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ABSTRACT 
 
 Two pot experiments were conducted under full sun conditions at the Experimental Farm of Hort. Res. 
Inst., ARC, Giza, Egypt during 2010 and 2011 seasons to study the effects of spraying with aqueous solution of 
either calcium carbonate (CaCO3) at 0, 6 and 9% or vapor gard, VG (96% di-l-p-Menthene) at 0, 2 and 3% 
concentrations, thrice with one month interval, on growth, flowering and chemical composition of 6-months-old 
transplants of rose of China (Hibiscus rosa-sinensis L.) grown in 30cm diameter plastic pots filled with about 
7kg of sand and clay mixture (1:1 v/v) under different water regimes (100, 80, 60 and 40% of water holding 
capacity (WHC). The obtained results indicated that all vegetative and root growth parameters descendingly 
decreased with reducing the percent of WHC to reach the minimum values at 40% WHC treatment. The 
opposite was the right concerning the effect of antitranspirants which significantly improved all vegetative and 
root growth traits over control under the various water supply treatments, with the superiority of CaCO3 at 6% 
treatment that gave the utmost high means in most cases of both seasons and followed by VG at 3% treatment. 
So, the best vegetative and root growth was obtained from combining between irrigation at 100% WHC and 
spraying with either CaCO3 solution at 6% or VG solution at 3% level. Irrigation treatment at 80% WHC caused 
a significant precocity in flowering in the first season, while in the second one that was referred to 40% WHC 
treatment which shortened the number of days to flowering by about 10, 6 and 4 days comparing with the 
periods recorded by 100, 80 and 60% WHC treatments, respectively. Number of flowers/plant was progressively 
decreased with the decrement of water supply, whereas CaCO3 at 6% concentration significantly increased this 
trait. However, the interaction between 100% water supply and spraying with 6% CaCO3 scored the highest No. 
flowers in the two seasons compared to control and other interactions. Contents of chlorophyll a, b, carotenoids, 
N, P, K, soluble and non-soluble sugars% and proline content in the leaves were gradually increased as the 
water supply was decreased. These constituents were also increased with various significant differences as a 
result of spraying with wither CaCO3 or VG solution, except for carotenoids content which was significantly 
declined by the different levels of the two used antitranspirant, and proline content which was not affected by 
either antitranspirants applied in this study. However, the best content of all previous constituents was recorded 
by CaCO3 at 6% treatment. Hence, spraying with either CaCo3 at 6% or VG at 3% solution, thrice with one 
month interval, may be recommended for overcoming the harmful effects on growth and performance of Rose 
of China (Hibiscus rosa-sinensis L.) transplants under water stress.  
 
Kew words: Water-stressed, (Hibiscus rosa-sinensis L.), calcium carbonate, anti-transpirants 
 
Introduction 
 
 Hibiscus rosa-sinensis L., Rose of China or Chinese hibiscus (Fam. Malvaceae) is a large beautiful 
evergreen shrub to 5-7m height; nearly glabrous; leaves usually simple, ovate to 8-10cm long, not lobed, but 
toothed or nearly entire, grown mostly in tropical and subtropical regions for its profuse large very showy 
flowers that are born solitary on the leaf axils, and also in glasshouses for the summer bloom (Bailey, 1976).  
 Water deficit was found to has different effects on growth and chemical composition of plants. This was 
indicated by Garas (2011) who found that applying the moderate irrigation level (0.75l/pot) to Hibiscus rosa-
sinensis and H. syriacus was the best for improving plant morphological traits and inducing the earliest 
flowering, while using the highest level (1l/pot) gave the highest number of branches and leaves/plant. The 
lowest irrigation level (0.5l/pot) and the moderate one (0.75l/pot) were the best for increasing the content of 
chemical constituents. On Taxodium distichum, Mazher et al (2006) revealed that increasing water supply 
gradually increased stem length and diameter, No. branches/plant, shoots and roots fresh and dry weights, as 
well as N, P, K, B, Cu, Ca, Fe, Zn and Mn contents in shoots, while root length and its fresh and dry weights, as 
well as N, P, K, B, Cu, Na, Ca, Fe, Zn and Mn in shoots were increased as water level decreased. It was also 
noticed that growth parameters, soluble and non-soluble sugars, chlorophylls and carotenoids contents tended to 
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increase by increasing B level up to 20ppm. So, boron application can be used to reduce the harmful effect of 
water stress up to 40% of water holding capacity (WHC).  
 Similar observations were also gained by El-Shakhs et al. (2002) on dahlia, Shahin et al. (2006) on sisal, 
Shahin et al. (2007) on Agave americana cv. Marginata, El-Sayed et al. (2008) on Dodonaea and Shahin et al. 
(2009) on tuberose.   
 Most of the water available to plants is lost through transpiration, which is effectively reduced by closure of 
stomata. Several ways can be done to achieve this objective, among of them using antitranspirants (Kozlowski 
and Davies, 1975). Antitranspirants are chemical compounds applied to regulate the transpiration of plants and 
maintain a favorable plant water status (Song et al., 2011). However, many efforts were established to detect the 
response of the different plant species to various antitranspirants under the various environmental stresses. In 
this regard, Afify et al. (2001) reported that spraying Hibiscus sabdariffa plants with folicate at 2.5, 5 and 7.5% 
decreased the transpiration rate (TR) and increased both the degree of resistance (DR) and relative water content 
(RWC). Irrigation at 2 weeks interval and spraying with folicote, especially at 5% resulted the tallest plants, 
highest number of branches and leaves/plant,widest leaf area, the heaviest fresh and dry weights of total 
herb/plant, as well as the number and fresh weight of fruits and fresh and dry weights of sepals. Likewise, 
Wahba et al. (2001) on the same previous plant, observed that irrigation every 6 weeks and/or CaCO3 at 6% 
decreased the (TR), while irrigation at 2 weeks and/or CaCO3 at 6% increased both (DR) and (RWC). The 
former combination increased the percentages of total carbohydrates and total soluble solids, but decreased pH 
value, whereas the latter one increased the total anthocyanins in sepals and fixed oil yield in seeds. On 
Washingtonia filifera, Abdou (2003) elucidated that both vapor gard and ascorbic acid caused a gradual increase 
in vegetative growth, chemical composition and leaf water content by the gradual increase in their 
concentrations, with the best results being obtained from vapor gard at 3% and ascorbic acid at 500ppm. It was 
also noticed that seedlings exposed to the highest water stress (irrigation every 10 days) with the supplement of 
either vapor gard at 3% or ascorbic acid at 500ppm gave almost equal values to the seedlings irrigated at the 
shortest interval (every 3 days).  
 On the same line, were those results postulated by Win et al. (1991) on potato, Moftah and Al-Humaid 
(2006) on tuberose, Abou Leila et al. (2007) on sesame and Song et al. (2011) on cut rose.  
 The main objective of this trial was to investigate the effect of different rates of either calcium carbonate or 
vapor gard antitranspirants on growth, flowering and chemical composition of Chinese hibiscus plant growing 
under different water regimes.  
 
Materials and Methods 
 
 Two pot experiments were consummated under full sum conditions at the Experimental Farm of Hort. Res. 
Inst., ARC, Giza, Egypt throughout the two consecutive summer seasons of 2010 and 2011 to examine the effect 
of spraying with two types of antitranpirants on growth, flowering and some chemical of Chinese hibiscus plants 
subjected to levels of water treatments.   
 Therefore, the young uniform transplants of Hibiscus rosa-sinensis L. (6-months-old , 25cm long and carry 
about 10 leaves) were transplanted on March, 1st for the two seasons in 30cm diameter plastic pots (one 
transplant/pot) filled with about a mixture of sand and clay (1:1, by volume). The physical and chemical analysis 
of the used sand and clay in the two seasons are shown in Table (1). 
 
Table 1: Physical and chemical properties of growing medium (sand/clay 1:1, v/v) used in the two seasons.  

   Anions (meq/l) Cations (meq/l) 
pH Ec (mmhos/cm) Sp HCO3

- Cl- SO4
-- Ca++ Mg++ Na+ K+

7.83 1.87 28.9 3.78 4.36 3.99 3.37 1.50 4.65 2.11 
  N 

129.8 
P 

23.7 
K 

382 
Fe 

5.89 
Zn 

5.66 
Mn 
9.36 

Cu 
3.71 

ppm 

 Physical analysis Fine sand =23.9%, Coarse sand =1.27%, Clay= 52.65% and Silt = 22.23%  

 
One month later (on April, 1st), the transplants received the following treatments: 
 
a. Irrigation treatments:  
 
 Where the transplants were irrigated with 4 levels of soil moisture; i.e. 100, 80, 60 and 40% of water 
holding capacity (WHC).  
 
b. Antitranspirants treatments:  
 
 As the transplants were sprayed thrice with one month interval, just to cover plant foliage completely till 
drip with an aqueous solution of either calcium carbonate (CaCO3) at the rates of 0, 6 and 9% or vapor gard 
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(VG) at the rates of 0, 2 and 3%. Vapor gard is a water emulsifiable organic concentrate consists of 96% di-1-p-
Menthene and 4% Inert ingredients, for use on plants to reduce water transpiration. The soft, flexible film 
formed after the spray application dries will significantly reduce moisture loss from plant foliage.  
 
c. Interaction treatments:  
 
 As each irrigation treatment was combined with each rate of both CaCO3 and VG to form 20 interaction 
treatments.  
 All transplants under various treatments were fertilized with 3 doses of a compound NPK fertilizer (2:1:1) 
at the rate of 2g/pot for each dose. The first dose was applied to the soil mixture immediately before 
transplanting, while the second one was drenched after 2 months from the first dose and the third after other two 
months. A complete randomized design in factorial experimental type was used according to Mead et al. (1993), 
with 3 replicates as each replicate contained 5 transplants.  
 At the end of each season (on 30th of October), the following data were recorded: plant height (cm), stem 
diameter (cm), number of branches and leaves/plant, leaf area (cm2), fresh and dry weights of leaves and stem 
(g), root length (cm) and roots fresh and dry weights (g). During flowering, No. days from transplanting to first 
flower open (days) and No. flowers/plant were estimated. In fresh leaf samples, photosynthetic pigments 
(chlorophyll a, b and carotenoids,as mg/g f.w.) were determined according to the method of Moran (1982), 
while in dry samples, the percentages of N (Pregle, 1945), P (Luatanab and Olsen, 1965), K (Jackson, 1973), 
soluble and non-soluble sugars (Dubois et al., 1966), as well as free amino proline (mg/g f.w.) using the method 
explained by Bates et al. (1973) were measured.   
 Data were then tabulated and under went to analysis of variance using program of SAS Institute (1994), 
whereas Duncan's Multiple Range Test (Duncan, 1955) was used for elucidating the differenses among the 
means of different treatments.at 0.05 level. 
 
Results and Discussion 
 
Effect of soil moisture level, antitranspirants and their interactions on: 
 
1. Vegetative and root growth parameters:  
 
 According to data presented in Tables (2, 3, 4 and 5), it could be concluded that all vegetative and root 
growth parameters (expressed as: plant height (cm), stem diameter (cm), No. branches and leaves/plant, leaf 
area (cm2), leaves and stem fresh and dry weights (g), root length (cm) and roots fresh and weights (g)) were 
descendingly decreased with reducing the percent of water holding capacity (WHC) to reach the minimum 
values when soil moisture was decreased up to 40% WHC. On the other hand, all antitranspirants treatments 
significantly improved all previous traits under the different soil moisture levels when compared to control 
treatment, with the superiority of CaCO3 antitranspirant at the rate of 6% which gave the highest means in most 
cases of the two seasons, and followed by vapor gard treatment at 3% level that recorded means closely near to 
those of 6% CaCO3 treatment with non-significant differences among them in both seasons. So, the best 
vegetative and root growth in the two seasons was obtained from the combination between irrigation at 100% 
WHC and spraying with either 6% CaCO3 or 3% VG solutions as this combination scored the utmost high 
means in the two seasons.  
 Decrement soil moisture to 40% WHC caused a severe reduction in vegetative and root growth characters, 
whereas applying of either antitranspirants used in this work greatly improved growth of the treated plants. This 
may be attributed primarily to the role of antitranspirants in improving plant water potential and increasing 
permeability of roots to water (Kozlowski and Davies, 1975). Loss of water vapor reduced was CO2 uptake by 
leaves continue at a high level (Song et al., 2011). Furthermore, Liang et al. (2002) indicated that 
antitranspirants have the potential to help plants to form a well-developed root system for good vegetative and 
reproductive growth.  
 Concerning vapor gard (VG), Gale and Hagan (1966) reported that VG dries on plant foliage to form a 
clear, glossy film that retards normal moisture loss without interfering with plant growth or normal respiration. 
It beautifies plants by polishing leaf surfaces. The film of VG will not crack or peel-off of the foliage. Pair and 
Still (1982) suggested that due to the fact that VG remains for a long time on plant foliage, it had the ability of 
reducing transpiration, saving water, and thus alleviating the adverse effects of water imbalance, therefore 
attaining more turgid cells resulting in increasing the growth of leaves, stem and root system. On the other hand, 
the increased Ca concentration in plant tissues due to CaCO3 spraying suggests that this ion may play a 
fundamental role in facilitating high turgor maintenance under water deficit conditions.  
 As for the effect of water supply, it is known that plant growth is controlled to a great extent by the amount 
of water available for plant. Kramer and Kozlowski (1979) summarized the important roles of water in the 
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woody plant life as a constituent of protoplasm, an essential reagent in photosynthesis, a solvent for gases and 
salts and in maintaining cell turgidity which is essential for cell enlargement and growth and is important for the 
leaves form, stomatal opening and lignifying some structures. Kramer (1969) mentioned that tree growth is 
probably limited by internal water deficit, which in turn reduces vegetative growth and almost every process 
occurring in a tree. Thereby, leaves become smaller, stems are shorter, shoot and diameter growth are reduced. 
On the other hand, the lack of water supply, especially in sandy soil, forced the root system to penetrate faster 
and longer with more secondary roots searching for water and nutrients support.  
 In general, the previous gains are in good harmony with those results recorded by Afify et al. (2001) on 
Hibiscus sabdariffa, Garas (2011) on Hibiscus rosa-sinensis, Shahin et al. (2006) on sisal, Abou Leila et al. 
(2007) on sesame and Song et al. (2011) on cut rose.  
 
Table 2: Effect of soil moisture level, antitranspirants and their interactions on some vegetative growth parameters of Hibiscus rosa-sinensis L. plant during 2010 and 2011 seasons.  

Anti-
transpir

ant 
 

Soil 
moistur
e level 

Plant height (cm) Stem diameter (cm) No. branches/plant 
Cont. CaC

O3 
(6%) 

CaC
O3 

(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Mea
n 

Cont. CaC
O3 

(6%) 

CaC
O3 

(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Me
an 

Cont. CaC
O3 

(6%) 

CaC
O3 

(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Me
an 

First season: 2010 

100% 80.47
c 

91.16
a 

88.52
ab 

89.75
a 

90.01
a 

87.9
8a 

1.63ab

cdef 
1.86a 1.74ab

c 
1.69a

bcd 
1.78a

b 
1.74

a 
5.01b

cd 
6.71a 6.18a

b 
5.98a

bc 
6.36a

b 
6.0
5a 

80% 76.74
cd 

83.73
abc 

77.23
cd 

77.82
c 

80.65
bc 

79.2
3b 

1.51cd

efg 
1.70a

bcd 
1.64ab

cde 
1.58b

cdef 
1.67a

bcd 
1.62

b 
5.23a

bcd 
6.13a

b 
5.69a

bcd 
5.72a

bcd 
6.01a

bc 
5.7
6a 

60% 64.42
e 

68.07
e 

65.11
e 

66.34
e 

69.55
de 

66.7
0c 

1.30gh

ij 
1.44d

efgh 
1.39ef

gh 
1.37fg

hi 
1.40e

fgh 
1.38

c 
4.13d

ef 
4.98b

cd 
4.33d

ef 
4.52c

de 
5.00b

cd 
4.5
9b 

40% 52.72
f 

55.26
f 

53.99
f 

52.99
f 

54.87
f 

53.9
7d 

1.01k 1.21hi

jk 
1.02k 1.09jk 1.11ij

k 
1.09

d 
2.07g 3.00ef

g 
2.41g 2.33g 2.84fg 2.5

3c 
Mean 68.59

b 
74.56

a 
71.21

ab 
71.73

ab 
73.77

ab 
 1.36b 1.55a 1.45ab 1.43a

b 
1.49a

b 
 4.11b 5.21a 4.65a

b 
4.64a

b 
5.05a  

 Second season: 2011 
100% 73.87

de 
87.33

a 
82.21

abc 
79.51

bcd 
84.11

ab 
81.4
1a 

1.52ab

c 
1.70a 1.67a 1.59a

b 
1.68a 1.63

a 
4.82c

de 
5.98a 5.73a

b 
5.11b

c 
5.77a

b 
5.4
8a 

80% 70.01
efg 

79.43
bcd 

71.09
ef 

75.23
cde 

81.60
abc 

75.4
7b 

1.50ab

cd 
1.62a 1.59ab 1.53a

bc 
1.60a 1.57

ab 
4.11d

efgh 
4.87c

d 
4.23d

efg 
4.21d

efg 
4.55c

def 
4.3
9b 

60% 57.99
ij 

63.39
ghi 

59.51
hij 

60.91
hi 

65.03
fgh 

61.3
7c 

1.27ab

cd 
1.30a

bcd 
1.29ab

cd 
1.28a

bcd 
1.29a

bcd 
1.29

bc 
3.57g

hi 
4.01ef

ghi 
3.92f

ghi 
3.80f

ghi 
4.06d

efgh 
3.8
7c 

40% 50.76
k 

56.24
ijk 

50.77
k 

53.01
jk 

56.76
ijk 

53.5
1d 

0.91d 1.18a

bcd 
1.00bc

d 
1.00b

cd 
1.00b

cd 
1.01

c 
3.20i 3.71f

ghi 
3.45g

hi 
3.26h

i 
3.87fg

hi 
3.5
0c 

Mean 63.16
c 

71.60
a 

65.90
bc 

67.17
b 

71.87
a 

 1.30a 1.45a 1.39a 1.39a 1.39a 3.93b 4.64a 4.33a

b 
4.10b 4.56a 

 Cont. = control, CaCO3 = calcium carbonate and V.G. = Vapor Gard. 
 Means within a column or row having the same letters are not significantly different according to Duncan's Multiple Range Test (DMRT) at 5% level. 
 
Table 3: Effect of soil moisture level, antitranspirants and their interactions on some vegetative growth parameters and fresh weight of leaves of Hibiscus rosa-sinensis L. plant during 

2010 and 2011 seasons.  
Anti-

transpirant 
 

Soil 
moisture     

level 

No. leaves/plant Leaf area (cm2) F.W. of leaves (g) 
Cont. CaCO3 

(6%) 
CaCO3 
(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Mean Cont. CaCO3

(6%) 
CaCO3

(9%) 
V.G. 
(2%) 

V.G. 
(3%) 

Mean Cont. CaCO3 
(6%) 

CaCO3 
(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Mean 

First season: 2010 

100% 74.97abcde 83.76a 79.11abc 78.54abc 81.64ab 79.60a 53.02bc 62.53a 60.74a 59.04ab 61.78a 59.42a 331.40cd 411.61a 371.54abc 347.10bcd 384.41ab 369.21a

80% 66.12ef 74.99abcd 69.04def 71.07cde 74.00bcde 71.04b 42.29ef 49.82cd 46.01de 48.66cde 51.02cd 47.56b 264.32ef 370.00abc 327.36cd 309.35de 341.82bcd 322.57b

60% 50.38hijk 60.25fg 52.65ghij 54.12ghi 56.51gh 54.78c 33.28ghi 37.20fg 35.09gh 34.89gh 36.12fg 35.32c 215.55fghi 257.94efg 234.22fgh 233.09fgh 247.61fgh 237.68c

40% 41.08k 46.75ijk 44.52jk 42.32k 45.28ijk 43.99d 27.15i 28.67hi 27.46i 27.56i 29.34hi 28.04d 172.41i 230.45fgh 202.77hi 180.11i 209.27ghi 199.00d

Mean 58.14c 66.44a 61.33bc 61.51bc 64.36ab 38.94b 44.56a 42.33a 42.54a 44.57a 245.92d 317.50a 283.97bc 267.41cd 295.78ab

 Second season: 2011 
100% 72.27b 78.31a 74.62ab 75.21ab 77.04a 75.49a 58.40bcd 66.95a 63.23abc 61.32abcd 64.87ab 62.96a 338.72cd 374.42a 347.85cd 351.11bc 370.84ab 356.59a

80% 56.76de 57.32de 58.11de 59.18d 66.75c 59.63+b 55.30b 59.46bcd 56.71d 58.12cd 60.67abcd 58.05b 246.41ghi 208.70e 266.80f 271.09f 322.64de 283.13b

60% 45.03hi 53.55ef 47.79gh 50.61fg 51.79fg 49.75c 39.45f 45.77ef 45.03ef 45.09ef 46.43e 44.35c 202.05jk 264.40fg 230.35i 236.11hi 250.93fgh 236.77c

40% 39.01j 47.60gh 42.74ij 44.82hi 48.16gh 44.47d 26.52g 31.60g 29.33g 28.41g 30.98g 29.37d 167.76I 220.91ij 197.83k 199.02k 221.78ij 201.46d

Mean 53.27d 59.20ab 55.81c 57.46bc 60.94a  44.92b 50.95a 48.58a 48.24a 50.74a  238.73c 292.11a 260.71b 264.33b 291.55a  
 Cont. = control, CaCO3 = calcium carbonate and V.G. = Vapor Gard. 
 Means within a column or row having the same letters are not significantly different according to Duncan's Multiple Range Test (DMRT) at 5% level. 
 
Table 4: Effect of soil moisture level, antitranspirants and their interactions on dry weight of leaves and fresh and dry weigh of stem of Hibiscus rosa-sinensis L. plant during 2010 and 

2011 seasons.  
Anti-

transpirant 
 

Soil moisture 
level 

D.W. of leaves (g) F.W. of stem (g) D.W. of stem (g) 
Cont. CaCO3 

(6%) 
CaCO3 
(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Mean Cont. CaCO3 
(6%) 

CaCO3 
(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Mean Cont. CaCO3 
(6%) 

CaCO3 
(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Mean 

First season: 2010 

100% 83.25ef 111.86a 107.04ab 90.22cd 103.68b 99.21a 344.16efg 473.77a 422.59bc 421.43bc 469.07ab 426.20a 120.49fg 184.47a 156.14cd 134.72ef 168.84abc 152.93a

80% 71.28h 92.57c 88.21cde 78.25fg 85.36de 83.13B 311.66ghij 448.32abc 361.93def 369.60de 408.27cd 379.96b 111.96gh 179.25ab 140.77de 134.33ef 163.91bc 146.04a

60% 58.05jk 74.26gh 63.18i 62.91ij 71.38h 65.96C 288.64hijk 340.53fgh 318.44fghij 324.35efghi 330.52efgh 320.50c 84.22jk 118.00fg 102.41ghij 97.65hij 108.97gh 102.25b

40% 42.78I 71.31h 58.56ijk 45.62I 54.34k 54.52d 228.81I 280.55ijk 243.87kI 246.13kI 274.81jkl 254.83d 79.26k 106.43ghi 89.91ijk 89.00ijk 95.71hijk 92.06c

Mean 63.84d 87.50a 79.25b 69.25c 78.69b  293.32c 385.79a 336.71b 340.38b 370.67a 98.98d 147.04a 122.31c 113.92c 134.36b

 Second season: 2011 
100% 97.02c 123.42a 107.56b 110.02b 118.65a 111.33a 395.20d 435.63a 409.85bc 397.06cd 418.58b 411.26a 142.11d 199.23a 173.68c 169.71c 186.77b 174.30a

80% 78.34ef 89.32d 80.82ef 81.34e 93.78cd 84.72B 336.50f 418.73ab 363.74e 379.58d 429.31ab 385.57b 114.24e 163.02c 136.17d 140.28d 165.48c 143.84b

60% 54.65j 76.36fg 64.40i 63.98i 71.88gh 66.25C 275.11h 308.63g 277.30h 279.81h 312.54g 290.68c 79.85hi 140.62d 99.71f 98.56fg 140.98d 111.94c

40% 46.76k 70.81h 61.63i 60.98i 71.68gh 62.37d 225.97j 263.07h 240.42i 249.33i 267.42h 249.24d 67.88i 102.57ef 81.64h 85.37gh 103.77ef 88.25d

Mean 69.19c 89.98a 78.60b 79.08b 88.99a  308.20c 356.51a 322.83b 326.45b 356.96a  101.02c 151.36a 122.80b 123.48b 149.25a  
 Cont. = control, CaCO3 = calcium carbonate and V.G. = Vapor Gard. 
 Means within a column or row having the same letters are not significantly different according to Duncan's Multiple Range Test (DMRT) at 5% level. 
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Table 5: Effect of soil moisture level, antitranspirants and their interactions on root parameters of Hibiscus rosa-sinensis L. plant during 2010 and 2011 seasons.  
Anti-

transpirant 
 

Soil 
moisture 

level 

Root length (cm) Roots F.W.  (g) Roots D.W.  (g) 
Cont. CaCO3 

(6%) 
CaCO3 
(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Mean Cont. CaCO3 
(6%) 

CaCO3 
(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Mean Cont. CaCO3 
(6%) 

CaCO3 
(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Mean

First season: 2010 

100% 54.65bcde 63.41a 59.75ab 56.76bcd 58.51abc 58.62a 64.50defg 89.71a 80.36b 67.21de 75.43bc 75.44a 27.83D 38.46a 36.36a 28.01d 29.48cd 32.03A

80% 50.37def 59.27ab 54.36bcde 51.59def 52.33cdef 53.58b 60.01fghi 69.71cd 70.22cd 65.46def 71.01cd 67.28b 27.06de 32.88b 33.09b 27.95d 31.02bc 30.40A

60% 41.86hij 48.28efg 46.55fgh 42.58ghi 43.78gh 44.61c 54.37ijk 62.43efgh 57.43ghi 54.80ij 60.33efghi 57.87c 22.14f 23.08f 23.25f 22.61f 24.18ef 23.05B

40% 33.76k 36.79ijk 36.04jk 33.11k 34.84k 34.91d 48.55jk 57.00hi 58.37fghi 47.39k 48.87jk 52.04d 16.30g 17.89g 16.81g 17.52g 17.69g 17.24c

Mean 45.16c 51.94a 49.18ab 46.01c 47.37bc  56.86c 69.71a 66.60ab 58.72c 63.91b  23.33c 28.08a 27.38a 24.02c 25.59b  
 Second season: 2011 

100% 48.54cde 60.55a 57.28ab 52.67bcd 56.80ab 55.17a 62.75de 91.45a 79.83b 71.03c 78.16b 76.64a 29.28bcde 44.59a 35.91b 32.16bcd 36.79ab 35.75a

80% 43.90efgh 53.73abc 48.15cde 47.11cdef 51.32bcd 48.84b 51.96fg 80.70b 72.83c 64.78d 72.51c 68.56b 20.68fgh 34.70bc 30.24bcde 27.50cdef 31.98bcd 29.02b

60% 36.77hijk 45.18defg 40.12fghi 38.99ghij 41.59efgh 40.53c 50.07+g 61.22de 60.87de 53.91f 59.02e 57.02c 20.00fghi 26.84cdef 25.26def 22.37efg 26.19def 24.13c

40% 29.53k 37.44hij 33.62ijk 31.51jk 32.79ijk 32.98d 32.40j 40.54i 39.66i 40.31i 43.84h 39.35d 12.16i 14.11hi 14.79ghi 13.40hi 15.82ghi 14.06d

Mean 39.69c 49.23a 44.79b 42.57c 45.63ab  49.30d 68.48a 63.30b 57.51c 63.38b  20.53c 30.06a 26.55ab 23.86bc 27.70ab  
 Cont. = control, CaCO3 = calcium carbonate and V.G. = Vapor Gard. 
 Means within a column or row having the same letters are not significantly different according to Duncan's Multiple Range Test (DMRT) at 5% level. 

 
2. Flowering parameters: 
 
 Data presented in Table (6) clear that irrigation at 80% of water holding capacity (WHC) caused a 
significant precocity in flowering of plants in the first season, as this treatment decreased the No. days to 
flowering to only 208.8 days, while in the second season that was found due to 40% WHC treatment which 
shortened this period by about 10, 6 and 4 days less than the periods recorded by 100, 80 and 60% WHC 
treatments, respectively. On the other side, antitranspirants and interaction treatments had no effect on flowering 
date where the No. days to flowering registered by these treatments were closely near together with non-
significant differences in comparison to control.  
 Regarding number of flowers/plant, data showed that decreasing water supply was accompanied by a 
parallel decrement in the means of such character in the two seasons. Thus, the least No. of flowers/plant was 
recorded by plants irrigated with 40% WHC irrespective of the type or concentration of antitranspirants used. 
However, calcium carbonate at 6% significantly increased the means of this trait to 20.19 and 20.27 flowers 
against 15.43 and 14.66 flowers for control in the first and second seasons, respectively. In addition, the 
interaction between 100% WHC and 6% CaCO3 scored the highest No. of flowers comparing with the other 
interactions in the two seasons.  
 In this regard, Moftah and Al-Humaid (2006) observed that tuberose plants tended to flower early as they 
were subjected to water deficit and Vg spray shortened the flowering period by about 2 to 5 days at 80% and 
60% evopo-transpiration, respectively as compared to the control. There is a speculation that water deficit 
lowered leaf water potential that caused stomatal closure which, in turn, reduced the photosynthetic rate and 
decreased the photosynthates transported to the new formed organs (Jaimer et al., 2000). They also added that 
antitranspirant may reflect most of the solar radiation fallen on the leaves, and that causes better cooling for the 
leaf tissues, which consequently leads to enhancement of the photosynthetic rate, the water status, the 
carbohydrates metabolism and the elemental uptake under water deficit conditions. Such improvement was 
found to mitigate the detrimental effect of water deficit on the partitioning of assimilates during the period of 
flower bud initiation. Thus, the mitigation improved flower formation and development.  
 Similar observations were also revealed by Garas (2011) on Hibiscus rosa-sinensis and H. syriacus, Wahba 
et al. (2001) on Hibiscus sabdariffa, El-Shakhs et al. (2002) on Dahlia, Moftah and Al-Humaid (2006) on 
tuberose and Song et al. on cut rose. 
 
3. Chemical composition: 
 
 From data averaged in Table (7), it can be noticed that chlorophyll a, b and carotenoids content (mg/g f.w.), 
and the percentages of N, P, K, soluble and non-soluble sugars, as well as proline content (mg/g f.w.) were 
gradually increased with decreasing water supply to reach the maximum in tissues of plants irrigated with the 
lowest water supply (40% WHC). A similar trend was also gained by the two used antitranspirants which 
significantly raised values of the most previous constituents with the exception of carotenoids content that was 
significantly decreased in response to these two antitranspirants when compared to the control treatment. 
Moreover, the different levels of antitranspirants employed in this study were inefficient on proline content, as 
they gave means in the same rank of control ones in the two seasons. However, the highest contents of the 
previously mentioned constituents were recorded by CaCO3 at 6% treatment which recorded the highest 
contents and followed by VG at 3% treatment.  
 The reduction in tissues contents of photosynthetic pigments, as well as N, P, K, soluble and non-soluble 
sugars percentages due to increasing water supply may be ascribed to that the different measurements of 
vegetative growth (such as leaf number, area and fresh and dry weights) were increased by increasing water 
supply to much higher increase than that expected in the prementioned chemical constituents. So, the percent of 
such chemical constituents appeared to be decreased in relation to the high increase in vegetative growth 
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(Abdou, 2003). The increase in photosynthetic pigments by antitranspirants might be attributed to the 
enlargement of leaf cells as the leaf water content increased, thus more chloroplasts might be produced within 
leaf tissues. This, of course accelerates photosynthesis process resulting in more sugars formation (Pair and Still, 
1982).  
 
Table 6: Effect of soil moisture level, antitranspirants and their interactions on some flowering traits of Hibiscus rosa-sinensis L. plant during 2010 and 2011 seasons.  

Anti-
transpirant 

 
Soil 

moisture 
level 

No. days to flowering (day) No. flowers/plant Flower diameter (cm) 
Cont. CaCO3 

(6%) 
CaCO3 
(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Mean Cont. CaCO3

(6%) 
CaCO3

(9%) 
V.G. 
(2%) 

V.G. 
(3%) 

Mean Cont. CaCO3 
(6%) 

CaCO3 
(9%) 

V.G. 
(2%) 

V.G. 
(3%)

Mean

First season: 2010

100% 218.30a 219.70a 219.90a 215.65a 216.87a 218.08a 16.56gh 24.91+a 20.80bcd 20.39bcde 22.06ab 20.94a    
80% 207.60a 210.80a 209.30a 207.89a 208.39a 208.80b 16.38ghi 21.47bc 18.71cdefg 17.21efgh 19.83bcdef 18.72b       
60% 211.20a 213.20a 219.50a 212.34a 214.11a 214.07ab 13.19i 17.72defgh 17.55defgh 15.24hi 15.93ghi 15.92c       
40% 215.10a 214.90a 215.30a 215.61+a 215.79a 215.34ab 15.60ghi 16.65fgh 16.50gh 15.74ghi 16.42ghi 16.18c       
Mean 213.05a 214.65a 216.00a 212.87a 213.79a 15.43c 20.19a 18.39b 17.15b 18.56b    

 Second season: 2011 
100% 227.71a 229.30a 228.73a 226.55a 229.08a 228.27a 15.87ghij 26.97+a 25.01ab 19.76def 21.87cd 21.90a       
80% 224.54a 223.85a 225.16a 225.00a 225.97a 224.90ab 16.13ghij 23.15bc 16.75fghi 18.07efg 20.56cde 18.93b    
60% 221.67a 221.98a 223.49a 222.36a 224.11a 222.72bc 14.02ijkl 17.47efgh 15.33ghijk 14.88hijkl 15.73ghijk 16.49c       
40% 217.51a 220.12a 218.63a 217.59a 218.32a 218.43c 12.63kl 13.47jkl 12.61kl 12.15l 12.98jkl 12.77d       
Mean 222.86a 223.81a 224.00a 222.87a 224.37a 14.66d 20.27a 17.43bc 16.22c 17.79b    

 Cont. = control, CaCO3 = calcium carbonate and V.G. = Vapor Gard. 
 Means within a column or row having the same letters are not significantly different according to Duncan's Multiple Range Test (DMRT) at 5% level. 
 
Table 7: Effect of soil moisture level, antitranspirants and their interactions on some chemical constituents of Hibiscus rosa-sinensis L. plant during 2010 and 2011 seasons.  

Anti-
transpirants 

Soil 
moisture 

level 

Chlorophyll a (mg/g F.W.) Chlorophyll b (mg/g F.W.) Carotenoids (mg/g F.W.) 
Cont. CaCO3 

(6%) 
CaCO3 
(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Mean Cont. CaCO3

(6%) 
CaCO3

(9%) 
V.G. 
(2%) 

V.G. 
(3%) 

Mean Cont. CaCO3 
(6%) 

CaCO3 
(9%) 

V.G. 
(2%) 

V.G. 
(3%) 

Mean

                  

100% 0.79hi 0.81ghi 0.76ij 0.75ij 0.70ij 0.76a 0.29f 0.37abcd 0.34bcdef 0.31ef 0.35bcde 0.33c 0.95bcdefg 0.87fgh 0.89defgh 0.91cdefgh 0.90defgh 0.90b

80% 0.83fgh 0.87def 0.84efgh 0.83fgh 0.86efg 0.85c 0.32def 0.36abcde 0.34bcdef 0.33cdef 0.35bcde 0.34bc 0.96bcdef 0.89defgh 0.91cdefgh 0.93bcdefg 0.90defgh 0.92b

60% 0.89bcde 0.93abc 0.89bcde 0.88cdef 0.92abcd 0.90b 0.34bcdef 0.38abc 0.37abcd 0.34bcdef 0.37abcd 0.36ab 1.02ab 0.83h 0.88efgh 0.89defgh 0.86gh 0.90b

40% 0.94ab 0.96a 0.93abc 0.92abcd 0.95a 0.94a 0.35bcde 0.41a 0.38abc 0.36abcde 0.39+ab 0.37a 1.11a 0.95bcdefg 0.98bcd 1.00bc 0.97bcde 1.00a

Mean 0.86b 0.89a 0.86b 0.84b 0.86b  0.33c 0.38a 0.36ab 0.34bc 0.37a  1.01a 0.88b 0.92d 0.93b 0.91b  
 N (%) P (%) K (%) 

100% 2.50j 3.09efghi 2.72ij 2.73ij 2.89ghij 2.79d 0.29i 0.34fghi 0.31hi 0.30i 0.32ghi 0.31c 1.59j 1.71ghij 1.63ij 1.62ij 1.67hij 1.64d

80% 2.74hij 3.70abc 3.11defghi 2.95ghij 3.25cdefgh 3.15c 0.35fghi 0.44bcde 0.39efgh 0.39efgh 0.42cdef 0.40b 1.69ghij 1.82fg 1.76fghi 1.74fghi 1.80fgh 1.76+c
60% 3.00fghij 3.81ab 3.52abcdef 3.50abcdef 3.56abcdef 3.48b 0.39efgh 0.46abcde 0.40defg 0.39efgh 0.45abcde 0.42b 1.80fgh 2.10cd 1.87ef 1.82fg 1.99de 1.92b

40% 3.40bcdefg 4.01a 3.61abcd 3.57abcde 3.80ab 3.68a 0.47abcde 0.53a 0.49abc 0.48abcd 0.51ab 0.50a 2.15c 2.43a 2.20bc 2.19bc 2.31ab 2.25a

Mean 2.91c 3.65a 3.24b 3.19bc 3.38ab  0.38c 0.44a 0.40bc 0.39bc 0.43ab  1.81c 2.02a 1.87bc 1.84c 1.94+ab  
 Soluble sugars % Non-soluble sugars % Free proline (mg/g F.W.) 

100% 3.45d 3.74d 3.67d 3.63d 3.70d 3.64c 14.19hi 13.78i 13.82i 13.80i 13.89i 13.90d 1.40cd 1.35d 1.38+d 1.38d 1.36d 1.37c

80% 3.75d 3.89d 3.81d 3.77d 3.86d 3.82+c 14.33hi 15.79ef 14.87gh 14.77gh 15.09fg 14.97c 1.56bcd 1.50bcd 1.52bcd 1.53bcd 1.52bcd 1.53bc

60% 4.70c 5.02bc 4.83c 4.72c 4.91c 4.84b 15.62ef 17.03abc 16.32de 15.93e 16.78cd 16.34b 1.94ab 1.86abc 1.91ab 1.91ab 1.89ab 1.90ab

40% 5.31abc 6.01a 5.81a 5.72ab 5.88a 5.75a 16.81bcd 17.70+a 17.32abc 15.95bcd 17.48ab 17.25a 2.28+a 2.13a 2.21a 2.25+a 2.18a 2.21a

Mean 4.30b 4.67a 4.53ab 4.46ab 4.59ab 15.14d 16.18a 15.58bc 14.36cd 15.81b 1.80a 1.71a 1.76a 1.74+a 1.74a

 Cont. = control, CaCO3 = calcium carbonate and V.G. = Vapor Gard. 
 Means within a column or row having the same letters are not significantly different according to Duncan's Multiple Range Test (DMRT) at 5% level. 

 
 These gains, are in close agreement with those of Garas (2011) on H. rosa-sinensis and H. syracus, Abdou 
(2003) on washingtonia filifera and Mazher et al. (2006) on Taxodium. 
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