differences in shoot and root fresh yield
with spraying K-silicate at concentrations of 1000
and 2000 mg L-1 silicate. The inference of this
finding suggest that the appropriate concentration
of silicate to compensate yield loss due to medium
drought stress is 1000 mg L-1.
Sucrose contents in sugar beet root as affected
by irrigation interval and foliar spray of K-silicate
are shown in Table 2. In general, there were no
significant differences in sucrose percentage in
all treatments. Nonetheless, having almost same
percentages of sucrose with higher root yield with
K-silicate foliar application can result in higher
quantities of extracted sucrose from sugar beet.
These finding are in line with those of with
Eneji et al. (2008) who found that application of
1000 mg kg-1 K-silicate to the soil of four grass
species under deficit irrigation produced the
greatest biomass yield responses across species.
In fact, Si has been reported to alleviate drought
stress in wide variety of crops (Gao et al., 2004,
Hattori et al., 2005), and improve their yields.
According to Savant et al. (1999) and Ma (2004),
Si reduces the negative effects of drought stress on
plants because it gets deposited beneath the cuticle
layer of leaves forming a Si-cuticle double layer
that increases the rigidity of cell wall and hence
reduces water loss through transpiration. Agarie et
al. (1998) found that deposition of Si in the cell
wall of rice increased internal storage of water and
reduced transpiration rate under drought stress.
Effect of foliar spray of K-silicate on nutrient
removal by sugar beet
Nutrient removal in shoot and root of sugar
beet were significantly influenced by irrigation
and K-silicate treatments (Table 3). The highest
N, P and K removal was obtained in the presence
of K-silicate foliar spray in all irrigation interval
treatments. Irrigation every 8 days without
spraying K-silicate resulted in N, P and K removal
in shoot with values of 60.8, 13.4 and 114.7 kg ha1
, respectively. These values in root were 128.8,
32.3 and 208.9 kg ha-1, respectively. However,
spraying K-silicate in concentration of 1000 mg
L-1 silicate increased nutrient removal in shoot to
73.3, 16.0 and 139.7 kg ha-1 and in root to 155.7,
35.0 and 252.8 kg ha-1, respectively. On the other
hand, increasing irrigation interval to 14 days
without spraying K-silicate resulted in N, P and
K removal in shoot with values of 54.9, 11.9 and
103.6 kg ha-1 and in root with values of 116.0,
40.8 and 188.3 kg ha-1, respectively. Inclusion of
K-silicate in concentration of 1000 mg L-1 silicate
increased nutrient removal in shoot by 66.0, 15.5
and 134.2 kg ha-1 and in root by 152.0, 34.4 and
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244.2 kg ha-1, respectively. Increasing drought
stress by irrigation at interval of 20 days without
spraying K-silicate decreased N, P and k removal
in shoot to values of 37.6, 8.0 and 82.8 kg ha-1
and in root to values of 86.8, 39.0 and 139.6 kg
ha-1, respectively. However, at same stress level,
spraying K-silicate at concentration of 1000 mg
L-1 silicate increased nutrient removal in shoot by
44.4, 9.5 and 97.6 kg ha-1 and in root by 102.0,
24.3 and 164.0 kg ha-1, respectively.

PFP was calculated to show the influence of
K-silicate foliar spray on N, P and K fertilizer use
efficiency (Fig. 1-3). In the absence of drought,
applying K-silicate in concentration of 1000
mg L-1 increased PFP for N, P and K fertilizers
from 719, 1391 and 1725 kg root kg-1 fertilizer
to 869, 1681 and 2084 kg root kg-1 fertilizer,
respectively. Increasing irrigation interval to 14
days without spraying K-silicate decreased PFP
values to the levels of 647, 1252 and 1552 kg root
kg-1 fertilizer, respectively. However, spraying
K-silicate at concentration of 1000 mg L-1 silicate
increased these values to 861, 1666 and 2066 kg
root kg-1 fertilizer, respectively. Further increase
in drought stress by irrigation interval at 20 days
substantially decreased PFP without spraying
K-silicate to the levels of 481, 931 and 1154 kg
root kg-1 fertilizer, respectively. At same drought
level, spraying K-silicate at concentration of 1000
mg L-1 silicate increased PFP to levels of 565,
1093 and 1356 kg root kg-1 fertilizer, respectively.

Reduced absorption of nutrients can happen
due to interference with other nutrients uptake,
unloading mechanisms and reduced transpiration
(Baligar et al., 2001). Generally, decreasing
water availability under drought stress resulted
in reduced total mineral uptake and frequently
reduced the concentration of nutrients in crop
plants (Marschner, 2011). The negative effects of
drought on nutrient removal can be due reduced
transport of mineral to the root as well as reduced
root growth and extension (Samarah et al., 2004).
Gunes et al. (2008a) demonstrated that application
of Si to sunflower under drought stress has the
potential to improve uptake of several nutrients.

Application of K-silicate seems to enhance N,
P and K nutrients uptake and offers the potential to
improve fertilizer use efficiency in terms of nutrients
recovery and yield response, as also reported by
Singh et al. (2005). Moreover, root growth increases
with K-silicate application, and hence increases the
ability of plant to absorb nutrients.

Effect of foliar spray of K-silicate on fertilizers
PFP of sugar beet
As an indicator of fertilizer use efficiency,

TABLE 2. Effect of irrigation interval and foliar spray of K-silicate on shoot, root yield and sucrose content of
sugar beet grown in a calcareous soil
Treatment
Irrigation
interval(days)

8

14

20

Shoot fresh
yield
Mg ha-1

Shoot dry yield
Mg ha-1

Root fresh
yield
Mg ha-1

Root dry yield
Mg ha-1

Sucrose
%

0

9.80 e

3.24 e

43.13 d

9.00 d

17.4 a

500

10.62 cd

3.52 d

46.72 c

9.75 cd

17.9 a

1000

12.15 a

3.92ab

52.11ab

10.87ab

17.5 a

2000

12.70 a

4.10 a

54.48 a

11.37 a

18.0 a

0

8.62 f

2.92 f

38.81 e

8.10 e

17.8 a

500

10.22 de

3.46 d

46.00 c

9.60 d

17.6 a

1000

11.18bc

3.79bc

51.65 b

10.50bc

17.5 a

2000

11.42 b

3.72 c

52.75ab

10.65ab

17.8 a

0

6.45 i

2.08 i

28.85 h

5.96 g

18.0 a

500

7.18 h

2.27 h

32.09 g

6.63fg

17.6 a

1000

7.58gh

2.40gh

33.89fg

7.00 f

17.9 a

2000

8.06fg

2.55 g

36.06 f

7.45ef

18.2 a

Silicate
concentration
(mg L-1)

Means followed by the same letter are not significantly different within the same column at the 0.05 level of probability
by Duncan’s Multiple Range Test (DMRT).
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TABLE 3. Effect of irrigation interval and foliar spray of K-silicate on nutrient removal in shoot and root of sugar
beet grown in a calcareous soil
Shoot nutrient removal
(kg ha-1)

Treatment
Irrigation
interval
(Days)

Root nutrient removal
(kg ha-1)

Silicate
concentration
(mg L-1)

N

P

K

N

P

K

0

60.8 cd

13.4 cd

114.7 cd

128.8 cd

32.3 cd

208.9 cd

500

65.5 c

14.4bc

124.5bc

139.6bc

32.3 cd

226.6bc

1000

73.3ab

16.0ab

139.7 a

155.7 a

35.0bc

252.8ab

2000

76.4 a

16.8 a

145.2 a

162.8 a

39.0 a

264.3 a

0

54.9 d

11.9 de

103.6 de

116.0 de

40.8 a

188.3 de

500

64.6 c

14.2bc

122.6bc

128.4 cd

29.0 de

223.1bc

1000

66.0 c

15.5ab

134.2ab

152.0ab

34.4 c

244.2ab

2000

67.4bc

14.3bc

148.5 a

155.2 a

38.2ab

249.5ab

0

37.6 f

8.0 f

82.8 g

86.8 g

39.0 a

139.6 g

500

43.8ef

9.5 f

87.5fg

96.6fg

21.8 g

155.3fg

1000

44.4ef

9.5 f

97.6ef

102.0ef

24.3fg

164.0ef

2000

47.3 e

10.1ef

104.3 de

108.5ef

25.7ef

174.5ef

8

14

20

Means followed by the same letter are not significantly different within the same column at the 0.05 level of probability
by Duncan’s Multiple Range Test (DMRT).
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Fig. 1. Partial factor productivity of N fertilizer (kg root kg-1) as influenced by irrigation interval (8, 14 and 20 days)
and spraying K-silicate at concentrations of 0 (Si 0), 500 (Si 1), 1000 (Si 2) and 2000 (Si 3) mg L-1 silicate
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Fig. 2. Partial factor productivity of P fertilizer (kg root kg-1) as influenced by irrigation interval (8, 14 and 20 days)
and spraying K-silicate at concentrations of 0 (Si 0), 500 (Si 1), 1000 (Si 2) and 2000 (Si 3) mg L-1 silicate
2200
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Fig. 3. Partial factor productivity of K fertilizer (kg root kg-1) as influenced by irrigation interval (8, 14 and 20 days)
and spraying K-silicate at concentrations of 0 (Si 0), 500 (Si 1), 1000 (Si 2) and 2000 (Si 3) mg L-1 silicate

Conclusion
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تخفيف إجهاد نقص المياه بواسطة اإلضافة الورقية لسيليكات البوتاسيوم لبنجر السكر
النامي في أرض جيرية ملحية
علي محمد محمد علي  ،شريف محمود إبراهيم  ،إبراهيم عبدالعاطي أبوعامر
قسم خصوبة وميكروبيولوجيا األراضي – مركز بحوث الصحراء – مصر

يعتبر إجهاد الجفاف أحد أهم العوامل البيئية التي تحد من محصول وجودة العديد من المحاصيل النامية في
األراضي المستصلحة حديثا ً بمصر .أجريت تجربة حقلية بنظام القطع المنشقة لتقييم فائدة سيليكات البوتاسيوم
في تخفيف إجهاد الجفاف على بنجر السكر النامي في أرض جيرية ملحية .القطع األساسية خصصت لثالث
فترات ري (الري كل  8و 14و 20يوماً) ،بينما خصصت القطع المنشقة ألربعة تركيزات من الرش الورقي
بسيليكات البوتاسيوم ( 0و  500و 1000و 2000مجم/لتر سيليكات) .وقد دلت النتائج انه بزيادة فترات الري
من  8الى  14او  20يوما ً أدى الى إنخفاض ملحوظ في محصول بنجر السكر .بينما الري بفترة  14يوما ً ورش
سيليكات البوتاسيوم بتركيز  1000مجم/لتر أعطى  51.65طن محصول جذور بالمقارنة بـ  38.81طن بدون
الرش .عالوة على ذلك  ،رش سيليكات البوتاسيوم بتركيز  1000مجم/لتر زاد من إمتصاص عناصر النتروجين
والفوسفور والبوتاسيوم في القش ليصل الى  134.2 ، 15.5 ، 66.0كجم/هكتار  ،وفي الجذور الى ، 152.0
 244.2 ، 34.4كجم/هكتار ،بالترتيب .تلك القيم كانت  122.6 ، 14.2 ، 64.6كجم/هكتار في القش و128.4
 223.1 ، 29.0 ،كجم/هكتار في الجذور بدون رش سيليكات البوتاسيوم  ،بالترتيب .كما أظهر الرش بسيليكات
البوتاسيوم إمكانية زيادة كفاءة إستخدام األسمدة  ،وبالتالي إمكانية توفير األسمدة المضافة .فعلى سبيل المثال ،
أعطت زيادة فترات الري الى  14يوما ً دون رش سيليكات البوتاسيوم معامل إنتاجية جزئية ألسمدة النتروجين
والفوسفور والبوتاسيوم قيم  1552 ، 1252 ، 647كجم جذور/كجم سماد ،بالترتيب .ولكن رش سيليكات
البوتاسيوم بتركيز  1000مجم/لتر أدى الى زيادة تلك القيم الى  2066 ، 1666 ، 861كجم جذور/كجم سماد ،
بالترتيب .ختاما ً  ،تشير هذه الدراسة الى ان سيليكات البوتاسيوم لها فاعلية في تخفيف آثار الجفاف على محصول
بنجر السكر النامي في األراضي الجيرية الملحية.

)Egypt. J. Soil. Sci. 59, No. 1 (2019

