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Exogenous Application of Abscisic or Salicylic Acid Alleviates
Irrigation Water Salinity Stress on Hamelia patens Plants

H.A. Ashour and Weaam R.A. Sakr

Ornamental Horticulture Dept., Faculty of Agriculture, Cairo University, Giza, Egypt

Abstract: This study was conducted at the Experimental Nursery of the Ornamental Horticulture Department,
Faculty of Agriculture, Cairo University, Giza, Egypt during the two successive seasons  of  2014  and  2015.
This work aimed to investigate the response of Hamelia patens plants grown under irrigation water salinity
stress to foliar application of different concentrations of abscisic acid (ABA) and salicylic acid (SA). Salinity
stress was imposed by irrigation with saline water containing NaCl and CaCl  (1:1 w/w) at concentrations of2

1500, 3000 and 4500 ppm. In addition, control plants were irrigated using tap water (270 ppm). Plants receiving
each of the irrigation water salinity treatments were sprayed monthly with either ABA or SA at concentration
of 50 or 100 ppm for each one, while the control plants were sprayed with tap water. Increasing salinity of
irrigation water reduced vegetative growth parameters (plant height, number of branches/plant, stem diameter,
leaf area, root length as well as fresh and dry weights of leaves; stems and roots/plant); flowering
characteristics (number of inflorescences / plant, fresh and dry weights of inflorescences) and chemical
constituents of total chlorophylls, total carbohydrates and K contents in leaves. Raising the salt concentration
in the irrigation water increased the contents of proline, Ca, Na and Cl in leaves. Exogenous application of ABA
or SA had a positive effect on vegetative and flowering parameters, in most cases and increased total
chlorophylls, total carbohydrates, proline, K and Ca and decreased the accumulation of toxic Na and Cl ions
in leaves. Spraying Hamelia patens plants irrigated with saline water up to 4500 ppm with any concentration
of ABA or SA alleviated irrigation water salinity stress on vegetative and flowering characteristics and reduced
accumulation of Na and Cl in leaves of plants. SA treatments were more effective than ABA treatments. Foliar
application of SA at 50 ppm was the best and economic treatment to alleviate the adverse effects of irrigation
water salinity up to 4500 ppm on the growth and flowering characteristics of Hamelia patens plants.
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INTRODUCTION turning red and then black at maturity. The seeds are

Hamelia patens Jacq. (Family Rubiaceae) is an moderately tolerant of salinity. In addition to its use for
evergreen woody shrub native to South America. It is landscape  purposes  as  a  flowering  ornamental   plant,
commonly known as firebush, scarletbush, hummingbird H. patens has shown antidiarrheal, anti-inflammatory,
bush and butterfly bush. Plants range from 1.4 to 3 m in wound healing, antifungal and antibacterial properties. In
height and sometimes reach 7 m height, with single or traditional medicine, H. patens is used as diuretic and for
multiple stems. The leaves are 1 to 3.5 cm long, simple, the empirical treatment of pain, inflammation, rheumatism,
entire, elliptic to ovate with an acute  or  acuminate  tip. diabetes, wound healing, gastritis, stomach ache, snake
The foliage turns to a brilliant red as the temperatures turn and scorpion bites and fever [2, 3]. 
cool in the fall. The flowers are in cymes and carried in  Salinity is one of the most important abiotic stresses
terminal or axillary clusters, they are tubular, 12 to 22 mm that limits growth and productivity of plants. Salinity
long and orange to red in color. The plants flower in the negatively affects ornamental plants as it decreases
summer months under long  days  and  warm  weather. vegetative and reproductive growth; causes
The fruit is a berry, spherical to elliptical, 7 to 10 mm long, morphological    and    anatomical   changes   and  induces

orange-brown, 0.6 to 0.9 mm long [1]. Plants are
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metabolic disfunctions such as changes in absorption of Salicylic acid (SA) is a phenolic compound acts as a
minerals, hormones balance, inhibition of enzymatic regulator of plant growth and development and protects
activates, protein metabolism, photosynthesis and plants from biotic and abiotic stresses such as salinity.
respiration [4]. Salinity inhibits plant growth through an SA enhances the plant's resistance against stresses by
osmotic effect on plant water uptake and specific ion reducing the accumulation  of  Na  and  Cl  in  plant
toxicities. Reducing the osmotic potential of the soil organs;  inducing  important  plant physiological
solution results in decreasing total soil water potential, so processes  such  as  photosynthesis,  nitrogen and
plant uptake to soil water is decreased. The increase in the proline  metabolism;  improving antioxidant defense
uptake rate of Na  and Cl  under salt stress causes toxicity system and amelioration of nutrient uptake, water+ -

to plant and reduction of the absorption rates of K  and relations and stomatal regulation. Also, SA causes+

Ca needed for optimal metabolism [5]. Also, high salt assimilation of protein kinase in salt stress conditions,2+

stress induces formation of reactive oxygen species (ROS) which plays an important role in regulating cell division,
superoxide (O ), hydrogen peroxide (H O ), hydroxyl differentiation and plant growth. SA is an effective2-

2 2

radical (OH) and singlet oxygen which causes oxidation of inducer in the expression of genes related to biosynthesis
proteins, damage to nucleic acids, enzyme inhibition, of some classes of secondary enzymes that reduce
peroxidation of membrane lipids and damage the oxidative damage of reactive oxygen species under stress
chloroplast, thus inhibiting photochemical reactions and [8, 11, 26-28]. Prior studies showed that exogenous SA
decreasing photosynthesis leading to cells death [6]. application in non-stressed conditions increased

Exogenous application of some plant growth vegetative growth and flowering parameters of some
regulators such as abscisic acid (ABA) and/or salicylic ornamental plants [29-31]. It has been reported that
acid (SA) have been used to alleviate the adverse effects exogenously SA application to salt stressed plants
of salt stress on floriculture plants [7-12]. Meanwhile, increased plant height, leaf area, stem diameter, number of
there is no enough available data on ornamental shrubs branches, number of flowers per plant, flower diameter,
eventhough there is an ongoing demand for growing weight of the aboveground parts and roots, stomatal
robust flowering ornamental plant species for landscape conductance, chlorophyll, carbohydrate and proline
which can successfully survive in areas with high contents whereas decreasing the accumulation of Na  and
irrigation water salinity. Abscisic acid (ABA) is a growth Cl  in plant tissues and leaf content of nitrogen,
regulating plant hormone that regulates many important potassium, iron and zinc [7-10, 12, 32].
developmental processes including seed development, The aim of this research was to evaluate the effect of
dormancy and germination, flowering, cell division and ABA and SA concentrations as growth regulator
elongation, stomatal opening, photosynthesis, respiration substances on the performance of Hamelia patens plants
and responses to environmental stresses such as irrigated with different saline water concentrations under
drought, salinity, low temperature, heat, pathogen attack the limitation knowledge of the effect of ABA and SA on
and heavy metal stresses [13]. ABA has many ornamental shrubs.
mechanisms that help plants in adaptation to saline
conditions. It targets the guard cells for stomatal closure MATERIALS AND METHODS
by reducing the guard cell turgor pressure to reduce
transpiration and thus prevent water loss. It induces This study was carried out in the experimental
enzymatic and non-enzymatic antioxidant defense nursery of the Ornamental Horticulture Department,
systems which protect cells from oxidative damage caused Faculty of Agriculture, Cairo University, Giza, Egypt
by reactive oxygen species under stress. ABA mediates during the two successive seasons of 2014  and  2015.
the expression of some salt and water stresses responsive The objective of the study was to investigate the
genes, stimulates ion accumulation in vacuoles and response of Hamelia patens Jacq. grown under irrigation
regulates plant water balance and osmotic stress tolerance water salinity stress to foliar application of two plant
[14-19]. Prior studies showed that exogenous ABA growth regulators including abscisic acid (ABA) and
application to plants increased vegetative growth salicylic acid (SA). On 1  of February, in both seasons,
parameters, stomatal mechanics and chemical composition seedlings of Hamelia patens plants were obtained from a
including stem diameter, number of leaves and roots, private nursery with an average plant height of 15 cm with
flowering, fresh and dry biomass and roots, total 2 branches/plant and planted individually in 30 cm
chlorophylls and total carbohydrates [20-23]. Previous diameter plastic pots filled with 8 kg mixture of clay + sand
studies showed that abscisic acid caused morphological (1:1 v/v). The physical and chemical characteristics of soil
and physiological responses to salinity stress [24, 25]. mixture are presented in Table 1.

+

-

st
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Table 1: The physical and chemical characteristics of soil mixture used for growing Hamelia patens during 2014 and 2015 seasons
Physical characteristics

Soil texture Clay (%) Coarse sand (%) Fine sand (%) Silt (%) Field capacity (% V)
Clay loam 34.7 10.7 30.5 24.1 46.2

Chemical characteristics
Macro-nutrients (ppm)
---------------------------------------------------
N P K Organic matter (%) CaCO (%) EC (dS/m) CEC (meq/100 g) pH3

45.32 11.77 55.14 1.44 1.54 1.72 30.64 7.53

On 1  March the treatments were initiated. Plants determined [35]. Dried leaves samples were digested tost

were irrigated twice/week using tap water (270 ppm, as a extract nutrients [36] and the extract was chemically
control) or saline water at concentration of 1500, 3000 and analyzed to determine its contents of potassium, calcium,
4500 ppm. The different  saline  water  concentrations sodium and chloride contents [37, 38]. Data recoded on
were prepared using a mixture of NaCl and CaCl (1:1 w/w). vegetative growth, flowering and chemical constituents2

In both seasons, plants receiving each of the irrigation were subjected to an analysis of variance (ANOVA) and
water salinity treatments were sprayed monthly from 1 the means of the recorded data were compared using thest

March till 1  September with abscisic acid (ABA, C H O Least Significant Difference (LSD) test at the 0.05 levelst
15 20 4

10%) purchased from Sichuan Keruisi Bioengineering Co. [39].
Ltd, China or salicylic acid (SA, 2-hydroxybenzoic acid
99%) obtained from Sigma-Aldrich Chemie GmbH, RESULTS AND DISCUSSION
Germany at concentrations of 50 or 100 ppm for each one
of them. In addition, the control plants continued to be Vegetative Growth and Flowering Parameters
sprayed with tap water. Bio-new film at 1 ml /L was added Effect of Irrigation Water Salinity: Data presented in
as wetting agent to freshly prepared solutions and the Tables (2 - 4) indicated that growth and flowering
plants foliage were sprayed using plastic atomizer until parameters of Hamelia patens including plant height,
run off point (6 cm  of solution/ plant). Spraying number of branches/plant, stem diameter, leaf area, root3

treatments were done at evening to prevent ABA photo length, number of inflorescences/plant as well as fresh
destruction. All the plants received soluble chemical and dry weights of leaves; stems; inflorescences and
fertilizer life green (NPK, 20-20-20) monthly at the rate of roots/plant were reduced steadily as the salt
2.5 g/pot. Common agricultural processes such as hand concentration in the irrigation water was raised to 1500,
picking of weeds were performed. The layout of the 3000 or 4500 ppm compared to the control plants irrigated
experiment was a randomized complete block design with with tap water. In most cases, the reduction in the mean
20 treatments [4 salt concentrations (including the values recorded for most of the studied parameters was
control) X 5 plant growth regulator concentrations significant even with the lowest salt concentration (1500
(including the control)] with 3 blocks (replicates), each ppm) as compared to the control. Number of
block consisted of 60 plants (3 plants/treatment). branches/plant, leaf area, number of inflorescence/plant as

On 30  September in both seasons, the experiment well as fresh and dry weights of inflorescences/plant wasth

was terminated and the vegetative growth parameters significantly reduced with the higher salt concentrations
were recorded including plant height (cm), number of (3000 - 4500 ppm) as compared to the control, whereas
branches/plant, stem diameter (mm, at 5 cm above soil lower salt concentration (1500 ppm) resulted in no
surface), leaf area (cm ), root length (cm), as well as fresh significant reduction compared to the control.2

and dry weights of leaves, stems and roots/plant. Also, The steady reduction in growth and flowering
flowering characteristics including number of parameters as a result of negative  effect  of  increasing
inflorescences / plant, fresh and dry weights of salt concentration  in irrigation water are in agreement
inflorescences (g/ plant)  were  recorded.  In  addition, with previous studies [40-50]. The reduction in the
total chlorophylls in fresh leaf samples  were determined studied parameters at high salinity levels may be
by  using  chlorophyll  meter  Model  SPAD  502 [33]. attributed to ion toxicity, osmotic stress of salt
Total carbohydrates content (% of dry matter) was accumulation in soil and plants and oxidative damages in
determined in dried leaves samples [34]. Proline content in various cellular components such as proteins, lipids and
fresh leaves (µ moles /g fresh matter of leaves) was DNA [51].
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Table 2: Effect of irrigation water salinity and growth regulator treatments on plant height, number of branches/plant, stem diameter, leaf area and root length
of Hamelia patens during 2014 and 2015 seasons

First season (2014) Second season (2015)
------------------------------------------------------------------------------- -------------------------------------------------------------------------------
      Salt concentration (S), ppm       Salt concentration (S), ppm

Growth regulator ------------------------------------------------------- ------------------------------------------------------
treatments (GR) Control 1500 3000 4500 Mean (GR) Control 1500 3000 4500 Mean (GR)

Plant height (cm)
Control 45.48 44.10 43.24 36.33 42.29 45.24 39.52 35.47 29.29 37.38
ABA at 50 ppm 47.95 43.10 43.19 32.57 41.70 39.53 38.57 38.33 31.43 36.97
ABA at 100 ppm 47.95 43.00 40.19 36.05 41.80 40.72 37.86 32.86 31.67 35.78
SA at 50 ppm 54.95 54.05 48.72 44.67 50.60 52.62 49.29 46.67 43.34 47.98
SA at 100 ppm 55.67 54.76 54.57 47.05 53.01 54.52 50.24 51.43 41.90 49.52
Mean (S) 50.40 47.80 45.98 39.33 ------ 46.53 43.10 40.95 35.52 ------
L.S.D. (0.05)
S 1.94 2.93
GR 2.05 3.16
S X GR 4.10 6.31

Number of branches/plant

Control 12.00 11.33 8.67 8.33 10.08 12.33 10.33 9.00 7.67 9.83
ABA at 50 ppm 18.33 14.33 13.33 11.33 14.33 15.33 14.67 13.00 10.67 13.42
ABA at 100 ppm 18.67 16.67 14.33 12.33 15.50 15.33 15.67 15.33 13.67 15.00
SA at 50 ppm 18.33 16.67 18.00 11.00 16.00 16.33 16.00 14.67 11.00 14.50
SA at 100 ppm 19.00 19.00 16.00 11.33 16.33 16.67 16.33 16.33 12.00 15.33
Mean (S) 17.27 15.60 14.07 10.87 ------ 15.20 14.60 13.67 11.00 ------
L.S.D. (0.05)
S 2.76 1.98
GR 3.09 2.10
S X GR 6.18 4.19

Stem diameter (mm)
Control 9.14 8.05 7.50 4.75 7.36 10.57 9.33 8.67 6.17 8.68
ABA at 50 ppm 9.17 8.30 7.83 7.50 8.20 10.33 9.83 9.07 8.87 9.53
ABA at 100 ppm 8.97 7.75 7.78 7.78 8.07 10.97 9.97 9.10 8.20 9.56
SA at 50 ppm 10.28 9.73 9.85 8.86 9.68 11.33 11.34 10.49 9.64 10.70
SA at 100 ppm 11.06 10.23 9.23 9.24 9.94 12.93 11.61 11.07 10.76 11.59
Mean (S) 9.72 8.81 8.44 7.63 ------ 11.23 10.42 9.68 8.73 ------
L.S.D. (0.05)
S 0.60 0.71
GR 0.67 0.79
S X GR 1.34 1.58

Leaf area (cm )2

Control 13.70 12.14 12.08 9.51 11.86 16.27 13.95 13.65 10.84 13.68
ABA at 50 ppm 13.20 11.83 11.56 10.05 11.66 15.52 14.32 12.73 11.40 13.49
ABA at 100 ppm 13.05 11.64 11.83 9.67 11.55 14.28 14.09 13.80 11.99 13.54
SA at 50 ppm 14.30 14.20 12.63 11.69 13.21 17.52 16.60 15.94 15.31 16.34
SA at 100 ppm 18.51 17.88 13.69 14.03 16.03 18.73 18.06 15.45 16.05 17.07
Mean (S) 14.55 13.54 12.36 10.99 ------ 16.46 15.40 14.31 13.11 ------
L.S.D. (0.05)
S 1.04 1.32
GR 1.17 1.47
S X GR 2.35 2.95

Root length (cm)
Control 21.96 15.02 14.72 13.85 16.39 26.29 15.57 15.06 11.59 17.13
ABA at 50 ppm 21.73 19.22 19.56 17.03 19.38 21.50 20.96 18.49 19.01 19.99
ABA at 100 ppm 23.13 22.28 18.87 16.31 20.15 23.93 20.40 20.04 17.41 20.45
SA at 50 ppm 22.96 21.49 21.91 20.66 21.75 24.23 21.21 19.84 19.24 21.13
SA at 100 ppm 25.85 23.77 21.78 20.44 22.96 29.42 21.92 22.82 19.70 23.47
Mean (S) 23.12 20.36 19.37 17.66 ------ 25.07 20.01 19.25 17.39 ------
L.S.D. (0.05)
S 2.64 2.52
GR 2.95 2.81
S X GR 5.91 5.62
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Table 3: Effect of irrigation water salinity and growth regulator treatments on fresh and dry weights of leaves and stems as well as number of inflorescences/plant
of Hamelia patens during 2014 and 2015 seasons

First season (2014) Second season (2015)
------------------------------------------------------------------------------- -------------------------------------------------------------------------------
      Salt concentration (S), ppm       Salt concentration (S), ppm

Growth regulator ------------------------------------------------------- ------------------------------------------------------
treatments (GR) Control 1500 3000 4500 Mean (GR) Control 1500 3000 4500 Mean (GR)

Fresh weight of leaves (g/plant)
Control 56.02 42.02 36.56 32.86 41.86 55.73 43.73 39.03 35.93 43.61
ABA at 50 ppm 51.31 44.33 34.72 29.08 39.86 45.14 43.34 39.43 34.25 40.54
ABA at 100 ppm 47.99 44.08 35.73 28.94 39.18 42.45 39.84 37.72 33.21 38.31
SA at 50 ppm 68.48 64.15 61.02 58.17 62.95 65.68 62.32 58.59 53.07 59.92
SA at 100 ppm 74.99 71.89 70.12 61.32 69.58 70.35 62.82 60.52 60.69 63.60
Mean (S) 59.76 53.29 47.63 42.07 ------ 55.87 50.41 47.06 43.43 ------
L.S.D. (0.05)
S 4.19 5.44
GR 4.69 6.08
S X GR 9.37 12.16

Dry weight of leaves (g/plant)
Control 16.01 11.75 9.91 8.50 11.54 16.64 13.16 11.82 10.25 12.97
ABA at 50 ppm 13.44 10.87 10.21 9.59 11.03 12.35 11.60 12.67 11.96 12.15
ABA at 100 ppm 12.28 11.18 10.97 10.93 11.34 12.32 12.04 11.93 11.04 11.83
SA at 50 ppm 16.87 14.14 13.32 11.94 14.07 18.20 15.33 13.00 14.72 15.31
SA at 100 ppm 17.84 15.47 14.53 12.77 15.15 20.03 16.93 12.64 12.18 15.44
Mean (S) 15.29 12.68 11.79 10.75 ------ 15.91 13.81 12.41 12.03 ------
L.S.D. (0.05)
S 1.66 1.40
GR 1.86 1.56
S X GR 3.72 3.13

Fresh weight of stems (g/plant)
Control 57.13 43.92 41.17 30.71 43.23 59.54 42.48 38.82 32.06 43.23
ABA at 50 ppm 51.84 46.79 40.16 31.38 42.54 49.61 44.90 38.33 37.65 42.62
ABA at 100 ppm 50.85 47.33 38.99 31.90 42.27 49.25 49.16 39.28 32.38 42.52
SA at 50 ppm 69.41 59.72 57.12 54.14 60.10 70.37 63.30 60.83 56.48 62.75
SA at 100 ppm 74.18 64.26 61.40 60.07 64.98 76.61 66.54 62.71 58.96 66.21
Mean (S) 60.68 52.40 47.77 41.64 ------ 61.08 53.28 47.99 43.51 ------
L.S.D. (0.05)
S 7.44 7.07
GR 8.32 7.91
S X GR 16.63 15.82

Dry weight of stems (g/plant)
Control 24.01 20.67 17.08 15.35 19.28 19.28 13.16 11.78 9.27 13.37
ABA at 50 ppm 18.99 17.80 18.85 18.71 18.59 15.92 12.85 11.88 12.39 13.26
ABA at 100 ppm 18.93 18.13 18.50 14.85 17.60 13.74 14.78 11.86 10.12 12.63
SA at 50 ppm 26.38 24.04 21.07 19.94 22.86 20.36 17.43 16.53 14.83 17.29
SA at 100 ppm 27.78 21.59 22.08 20.36 22.95 22.27 17.09 16.06 14.51 17.48
Mean (S) 23.22 20.45 19.52 17.84 ------ 18.31 15.06 13.62 12.22 ------
L.S.D. (0.05)
S 2.62 2.88
GR 2.93 3.10
S X GR 5.86 6.20

Number of inflorescences/plant
Control 23.33 21.67 19.00 17.33 20.33 21.67 19.33 18.33 14.33 18.42
ABA at 50 ppm 23.00 19.00 17.33 18.33 19.42 21.00 17.67 16.67 15.00 17.58
ABA at 100 ppm 20.33 20.00 19.67 18.00 19.50 19.33 20.33 14.67 15.33 17.42
SA at 50 ppm 26.67 24.00 25.67 20.67 24.25 27.67 25.33 23.33 19.33 23.92
SA at 100 ppm 29.33 29.00 28.00 17.33 25.92 31.00 26.67 25.00 20.00 25.67
Mean (S) 24.53 22.73 21.93 18.33 ------ 24.13 21.87 19.60 16.80 ------
L.S.D. (0.05)
S 2.57 3.41
GR 3.15 3.81
S X GR 6.30 7.62
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Table 4: Effect of irrigation water salinity and growth regulator treatments on fresh and dry weights of inflorescences and roots of Hamelia patens during 2014
and 2015 seasons

First season (2014) Second season (2015)
------------------------------------------------------------------------------- -------------------------------------------------------------------------------
      Salt concentration (S), ppm       Salt concentration (S), ppm

Growth regulator ------------------------------------------------------- ------------------------------------------------------
treatments (GR) Control 1500 3000 4500 Mean (GR) Control 1500 3000 4500 Mean (GR)

Fresh weight of inflorescences (g/ plant)
Control 9.32 8.56 5.16 5.15 7.05 7.02 5.79 4.54 4.20 5.39
ABA at 50 ppm 7.64 6.92 5.96 6.29 6.70 6.63 5.10 4.82 4.45 5.25
ABA at 100 ppm 7.11 7.26 7.44 5.68 6.87 5.91 5.60 5.44 4.25 5.30
SA at 50 ppm 11.34 9.64 9.22 8.47 9.67 8.55 7.75 8.15 6.76 7.80
SA at 100 ppm 12.23 10.54 9.07 9.35 10.30 7.81 8.01 7.11 7.25 7.54
Mean (S) 9.53 8.58 7.37 6.99 ------ 7.19 6.45 6.01 5.38 ------
L.S.D. (0.05)
S 1.74 0.85
GR 1.94 0.95
S X GR 3.89 1.89

Dry weight of inflorescences (g/ plant)
Control 3.89 3.47 2.14 2.33 2.96 3.02 2.58 1.67 1.48 2.19
ABA at 50 ppm 2.85 2.81 2.71 2.12 2.62 2.40 1.96 2.00 1.95 2.08
ABA at 100 ppm 2.09 2.19 2.60 2.43 2.33 2.02 2.29 2.04 1.56 1.98
SA at 50 ppm 4.75 4.06 3.53 3.27 3.90 3.24 2.84 2.80 2.20 2.77
SA at 100 ppm 5.03 3.95 3.33 3.36 3.92 3.38 2.88 2.35 2.35 2.74
Mean (S) 3.72 3.30 2.86 2.70 ------ 2.81 2.51 2.17 1.91 ------

L.S.D. (0.05)
S 0.81 0.41
GR 0.91 0.45
S X GR 1.82 0.86

Fresh weight of roots (g/plant)
Control 57.41 44.69 36.95 33.43 43.12 60.83 43.15 35.61 30.62 42.55
ABA at 50 ppm 59.34 55.10 45.82 41.79 50.51 57.75 51.51 45.58 38.20 48.26
ABA at 100 ppm 56.26 57.59 45.91 43.69 50.86 52.61 51.96 49.96 42.88 49.35
SA at 50 ppm 70.03 60.45 59.77 54.87 61.28 61.09 52.76 50.44 48.19 53.12
SA at 100 ppm 70.74 60.67 62.07 52.93 61.60 69.10 56.54 56.79 52.15 58.64
Mean (S) 62.76 55.70 50.10 45.34 ------ 60.28 51.19 47.68 42.41 ------
L.S.D. (0.05)
S 6.48 4.50
GR 7.25 5.15
S X GR 14.49 10.29

Dry weight of roots (g/plant)
Control 19.96 15.79 13.50 11.18 15.11 22.78 15.14 12.85 9.19 14.99
ABA at 50 ppm 21.09 19.05 15.80 13.83 17.44 19.78 18.82 17.20 14.85 17.66
ABA at 100 ppm 19.18 18.40 18.29 16.13 18.00 18.23 18.75 16.31 17.47 17.69
SA at 50 ppm 23.19 19.01 18.56 16.48 19.31 22.54 17.47 16.54 14.83 17.85
SA at 100 ppm 23.50 21.72 18.15 18.20 20.39 24.68 18.24 17.64 16.30 19.21
Mean (S) 21.39 18.79 16.86 15.16 ------ 21.60 17.68 16.11 14.53 ------
L.S.D. (0.05)
S 1.85 2.30
GR 2.07 2.58
S X GR 4.14 5.15

Effect of Growth Regulators: Concerning the effect of seasons, application of SA at any concentrations (50 or
growth regulator treatments on growth and flowering 100 ppm) significantly increased the values of all studied
parameters of Hamelia patens, the data presented in vegetative and flowering parameter compared to the
Tables (2 - 4) showed that application of SA control plants (which sprayed with tap water). In most
concentrations had a favorable effect on the studied cases, raising the application rate of SA from 50 to 100
vegetative and flowering parameters of the plants ppm resulted in a steady increase in the recorded mean
compared to ABA at the same concentration. In both values with no significant difference between values
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recorded with 50 and 100 ppm, in most cases. Similar compared to the plants irrigated and sprayed with tap
increases in vegetative growth and flowering parameters water (control). It is worth mentioning that there was no
as a result of SA treatments have been reported by many significant difference between values recorded with plants
researchers [52-59]. irrigated with saline water at 4500 ppm and sprayed with

The data presented in Tables (2 - 4) also revealed that SA at 50 or 100 ppm. Also, spraying SA resulted in few
the effect of ABA on vegetative and flowering parameters significantly higher values in both seasons for plant
showed different trends  from  one  parameter  to  others. height, number of branches, stem diameter and fresh
In both seasons, the values recorded for number of weight of leaves and stems, as well as leaf area in the first
branches/plant, stem diameter, root length as well as fresh season and dry weight of leaves and number of
and dry weights of roots/plant were significantly higher inflorescences/plant in the second season, as compared
with plants sprayed with the two concentrations of ABA to the control, especially with low irrigation water salinity
under the study than the values recorded with control concentrations. From the above results, it can be
plants. These results are consistent with previous studies concluded that spraying plants with SA at 50 ppm was the
[21, 60, 61]. On the other hand, ABA application at the best treatment for alleviating irrigation water salinity
two different concentrations resulted in insignificantly stress up to 4500 ppm producing Hamelia patens plants
reductions in plant height, leaf area, number of insignificantly different than the control plants irrigated
inflorescences/plant and fresh and dry weights of leaves, with tap water. Such results are in agreement with those
stems and inflorescences/plant, as compared to the obtained by other researchers [9, 64-68].
control. Similar decreases as a result of ABA treatments
have been reported [62, 63]. Chemical Constituents:

Interaction Between Effects of Irrigation Water Salinity It is evident from data in Table (5) that the synthesis and
and Growth Regulators: The data recorded in the two accumulation of total chlorophylls and total
seasons (Tables 2 - 4) showed that the most vigorous carbohydrates in leaves of Hamelia patens were
vegetative and flowering growth of Hamelia patens considerably affected by salinity of the  irrigation  water.
plants (i.e., the highest values for most of the different In both seasons, in most cases, raising salt
vegetative growth and flowering characteristics) was concentrations to 1500, 3000 or 4500 ppm resulted in
obtained as a result of spraying plants irrigated with tap significant reduction in the recorded mean values of
water with SA at 100 ppm. On the other hand, in most chlorophylls content and total carbohydrates percentage
cases, the lowest values for most of the studied growth as compared to the control. The only one exception to this
and flowering parameters were obtained from plants general trend was detected in the first season with plants
irrigated with the highest salt concentration (4500 ppm) irrigated with the lowest salt concentration (1500 ppm)
and sprayed with tap water. In most cases, within each which had insignificantly lower total carbohydrates
growth regulator treatment, increasing irrigation water percentage than those of plants irrigated with tap water
salinity resulted in a steady reduction in the values of (control). The reduction of total chlorophylls and total
vegetative growth and flowering characteristics. carbohydrates percentage as a result of raising salt stress

In most cases, within each irrigation water salinity are consistent with those reported by other researchers
treatment, SA treatments gave higher values than ABA [41, 49, 50, 69]. The reduction of total chlorophylls
treatments under the same growth regulator contents as a result of salt tress may be due to increasing
concentration. Also, in both seasons under different Na concentration in plant tissue which increases oxidative
irrigation water salinity treatments, spraying plants with stress and causes deterioration in chloroplast structure
SA at 50 or 100 ppm alleviated irrigation water salinity with an associate lose in chlorophyll. The reduction in the
stress resulting insignificantly different values than that total carbohydrates percentage may be indirectly
recorded with the plants irrigated and sprayed with tap attributed to the reduction in chlorophylls synthesis and
water (control) in most cases. Few exceptions to this photosynthesis as salinity levels increased.
general trend were recorded with root length and fresh Regarding the effect growth regulator treatments,
and dry weights of roots in the second season as well as data in Table (5) showed that application of growth
dry weight of leaves in both seasons which resulted in regulator treatments had a favorable effect on
significantly lower values for some values of interaction accumulation of total chlorophylls and total
between irrigation water salinity and SA treatments carbohydrates in leaves of Hamelia patens plants. In both

Contents of Total Chlorophylls and Total Carbohydrates:
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Table 5: Effect of irrigation water salinity and growth regulator treatments on total chlorophylls, total carbohydrates and proline contents as well as K% in
leaves of Hamelia patens during 2014 and 2015 seasons

First season (2014) Second season (2015)
------------------------------------------------------------------------------- -------------------------------------------------------------------------------
      Salt concentration (S), ppm       Salt concentration (S), ppm

Growth regulator ------------------------------------------------------- ------------------------------------------------------
treatments (GR) Control 1500 3000 4500 Mean (GR) Control 1500 3000 4500 Mean (GR)

Total chlorophylls content (SPAD)
Control 35.96 28.26 26.53 21.52 28.07 34.97 26.76 27.23 26.43 28.85
ABA at 50 ppm 35.42 34.24 34.85 29.76 33.57 36.09 36.09 35.94 30.96 34.77
ABA at 100 ppm 31.85 35.75 34.85 29.80 33.06 34.72 36.71 33.22 31.16 33.95
SA at 50 ppm 37.84 37.04 35.71 34.21 36.20 43.48 39.19 38.10 36.99 39.44
SA at 100 ppm 50.31 44.31 44.39 39.97 44.75 49.55 48.83 45.96 41.54 46.47
Mean (S) 38.28 35.92 35.27 31.05 ------ 39.76 37.52 36.09 33.42 ------
L.S.D. (0.05)
S 1.77 1.77
GR 1.98 1.98
S X GR 3.96 3.95

Total carbohydrates (% of dry matter)
Control 13.70 12.93 11.07 10.59 12.07 14.96 12.57 11.85 11.25 12.66
ABA at 50 ppm 17.05 17.10 17.90 16.16 17.05 17.53 16.24 15.53 15.60 16.22
ABA at 100 ppm 17.44 18.16 17.03 15.52 17.04 17.87 16.79 15.25 15.74 16.41
SA at 50 ppm 19.74 17.37 15.82 15.04 16.99 18.77 16.81 15.17 14.24 16.25
SA at 100 ppm 20.12 18.46 18.00 16.17 18.19 20.46 19.10 17.35 15.38 18.07
Mean (S) 17.61 16.80 15.97 14.70 ------ 17.92 16.30 15.03 14.44 ------
L.S.D. (0.05)
S 1.41 1.21
GR 1.58 1.35
S X GR 3.16 2.71

Proline content (µ moles/g fresh matter)
Control 2.23 2.47 3.08 3.30 2.77 2.37 3.11 3.51 3.55 3.13
ABA at 50 ppm 2.68 3.67 3.74 3.92 3.50 3.12 3.75 3.64 4.10 3.65
ABA at 100 ppm 3.55 4.09 4.06 4.09 3.95 4.33 3.36 4.11 3.62 3.85
SA at 50 ppm 4.20 4.97 5.78 6.28 5.31 3.92 4.49 4.48 4.89 4.44
SA at 100 ppm 4.66 6.25 6.55 7.64 6.28 4.93 4.90 5.05 5.37 5.06
Mean (S) 3.47 4.29 4.64 5.05 ------ 3.73 3.92 4.16 4.30 ------
L.S.D. (0.05)
S 0.66 0.64
GR 0.73 0.72
S X GR 1.47 1.44

K (% dry matter)
Control 1.85 1.36 1.29 1.07 1.39 1.73 1.53 1.35 1.13 1.43
ABA at 50 ppm 1.74 1.70 1.54 1.63 1.65 1.85 1.72 1.56 1.49 1.66
ABA at 100 ppm 1.81 1.76 1.67 1.73 1.74 1.89 1.68 1.52 1.58 1.67
SA at 50 ppm 1.70 1.61 1.62 1.65 1.65 1.91 1.68 1.55 1.49 1.66
SA at 100 ppm 1.86 1.74 1.54 1.48 1.66 1.98 1.94 1.74 1.54 1.80
Mean (S) 1.79 1.63 1.53 1.51 ------ 1.87 1.71 1.54 1.45 ------
L.S.D. (0.05)
S 0.14 0.13
GR 0.15 0.14
S X GR 0.31 0.28

seasons, foliar application of any rate  of  the  two  types application of SA are in agreement with the results of
of  growth  regulator  (ABA  or  SA)  resulted in other studies [24, 29, 31, 55,  56,  59].  Also,  increasing
significant increase in the recorded mean values, as total chlorophylls and carbohydrates due to application
compared  to  control plants. The results of increasing of  ABA confirmed  the  reports  of  other  researchers
total chlorophylls  and   carbohydrates  due to [21, 70].
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 Regarding the interaction effects between salt amino acid, to enhance the activities of different enzymes;
concentrations and growth regulator treatments, the data maintain cell turgor and osmotic balance and stabilize
recorded in Table (5) showed that the highest values of membranes to prevent electrolyte leakage [72].
total chlorophylls and carbohydrates were obtained as a Regarding the effect of growth regulator on proline
result of spraying plants irrigated with tap water with SA content in the fresh leaves of Hamelia patens plants, the
at 100 ppm, while the lowest values were obtained from data in Table (5) revealed that in both seasons, in most
plants irrigated with the highest salt concentration (4500 cases, spraying the plants with any rate of growth
ppm) and sprayed with tap water. regulator treatments (ABA or SA) resulted in significant

In most cases, within each growth regulator increase in proline content in leaves of Hamelia patens
treatment, increasing irrigation water salinity resulted in a plants as a compared to control. The only exception to
steady reduction in the values of total chlorophylls and this general trend was detected in the second season with
carbohydrates in leaves. Spraying plants irrigated with plants sprayed with ABA at 50 ppm which resulted in
saline water at concentration of 4500 ppm with SA at 100 insignificantly higher value than the control plants
ppm gave significantly higher total chlorophylls values in sprayed with tap water. The increase in proline content as
leaves as compared with the values recorded with leaves a result of SA application is in agreement with the
of plants sprayed with 50 ppm SA under the same findings of many researchers [73, 74]. Also, the increase
irrigation water salinity, whereas the difference in total in proline content as a result of ABA application
carbohydrates values was no significant at the same confirmed the reports of other researchers [75, 76].
conditions. Regarding the interaction effects between salt

In most cases, within each irrigation water salinity concentrations and growth regulator treatments, the data
treatment, SA treatments gave higher values than ABA recorded in Table (5) showed that, in both seasons, plants
treatments under the same growth regulator irrigated with salt concentrations of 1500, 3000 or 4500
concentration. Also, in both seasons under different ppm and sprayed with the tested concentrations of SA or
irrigation water salinity treatments, spraying plants with ABA at concentrations of 50 or 100 ppm resulted in higher
SA at 50 or 100 ppm alleviated irrigation water salinity proline content than those of control plants (which
stress resulting higher values than that recorded with the sprayed with tap water). In both seasons, the increase in
plants irrigated and sprayed with tap water (control) in proline content as a result of foliar application of SA at
most cases. the two concentrations was significant as compared to the

The obtained results are agreement with the findings control. In both seasons, the highest values of proline
which reported that the application of SA to plants treated content (7.64 and 5.37 µ moles/g fresh matter in the first
with salinity stress resulted in an increase in chlorophylls and second seasons, respectively) were obtained from
and carbohydrates contents [9, 71]. plants irrigated with highest salt concentration (4500 ppm)

Proline Content: Data presented in Table (5) indicated ppm). On the other hand, the lowest values (2.23 and 2.37
that increasing salt concentrations in irrigation water to µ moles/g fresh matter in the two seasons, respectively)
1500, 3000 or 4500 ppm increased proline content in the were obtained from plants irrigated with tap water and
fresh leaves of Hamelia patens plants as compared to the sprayed with tap water (control). The obtained results are
control. The increase in proline content in the fresh leaves in agreement with the findings of previous studies which
was significant in the first season even with the lowest stated that the application of SA to plants grown under
irrigation water salinity (1500 ppm) as a compared to salinity stress increased proline contents [7, 11, 24, 28, 64].
control. Accordingly, the lowest mean values were
obtained from plants irrigated with tap water, whereas the K (% of Dry Matter): As shown in Table (5), the data
highest values were obtained from plants irrigated with indicated that the uptake and accumulation of K% in the
saline water at the highest salt concentration (4500 ppm). dried leaves of Hamelia patens plants was reduced
Similar increases in proline as a result of salt stress have steadily in response to increasing salt concentrations in
been reported by prior researches [24, 40, 44, 45, 49, 50, irrigation water compared to the control.  The   reduction
70]. The increase in proline content as a result of salt in K% as a result of raising salt  concentration in
stress is attributed to that the plant accumulate proline, an irrigation  water  to  1500, 3000 or 4500 ppm was significant

and sprayed with the highest concentration of SA (100
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as compared to the control, in both seasons. These  Concerning the effect of different combinations of
results are in agreement with the findings of  previous
studies [40, 41, 43, 64, 69].

The data in Table (5) also showed that the uptake and
accumulation of K% in dried leaves of plants was
enhanced by  using  different  growth  regulator
treatments.  In  both   seasons   foliar   application of
ABA  or SA   concentrations   caused  significant
increase  in   K%   as   a    compared   to  the  control.
These results are in accordance with the findings of other
researchers who found that the accumulation of K% in
plant organs was increased as a result of ABA or SA
treatments [58, 74].

Concerning the effect of different combinations of
saline irrigation water and growth regulator treatments, it
is clear from the data in Table (5) that, in both seasons,
the highest values of K% were obtained from plants
irrigated with tap water and sprayed with the highest
concentration of SA (100 ppm). On the other hand, the
lowest values were resulted from plants irrigated with
highest salt concentration (4500 ppm) and sprayed with
tap water. In both seasons, in most cases, spraying plants
irrigated with saline water (1500- 4500 ppm) with ABA or
SA each at concentration of 50 or 100 ppm resulted in
insignificantly different values of K% in leaves of plants
as compared to control irrigated and sprayed with tap
water. Such results are in agreement with the findings of
other researchers [8, 25, 30].

Ca (% of Dry Matter): The presented data in Table (6)
revealed that increasing salt concentrations in irrigation
water to 1500, 3000 or 4500 ppm resulted in significant
increments in Ca% in the dried leaves of Hamelia patens
plants compared to the control plants irrigated with tap
water. These results are agreement with findings of
previous studies [40, 41, 52, 69].

Concerning the Ca% in the dried leaves of Hamelia
patens as affected by growth regulator treatments, the
data in Table (6) indicated that the effect of ABA and SA
on Ca% was similar to their effect on K%. Plants sprayed
with any concentration of the tested growth regulator
treatments (ABA or SA) had significantly higher values
of Ca% in the dried leaves than those of control plants.
The increments of Ca% as a result of ABA or SA
treatments are in agreement with the results obtained by
other researchers [77, 78]. At the same concentration, SA
treatments were more effective in increasing Ca% values
in the dried leaves than that recorded with ABA
treatments.

saline irrigation water and growth regulator treatments, it
is clear from the data in Table (6) that, in both seasons,
the highest values of Ca% were obtained from plants
irrigated with  saline  water  at  concentration   of  4500
ppm and sprayed with the highest concentration of SA
(100 ppm). On the other hand, the lowest values were
resulted from plants irrigated with tap water and sprayed
with tap water. In both seasons, in most cases, spraying
plants irrigated with saline water (1500- 4500 ppm) with
ABA or SA each at concentration of 50 or 100 ppm
resulted in significantly higher values of Ca% in leaves of
plants as compared to control plants irrigated and sprayed
with tap water. The obtained results are in agreement with
previous studies [8, 25]. Also, Grattan and Grieve [79]
reported that the increase in K% and Ca% in salt stressed
plants could alleviate the adverse effects of salinity on
growth of horticultural plants.

Na and Cl (% of Dry Matter): From the data presented in
Table (6) it can be noticed that, in most cases, the Na and
Cl% in the dried leaves of Hamelia patens plants were
significantly increased as salt concentrations in irrigation
water increased to 1500, 3000 or 4500 ppm compared to the
control. The only exception to this general trend was
recorded in both seasons with plants irrigated with saline
water at concentration of 1500 ppm which resulted in
insignificant increase in the Na% as compared to the
control. Similar increases in the Na% and Cl% with
increasing the salinity level have been reported by many
researchers [40, 41, 43, 44, 49, 50, 64, 69, 80].

The accumulation of Na  and Cl % at relatively high+ –

concentrations in the leaves may result in some toxic
effects, which may be responsible for the reduction in
vegetative and flowering characteristics. Accumulation of
Cl reduces the photosynthetic capacity due to–

chlorophyll degradation which may result from a
structural impact of high Cl  concentration on PSII. High–

Na  interferes with K  and Ca  nutrition and disturbs+ + 2+

efficient stomatal regulation which results in a depression
of photosynthesis and growth [81].

Concerning the effect of growth regulator treatments
the data in Table (6) also showed that the uptake and
accumulation of Na and Cl% in the dried leaves of
Hamelia patens plants were significantly reduced as a
result of exogenous application of ABA or SA compared
to the control, in most cases. At the same concentration,
SA treatments were more effective in decreasing Na and
Cl% values in the dried leaves than that recorded with
ABA treatments.



Am-Euras. J. Agric. & Environ. Sci., 16 (6): 1181-1195, 2016

1191

Table 6: Effect of irrigation water salinity and growth regulator treatments on Ca, Na and Cl (% of dry matter) in leaves of Hamelia patens during 2014 and
2015 seasons

First season (2014) Second season (2015)
------------------------------------------------------------------------------- -------------------------------------------------------------------------------
      Salt concentration (S), ppm       Salt concentration (S), ppm

Growth regulator ------------------------------------------------------- ------------------------------------------------------
treatments (GR) Control 1500 3000 4500 Mean (GR) Control 1500 3000 4500 Mean (GR)

Ca (% dry matter)
Control 0.23 0.27 0.30 0.29 0.27 0.19 0.34 0.35 0.34 0.31
ABA at 50 ppm 0.33 0.48 0.42 0.49 0.43 0.48 0.48 0.46 0.55 0.49
ABA at 100 ppm 0.42 0.51 0.50 0.55 0.50 0.43 0.50 0.53 0.54 0.50
SA at 50 ppm 0.54 0.62 0.60 0.66 0.61 0.44 0.57 0.53 0.62 0.54
SA at 100 ppm 0.54 0.73 0.66 0.81 0.69 0.57 0.57 0.58 0.62 0.58
Mean (S) 0.41 0.52 0.50 0.56 ------ 0.42 0.49 0.49 0.53 ------
L.S.D. (0.05)
S 0.08 0.06
GR 0.09 0.07
S X GR 0.17 0.14

Na (% dry matter)
Control 0.33 0.35 0.36 0.44 0.37 0.30 0.40 0.48 0.57 0.44
ABA at 50 ppm 0.31 0.30 0.33 0.34 0.32 0.33 0.32 0.32 0.33 0.32
ABA at 100 ppm 0.21 0.23 0.26 0.27 0.24 0.31 0.24 0.32 0.30 0.29
SA at 50 ppm 0.22 0.20 0.27 0.29 0.24 0.21 0.22 0.29 0.32 0.26
SA at 100 ppm 0.17 0.22 0.24 0.22 0.21 0.18 0.23 0.25 0.26 0.23
Mean (S) 0.25 0.26 0.29 0.31 ------ 0.27 0.28 0.33 0.36 ------
L.S.D. (0.05)
S 0.04 0.05
GR 0.05 0.06
S X GR 0.09 0.11

Cl (% dry matter)
Control 0.33 0.34 0.38 0.46 0.38 0.41 0.44 0.48 0.61 0.49
ABA at 50 ppm 0.23 0.24 0.24 0.25 0.24 0.27 0.33 0.34 0.36 0.33
ABA at 100 ppm 0.19 0.24 0.22 0.26 0.23 0.29 0.34 0.32 0.36 0.33
SA at 50 ppm 0.21 0.24 0.24 0.25 0.23 0.25 0.34 0.33 0.35 0.32
SA at 100 ppm 0.18 0.19 0.20 0.22 0.20 0.21 0.27 0.29 0.31 0.27
Mean (S) 0.23 0.25 0.26 0.29 ------ 0.29 0.35 0.35 0.40 ------
L.S.D. (0.05)
S 0.02 0.02
GR 0.03 0.02
S X GR 0.05 0.04

Regarding the interaction effects between salt with the highest concentration of SA (100 ppm). The
concentrations and growth regulator treatments, the data obtained results are in agreement with findings of many
recorded in Table (6) showed that plants irrigated with salt researchers who found that application of ABA or SA to
concentrations of 1500, 3000 or 4500 ppm and sprayed salinity stressed plants reduced the accumulation of Na
with ABA or SA each at concentration of 50 or 100 ppm and Cl% in plant organs. [8, 25]. In this respect Javid et al.
resulted in lower Na and Cl% values in their leaves [14] identified that ABA is responsible for regulating the
compared to the control, in most cases. The reduction in expression of gens involved in alleviation of salt and
Cl% was significant. At the same concentration, SA osmotic stresses.
treatments were more effective in decreasing Na and Cl%
values in the dried leaves of plants irrigated with different CONCLUSION
saline concentrations than that recorded with ABA
treatments, in most cases. In both seasons, the highest It can be concluded that foliar application of SA at 50
values of both Na and Cl% were obtained from plants ppm was the best and economic treatment to alleviate the
irrigated with highest salt concentration (4500 ppm) and adverse effects of irrigation water salinity up to 4500 ppm
sprayed with tap water, whereas the lowest values were on the vegetative growth and flowering characteristics of
obtained from plants irrigated with tap water and sprayed Hamelia patens plants.
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