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Improving Water Use Efficiency of Duranta erecta L.
By Foliar Application with Some Anti-Transpirant Agents

T.M. Noor El-Deen

Ornamental Plants & Landscape Gardening Res. Dept., Hort. Res. Inst., ARC, Egypt

Abstract: This study was carried out in the Genetic  Complex  Field,  National  Gene  Bank,  Agricultural
Research Center, Giza, Egypt, during 2018 and 2019 seasons, to investigate the effect of spraying with
potassium silicate at  2,  4,  6  g/l  and Green-miracle® at 2, 4 and 6 ml/l as anti-transpirant agents on growth
performance of Duranta erecta L. “Golden Edge” irrigated at 3 irrigation intervals (1, 2 and 3 weeks).
Concerning irrigation  intervals, the results showed that prolonging irrigation intervals reduced all studied traits
(except for carotenoids and proline contents) and the highest water use efficiency (WUE) was obtained with
irrigation interval every 2 weeks. The pronounced positive effect of anti-transpirants was obtained with
potassium silicate at 6 g/l. As for the interaction treatments, potassium silicate at 6 g/l mitigated the harmful
effects of prolonging irrigation intervals to 2 and 3 weeks, as these combined treatments occupied the second
position and came after the superior interaction treatment between potassium silicate at 6 g/l + short interval.
On the other hand, the superiority for the combined treatment of potassium silicate at 6 g/l + medium intervals
in increasing WUE to the highest value was observed in both seasons. A little effect could be observed also
of this combined treatment on the stomata observations as it reduced stomata size, length and width to the
lowest  values. Finally, it could be recommended to irrigate Duranta erecta L. “Golden Edge” plants every 2
weeks (medium intervals) with foliar application of potassium silicate at 6 g/l, especially during summer months
to reduce water consumption by 35-40% without obvious reduction of its quality and aesthetic value as an
ornamental hedge. 
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INTRODUCTION Water scarcity is a critical situation facing a lot of

Duranta  is  a  genus  of  about   30   species  of  small this situation is to reduce water consumption, especially
trees and shrubs found  in  tropical  South  US  and where it is not urgently needed, e.g. irrigation of green
Central and South America. D. erecta L. (syn. D. plumieri open spaces. In Egypt, open areas are found to be
and D. repens), Golden dewdrop, Pigeon berry, Sky flower irrigated with 20-30 m³/feddan/day (4.76-7.14 l/m²/day),
is an erect to spreading, evergreen bushy shrub or small whereas in privately owned areas usually use 30-50
tree (3-4.5 m height). It bears axillary, pendent panicles m³/feddan/day (7.14 -11.9 l/m²/day), these amounts of
(10-15 cm long) of small blue, lilac-blue, purple, or white water are considered to be very high when compared with
flowers, mainly in summer. D. erecta plant grows outdoors other countries [5]. Scheduling irrigation according to
in full sun, moist but well-drained with moderate water landscape plant water needs  can  reduce  excess  water
requirements and moderately fertile soil. This  plant is use and conserve water to other economical purposes.
used as hedges, summer color and interesting specimen. The amount of water needed depends on plant species,
D. erecta “Golden Edge” is similar to “Variegata”, as soil type and climatic conditions. In this regard, trees or
leaves of “Variegata” are margined and irregularly shrubs should be watered to a deeper depth compared to
splashed   with   cream  and white, while in “Golden Edge” herbaceous plants. On the other hand, newly planted
leaves distinguish with flashy gold patterns [1-4]. trees and shrubs should be  irrigated  more  frequently

countries all over the world. One approach to deal with
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until the root system is established [6]. Zureikat et al. [7] produced company (India), the range of chain lengths for
calculated water needs of  trees  and  shrubs   under these  compounds  can  be  from  8 to values in excess of
Jordan climate, they reported that newly planted shrubs 38 carbons [25]. Positive effects of Green-miracle has been
(less than 2 years old) need 20 l water/shrub for 8 reported by many authors under different stress
applications/month (160 l/month). However, under conditions on a wide range of plants except for
Kuwait’s environment the daily water use by shrubs ornamental plants (Verma et al. [26] on tea; Al-Qubaie [27]
ranged from 20-60 l/day [8]. Prolonging the intervals of on sunflowers cv. Giza 102; Masoud [28] on hamawy
irrigation could be an economical practice for managing apricot trees; El-Khawaga [29] on Grand Naine banana;
water use [9]. Ahmed [30] on Williams banana; Abdel-Aziz and Geeth

To reduce water loss by plants via transpiration, [31] on Pisum sativum L.; Abd El-Hady and Doklega [32]
some substances are used defined as anti-transpirants on two eggplant cultivars; Fayed et al. [33] on "Le Conte"
[10]. According to their mode of action, anti-transpirants pear trees and Ahmed et al. [34] on squash plants).
could be divided in to three general types: (1) film-forming The aim of this study was to investigate the effect of
as waxes, (2) stomatal-regulating as abscisic acid and (3) potassium silicate and Green-miracle as anti-transpirants
reflective compounds as kaolin [11]. at different concentrations on growth performance and

Potassium silicate is a source of highly soluble aesthetic value of duranta plants grown under different
silicon; it is used in agricultural production system irrigation intervals and with the aim to organize the
primarily as a silicon fertilizer [12]. Positive role of foliar amount of irrigation water consumption by the plants
spraying with potassium silicate under stress conditions during the hot months of summer.
was reported by many authors on different plants e.g.
Abdel Gawad [13] on banana cv. Grand Nain, Mohamed MATERIALS AND METHODS
[14] on some Eucalyptus species,  Hassanvand  and
Nejad [15] on Pelargonium graveolens, Yaghubi et al. This experiment was carried out in the Genetic
[16] on strawberry and Ali et al. [17] on sugar beet. Complex Open Field, National Gene Bank, Agricultural
Potassium is essential for many physiological reactions Research Center, Giza, Egypt, during 2018 and 2019
within the cell: control of osmosis, resistance to drought, seasons, to investigate the effect of spraying with
disease and frost, influences the uptake of other nutrients, different  anti-transpirants  (potassium  silicate  and
e.g. Mg [18], it is the second most abundant mineral Green-miracle®) on Duranta erecta L. “Golden Edge”
nutrient in plants after nitrogen and is involved in the irrigated at different intervals aiming to organize the
working of more than 60 enzymes, in photosynthesis and amount of irrigation water consumption by the plants
the movement of its products to storage  organs,  water without obvious reduction in both quality and aesthetic
economy and providing resistance against a number of appearance.
pests, diseases and stresses. Also, it plays a role in
regulating stomatal opening and, therefore, in the internal Plant Material: Duranta erecta L. “Golden Edge”
water relations of plants. K deficient plants may lose transplants (one year old, 30-35 cm height and 3 branches)
control over the rate of transpiration and suffer from were   obtained   from   private   nursery   at  El-Kanater
internal drought [19]. Silicon (Si) is considered as a El-Khairia, Qalyubia governorate, Egypt on 1  April, each
beneficial element to higher plants especially under stress season, the transplants were immediately planted in
conditions. Dehghanipoodeh et al. [20] indicated that previously prepared 1 × 1 m beds (4 plants/bed) and they
potassium silicate decreased transpiration and promoted were thoroughly irrigated to ensure good establishment.
fresh and dry weights of shoots and roots and water use Chemical and physical properties of the experiment field
efficiency of strawberry. According to Epstein and Bloom soil are shown in Table (a), while meteorological
[21], Si appear to be beneficial to plants grown under parameters are shown in Table (b).
stress by alleviating stress in plants exposed to drought
due to the enhancement of water relations and Experimental Layout: This experiment was laid out as a
photosynthesis [22-24]. split plot design [35]. Three irrigation intervals

Green-miracle (commercial product) is a reflective represented main plots, while seven anti-transpirant
anti-transpirant with long chain fatty alcohols derived concentrations represented subplots. Each main plot with
from non-edible vegetable oil as described by the area  of 7.0 m (1.0 × 7.0 m) was divided into seven subplot

st
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Table a. Some physical and chemical properties of the experimental soil .*

Particle size distribution (%) Cations (meq/l) Anions (meq/l)
--------------------------------------- --------------------------------------------- ---------------------------------------

Soil type Sand Silt Clay E.C. (dS/m) pH CaCO  (%) Ca Mg Na K HCO Cl SO3 3 4
+2 ++ + + - - -2

Sandy clay loam 63.12 12.00 24.88 0.35 8.30 3.60 2.0 0.5 0.8 0.2 0.4 1.5 1.6
 * Soil samples were analyzed in the Soil Fertility Tests Laboratory, General Authority for Agricultural Balance Fund, Ministry of Agriculture and Land Reclamation, Giza, Egypt. 

Table b: Some meteorological parameters at Giza governorate during 2018 and 2019 seasons.
2018 2019
---------------------------------------------------------------------------------- ------------------------------------------------------------------------------------
Temperature (°C) Temperature (°C)
---------------------------------------- ---------------------------------------

Months Max Min Average R.H. (%) W.S. (m/sec) Max Min Average R.H. (%) W.S. (m/sec)
April 29.87 15.93 25.03 42.67 1.63 28.53 14.47 23.87 46.33 2.07
May 35.07 21.07 30.03 41.67 1.90 35.53 19.03 30.23 25.83 2.30
June 36.45 28.05 31.45 41.50 2.10 38.00 23.17 32.10 41.00 2.20
July 37.93 24.43 32.63 45.67 1.93 38.17 24.27 33.13 42.67 2.17
August 37.13 25.13 32.10 47.00 1.97 38.99 22.73 30.53 39.77 2.64
September 35.60 24.10 31.07 48.00 1.97 35.97 20.69 27.64 47.56 2.83
*These parameters were collected and averaged from the data obtained from Soil, Water & Environment Research Institute, ARC and NASA Power Data Access
Viewer Program (https://power.larc.nasa.gov).
*No precipitation was observed during this period except for April in 2019 season only which recoded 1.8 mm.

Table c: Amount of water applied for each irrigation interval (l/m ).2

During April From the beginning of May From the beginning of July to Total water applied
Interval (one month) to the end of June (2 months) the end of September (3 months) (for 6 months)
Short intervals 300 600 360 1260
Medium intervals 300 300 180 780
Long intervals 300 210 150 660

beds (1.0 m  each), one meter was left without planting Irrigation was done manually by using ¾ inch2

between main plots as buffer area, also, one meter was left diameter hose. Water flow of the water source was
without planting around the four sides of the planted area calculated before each irrigation to supply the plants with
for the same reason. All treatments (3 × 7 = 21 treatments) the accurate amount of water (30.0 l/m  for each irrigation),
were repeated 3 times, so total area allocated for this the calculated water flow varied from 15.0 to 20.0 l/one
experiment was 171 m . minute. The amount  of  water  applied  for  each  season2

Irrigation Intervals: After planting (at the beginning of
April for each season) all plants were irrigated with 30.0 l Foliar Spraying with Anti-Transpirants: Nine
water/m every 3 days. After one month from planting applications with two week intervals were applied with2

three irrigation intervals were applied, the schedule of each anti-transpirant per season during the course of this
these intervals could be explained as follows: study; the first one was done on May, 15 , while the last

Short intervals: from the beginning of May to the end one was done on September, 15 . The plants were foliar
of June (two months) the plants were irrigated with sprayed with each concentration of the applied anti-
30.0 l water/m every 3 days, then irrigated with 30.0 transpirants till run off point as follows:2

l water/m  every one week from the beginning of July Without spraying referred to as control.2

to the end of September (three months). Potassium silicate was dispensed in a distilled water
Medium intervals: from the beginning of May to the at 2.0, 4.0 and 6.0 g/l.
end of June (two months) the plants were irrigated Green-miracle® (T.Stanes Co. Limited, India) was
with 30.0 l water/m  every 6 days, then irrigated with obtained from Gaara Establishment for Import &2

30.0 l water/m  every two weeks from the beginning Export, Egypt (Table, d). It was prepared as a2

of July to the end of September (three months). lightened emulsion by mixing with a distilled water at
Long intervals: from the beginning of May to the end 2.0, 4.0 and 6.0 ml/l. 
of June (two months) the plants were irrigated with
30.0 l water/m  every 9 days, then irrigated with 30.0 The  plants  were  foliar   sprayed   with  different2

l water/m  every three weeks from the beginning of anti-transpirant concentrations manually by using 20-liter2

July to the end of September (three months). sprayer,   as    the    plants    were    sprayed  with  140-280

2

(6 months/season) is shown in Table (c).

th

th



J. Hort. Sci. & Ornamen. Plants, 12 (1): 47-61, 2020

50

Table d: Chemical composition of Green-miracle® as printed on the
product label

Composition Concentration (%)
Fatty alcohols and diluent 80.0%
Neutralizer 10.0%
Emulsifier 5.0%
Stabilizer 5.0%

ml/plant/application from each concentration according to
the vegetative growth stage.

Data Recorded: At the end of September for each season
the following data were recorded:

Vegetative Growth Parameters: Plant height (cm), number
of branches/plant, leaves fresh and dry weights/plant (g),
stems fresh and dry weights/plant (g) and leaf area (cm ),2

in this regard leaf samples were scanned at resolution of
300 dpi by using digital scanner then leaf area was
calculated by using ImageJ software as described by
Ferreira and Rasband [36].

Roots Parameters: Number of roots, roots fresh and dry
weights (g) per plant were measured at the depth of 30 cm
below the soil surface.

Relative Water Content (%): Relative water content
(RWC) was calculated according  to  the  method
described by De Pascale et al. [37], the following equation
was applied: RWC (%) = 100 × (FW-DW)/(TW-DW).
While, FW is fresh weight of leaf discs (g), TW is turgid
weight which was determined after floating leaf discs on
a distilled water at 20 °C in a dark chamber for 24 h and
DW is dry weight after oven drying at 75°C for 48 h.

Water Use Efficiency (g/l): Water use efficiency (WUE)
was calculated according to the method described by
Karkanis et al. [38]. The following equation was applied:
WUE (g/l) = dry weight of aerial parts (g)/amount of water
applied during the experiment period per plant (l).

Chemical  Constituents:  At  the  end  of  September  in
the second season only the following chemical
determinations were done: pigments content (mg/g f.w.)
as chlorophylls a, b and carotenoids were determined in
fresh leaf samples according to Wellburn and
Lichtenthaler [39], total carbohydrates percentage was
determined in dry leaf samples according to the method
described  by  Herbert  et al. [40] and proline content
(mg/g d.w.) was determined in dry leaf samples according
to Bates et al. [41].

Stomata Observations: Four treatments were selected for
stomata observations i.e. short intervals + control,
medium intervals + control, long intervals + control and
medium intervals + potassium silicate at 6 g/l. At the end
of the experimental period (the end of September, 2019),
five leaves per treatment were randomly collected from
fully expanded fifth leaf from  the  apex  of  each  plant.
The leaves were rinsed in a running water then dried and
the epidermal impressions of the leaves of the lower
surface was done according to the method described by
Hilu and Randall [42] to prepare the slides for
investigating the stomatal observations. The prepared
slides were scanned by Leica DM 2500 LED light
microscope and captured by Leica DFC 340 FX
monochrome digital camera, in this regard 10 microscopic
fields (176×132 µm )/slide were scanned at 40X2

magnification. Stomata number/microscopic field, size
(µm ), length (µm) and width (µm) were calculated by2

using ImageJ software [36].

Statistical Analysis: The obtained data were statistically
analyzed using MSTAT Computer Program [43]. To verify
differences among means of the various treatments, the
means were compared using Duncan's Multiple Range
Test as described by Duncan [44].

RESULTS

Vegetative Growth Parameters:
Plant Height  (cm)  and  Number  of  Branches/Plant:
Data on the response of plant height as well as No. of
branches of Duranta erecta L. “Golden Edge” plants to
irrigation intervals showed that increasing intervals
between irrigations significantly reduced both plant
height and No. of branches/plant, while short interval
(every week) recorded the highest values (65.86 and 71.06
cm for plant height and 36.26 and 38.93 for No. of
branches/plant, in both seasons, respectively). Medium
interval (every 2 weeks) shared short interval in its effect
in case of plant height without significant differences in
between and produced 69.90 cm in the second season
only (Table, 1). The lowest values were recorded from
long irrigation intervals (irrigating every 3 weeks) as
recorded 56.26 and 61.58 cm for plant height and 24.25 and
27.17 for No. of branches/plant, in both seasons,
respectively.

Concerning the effect of anti-transpirants, regardless
the effect of irrigation intervals, it was found that spraying
with potassium silicate at 6 g/l recorded significantly
higher values of plant height and No. of branches/plant in
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Table 1: Effect of foliar spraying with potassium silicate and Green-miracle on plant height and No. of branches/plant of Duranta erecta L. “Golden Edge”
grown under different irrigation intervals during 2018 and 2019 seasons.

Irrigation intervals (A)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Short Medium Long Mean (B) Short Medium Long Mean (B)

Anti-trans. (B) ----------------------------------2018------------------------------------ --------------------------------------2019 -------------------------------------
    Plant height (cm)

Control 62.94 h 60.07 i 49.67 l 57.56 e 67.38 fg 66.62 f-h 55.56 l 63.19 d
P.S. 2 g/l 64.33 fg 62.94 h 53.78 j 60.35 d 69.33 d-f 67.83 fg 59.17 jk 65.44 c
P.S. 4 g/l 68.28 ab 67.00 b-d 59.07 i 64.78 b 71.61 cd 69.67 d-f 62.18 ij 67.82 b
P.S. 6 g/l 69.37 a 68.83 a 60.07 i 66.09 a 74.92 ab 75.72 a 65.96 gh 72.20 a
G.M. 2 ml/l 63.12 gh 60.33 i 51.17 k 58.21 e 68.01 e-g 64.89 g-i 58.89 k 63.93 cd
G.M. 4 ml/l 65.73 de 65.20 ef 60.00 i 63.64 c 72.28 b-d 71.09 c-e 63.86 hi 69.08 b
G.M. 6 ml/l 67.22 bc 66.80 cd 60.09 i 64.70 b 73.89 a-c 73.47 a-c 65.44 gh 70.93 a
Mean (A) 65.86 a 64.45 b 56.26 c 71.06 a 69.90 a 61.58 b

No. of branches/plant
Control 32.75 g 30.13 h 19.13 o 27.34 f 34.46 g-i 32.84 ij 22.08 n 29.79 d
P.S. 2 g/l 35.94 c 30.38 h 25.44 k 30.59 d 39.79 b-d 34.20 hi 29.07 l 34.35 b
P.S. 4 g/l 37.00 b 33.50 f 26.92 j 32.47 b 40.45 bc 35.95 f-h 29.45 kl 35.28 b
P.S. 6 g/l 42.03 a 37.25 b 27.71 i 35.66 a 45.25 a 41.05 b 31.79 jk 39.36 a
G.M. 2 ml/l 34.79 e 29.97 h 22.35 n 29.04 e 37.76 d-f 35.11 g-i 24.66 m 32.51 c
G.M. 4 ml/l 35.34 d 33.04 fg 23.29 m 30.56 d 36.26 e-h 34.31 hi 24.87 m 31.81 c
G.M. 6 ml/l 35.94 c 34.86 de 24.90 l 31.90 c 38.56 c-e 36.77 e-g 28.29 l 34.54 b
Mean (A) 36.26 a 32.73 b 24.25 c 38.93 a 35.75 b 27.17 c

 Intervals: irrigating every 1 week (short), 2 weeks (medium) and 3 weeks (long). 
 P.S.: potassium silicate; G.M.: Green-miracle product.
 Means having the same letter are not significantly different at 0.05 level of probability according to Duncan’s Multiple Range Test.

both seasons when compared with the control. Such (cm ) (Table, 2). In this regard short intervals significantly
treatment recorded 66.09, 72.20, 35.66 and 39.36 for plant recorded the heaviest weights (157.00, 158.80, 53.77 and
height (cm) and No. of branches/plant in the first and 56.56 g for leaves fresh and dry weights, in both seasons,
second seasons, respectively. On the other side, spraying respectively) and the largest leaf area (21.75 and 25.29 cm ,
duranta plants with Green-miracle at 6 ml/l shared this in both seasons, respectively). Medium intervals
superior treatment without significant difference in case (irrigating every 2 weeks) came in the second position as
of plant height in the second season only (70.93 cm), recoded 129.80 and 132.80 g for leaves fresh weight, 47.53
however, the corresponding values of the control plants and 50.57 g for leaves dry weight and 19.30 and 22.15 cm
were 57.56, 63.19, 27.34 and 29.79, respectively. for leaf area in both seasons respectively. The lowest

The interaction  between  irrigation  intervals  and values were recorded by long irrigation intervals
anti-transpirants  showed that anti-transpirants at (irrigating every 3 weeks) as recorded 102.00 and 105.70 g
different concentrations enhanced plant height and for leaves fresh weight, 34.80 and 37.78 g for leaves dry
branching of plants grown under different irrigation weight and 15.84 and 19.30 cm  for leaf area in both
intervals. The mastery in this regard was for short seasons, respectively.
irrigation intervals + potassium silicate at 6 g/l, which Spraying duranta plants with potassium silicate at 6
recorded 69.37 cm for plant height in the first season and g/l recorded significantly higher values of leaves fresh
42.03 and 45.25 branches/plant in the first and second weight (152.50 and 154.10 g), leaves dry weight (54.58 and
seasons, respectively. In most cases, spraying with 57.52 g) and leaf area (22.20 and 26.16 cm ) in both
potassium silicate at 6 g/l of plants grown under medium seasons, respectively, when compared with control, the
irrigation intervals significantly came in the second rank. corresponding values were 152.50, 154.10, 54.58, 57.52 g,
The lowest values of plant height and No. of branches 22.20 and 26.16 cm , respectively.
were recorded within the long irrigation intervals without Regarding the interaction between irrigation intervals
both anti-transpirants (control). and anti-transpirants, a great influence on these three

Leaves Parameters: It is clear from the obtained results short irrigation intervals + potassium silicate at  6  g/l
that increasing intervals between irrigations significantly which recorded the highest values  for  leaves  fresh
reduced leaves fresh and dry weights (g) and leaf area weight (178.50 and 180.20 g), leaves dry weight (66.26 and

2

2

2

2

2

2

traits was observed. The mastery in this regard was for
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Table 2: Effect of foliar spraying with potassium silicate and Green-miracle on leaves parameters of Duranta erecta L. “Golden Edge” grown under different
irrigation intervals during 2018 and 2019 seasons.

Irrigation intervals (A)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Short Medium Long Mean (B) Short Medium Long Mean (B)

Anti-trans. (B) ----------------------------------2018----------------------------------- -------------------------------------2019---------------------------------------
                      Leaves fresh weight/plant (g)

Control 140.30 f 110.80 i 92.97 m 114.70 f 138.30 ef 110.50 gh 96.39 j 115.00 f
P.S. 2 g/l 139.90 f 133.10 g 103.50 jk 125.50 d 144.20 de 137.90 ef 111.80 gh 131.30 d
P.S. 4 g/l 171.30 b 137.40 f 105.40 jk 138.00 b 173.10 ab 144.10 de 110.30 gh 142.50 b
P.S. 6 g/l 178.50 a 172.50 b 106.60 j 152.50 a 180.20 a 175.30 a 106.90 hi 154.10 a
G.M. 2 ml/l 147.10 e 111.90 i 98.02 l 119.00 e 147.40 d 112.70 gh 101.10 ij 120.40 e
G.M. 4 ml/l 157.80 d 113.90 i 103.40 k 125.00 d 161.60 c 114.90 g 105.00 hi 127.20 d
G.M. 6 ml/l 164.40 c 128.90 h 104.40 jk 132.60 c 166.60 bc 134.40 f 108.70 g-i 136.60 c
Mean (A) 157.00 a 129.80 b 102.00 c 158.80 a 132.80 b 105.70 c

Leaves dry weight/plant (g)
Control 47.22 g 37.17 ij 32.47 m 38.95 g 49.67 c-e 41.87 fg 34.33 i 41.96 e
P.S. 2 g/l 49.54 d 48.04 fg 35.38 kl 44.32 d 54.32 c 50.99 cd 39.19 gh 48.17 c
P.S. 4 g/l 57.79 c 48.51 d-f 36.26 jk 47.52 b 60.69 b 51.62 cd 41.65 fg 51.32 b
P.S. 6 g/l 66.26 a 60.12 b 37.36 i 54.58 a 66.80 a 64.33 ab 41.72 fg 57.62 a
G.M. 2 ml/l 49.15 de 44.70 h 32.35 m 42.06 f 51.49 cd 45.29 ef 34.52 hi 43.77 de
G.M. 4 ml/l 49.46 de 45.73 h 34.80 l 43.33 e 52.66 c 47.26 de 35.97 hi 45.30 d
G.M. 6 ml/l 56.95 c 48.43 ef 34.99 l 46.79 c 60.28 b 52.64 c 37.09 g-i 50.00 bc
Mean (A) 53.77 a 47.53 b 34.80 c 56.56 a 50.57 b 37.78 c

Leaf area (cm )2

Control 19.58 e 17.45 h 13.56 l 16.86 f 22.28 d-f 20.56 f-i 15.88 k 19.57 e
P.S. 2 g/l 19.66 e 19.29 ef 16.61 j 18.52 cd 23.45 cd 21.47 e-h 19.54 ij 21.49 cd
P.S. 4 g/l 22.74 c 19.61 e 17.07 h-j 19.81 b 26.09 b 23.29 c-e 20.02 g-i 23.13 b
P.S. 6 g/l 25.94 a 23.39 b 17.27 hi 22.20 a 30.96 a 25.86 b 21.67 d-g 26.16 a
G.M. 2 ml/l 21.26 d 18.23 g 14.79 k 18.09 e 23.51 cd 19.89 g-j 18.07 j 20.49 de
G.M. 4 ml/l 21.49 d 18.83 fg 14.94 k 18.42 de 25.08 bc 21.68 d-g 19.62 h-j 22.13 bc
G.M. 6 ml/l 21.57 d 18.30 g 16.67 ij 18.85 c 25.66 b 22.30 d-f 20.33 g-i 22.77 b
Mean (A) 21.75 a 19.30 b 15.84 c 25.29 a 22.15 b 19.30 c

 Intervals: irrigating every 1 week (short), 2 weeks (medium) and 3 weeks (long). 
 P.S.: potassium silicate; G.M.: Green-miracle product.
 Means having the same letter are not significantly different at 0.05 level of probability according to Duncan’s Multiple Range Test.

66.80 g) and leaf area (25.94 and 30.96 cm ) in the first and It could be observed that spraying with potassium2

second seasons, respectively. Also, it could be observed silicate at 6 g/l recorded the significantly highest values
that foliar spraying with anti-transpirants at different in both seasons, giving 120.90, 123.40, 48.77 and 52.79 g
concentrations led to ameliorate the adverse effects of for stems fresh and dry weights, in both seasons,
extending irrigation intervals. In this regard, the combined respectively. However, control plants gave the lowest
treatment with medium irrigation intervals + potassium values, in both seasons.
silicate at 6 g/l came in the second  position.  Subjecting The  different    concentrations    of    the   applied
Duranta erecta plants to long irrigation intervals without anti-transpirants enhanced stems fresh and dry weights
anti-transpirant treatments gave the lowest values in both of plants grown under different irrigation intervals
seasons. compared with  control.  The  highest  significant

Stems Fresh and Dry Weights: Prolonging irrigation irrigation intervals + potassium silicate at 6 g/l in both
intervals led to significant reductions in stems fresh and seasons. The combined treatment between medium
dry weights in both seasons (Table, 3). The short irrigation  interval  and  potassium  silicate  at  6 g/l came
intervals (irrigating every 1 week) recorded the heaviest in  the  second rank in most cases. The lowest values
weights (121.70, 125.20, 45.74 and 48.73 g, in both (72.51 and 74.21 g for stems fresh weight and 21.43 and
seasons, respectively). Medium intervals (irrigating every 26.54 g for stems dry weight in the first and second
2 weeks) came in the second position. The lowest values seasons respectively) were recorded for plants grown
were recorded by long irrigation intervals (irrigating every under long irrigation interval, without any anti-transpirant
3 weeks). treatments (control).

increases were obtained with the treatment of short
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Table 3: Effect of foliar spraying with potassium silicate and Green-miracle on stems fresh and dry weights/plant (g) of Duranta erecta L. “Golden Edge”
grown under different irrigation intervals during 2018 and 2019 seasons

Irrigation intervals (A)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Short Medium Long Mean (B) Short Medium Long Mean (B)

Anti-trans. (B) ----------------------------------2018------------------------------------ --------------------------------------2019--------------------------------------

  Stems fresh weight/plant (g)
Control 100.70 i 94.45 k 72.51 q 89.22 g 107.50 g-i 102.90 hi 74.21 n 94.89 f
P.S. 2 g/l 117.00 e 103.20 h 86.06 m 102.10 d 120.90 cd 109.40 f-h 87.38 j-l 105.90 cd
P.S. 4 g/l 131.80 b 110.80 g 89.03 l 110.60 b 132.90 b 112.90 e-g 91.97 jk 112.60 b
P.S. 6 g/l 142.60 a 129.20 c 90.97 l 120.90 a 148.00 a 129.50 b 92.85 j 123.40 a
G.M. 2 ml/l 117.70 e 95.08 k 77.17 p 96.65 f 120.00 c-e 100.80 i 78.67 mn 99.82 e
G.M. 4 ml/l 118.60 e 97.50 j 80.41 o 98.82 e 121.30 cd 104.60 hi 85.01 k-m 103.70 de
G.M. 6 ml/l 123.50 d 114.30 f 83.61 n 107.10 c 125.90 bc 116.20 d-f 84.16 lm 108.70 bc
Mean (A) 121.70 a 106.40 b 82.82 c 125.20 a 110.90 b 84.89 c

   Stems dry weight/plant (g)
Control 42.89 de 37.47 i 21.43 o 33.93 g 43.26 d-f 40.63 f-i 26.54 k 36.81 e
P.S. 2 g/l 42.06 f 42.09 f 32.93 kl 39.02 c 47.58 b-d 47.56 b-d 35.85 ij 43.66 b
P.S. 4 g/l 46.64 c 42.06 f 33.51 k 40.74 b 49.23 bc 47.31 b-d 37.02 h-j 44.52 b
P.S. 6 g/l 59.99 a 50.05 b 36.28 j 48.77 a 64.46 a 52.16 b 41.74 f-h 52.79 a
G.M. 2 ml/l 42.49 ef 37.97 i 23.77 n 34.74 f 44.19 c-f 42.15 e-g 27.29 k 37.87 de
G.M. 4 ml/l 43.19 d 38.80 h 26.78 m 36.25 e 45.26 c-f 41.86 f-h 32.98 j 40.03 cd
G.M. 6 ml/l 42.96 de 39.77 g 32.33 l 38.35 d 47.17 b-e 42.52 d-f 37.07 g-j 42.25 bc
Mean (A) 45.74 a 41.17 b 29.58 c 48.73 a 44.88 b 34.07 c

 Intervals: irrigating every 1 week (short), 2 weeks (medium) and 3 weeks (long). 
 P.S.: potassium silicate; G.M.: Green-miracle product.
 Means having the same letter are not significantly different at 0.05 level of probability according to Duncan’s Multiple Range Test.

Root Parameters: Root parameters (number of roots/plant shared the above-mentioned treatment without significant
at 30 cm depth, roots fresh and dry weights) were differences between themselves. The lowest values at all
negatively influenced by elongating irrigation intervals were recorded when long irrigation intervals without
(Table, 4). Short irrigation intervals (irrigating every 1 using any anti-transpirant (control) was applied.
week) significantly recorded the highest values (51.17 and
54.96 for No. of roots/plant, 47.28 and 53.58 g for roots Relative Water Content and Water Use Efficiency
fresh weight and 14.88 and 16.56 g for roots  dry  weight, Relative Water Content: Regarding irrigation intervals it
in both seasons, respectively). Medium intervals is obvious from the illustrated data that increasing
(irrigating every 2 weeks) came in the second position in intervals between irrigations significantly reduced the
both seasons. The lowest values were recorded for plants relative water content (%) in both seasons (Table, 5).
grown under long irrigation intervals (every 3 weeks), in Short intervals (irrigating every 1 week), in this regard,
both seasons. recorded the highest values (83.95 and 84.45%, in the first

Spraying plants with potassium silicate at 6 g/l and second seasons, respectively), while, long intervals
recorded the significantly highest values of No. of (every 2 weeks) resulted in the lowest values giving 66.98
roots/plant (62.59 and 67.44), roots fresh weight (49.40 and and 63.57%, in the first and second seasons, respectively.
57.74 g) and roots dry weight (16.56 and 18.07 g) in both Concerning  the   effect  of  anti-transpirants,
seasons, respectively when compared with control and spraying duranta plants with both potassium silicate or
other anti-transpirant treatments. Green-miracle gradually increased relative water content

The interaction between irrigation intervals and anti- (%) compared with control plants, potassium silicate was
transpirants showed a great influence on root growth and more effective than Green-miracle in this regard.
the supreme effect was recorded with the short irrigation Otherwise, potassium silicate at 6 g/l gave the highest
intervals + potassium silicate at 6 g/l giving the highest values of relative water content (81.80 and 79.53%, in the
values of No. of roots/plant, roots fresh and dry weights first and second seasons, respectively), whereas, control
in both seasons. In addition, the combined treatment with resulted in the lowest values (70.12 and 70.63%,
medium irrigation interval + potassium silicate at 6 g/l respectively).
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Table 4: Effect of foliar spraying with potassium silicate and Green-miracle on root parameters of Duranta erecta L. “Golden Edge” grown under different
irrigation intervals during 2018 and 2019 seasons

Irrigation intervals (A)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Short Medium Long Mean (B) Short Medium Long Mean (B)

Anti-trans. (B) ----------------------------------2018------------------------------------ ------------------------------------2019---------------------------------------
                           No. of roots/plant

Control 38.75 j 35.17 k 35.11 k 36.34 g 42.42 hi 38.43 j 39.33 ij 40.06 g
P.S. 2 g/l 51.17 e 47.58 fg 45.92 gh 48.22 c 54.30 d 54.25 d 48.63 ef 52.39 c
P.S. 4 g/l 64.42 b 54.33 d 50.25 e 56.33 b 66.83 b 58.42 c 54.31 d 59.85 b
P.S. 6 g/l 73.25 a 61.42 c 53.11 d 62.59 a 77.50 a 66.76 b 58.07 c 67.44 a
G.M. 2 ml/l 41.84 i 39.18 j 37.83 j 39.62 f 46.78 fg 41.76 h-j 40.22 h-j 42.92 f
G.M. 4 ml/l 42.92 i 42.83 i 41.11 i 42.29 e 46.30 fg 47.00 f 43.51 gh 45.60 e
G.M. 6 ml/l 45.83 gh 47.83 f 44.92 h 46.19 d 50.59 e 48.25 ef 49.52 ef 49.45 d
Mean (A) 51.17 a 46.91 b 44.04 c 54.96 a 50.70 b 47.66 c

                       Roots fresh weight/plant (g)
Control 42.07 ef 32.60 k 29.46 l 34.71 g 47.48 d-h 40.69 ij 35.70 j 41.29 e
P.S. 2 g/l 46.71 d 46.72 d 41.01 fg 44.81 c 48.92 d-g 52.24 cd 45.26 f-i 48.80 bc
P.S. 4 g/l 51.37 b 48.26 c 41.03 fg 46.89 b 56.06 bc 56.29 bc 43.00 hi 51.78 b
P.S. 6 g/l 54.77 a 50.01 b 43.42 e 49.40 a 66.63 a 59.63 b 46.95 e-h 57.74 a
G.M. 2 ml/l 43.40 e 39.98 gh 36.90 j 40.09 f 49.14 d-f 44.03 f-i 40.68 ij 44.62 d
G.M. 4 ml/l 45.98 d 40.23 gh 38.02 ij 41.41 e 51.52 c-e 45.99 f-h 43.84 g-i 47.12 cd
G.M. 6 ml/l 46.67 d 42.24 ef 39.42 hi 42.78 d 55.31 bc 47.62 d-h 44.26 f-i 49.06 bc
Mean (A) 47.28 a 42.86 b 38.46 c 53.58 a 49.50 b 42.81 c

                       Roots dry weight/plant (g)
Control 12.20 ij 11.16 lm 8.88 n 10.75 g 13.86 c-f 11.40 gh 10.66 h 11.97 e
P.S. 2 g/l 15.99 b 14.02 e 13.12 fg 14.38 c 16.99 ab 14.90 cd 14.38 c-e 15.42 bc
P.S. 4 g/l 16.60 a 14.57 d 13.55 ef 14.91 b 17.74 a 15.46 b-d 15.54 bc 16.25 b
P.S. 6 g/l 16.93 a 16.89 a 15.86 b 16.56 a 18.51 a 18.35 a 17.35 a 18.07 a
G.M. 2 ml/l 12.20 ij 11.52 kl 10.81 m 11.51 f 13.79 d-f 12.37 f-h 12.21 f-h 12.79 e
G.M. 4 ml/l 15.06 cd 11.82 jk 11.21 lm 12.70 e 17.29 a 12.70 e-g 12.20 f-h 14.06 d
G.M. 6 ml/l 15.20 c 12.92 gh 12.63 hi 13.58 d 17.76 a 14.17 c-e 12.95 e-g 14.96 cd
Mean (A) 14.88 a 13.27 b 12.29 c 16.56 a 14.19 b 13.61 b
 Intervals: irrigating every 1 week (short), 2 weeks (medium) and 3 weeks (long). 
 P.S.: potassium silicate; G.M.: Green-miracle product.
 Means having the same letter are not significantly different at 0.05 level of probability according to Duncan’s Multiple Range Test.

Table 5: Effect of foliar spraying with potassium silicate and Green-miracle on relative water content (%) and water use efficiency (g/l) of Duranta erecta L.
“Golden Edge” grown under different irrigation intervals during 2018 and 2019 seasons

Irrigation intervals (A)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Short Medium Long Mean (B) Short Medium Long Mean (B)

Anti-trans. (B) ----------------------------------2018------------------------------------ -------------------------------------2019---------------------------------------
Relative water content (%)

Control 82.83 b 75.90 d-f 51.62 j 70.12 e 83.65 a 76.13 c 52.12 h 70.63 d
P.S. 2 g/l 83.28 b 77.96 cd 70.74 g 77.33 c 83.87 a 78.77 b 66.70 d-f 76.45 b
P.S. 4 g/l 84.60 ab 78.96 c 74.48 f 79.34 b 84.90 a 78.94 b 67.56 de 77.13 b
P.S. 6 g/l 85.99 a 84.18 ab 75.24 ef 81.80 a 86.10 a 83.68 a 68.80 d 79.53 a
G.M. 2 ml/l 82.90 b 76.00 d-f 63.09 i 73.99 d 83.68 a 78.22 bc 59.34 g 73.75 c
G.M. 4 ml/l 83.95 ab 77.15 c-e 66.63 h 75.91 c 84.16 a 78.71 bc 64.44 f 75.77 b
G.M. 6 ml/l 84.09 ab 77.56 c-e 67.09 h 76.25 c 84.82 a 79.31 b 66.04 ef 76.72 b
Mean (A) 83.95 a 78.24 b 66.98 c 84.45 a 79.11 b 63.57 c

Water use efficiency (g/l)
Control 0.286 p 0.383 j 0.327 m 0.332 g 0.295 h 0.423 d 0.369 e 0.362 d
P.S. 2 g/l 0.291 op 0.462 b 0.414 g 0.389 d 0.324 f-h 0.505 b 0.455 cd 0.428 b
P.S. 4 g/l 0.331 m 0.464 b 0.423 f 0.406 b 0.349 ef 0.508 b 0.477 bc 0.444 b
P.S. 6 g/l 0.401 i 0.565 a 0.446 d 0.471 a 0.417 d 0.598 a 0.506 b 0.507 a
G.M. 2 ml/l 0.291 op 0.424 f 0.340 l 0.351 f 0.304 gh 0.448 cd 0.374 e 0.375 cd
G.M. 4 ml/l 0.294 o 0.434 e 0.373 k 0.367 e 0.311 f-h 0.457 cd 0.418 d 0.395 c
G.M. 6 ml/l 0.317 n 0.452 c 0.408 h 0.393 c 0.341 e-g 0.488 bc 0.450 cd 0.426 b
Mean (A) 0.316 c 0.455 a 0.390 b 0.334 c 0.490 a 0.436 b

 Intervals: irrigating every 1 week (short), 2 weeks (medium) and 3 weeks (long). 
 P.S.: potassium silicate; G.M.: Green-miracle product.
 Means having the same letter are not significantly different at 0.05 level of probability according to Duncan’s Multiple Range Test.
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The  interaction  between  irrigation intervals and Regarding the effect of anti-transpirants, spraying
anti-transpirant treatments showed a great influence on
relative water content (%). The highest values were
recorded by short irrigation intervals + potassium silicate
at 6 g/l giving 85.99 and 86.10% in the first and second
seasons, respectively. Also, spraying duranta plants
grown  under  medium  irrigation  intervals  with
potassium silicate at 6 g/l came in the second rank without
significant difference with short interval (84.18 and 86.10%
in both seasons, respectively). The lowest values were
recorded when long irrigation intervals without using any
anti-transpirant (control) was applied (51.62 and 52.12%,
in both seasons respectively).

Water Use Efficiency: Regarding the effect of irrigation
intervals on water use efficiency (WUE, g/l), it is clear that
medium intervals (irrigating every 2 weeks) significantly
resulted in the highest values (0.455 and 0.490 g/l, in the
first and second seasons, respectively) (Table, 5).

Concerning the effect of anti-transpirants, the data
indicated that increasing the rate of both potassium
silicate or Green-miracle gradually increased water use
efficiency (g/l) compared with control plants and
potassium silicate at 6 g/l was the most effective in this
regard (0.471 and 0.507 g/l in the first and second seasons,
respectively).

The interaction between irrigation intervals and anti-
transpirants showed a great influence on water use
efficiency (g/l). The highest values in this regard were
recorded by medium irrigation intervals + foliar spraying
with potassium silicate at 6 g/l which recorded 0.565 and
0.598  g/l  in the first and second seasons respectively.
The lowest values were recorded when short irrigation
intervals without using any anti-transpirant (control) was
applied in both seasons (0.286 and 0.295 g/l, respectively).

Chemical Constituents
Pigments Content: Illustrated data showed that
increasing intervals between irrigations significantly
reduced both chlorophyll a and b and increased
carotenoids contents (Table, 6). In this regard, short
intervals (irrigating every 1 week) recorded the highest
values of chlorophyll a (0.286 mg/g f.w.) and b (0.065 mg/g
f.w.), while this treatment resulted in the lowest values in
case of carotenoids content (0.118 mg/g f.w.). On the
other hand the highest carotenoids content was recorded
by long irrigation intervals (irrigating every 3 weeks) as
recorded 0.160 mg/g f.w.

with potassium silicate at 6 g/l recorded the significantly
highest values of both chlorophyll a and b (0.300 and
0.055 mg/g f.w., respectively). However, non-sprayed
plants (control) resulted in the highest values in case of
carotenoids content (0.145 mg/g f.w.) and the lowest
values regarding chlorophyll a and b (0.210 and 0.029
mg/g f.w., respectively).

It’s clear that short irrigation intervals + potassium
silicate at 6 g/l resulted in the significantly highest values
regarding chlorophyll a and b (0.377 and 0.095 mg/g f.w.,
respectively). Medium intervals + foliar spraying with
potassium silicate at 6 g/l occupied the second rank in
case of chlorophyll a (0.314 mg/g f.w.). The lowest values
of both chlorophyll a and b (0.162 and 0.011 mg/g f.w.,
respectively) were recorded by long irrigation intervals
without spraying with any anti-transpirant (control), this
treatment resulted in the highest value for carotenoids
content (0.169 mg/g f.w.) followed, without significant
difference,  by   long   irrigation  intervals  +  spraying
with Green-miracle at 2 ml/l as recorded 0.166 mg/g f.w.
The  lowest  value  in  case  of   carotenoids  content
(0.099 mg/g f.w.) was recorded by short irrigation intervals
+ spraying with Green-miracle at 2 ml/l.

Total Carbohydrates: Data showed that increasing
intervals between irrigations significantly reduced
carbohydrate (% d.w.) in a gradual manner, the values
were 36.06, 30.96 and 25.32% by short, medium and long
irrigation intervals, respectively (Table, 6).

Foliar spraying with different anti-transpirants was
effective in increasing carbohydrates (%) as spraying with
potassium silicate at 6 g/l recorded the significantly
highest value (38.48%) when compared with other
treatments and particularly control which resulted in the
lowest value (26.99%).

The combined treatment between short irrigation
intervals + foliar spraying with potassium silicate at 6 g/l
resulted in the significantly highest value of carbohydrate
content (52.58%) followed by short irrigation intervals +
foliar spraying with potassium silicate at 4 g/l (36.25%)
then medium intervals + potassium silicate at 6 g/l
(34.61%). The lowest value (19.60%) was recorded by long
irrigation intervals without spraying with any anti-
transpirant (control). 

Proline Content: In contrast to chlorophylls and
carbohydrates contents the illustrated data showed that
prolonging   intervals    between   irrigations   significantly
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Table 6: Effect of foliar spraying with potassium silicate and Green-miracle on pigments, total carbohydrates and proline contents of Duranta erecta L. “Golden
Edge” grown under different irrigation intervals during 2019 season.

Irrigation intervals (A)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Short Medium Long Mean (B) Short Medium Long Mean (B)
---------------------Chlorophyll a (mg/g f.w.)-------------------- -------------------------Chlorophyll b (mg/g f.w.)-------------------------

Control 0.250 g 0.217 ij 0.162 n 0.210 f 0.049 d 0.026 hi 0.011 l 0.029 e
P.S. 2 g/l 0.288 d 0.237 h 0.196 k 0.240 c 0.062 c 0.039 fg 0.023 ij 0.041 c
P.S. 4 g/l 0.302 c 0.268 e 0.198 k 0.256 b 0.080 b 0.044 ef 0.025 h-j 0.049 b
P.S. 6 g/l 0.377 a 0.314 b 0.210 j 0.300 a 0.095 a 0.045 de 0.025 h-j 0.055 a
G.M. 2 ml/l 0.253 fg 0.219 ij 0.172 mn 0.215 f 0.050 d 0.027 hi 0.016 kl 0.031 e
G.M. 4 ml/l 0.263 ef 0.221 i 0.179 lm 0.221 e 0.057 c 0.030 h 0.016 kl 0.034 d
G.M. 6 ml/l 0.271 e 0.235 h 0.188 kl 0.231 d 0.061 c 0.038 g 0.020 jk 0.040 c
Mean (A) 0.286 a 0.245 b 0.186 c 0.065 a 0.036 b 0.019 c

---------------------Carotenoids (mg/g f.w.)---------------------- --------------------Total carbohydrates in leaves (%)--------------------
Control 0.124 ij 0.143 d 0.169 a 0.145 a 32.23 d-f 29.13 ij 19.60 m 26.99 f
P.S. 2 g/l 0.123 j 0.135 ef 0.154 c 0.137 b 33.21 d 31.18 fg 26.82 k 30.40 c
P.S. 4 g/l 0.127 h-j 0.134 fg 0.153 c 0.138 b 36.25 b 31.54 e-g 28.22 j 32.00 b
P.S. 6 g/l 0.128 hi 0.130 gh 0.152 c 0.137 b 52.58 a 34.61 c 28.26 j 38.48 a
G.M. 2 ml/l 0.099 l 0.141 d 0.166 ab 0.135 b 32.37 de 29.68 hi 21.84 l 27.96 e
G.M. 4 ml/l 0.110 k 0.140 de 0.162 b 0.137 b 32.55 de 29.87 hi 26.03 k 29.48 d
G.M. 6 ml/l 0.111 k 0.139 d-f 0.162 b 0.137 b 33.25 d 30.72 gh 26.47 k 30.14 c
Mean (A) 0.118 c 0.137 b 0.160 a 36.06 a 30.96 b 25.32 c

Short Medium Long Mean (B)
Anti-trans. (B) ------------------------------------------------Proline content in leaves (mg/g d.w.)-------------------------------------------------
Control 0.116 i 0.181 c-e 0.274 a 0.191 a
P.S. 2 g/l 0.137 gh 0.163 f 0.190 cd 0.163 c
P.S. 4 g/l 0.138 gh 0.163 f 0.185 c-e 0.162 c
P.S. 6 g/l 0.142 g 0.159 f 0.183 c-e 0.161 c
G.M. 2 ml/l 0.127 hi 0.179 de 0.239 b 0.182 b
G.M. 4 ml/l 0.137 gh 0.177 e 0.234 b 0.183 b
G.M. 6 ml/l 0.137 gh 0.164 f 0.192 c 0.164 c
Mean (A) 0.134 c 0.169 b 0.214 a

 Intervals: irrigating every 1 week (short), 2 weeks (medium) and 3 weeks (long). 
 P.S.: potassium silicate; G.M.: Green-miracle product.
 Means having the same letter are not significantly different at 0.05 level of probability according to Duncan’s Multiple Range Test.

Table 7: Some stomata observations as a result of foliar spraying with potassium silicate at 6 g/l and different irrigation intervals
Treatments Stoma No./microscopic field (176×132 µm ) Stoma size (µm ) Stoma length (µm) Stoma width (µm)2 2

Short + control 21.33 a 231.43 a 20.46 a 14.20 a
Medium + control 18.89 a 170.25 b 17.54 b 11.94 b
Medium + P.S. 6 g/l 19.50 a 159.68 b 17.37 b 11.63 b
Long + control 17.22 a 182.77 b 18.57 ab 12.44 b

increased the proline content in duranta plants as recorded 0.274  mg/g  d.w.,  this  was  significantly
recorded 0.134, 0.169 and 0.214 mg/g d.w. for short, followed by long irrigation intervals  +  foliar  spraying
medium and long intervals, respectively (Table, 6). with  Green-miracle  at  2  ml/l  (0.239  mg/g  d.w.).

Foliar spraying with different anti-transpirants However, the lowest value (0.116 mg/g d.w.) was recorded
reduced proline content with variable degrees compared by long irrigation intervals without spraying with any
to control. In this regard, the highest proline content was anti-transpirant (control).
recorded by control treatment (0.191 mg/g d.w.) while the
lowest value was recorded by spraying with Green-miracle Stomata  Observation:   Data   presented  in  Table  (7)
at 2 ml/l (0.161 mg/g d.w.). and illustrated Fig. (1) showed that there were no

The highest proline content was recorded by the significant differences between the selected treatments
combined treatment between long irrigation intervals (short intervals + control, medium intervals + control, long
without spraying with any anti-transpirant (control) as intervals  +  control  and  medium   intervals  +  potassium
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Fig. 1: Some stomata observations as a result of foliar spraying with potassium silicate at 6 g/l and different irrigation
intervals; a: Short intervals + control, b: medium intervals + control, c: medium interval + P.S. at 6 g/l and d: long
interval + control.

silicate at 6 g/l) on stomata number, while a slight effect carotenoids and proline contents, the obtained results in
was  observed  in  case  of  stomata  size, length and this regard were in harmony with those obtained by Noor
width.  Short   irrigation   intervals   without  applying El-Deen et al. [45] who reported that reducing irrigation
anti-transpirants (control) produced the insignificantly water level of Zinnia elegans plants reduced all studied
highest values in case of stomata number (21.33 trait values except for proline content which was
stoma/microscopic field) and length  (20.46  µm),  while increased. Khalil et al. [46] found that reducing irrigation
this treatment significantly produced the highest values water levels reduced plant height and fresh and dry
in case of stomata size (231.43 µm ) and width (14.20 µm). weights, this was accompanied with increasing proline2

The lowest values were obtained in plants grown under content of Jatropha curcas L. Also, Amin [47] reported
medium irrigation intervals + spraying with potassium that prolonging irrigation intervals from 3 to 7 days
silicate at 6 g/l in case of stomata size (159.68 µm ), length reduced plant height, stem diameter and fresh and dry2

(17.37 µm) and width (11.63 µm), but in case of stomata weights of shoots and roots of Pinus radiata and
number the lowest value (17.22 stoma/microscopic field) Robinia pseudoacacia transplants grown in pots. Similar
was  obtained  by long irrigation intervals + control. results regarding the effect of irrigation intervals were
These results on the other hand, showed that different obtained by Bozkurt et al. [48] on young apricot trees,
irrigation levels and potassium silicate (as anti- Abbas et al. [49] on guar forage, Abbaszadeh et al. [50]
transpirant) have no or little effect on  stomata  parameters on Salvia sclarea, Asadi and Alimohamadi [9] on
of duranta plants, so the harmful effect of extending Populus caspica and P. alba. Negative effects of water
irrigation intervals and the amelioration effect of spraying deficit could be explained by its effect in reducing
with potassium silicate may be attributed to physiological photosynthesis by closing stomata, decreasing the
changes and or stomatal movements not to anatomical efficiency of the carbon fixation process, suppressing leaf
alteration. formation and expansion [10]. Water is the solvent in

DISCUSSION absorbed by plant roots. Water is the medium of

This study emphasized that reducing irrigation water photosynthesis [51]. As obtained from this study only
amount as a result of extending irrigation intervals caused carotenoids and proline contents were increased by
an obvious reduction in most studied traits except for reducing  irrigation water levels. In order to increase water

which soil nutrients are dissolved before they can be

transportation of solutes and is required in
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uptake under dehydration conditions, plants led to weak  relationship  between  stomatal  density and
synthesize compounds such as proteins and amino acids, drought stress showed that plants might use another
the accumulation of compatible solutes (osmoprotectants) mechanism for drought resistance such as stomatal
in order to provide osmotic regulation and adjustment is conductance [61].
a well-known mechanism for plant resistance to drought, Finally, it could be concluded that medium irrigation
proline is one of the standard amino acids known as intervals applied in this study (2 weeks) in addition to
osmoprotectants [52]. spraying with potassium silicate at 6 g/l (every 2 weeks)

The positive effect of foliar spraying with potassium was suitable for Duranta erecta L. “Golden Edge” plants
silicate under stress conditions was reported by many grown as ornamental hedges not only because it led to
authors on different plants e.g. Abdel Gawad [13] on save water (about 35-40%) but also because it met the
banana cv. Grand Nain, Mohamed [14] on some water demands by the plants specially after the first six
Eucalyptus species, Hassanvand and Nejad [15] on months from planting during the hot months of summer.
Pelargonium graveolens, Yaghubi et al. [16] on
strawberry and Ali et al. [17] on sugar beet. In this regard, REFERENCES
Kamal [12] reported that potassium silicate increased leaf
relative water content and total chlorophylls content of 1. Brickell, C., 1997. The American Horticultural Society
pepper  plants  grown  under  water  deficit  conditions. A-Z Encyclopedia of Garden Plants. DK Publishing,
Al-Atrash [53] concluded that spraying the needles of Inc., New York, USA, pp: 1092.
Pinus roxburghii with potassium silicate at rate of 10 or 2. Liamas,  K.A.,   2003.   Tropical   Flowering   Plants:
15 ml/l and irrigation every 6 or 8 days as water stress A Guide to Identification and Cultivation. Timber
ameliorated most of growth parameters (height, stem Press, Portland, USA, pp: 423.
diameter growth and biomass fresh and dry weight, total 3. Garrett, H., 2008. Plants for Houston and the Gulf
chlorophylls and total carbohydrates) better than those Coast. Univ. of Texas Press, USA, pp: 164.
irrigated every 4 days and untreated with potassium 4. Michael, A.D., 2011. Dirr's Encyclopedia of Trees and
silicate. Ranjbar et al. [54] reported that foliar application Shrubs. Timber Press, Portland, USA, pp: 945.
with potassium silicate increased leaf relative water 5. Deister, L., 2013. Designing Landscape as
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