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Abstract
A field experiment with three treatments of irrigation and three treatments of silicon in triplicate was conducted
at Hada Al-Sham research station of King Abdulaziz University Jeddah Saudi Arabia using multi-cut sorghum
crop. The main objective of this study was to obtain the maximum crop yield at minimum water use under
natural arid conditions. The crop was grown for fodder under natural drought condition of Hada Al-Sham until
three cuts. Daily weather data was collected from Hada Al-Sham meteorological station to estimate the crop
water requirement. Penmen-Monteith equation (PME) (FAO-56) was used to estimate reference
evapotranspiration and then crop evapotranspiration was calculated by using crop coefficient (Kc) for sorghum.
The irrigations (100%, 80% and 60% of ETc) were applied as main plot treatments and silicon (0, 1, and 2 kg ha 1)

were applied as sub-plot treatments. Three cuts were harvested at 50% spikes initiation to determine 1) the

number of plants per square meter, 2) plant height, 3) fresh yield and 4) dry yield. The results revealed that
drought during growing season severely affected the morphological characters of sorghum. The decrease in
irrigation from 100% to 60% decreased the plant height, fresh and dry yields while the number of tillers during
2nd and 3rd cuts increased. Meanwhile the foliar application of silicon improved the number of tillers, plant
height, fresh and dry yields under drought conditions.
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Introduction

Silicon retains a balance in nutrients under water

Sorghum is the well-known food and fodder cereal

stress condition and in the presence of adequate

crop belonging to Poaceae family cultivated in all over

water, chemical and physical nature of soil is

the world. Sorghum is single cut and multi cut crop

improved in the presence of silicon therefore fertility

with green fodder yield ranging 70-100 tons/ha. In

and crop production is also increased (Shi et al.,

Africa and Asia sorghum is used as staple food

2014). The application of supplemental irrigation and

(Swathandran and Aslam, 2016). It is used for

development of modern irrigation scheduling can

livestock feed in the farm of grains and green fodder.

cope with the food demands of human and animals

Sorghum is also a main component of poultry feed. It

under deficit water conditions in arid areas under

has the same nutritional values as corn, so it is

severe drought (Ahmad

gaining more importance for livestock feed also due

agronomic practices and irrigation scheduling is

to its drought resistance.

et al., 2015). Proper

necessary for crop production under water scarce
condition because over irrigation and drought waste

Drought is a well-known phenomenon that refer to a

resources and reduce yield (Siddique et al., 2007).

period of low water availability to the crop plants

Awise irrigation scheduling is necessary in arid areas

which

and

to cope with drought conditions and utilize available

morphological parameters. It is a climatological term

water resources properly. Many researchers have

used by agriculturists, when the water availability in

revealed the beneficial effects of irrigation scheduling

ultimately

affects

its

physiological

the soil is reduced due to continuous water losses
(Hanson et al., 1995; Singh et al., 2012). When the
rain fall is less than 25% of actual amount of
evapotranspiration in a specific region, then it is also
called as drought stress (Dracup et al., 1980). The
agricultural production is badly affected by drought
because it depends upon soil moisture and rainfall
(Narasimhan and Srinivasan, 2005). Agricultural
drought affects plant growth and yield severely
(Wilhite and Glantz, 1985). It is noted that due to
severe drought stress the crop productivity of major
crops reduces by 50% in arid regions as compared to
humid and semi-arid regions (Zlatev and Lidon,
2012).

and green house experiments has been conducted to
check the effect of silicon under drought conditions.
Saudi Arabia is a country situated in south-west of
Asia with abundant land resources (230 Mha) and
very small water resources. The prevailing climatic
condition of the Kingdom is Arid. The overall climate
of the country is hot, dry desert. Due to aridity, the
precipitation is very unusual and erratic. Despite of
very

low

rainfall,

the

temperature

and

evapotranspiration rates are very high which make
rainfall useless and lowers the soil moister contents
below the required level for crop production in most
parts of the country during the whole year. The crop
production particularly in Makkah Al-Mukarmah

In arid and semi-arid regions, it has been noted
that Silicon (Si) can reduce the adverse effects of
drought stress (Afef et al., 2016). The silicon is the
2nd richest part of the earth crust. Silicon is not
compulsory element for crop production, but it
considerably

and silicon application on crop production. Many pot,

reduces

the

adverse

effects

of

drought, salinity, heat stress and low temperature

region

requires

proper

irrigation

and

other

management to mitigate drought stress for proper
crop production. In this research sorghum fodder
crop was grown under natural drought condition of
arid region of Hada Al-Sham (a small town) during
hot summer season to see the positive effects of
silicon and irrigation scheduling on Sorghum fodder
yield.

when plants are treated with it (Almutairi, 2016).
For proper development and growth of plants, Si is

Material and methods

considered as an advantageous element (Liang et

Experimental site and design

al., 2007; Ma and Yamaji, 2008). The functional

A field experiment was conducted at the Agricultural

form of Si which is present in nature is SiO 2 which

Research Station of King Abdul-Aziz University

is formed when one oxygen molecule is combined

located at Hada Al-Sham area from March 2017 to

with Si (Bouzoubaa, 2005).

September 2017.
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The Hada Sham village is located 110 km North East

The irrigation scheduling was made after five leaves

of Jeddah with 100 hectares total area. The

stage on the base of evapotranspiration. The daily

and

reference Evapotranspiration (ETo) was calculated

The elevation from sea level is 235 meters.

using Penman-Monteith method (FAO-56) (Allen et

The prevailing environment of research area is arid

al., 1998) using daily average weather data recorded

coordinates of research stations are
39o42'E.

21o47'5''N

with average daily temperature

33.41Co

and average

from Hada Al Sham weather station and then crop

daily net solar radiation 12.86

MJ/m2

day) during

evapotranspiration (ETc) for sorghum was calculated

summer. The experiment was conducted using

by multiplying the reference evapotranspiration with

randomized complete block design (RCBD) with split-

crop coefficient (Kc) (FAO-56) for sorghum as under

plot arrangement with three replications. Each

ETc = (ETo) x (Kc).

experimental plot was divided into (4m × 2m) with
one-meters pace between each plot to prevent interplot water flow. The plots (2m × 4m) were planned as
basins and surface irrigation (bubbler irrigation) was
applied to each plot.
Irrigation and silicon treatments
The irrigation was applied as main-plot factor and
silicon was applied (foliar application) as sub-plot
factor to check the influence of irrigation scheduling
and silicon in mitigating drought stress in sorghum
fodder crop as under
T1 = Full irrigation (100% ETc)
T2 = Level one irrigation (80% ETc)
T3 = Level two irrigation (60% ETc)
Si0 = Control treatment (no Si application)
Si1= 1 kg Si ha-1
Si2= 2 kg Si ha-1
Since each main plot was applied with three different
Si treatments having same irrigation treatment. The
source of silicon was potassium silicate powder
(K2SiO3). Three cuts of sorghum were taken. Every
time crop was harvested at the end of development

The daily average weather data collected from
research station during crop season is presented in
Table 1.
Cultural practices
The experimental soil was ploughed twice using disc
plough at 30 cm depth. The land was leveled using
laser land leveler. Then seedbed was prepared using
chisel

plough.

After

complete

preparation

the

experimental area was divided into 27 sub-plots
(basins) for the experiment. Sorghum crop was sown
manually, the seed was placed at 5cm depth and it
was covered manually. The row to row distance was
kept 30cm. Each plot was sown with six rows of crops.
The plant population was kept same for all the plots.
The seed rate of 60 kg ha-1 was used. Recommended
doses of NPK were applied during all cuts.
Measurements of crop parameters
To check the effect of different irrigation scheduling
and silicon treatments on the yield of sorghum, the
following parameters were measured during the
experiment. All the data was collected from central
rows.

stage at 50% spikes. The harvested crop was fed to the
dairy cows at Hada Al-Sham.

Total amount of irrigation applied (mm) Number of
plants per square meter Plant height (cm)Fresh yield

Irrigation system

(t/ha) Dry yield (t/ha).

The bubbler irrigation system was used to irrigate

Soil physical properties

sorghum fodder crop. Each plot was provided with

Before the experiment soil samples were collected

eight (8) number of pressure compensating full circle

with auger from 15 cm and 45 cm depths to determine

bubblers (Rain Bird) having 0.50 GPM discharge with

the soil physical properties. Sieve analysis and other

trickle pattern. Pressure control valve was used with

soil physical properties were determined in soil and

pump to deliver even pressure and prevent damage to

water relation laboratory department of Hydrology

the pump or lines. Irrigation scheduling was applied

and water resources management at King Abdul-Aziz

after proper germination and crop establishment

University Jeddah according to standard procedure.

period.

The soil physical properties are shown in Table 2.
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Statistical analysis of data

Results

The data collected from all three cuts was statistically

Irrigation application during growing season

analyzed after applying the analysis of variance using

The treatment of irrigation was started after the crop

(statistics 8.1) software. The mean values were

establishment while before that was same irrigation

compared using LSD (P≤ 0.05; steel et al., 1997).

(100% of ETc).

Table 1. Daily average data of temperature, wind speed, relative humidity, solar radiation, total rainfall and
reference evapotranspiration during 2017 crop seasons.
Month

Daily Average
temp

Daily Average wind

Co

Daily Average Relative

speed (m/sec)

Humidity (%)

Daily Average Solar
Radiation

(MJ/m2

Total rainfall

Daily ETo

mm

(mm/day)

day)

March

26.59

1.30

41.19

10.61

0.00

4.70

April

31.54

1.26

31.54

12.12

3.70

5.76

May

34.25

1.47

27.49

14.32

4.50

7.18

June

35.12

1.24

26.97

14.58

0.60

7.02

July

35.50

1.61

24.33

14.16

0.00

7.61

August

35.67

1.44

37.73

12.60

23.40

6.34

September

35.22

1.46

35.85

11.66

0.00

6.15

The bubbler irrigation system was used for irrigation.

The analysis Table 4 showed that irrigation and

The details of irrigation amount applied during all the

silicon treatments did not show any significance (P≤

cuts is shown in Table 3.

0.05) effect on number of plants per square meter
during 1stcut. The interaction of irrigation and silicon

Number of plants per square meter of Sorghum

also was non-significant.

Table 2. Soil physical properties of experimental soil.
Properties

FC

PWP

Bulk density

Particle density

Soil depth

volumetric

volumetric

(g/cm3)

(g/cm3)

Porosity

Texture

15cm

0.22

0.18

1.72

2.67

0.35

Sandy

45cm

0.27

0.20

1.70

2.68

0.36

Sandy

During 2nd and 3rdcuts the irrigation and silicon

Irrigation level one (100% ETc) and silicon level two

showed significant (P≤ 0.05) effect on tillering and

(2 kg ha-1) gave the maximum number of plants per

the number of tillers were increased as compared to

square meter (104.00) followed by irrigation level one

1stcut. The interaction of irrigation and silicon also

(100% ETc) and silicon level one (1 kg ha-1) (98.00)

showed significant (P≤ 0.05) effect on tillering (Table

while irrigation level three (60% ETc) and zero level

4). During

2nd

cut irrigation level one (100% ETc) and

of silicon foliar application gave minimum number of

gave the maximum

plants per square meter (85.67). The table of means

number of plants per square meter (122.33) followed

comparisons (Table 4) shows that during 2nd and

by irrigation level one (100% ETc) and silicon level

3rdcuts the number of plants per square meter

one (1 kg ha-1) (115.00) while irrigation level three

increased within the same irrigation level with

(60% ETc) and zero level of silicon foliar application

increasing the silicon level. Irrigation and silicon

gave minimum number of plants per square meter

treatments applied during 1stcut showed positive

(100.67) (Table 4).

effect during 2ndcut tillering and irrigation and silicon

silicon level two (2

kgha-1)

treatments applied during 2ndcut showed positive
During 3rd cut the tillers started decreasing as
compared to

2ndcut

and remained more than
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Table 3. The details of irrigation applied during all cuts.
1st cut

Irrigation levels

Irrigation applied (mm)
Before treatment

After treatment

Total

112.39

187.48

299.87

80% ETc
(March, April And May) 60% ETc

112.39

149.98

262.37

112.39

112.48

224.87

2nd cut

Irrigation applied (mm)
Before treatment

After treatment

Total

Duration

100% ETc

61 Days

Irrigation levels

Duration

100% ETc

247.00

171.40

418.40

76 days

80% ETc

247.00

137.12

384.12

(May, June and July)

60% ETc

247.00

102.84

350.00

3rd

Irrigation levels

Irrigation applied (mm)
Before treatment

After treatment

Total

cut

Duration

100% ETc

76.99

181.83

258.82

64 days

80% ETc

76.99

145.46

222.45

(July, Aug, Sep)

60% ETc

76.99

109.09

186.00

Effect of irrigation and silicon on plant height

(2 kg ha-1) gave the maximum plants height

During all three cuts the effect of irrigation and

(122.67cm),

followed

by

irrigation

level

ha-1)

one

silicon was highly significant (P≤ 0.05) on plant

(100%ETc) and silicon level one (1 kg

height also the combination of irrigation and silicon

while irrigation level three (60% ETc) and zero level

(116.67cm)

was significant (P≤ 0.05) (Table 5). During 1st cut the

of silicon foliar application gave minimum plant

irrigation level one (100% ETc) and silicon level two

height (88.33cm) (Table 5).

Table 4. Effect of irrigation and silicon on number of plant per square meter of Sorghum.
1st Cut

Irrigation levels

100% ETc

2nd

Cut

Silicon levels
0 kg/ha

1 kg/ha

2 kg/ha

Mean

73.33

69.33

79.33

74.00a

80% ETc

67.68

70.33

77.00

71.67a

60% ETc

73.00

76.00

84.00

77.67a

Mean

71.33a

71.89a

80.11a

Irrigation levels

Silicon levels
0 kg/ha

3rd Cut

1 kg/ha

2 kg/ha

Mean

100% ETc

112.00

115.00

122.33

116.44a

80% ETc

109.00

112.00

113.67

111.56b

60% ETc

100.67

104.33

109.00

104.67c

Mean

107.22c

110.44b

115.00a

Irrigation levels

Silicon levels
0 kg/ha

1 kg/ha

2 kg/ha

Mean

100% ETc

95.33

98.00

104.00

99.11a

80% ETc

93.00

95.00

96.67

94.89b

60% ETc

85.67

85.67

93.00

89.11c

Mean

91.33c

93.89b

97.89a

Mean sharing similar letters are not significantly different at P < 0.05 according to LSD.
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During 2ndcut the irrigation level one (100% ETc) and

(104.43cm), while irrigation level three (60% ETc)

silicon level two (2 kg ha-1) gave the maximum plants

and zero level of silicon application gave minimum

height (110.47 cm) followed by irrigation level one

plant height (80.10 cm) (Table5).

(100%ETc) and silicon level one (1 kg

ha-1)

Table 5. Effect of irrigation and siliconon Plant height of Sorghum (cm).
1st Cut

Irrigation levels

Silicon levels
0 kg/ha

1 kg/ha

2 kg/ha

Mean

100% ETc

105.00

116.67

122.67

114.78a

80% ETc

97.67

101.67

110.00

103.11b

60% ETc

88.33

96.00

104.33

96.22c

Mean

97.00c

104.78b

112.33a

Irrigation levels
2nd

Silicon levels

Cut

3rd cut

0 kg/ha

1 kg/ha

2 kg/ha

Mean

100% ETc

94.53

104.43

110.47

103.14a

80% ETc

88.33

91.60

99.60

93.18b

60% ETc

80.10

86.10

94.17

86.79c

Mean

87.66c

94.04b

101.41a

Irrigation levels

Silicon levels
0 kg/ha

1 kg/ha

2 kg/ha

Mean

100% ETc

111.00

122.00

127.67

120.22a

80% ETc

103.33

107.00

116.67

109.00b

60% ETc

94.00

101.00

110.00

101.67c

102.78c

110.00b

118.11a

Mean

Mean sharing similar letters are not significantly different at P < 0.05 according to LSD.
During 3rdcut the irrigation level one (100% ETc) and

of irrigation and silicon decreased from 1stcut

silicon level two (2 kg ha-1) gave the maximum plants

(P<0.016) to 2ndcut (P<0.032) and again increased

height (127.67 cm) followed by irrigation level one

during 3rd cut (P<0.028) as compared to 1st cut but

(100%ETc)

remained less as compared to 2ndcut.

and

silicon

level

one

(1kg

ha-1)

(122.00cm), while irrigation level three (60% ETc)
and zero level of silicon application gave minimum
plant height (94.00 cm) (Table 5).
The increase of silicon dose increased the plant height
as compared to control treatment of silicon and 100%
irrigation gave good results. The overall plant height
was more during 1stcut and decreased during 2ndcut
due to very hot weather during June July. Again, the
plant height increased during 3rdcut due to decrease
in temperature and solar radiation. Five numbers of

Effect of irrigation and silicon on fresh yield (t/ha) of
Sorghum fodder
The analysis table (Table 6) shows that during all
three cuts the effect of irrigation and silicon
treatments was highly significant (P≤ 0.05) on fresh
yield. The combined effect of irrigation and silicon
was also significant (P≤0.05) (Table 6). During 1st cut
the irrigation level one (100% ETc) and silicon level
two (2 kg ha-1) gave the maximum fresh yield (52.33
t/ha) followed by the irrigation level two (80% ETc)
and silicon level two (2 kg ha-1) (44.87 t/ha) while

plants were measured at the center of each plot and

irrigation level three (60% ETc) and zero level of

average value was taken for plant height. The analysis

silicon application gave minimum fresh yield (31.37

of variance table (Table 5) shows the combined effect

t/ha) (Table 6).
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During 2ndcut the irrigation level one (100% ETc) and

t/ha) while irrigation level three (60% ETc) and zero

silicon level two (2 kg ha-1) gave the maximum fresh

level of silicon application gave minimum fresh yield

yield (47.10 t/ha) followed by the irrigation level two

(28.25 t/ha) (Table 6).

(80% ETc) and silicon level two (2 kg

ha-1)

(40.38

Table 6. Effect of irrigation and siliconon fresh yield (t/ha) of Sorghum.
1st Cut

Irrigation levels

Silicon levels
0 kg/ha

1 kg/ha

2 kg/ha

Mean

100% ETc

40.33

44.73

52.33

45.80a

80% ETc

36.10

39.17

44.87

40.04b

60% ETc

31.37

36.57

44.40

37.44c

35.93c

40.16b

47.20a

Mean
Irrigation levels
2nd

3rd

Cut

cut

Silicon levels
0 kg/ha

1 kg/ha

2 kg/ha

Mean

100% ETc

36.47

40.26

47.10

41.28a

80% ETc

32.49

35.25

40.38

36.04b

60% ETc

28.25

33.08

39.94

33.76c

Mean

32.40c

36.20b

42.47a

Irrigation levels

Silicon levels
0 kg/ha

1 kg/ha

2 kg/ha

Mean

100% ETc

39.77

43.87

51.33

44.99a

80% ETc

35.40

38.43

44.03

39.29b

60% ETc

30.80

43.53

43.53

36.79c

Mean

35.32c

39.44b

46.30a

Mean sharing similar letters are not significantly different at P < 0.05 according to LSD.
During 3rdcut the irrigation level one (100% ETc) and

It was also noted that during 1stand 3rdcuts the stems

silicon level two (2 kg ha-1) gave the maximum fresh

had more thickness as compared to 2nd cut.

yield (51.33 t/ha) followed by the irrigation level two
(80% ETc) and silicon level two (2 kg ha-1) (44.03

Effect of irrigation and silicon on dry yield (t/ha) of

t/ha) while irrigation level three (60% ETc) and zero

Sorghum fodder

level of silicon application gave minimum fresh yield

After taking fresh yield of the crop, from each plot

(30.80 t/ha) (Table 6).

crop samples were collected for dry yield analysis.
The collected samples were packaged in envelops with

After

harvesting

the

sorghum

fodder

crop,

sample ID and weighted immediately so that there is

immediately it was weighted and the fresh yield in

no evaporation (moister) losses of plant moister

kg/m2 was measured and then it was converted into

content.

tons/ha. The analysis table (Table 6) shows that the
overall trend in fresh yield was observed as, it was

The plant samples were putted in oven at 65

more during 1stcut and decreased during 2ndcut due to

centigrade for 3 days to get constant dry weight. The

very hot weather and heat stress and again it

weight of samples was taken in grams and then it was

increased during 3rd cut but it was still less than

converted also in kg/m2 and then into t/ha.

1stcut. During 1stand 3rdcuts the weather was mild as
compared to 2ndcut.

272 Ahmad et al.

During all three cuts the irrigation and silicon showed
highly significant (P≤ 0.05) effect on dry yield of

Int. J. Biosci.

2018

sorghum and the interaction of irrigation and silicon

During 2ndcut the irrigation level one (100% ETc) and

also showed positive effect (P≤0.05) (Table 7). During

silicon level two (2 kg ha-1) gave the maximum dry

1st cut irrigation level one (100% ETc) and silicon level

yield (15.31 t/ha) followed by irrigation level one

two (2 kg

ha-1)

gave the maximum dry yield (17.03

(100%ETc) and silicon level one (1kg ha-1) (13.62

t/ha) followed by irrigation level one (100%ETc) and

t/ha) while irrigation level three (60% ETc) and zero

silicon level one (1kg

ha-1)

(15.13 t/ha) while irrigation

level three (60% ETc) and zero level of silicon

level of silicon application gave minimum dry yield
(9.68 t/ha) (Table 7).

application gave minimum dry yield (10.53 t/ha)
(Table 7).
Table 7. Effect of irrigation and siliconon dry yield (t/ha) of Sorghum.
1st Cut

Irrigation levels

Silicon levels
0 kg/ha

1 kg/ha

2 kg/ha

Mean

100% ETc

13.83

15.13

17.03

15.33a

80% ETc

12.27

13.07

14.57

13.30b

60% ETc

10.53

12.20

14.77

12.50c

Mean

12.21c

13.47b

15.46a

Irrigation levels
2nd Cut

0 kg/ha

1 kg/ha

2 kg/ha

Mean

100% ETc

12.45

13.62

15.31

13.79a

80% ETc

11.06

11.76

13.11

11.98b

60% ETc

9.68

13.28

13.28

11.31c

11.06c

12.12b

13.90a

Mean
3rd

cut

Silicon levels

Irrigation levels

Silicon levels
0 kg/ha

1 kg/ha

2 kg/ha

Mean

100% ETc

13.53

14.83

16.70

15.02a

80% ETc

12.07

12.83

14.27

13.05b

60% ETc

10.53

11.97

14.47

12.32c

Mean

12.04c

13.21b

15.14a

Mean sharing similar letters are not significantly different at P < 0.05 according to LSD.
During 3rdcut the irrigation level one (100% ETc) and

But during 2ndcut under severe drought stress the dry

silicon level two (2 kg ha-1) gave the maximum dry

yield increased as compared to mild drought stress.

yield (16.70 t/ha) followed by irrigation level one
(100%ETc) and silicon level one (1 kg ha-1) (14.83

Discussion

t/ha) while irrigation level three (60% ETc) and zero

Effect of drought stress on crop production

level of silicon application gave minimum dry yield

Plant growth and bio systems are greatly damaged by

(10.53 t/ha) (Table 7).

drought stress and the drought stress is one of the

The overall trend in dry yield was also same as fresh
yield, it was more during 1stcut then decreased during
2ndcut and increased during 3rdcut. There was great
effect of weather on sorghum crop during 2ndcut.

most important abiotic stress factors of arid and
semi-arid regions in all over the world (Zalibekov,
2011; Hossain et al., 2013; Lipiec et al., 2013). Great
reduction was seen in morphological, physiological

Except number of plants per meter square, all the

and metabolic parameters in plants under drought

morphological characters were decreased.

stress (Maqsood et al., 2012).
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In present study sorghum fodder crop was grown

The decrease in fresh and dry yield was observed by

under natural drought conditions of Hada Sham

some previous researches under drought conditions

Saudi Arabia. Three levels of irrigation (100%, 80%

like sunflower (Tahir and Mehid, 2001), in sugar beet

and 60%ETc) were applied. Silicon was applied as

genotypes (Mohammadian et al., 2005), common

foliar application (0, 1 and 2kg ha-1) having 0 kg ha-1

bean and green gram (Webber et al., 2006), in rice

as control treatment. The results indicated that severe

(Lafitte et al., 2007) and Petroselinum crispum

drought

(Petropoulos et al., 2008).

conditions

particularly

during

2ndcut

decreased plant height, fresh and dry yields of
sorghum. The supplemental irrigation and silicon

Silicon and irrigation scheduling mitigates drought

application increased number of tillers, plant height,

stress

fresh and dry yield as compared to control treatment

In present study under severe drought stress the

of silicon. During 1stcut irrigation and silicon

foliar

treatments did not affect the number of plants per

morphological characters and growth of sorghum.

square meter because no treatment was applied

The beneficial effect of silicon on sorghum production

immediately before and after sowing. Irrigation and

has been observed by previous researches (Lux et al.,

silicon treatments were applied after 20 days of crop

2002; Guntzer et al., 2012). Application of silicon

sowing date at five leave stage.

application

of

silicon

increased

the

improves crop yield and crop quality under adverse
environmental conditions (Rafi et al., 1997; Kaya et

Effect of irrigation and silicon on tilering
During 2ndcut number of tillers were increased as
compared with 1stcut and the trend started decreasing
during 3rdcut, the probable reason for this could be

al., 2006; Pei et al., 2010; Shen et al., 2010; Pei et al.,
2010). The positive effect of silicon under drought has
been investigated by some previous researches (Jones

the nature of ratoon crops as supported by some

and Handreck 1967; Savant et al., 1997b; Epstein

previous researches (Cossani and Reynolds, 2012;

1999; Korndorfer and Lepsch, 2001; Datnoff et al.,

Tabassam et al., 2014).

2001; Datnoff and Rodrigues 2005; Pei et al., 2010;
Shen et al., 2010; Meena et al., 2014). The plant

Effect of irrigation and silicon on plant height, fresh

height, dry matter, chlorophyll content, relative water

and dry yields

content, stomatal conductance was increased in

In present study the drought stress significantly

wheat and leaves were also larger and thicker (Gong

reduced the plant height, fresh and dry yield. The

et al., 2003; Hattori et al., 2005; Eneji et al., 2005)

2ndcut was most affected by drought stress as

and Sorghum (Ahmed et al., 2011b). Plant height,

compared to 1stand3rdcuts because of extreme weather

number of tillers and dry weight was increased in

conditions during May and June 2017. The probable

barley, wheat, corn, sugarcane, cucumber, citrus and

reason of reduction in height and yield may be the
extreme weather and low moister due to no rainfall.
The effect of drought stress on crop height was also
observed by previous researchers (Anjum et al.,
2003a; Bhatt and Srinivasa Rao, 2005; Kusaka et al.,
2005; Shao et al., 2008). The drought stress reduces
plant height as observed in many crops like on potato
(Heuer and Nadler, 1995), soybean (Specht et al.,
2001),

soybean

unguiculata

(Zhang

et

(Manivannan

al.,

2004),

et

al.,

Vigna
2007a),

Abelmoschus esculentus (Sankar et al., 2007 and
2008), citrus (Wu et al., 2008), and parsley
(Petroselinum crispum) which ultimately reduced the
fresh and dry yields (Farooq et al., 2009).
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tomato plants (Epstein, 1994; Kaya et al., 2006), in
rice (Singh et al., 2006; Gerami et al., 2012). The
application of silicon increases light receiving poster
in rice plants (Savant et al., 1997a), increases mass
and volume of roots ultimately adsorbing surfaces of
roots (Matichenkov et al., 1999), increases roots
respiration rate (Yamaguchi et al., 1995).
Conclusion
The obtained results from this study indicated
significant effect of drought on sorghum forage
production, and the foliar application of silicon
enhanced crop production by mitigating drought
stress.

Int. J. Biosci.

2018

The decrease in irrigation application from optimum

Zlatev Z, Lidon FC. 2012. An overview on drought

level (100%ETc) severely decreased the stem height,

induced changes in plant growth, water relations and

fresh fodder yield and dry yield but increased the

photosynthesis. Emirates Journal of Food and

number of tillers in 2nd and 3rd cuts. Meanwhile the

Agriculture, 24, 57-72.

foliar application of silicon increased the above
morphological parameters of sorghum fodder crop.

AfefO, Ayed S, Chamekh Z, Rezgui M, Slim-

The increase in silicon dose directly increased the

Amara H, Mongi MBY. 2016. Silicon alleviates

yield components. In conclusion, according to the

adverse

present study 80% irrigation and 2 kg ha-1 silicon

polyethylene glycol (PEG 8000) on seed germination

seems reasonable option for sorghum production

and seedling growth of durum wheat varieties.

which gives similar yield as 100% irrigation in control

Journal

under severe drought in arid region of Saudi Arabia.

Engineering (IOSR-JECE). 11, 33-36.

Acknowledgement

Almutairi

The author is thankful to Ministry of Higher

application on the expression of salt tolerance genes

Education and King Abdulaziz University of Saudi

in germinating tomato (Solanum lycopersicumL.)

Arabia for providing Scholarship and facilities to

seedlings under salt stress. Pakistan Orthodontic

complete this research.

Journal 9, 106-114.

References

Liang YC, Sun W, Zhu YG, Christie P. 2007.

effect

of

of

drought

Electronics

ZM.

2016.

stress

and

Effect

induced

by

Communication

of

nano-silicon

2016. Food

Mechanisms of silicon mediated alleviation of abiotic

productivity trend analysis of Raichur district for the

stress in higher plants: a review. Environmental

management of agricultural drought. Environmental

Pollution, 147, 422-428.

Swathandran S, Aslam MAM.

Monitoring and Assessment 188, 62-67.

Ma JF, Yamaji N. 2008. Functions and transport of

Hanson AD, Peacock WJ, Evans LT, Arntzen

silicon in plants. Cellular and Molecular Life Sciences,

CJ, Khus GS. 1995. Development of drought

65, 3049-3057.

resistant cultivars using physio-morphological traits
in rice. (Eds. Fukai S. and Cooper M.). Field Crop
Research, 40, 67-86.

2012. Effect of drought stress in rice: A Review on
and

Physiological

Characteristics.

Trends in Biosciences. 5, 261-265.

2005.

Actes

du

Symposium

Maroc

-

Boulanouar B, Kradi C. (Eds.) 290. Effect of
Silicon on the improvement of wheat germination in
salt and drought conditions.

Dracup JA, Lee KS, Paulson Jr EG. 1980. On the
definition of droughts. Water Resources Research.
16, 297-302.
Narasimhan

Z.

International sur le Développement Durable des
SystèmesOasiens du 08 au 10 mars 2005 Erfoud,

Singh CM, Kumar B, mehandi S, Chandra K.
Morphological

Bouzoubaa

Shi Y, Zhang Y, Yao H, Wu J, Sun H, Gong H.
2014.

Silicon

improves

seed

germination

and

alleviates oxidative stress of bud seedlings in tomato
B,

Srinivasan

R.

2005.

Development and evaluation of soil moisture deficit
index and evapotranspiration deficit index for
agricultural drought monitoring. Agricultural and
Forest Meteorology. 133, 69-88.

under water deficit stress. Plant Physiology and
Biochemistry 78, 27-36.
Ahmad AA, Selim MM, Alderfasi AA, Afzal
M. 2015. Effect of drought stress on mungbean
(Vigna radiata L.) under arid climatic conditions

Wilhite DA, Glantz MH. 1985. Understanding the

of Saudi. WIT Transactions on Ecology and The

drought phenomenon: the role of definitions. Water

Environment, 192.

International, 10, 111-120.

www.witpress.com, ISSN 1743-3541 (on-line).

275 Ahmad et al.

Int. J. Biosci.

2018

Siddique MH, Oad FC, Buriro UA. 2007.

Epstein E. 1999. Silicon. Annual Review of Plant

Response of Cotton Cultivars to varying irrigation

Physiology and Plant Molecular Biology 50, 641-664.

regimes. Asian Journal of Plant Sciences, 6, 153-157.
Farooq M, Wahid A, Kobayashi N, Fujita D,
Allen GR, Perreira LS, Raes D, Smith M. 1998.

Basra SMA. 2009. Plant drought stress: effects,

Crop evapotranspiration Guidelines for computing

mechanisms

crop water requirements. FAO-Food and Agriculture

Sustainable Development, 29, 185-212.

Organization of the united nation room Italy. 1-15.

and

management.

Agronomy

of

Gerami M, Fallah A, Khatamimoghadam M.

Steel RGD, Torrie JH, Dicky DA. 1997. Principles

2012. Study of potassium and sodium silicate on the

and procedures of statistics-A biometrical approach.

morphological and chlorophyll content on the rice

3rd Ed. Mc Graw-Hill, New York, NY.

plant

http://dx.doi.org/10.1016/0020-7101(81)90057-X

L.).International Journal of Agriculture and Crop

in

pot

experiment

(Oryza

sativa

Sciences, 4, 658-661.
Ahmed M, Hassen FU, Qadeer U, Aslam MA.
2011b. Silicon application and drought tolerance

Gong HJ, Chen KM, Chen GC, Wang SM,

mechanism

Zhang CL. 2003. Effects of silicon on growth of

of

sorghum.

African

Journal

of

Agriculture Research, 6, 594-607.
Anjum F, Yaseen M, Rasul E, Wahid A, Anjum
S.2003a. Water stress in barley (Hordeum vulgare
L.). Effect on morphological characters. Pakistan
Journal of Agricultural Sciences, 40, 43-44.
Bhatt RM, Rao NKS. 2005. Influence of pod load
response of okra to water stress. Indian Journal of
Plant Physiology, 10, 54-59.
Cossani CM, Reynolds MP. 2012. Physiological
traits for improving heat tolerance in wheat. Plant
Physiology, 160, 1710-1718.
DatnoffL E, Rodrigues FA. 2005. The role of
silicon in suppressing rice diseases. APSnet Features.
http://dx.doi.org/10.1094/APSnetFeature20050205.
DatnoffL E, Snyder GH, Korndorfer GH. 2001.
Silicon in agriculture. Studies in Plant Science 8.
Elsevier, Amsterdam.
Eneji AE, Inanaga S, Muranaka S, Li J, Hattori
T, An P, Tsuji W. 2008. Growth and nutrient use in
four grasses under drought stress as mediated by silicon
fertilizers. Journal of Plant Nutrition, 31, 355-365.
Epstein E. 1994. The anomaly of silicon in plant
biology. Proceedings of the National Academy of
Sciences of the United States of America. 91, 11-17.

276 Ahmad et al.

wheat under drought. Journal of Plant Nutrition, 26,
1055-1063.
Guntzer F, Keller C, Meunier JD. 2012. Benefits
of plant silicon for crops: a review. Agronomy for
Sustainable Development. 32, 201-213.
Hattori T, Inanaga H, Araki H, An P, Morita S,
Luxova A, Lux. 2005. Application of silicon
enhanced drought tolerance in Sorghum bicolor.
Plant Physiology, 123, 459-466.
Heuer B, Nadler A. 1995. Growth, development
and yield of potatoes under salinity and water deficit.
Australian Journal of Agricultural Research, 46,
1477-1486.
Hossain A, Sarker MAZ, Saifuzzaman M, Silva
JA,

Lozovskaya

MV,

Akhter

MM.

2013.

Evaluation of growth, yield, relative performance and
heat susceptibility of eight wheat (Triticum aestivum
L.) genotypes grown under heat stress. International
Journal of Plant Production, 7, 615-636.
Jones LHP, Handreck KA. 1967. Silica in soils,
plants, and animals. Advances in Agronomy, 19,
104-149.
Kaya C, Tuna L, Higgs D. 2006. Effect of silicon
on plant growth and mineral nutrition of maize grown
under water-stress conditions. Journal of Plant
Nutrition, 29, 1469-1480.

Int. J. Biosci.

2018

Korndörfer GH, Lepsch I. 2001. Effect of silicon on

Mohammadian R, Moghaddam M, Rahimian

plant growth and crop yield. In: Datnoff LE, Snyder GH,

H, Sadeghian SY. 2005. Effect of early season

Korndorfer GH (eds) Silicon in agriculture. Studies in

drought

plant science, 8. Elsevier, Amsterdam. 133-147.

of sugar beet genotypes. Turkisk Journal of Botany,

Kusaka

M,

Ohta

M,

Fujimura

T.

2005.

Contribution of inorganic components to osmotic
adjustment and leaf folding for drought tolerance in
pearl millet. Plant Physiology, 125, 474-489.

stress

on

growth

characteristics

29, 357-368.
Pei ZF, Ming DF, Liu D, Wan GL, Geng XX,
Gong HJ, Zhou WJ. 2010. Silicon improves the
tolerance

of

water-deficit

stress

induced

by

Lafitte HR, Yongsheng G, Yan S, Li ZK. 2007.

polyethylene glycol in wheat (Triticum aestivum L.)

Whole

seedlings. Journal of Plant Growth Regulation, 29,

plant

responses, key processes and adaptation to drought

106 -115.

stress: The case office. Journal of Experimental
Botany, 58, 169-175.

Petropoulos SA, Daferera D, Polissiou MG,

Lipiec J, Doussan C, Nosalewicz A, Kondracka
K. 2016. Effect of drought and heat stresses on plant
growth and yield: a review. International Journal of
Agrophysics, 27, 463-477.

Passam HC. 2008. The effect of water deficit stress
on the growth, yield and composition of essential oils
of parsley. Scientia Horticulture, 115, 393-397.
Rafi MM, Epstein E, Falk RH. 1997. Silicon

Lux A, Luxova M, Hattori T, Inanaga S,

deprivation causes physical abnormalities in wheat

Sugimoto Y. 2002. Silicification in sorghum

(Triticum aestivum L.). Journal of Plant Physiology,

(Sorghum bicolor) cultivars with different drought

151, 497-501.

tolerance. Plant Physiology 115, 87-92.
Sankar
Manivannan P, Jaleel CA, Kishorekumar A,
Sankar B, Somasundaram R, Sridharan R,
Panneerselvam R. 2007a. Changes in antioxidant
metabolism

of

Vigna

unguiculata

(L.)

Walp.

bypropiconazole under water deficit stress. Colloids
and Surfaces B: Biointerfaces, 57, 69-74.

B,

Jaleel

Kishorekumar

A,

CA,

Manivannan

Somasundaram

P,
R,

Panneerselvam R. 2007. Effect of paclobutrazol on
water stress amelioration through antioxidants and free
radical scavenging enzymes in Arachis hypogaea L.
Colloids and Surfaces B: Biointerfaces, 60, 229-235.

Maqsood M, Shehzad MA, Ahmad S, Mushtaq

Sankar

B,

Jaleel

S. 2012. Performance of wheat (Triticum aestivum

Kishorekumar

L.)

A,

CA,

Manivannan

Somasundaram

P,
R,

Genotypes associated with agronomical traits

Panneerselvam R. 2008. Relative efficacy of water

under water stress conditions. Asian Journal of

use in five varieties of Abelmoschus esculentus (L.)

Pharmaceutical and Biological Research, 2, 45-50.

Moench under water-limited conditions. Colloids and

Matichenkov VV, Calvert DV, Snyder GH. 1999.
Silicon fertilizers for citrus in Florida. Proceedings of
the Florida State Horticultural Society, 112, 5-8.
Meena

VD,

Dotaniya

ML,

Coumar

Surfaces B: Bio interfaces, 62, 125-129.
Savant NK, Snyder GH, Datnoff LE. 1997b.
Silicon management and sustainable rice production.

V,

Advances in Agronomy, 58, 151-199.

Rajendiran S, Kundu AS, Rao AS. 2014. A Case
for Silicon Fertilization to Improve Crop Yields in

Savant NK, Datnoff LE, Snyder GH. 1997a.

Tropical Soils. Proceedings of the National Acadamy

Depletion of plant-available silicon in soils: a possible

of Sciences, India, Section: B Biological Sciences, 84,

cause of declining rice yields. Communications in Soil

505-518.

Science and Plant Analysis, 28, 1245-1252.

277 Ahmad et al.

Int. J. Biosci.

2018

Shao HB, Chu LY, Shao MA, Jaleel CA, Hong-

Webber M, Barnett J, Finlayson B, Wang M.

Mei M. 2008. Higher plant antioxidants and redox

2006.

signaling under environmental stresses. Comptes

Irrigation

Rendus Biologies, 331, 433-441.

Pricing
Water.

Working

China’s
Paper,

Anthropology,

Geography

and

Shen X, Zhou Y, Duan L, Eneji AE, Li J. 2010.

Studies,

The

University

Silicon effects on photosynthesis and antioxidant

Melbourne, Victoria, Australia.

School

of

Environmental
of

parameters of soybean seedlings under drought and
ultraviolet-B radiation. Journal of Plant Physiology,

Wu QS, Xia RX, Zou YN. 2008. Improved soil

167, 1248-1252.

structure and citrus growth after inoculation with
three arbuscular mycorrhizal fungi under drought

Singh K, Singh R, Singh JP, Singh Y, Singh
KK. 2006. Effect of level and time of silicon
application on growth, yield and its uptake by rice
(Oryza sativa). Indian Journal of Agricultural

stress. European Journal of Soil Biology, 44, 122-128.
Yamaguchi K, Mori H, Nishimura M. 1995. A
novel isoenzyme of ascorbate peroxidase localized on

Sciences, 76, 410-413.

glyoxysomal and leaf peroxisomal membranes in
Specht JE, Chase K, Macrander M, Graef GL,
Chung J, Markwell JP, Germann M, Orf JH, Lark
KG. 2001. Soybean response to water. A QTL analysis of
drought tolerance. Crop Sciences, 41, 493-509.

pumpkin. Plant Cell Physiology, 36, 1157-1162.
Zalibekov ZG. 2011. The arid regions of the world
and their dynamics in conditions of modern climatic

Tabassam MAR, Hussain M, Sami A, Shabbir

warming. Arid Ecosysystems, 1, 1-7.

I, Bhutta MAN, Mubusher M, Ahmad S. 2014.
Impact of drought on the growth and yield of wheat.

Zhang M, Duan L, Zhai Z, Li J, Tian X, Wang

Agricutural Sciences, 7, 11-18.

B, He Z, Li Z. 2004. Effects of plant growth

Tahir MHN, Mehid SS. 2001. Evaluation of open
pollinated

sunflower

populations
normal

(Helianthus

under

conditions.

water
International

Agriculture and Biology 3, 236-238.

278 Ahmad et al.

annuus
stress
Journal

L.)
and
of

regulators on water deficit-induced yield loss in
soybean. Proceedings of the 4th International Crop
Science Congress, Brisbane, Australia.

