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ABSTRACT 
This investigation was carried out during 2014 and 2015 growing seasons at Sids Horti. Res. Station, 
A.R.C., Beni-Sweif Governorate to study the effect of some anti-transpirants at different irrigation 
frequencies on yield & fruit quality of roselle plants. Treatments consisted of three irrigation (14, 21 
and 28 days) frequencies and three anti-transpirants (K-silicate – Kaolin – proline). It was observed that 
the plant growth decreased with increasing irrigation intervals however there was improvement in yield 
components and Chemical constituents. The best treatment which gave the highest values through 
irrigating roselle plants every 28 days and spraying with proline  followed by k- silicat. These treatments 
enhanced fruits number, fruits fresh weight, sepals fresh weight, sepals dry weight, sepals dry yield and 
seeds dry weight and increased total chlorophyll and proline content as such  improved the quality 
through increasing acidity and anthocyanine percent during the two growing successive seasons.  
 
Keywords: Roselle, Hibiscus sabdariffa, irrigation intervals, anti-transpirants, potassium silicate, 

Kaolin, proline .  

 
1. Introduction 

Hibiscus sabdariffa is a member of the Malvaceae Family. It is an annual herb that grows to 2 m. 
or more. It is known as roselle (English), l'oiselle (French), Jamaica (Spanish) and karkade (Arabic). It 
has been widely distributed in the Tropics and Subtropics regions. The calyces are used to make cold 
and hot beverages in many of the world's countries. Roselle is attracting the attention of food and 
beverage manufacturers and pharmaceutical concerns who feel it may have exploitable possibilities as 
a natural food product and as a colorant to replace some synthetic dyes. The plant extract has 
antibacterial effect, fungal and diuretic activities (Caceres et al., 1987). In many countries the fleshy 
calyces are used fresh for making roselle wine, jelly, syrup, gelatin, refreshing beverages, pudding, and 
cakes, and dried roselle is used for tea, jelly, marmalade, ices, ice-cream, sherbets, butter, pies, sauces, 
tarts, and other desserts. Roselle calyces are rich in the anthocyanin pigments, which is suggested to be 
used as food colorants and emulsifiers in the carbonated drinks (Duangmal et al., 2004). Anthocyanins 
are well known for their medicinal properties, as a treatment of  inflammatory, cancer, and liver diseases 
(Kong et al., 2003). Furthermore, roselle calyces have been utilized in folk medicines for several years 
and have been known to reduce blood pressure patients with hypertension and type II diabetes (Faraji 
and Tarkhani, 1999). 

Drought is one of the world’s most serious environmental problems. Water shortage is a serious 
problem threatening long-term agricultural and industrial development, mainly in Arid and semi-arid 
regions (Yang et al., 2006). In Egypt, water resources are limited, depending on the Nile water, which 
supplies Egypt with 55.5 billion cubic meters, which represents 95% or more of fresh water, and despite 
the availability of other resources, it may be expensive such as the use of sewage, groundwater and 
seawater desalination. Agricultural sector used about 85% from the total renewable water. Thus water 
management is the major way towards the rationalization policy for the countries of the world. The 
suitable irrigation interval can play a main part in improving the productivity and quality of some plants. 
For instance, (Shalata, 2013) found that increasing intervals of irrigation from 10 to 20 days decreased 
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vegetative growth characters, yield and fruit quality of eggplant. (El-Gamal and Ismail, 2015) indicated 
that vegetative growth in terms, plant height, branches number and fresh weight of roselle plants 
decreased with increasing water stress. However, plants irrigated every 30 days led to the highest fruits 
number, sepals fresh and dry weight, seed yield and total anthocyanin content. In addition, decreased 
height and flower number while increased anthocyanin concentration of roselle plants (Evans and Al-
hamdani, 2015). 

On the other hand, anti-transpiration  substances are used to reduce the rate of transpiration, reduce 
water loss from the soil, maintain plant cells turgid, reduce water consumption and increase the water 
use efficiency in the plants suffering from water stress (Davenport, 1977). A reduction of transpiration 
will limit a water loss then rising transpiration efficiency which is defined as the quantity of water 
consumed in transpiration equivalent to the production of dry matter units (Glickman, 2000). Reducing 
the negative effects of water deficit in tomato plants, numerous strategies have been proposed. Among 
these strategies, foliar applications of anti-transpirants are used to reduce the transpiration rate and 
reduce the impacts of drought stress (Del Amor et al., 2010) and (Degif and Woltering, 2015). Spraying 
eggplant plants with anti-transpirant (Dyroton 2%) led to a significant increase in vegetative growth 
parameters (plant height, number of branches, fresh and dry weight of leaves) and yield parameters 
(number of fruits per plant, fruit average weight, plant yield, early and total yield (Abd El-Aal, et al., 
2008). Foliar application of  Kaolin at 6% significantly increased foliage weight, leaves weight, mean 
fruit weight, total yield per hectare and TSS in summer squash (Ibrahim and Selim, 2010). Application 
of Kaolin at 4% and Potassium silicate at 1.5% significantly increases the stem diameter, relative growth 
rate, number of fruits per plant and average fruit weight in bell pepper (Kamal, 2013). 

It can be concluded that, anti-transpirants not only reduce the transpiration loss but also useful for 
improving physiological, growth, disease resistance, quality, yield and yield attributing characters in 
vegetable crops (Rao et al., 2018).  

The aim of this experiment is to study the effect of  some anti-transpirants  at different irrigation 
frequencies  on yield and fruit quality of roselle plants.  
 
2. Materials and Methods 
 

Two field experiment were conducted during two successive seasons of 2014 and 2015 at Sids 
Horti. Res. Station, A.R.C., Beni-Sweif Governorate on roselle (Hibiscus sabdariffa; L, var. Sabahia 
17) plants, to study influence of these plants to different irrigation intervals and some anti-transpirants 
treatments on the productivity and the quality.    

Seeds were obtained from Sids Res. Station and sown on the first week of May in both seasons. 
Plot area was 3.5×3m with 5 rows, 60 cm apart. Four seeds were sown/ hill (40 cm apart) on one side 
of the ridge. Thinning was carried out by leaving one plant per hill, three weeks after sowing. Soil 
texture was a clay loam and were analyzed for physical and chemical properties of soil are according 
to (Jackson, 1967) and analysis results are presented in (Table, A). 

 
Table A: Analysis of tested soil at 2014 and 2015. 

 
The experimental design used in the two growing seasons was  a split plot in randomized complete 
block design  with three replicates included two factors. 
  
Main plots (Irrigation intervals, I): 
      I1 = Irrigation every 14 days. 
      I2 = Irrigation every 21 days. 
      I3 = Irrigation every 28 days. 
Plants were normally irrigated until 30 days from sowing then irrigation treatments were applied. 
  

Seasons 
Particle size distribution* 

Textural Class 
Chemical properties** 

Clay % Silt % Sand % 
OM 
% 

EC, dSm-1 
(at 25°C) 

Available (ppm) pH 
 N P K 

2014 48.78 33.11 18.11 Clay 1.68 1.12 41.00 11.18 210.3 7.7 
2015 48.10 33.61 18.29 Clay 1.80 1.03 36.00 10.60 224.6 7.8 
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Sub plots (anti-transpirants treatments):  
After three weeks of applying irrigation treatments, anti-transpirants treatments were done for three 

time at one month intervals. 
1- Control : sprayed with water  
2- K-silicate: at the rate of 0.5 g L-1 (K₂SiO₃) 11% silicon and 60% K2O 
3- Kaolin: at the rate of 5 g L-1     (Al2(OH)4Si2O5). 
4- L-Proline: at the rate of 0.1 g L-1 (C5H9NO2).  
 
2.1. Data recorded 

At flowering stage, leaf samples were collected to estimate photosynthetic pigments according to 
(A.O.A.C., 1985), and Proline content at the end of the experiment (mid October for both seasons), 
plant height (cm), stem diameter (cm), branch number/plant, herb fresh and dry weights g/plant, sepals 
fresh weight g/plant, sepals dry weight g per plant and kg per fed., number and fresh weight of fruit 
g/plant and seed dry weight g per plant and kg per fed. were recorded. All Vegetative growth characters 
were estimated as  previously reported by El Sherif et al. (2011).  

The acidity, as malic acid was assessed as described by Horwitz et al. (1970). 
To determine anthocyanin, in a 250 ml beaker, 1 g of the dried ground calyxes was macerated in 30 ml 
of ethanol (95%) and 1.5 mol L-1HCl mixture (85 ethanol:15 HCl, v/v) for 24 h at 4°C. Afterwards, all 
of the contents were filtered in a 100 ml volumetric flask using a filter paper (Whatman No. 1). The 
residue on the filter paper was re-extracted two more times and filtered in the 100 ml volumetric flask 
until the filtered solution became colorless (Abou-Arab et al., 2011). Anthocyanin in the extract was 
measured colorimetrically at a 535 nm wavelength using a spectrophotometer following the method 
documented by Du and Francis, (1973). 

Free proline was determined according to Bates et al., (1973). At the flowering stage, 500 mg of 
fresh material was ground with liquid nitrogen in a mortar and homogenized with 10 ml aqueous 
sulfosalicylic acid (3%w/v).The homogenates were centrifuged at 13000 rpm for 10 min. Then 2 ml of 
extracted solution was reacted with an equal volume of glacial acetic acid and ninhydrin reagent (1.25 
mg ninhydrin in 30 ml of glacial acetic acid and 20 ml 6 M H3PO4) and incubated at 95 °C for 1 h. The 
reaction was terminated by placing the container in an ice bath. Subsequently, 4 ml toluene was added 
to the mixture and vigorously vortexed for 15 second the samples were then kept in a room with 20-25 
oC for at least 20 min to separate the toluene and aqueous phase. Finally, the absorbance of pink-red 
upper phase containing proline was read by Spectrophotometer DR/4000 at 520 nm against a toluene 
blank using L-proline as a standard. The concentration of leaves proline was calculated using a standard 
curve. 

The recorded data were statistically analyzed according to MSTAT-C, (1985) program using “Two 
Factor Randomized Complete Block Design” Model-9. The differences between means were tested 
using L.S.D. test at 0.05 level. 
 
3. Results 
 
3.1. Vegetative growth characteristics 

Data presented in Table (1) showed that plant height, main branch number and stem diameter of 
roselle were significantly influenced by different irrigation intervals. In the first growing season (2014), 
tallest plants (2.27 m), maximum number of branches/plant (10.28) and maximum stem diameter (2.90 
cm) were obtained in plots irrigated at 14 days interval, while the minimum plant height (2.12 m), 
number of branches/plant (9.44) and stem diameter (2.74 cm) were recorded in plots irrigated at 28 days 
of interval followed by 21 days irrigation interval treatment without significant differences between 
them. The same trend was observed in the second growing season (2015).  

Regarding anti-transpirants treatments, it was clear that, in the first season, all the tested anti-
transpirants had a significant effect on increasing plant height, no. of branches/plant and stem diameter 
as compared with control treatment. The tallest plant (2.27 m), highest no. of branches/plant (10.11) 
and stem diameter (2.95 cm) were recorded with the proline treatment followed by K-silicate treatment 
without significant differences between them. On the other hand application of Kaolin scored the lowest 
values of all studied vegetative growth parameters. The same trend was noticed in the second growing 
season. 
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The interaction effect of the different irrigation intervals and the anti-transpirants treatments was 
significant for the vegetative growth parameters during the two successive growing seasons. In 2014 
growing season, the maximum plant height (2.33 m), no. of branches/plant (10.67) and stem diameter 
(3.06 cm) were obtained from plots irrigated every 14 days intervals and sprayed with proline treatment, 
while the lowest plant height (2.13 m), no. of branches/plant (9.33) and stem diameter (2.67 cm) were 
obtained from plots irrigated at 28 day intervals and sprayed with Kaolin treatment. The same trend was 
observed in the second season (2015). 
 
Table 1: Effect of irrigation intervals and some anti-transpirants on plant height, main branch number, 

stem diameter and plant fresh weight of Hibiscus sabdariffa L. plants during the two seasons 
(2014/2015). 

Irrigation 
intervals 
 (A) 

Anti-transpirants treatments (B) 
1st season 2nd season 

Plant height (m) 

Control 
K-

silicate 
Kaolin Proline Mean(A) Control 

K-
silicate 

Kaolin Proline Mean(A) 

14 days 2.14 2.33 2.28 2.33 2.27 2.12 2.34 2.27 2.41 2.29 
21 days 1.98 2.18 2.13 2.23 2.13 2.01 2.17 2.12 2.22 2.13 
28 days 1.94 2.16 2.14 2.24 2.12 1.99 2.15 2.09 2.22 2.11 
Mean(B) 2.02 2.22 2.18 2.27  2.04 2.22 2.16 2.28  
LSD at 5% (A)=0.07     (B)=0.08       (AB)=0.13 (A)=0.15     (B)=0.07       (AB)=0.11 

Main branch number /plant 
14 days 9.44 10.44 10.55 10.67 10.28 10.00 10.44 10.56 11.67 10.67 
21 days 9.44 9.89 9.44 10.00 9.69 9.78 10.33 9.51 10.33 9.99 
28 days 8.89 9.89 9.33 9.66 9.44 9.00 9.67 9.44 9.67 9.45 
Mean(B) 9.26 10.07 9.77 10.11  9.59 10.15 9.84 10.56  
LSD at 5% (A)=0.55     (B)=0.30       (AB)=0.69 (A)=0.59      (B)=0.23      (AB)=0.74 

Stem diameter (cm) 
14 days 2.77 2.93 2.83 3.06 2.90 2.80 3.03 2.97 3.10 2.98 
21 days 2.67 2.87 2.82 2.97 2.83 2.77 2.97 2.80 3.03 2.89 
28 days 2.57 2.87 2.67 2.83 2.74 2.60 2.80 2.80 2.93 2.78 
Mean(B) 2.67 2.89 2.77 2.95  2.72 2.93 2.86 3.02  
LSD at 5% (A)=0.14     (B)=0.10       (AB)=0.21 (A)=0.18     (B)=0.13       (AB)=0.24 

 
Data listed in Tables, 2 and 3 shows that increasing irrigation intervals caused significant increases 

in fruits number per plant, fruits fresh weight/plant (g), sepals fresh weight/plant (g), sepals dry 
weight/plant (g), sepals dry yield/fed. (kg) and seeds dry weight/plant (g) during the two growing 
successive seasons. In 2014 growing season, the highest number of fruits/plant (66.54), fruits fresh 
weight/plant (337.92 g), sepals fresh weight/plant (135.92 g), sepals dry weight/plant (17.74 g), sepals 
dry yield/fed. (295.68 kg) and seeds dry weight/plant (30.08 g) were recorded in plots irrigated at 28 
days intervals followed by those of 21 days irrigation interval treatment. The corresponding mean 
values were 63.50, 317.67 g, 127.84 g, 16.77 g, 279.61 kg and 21.58 g, respectively. On the other hand, 
irrigation treatment at 14 days interval gave the lowest values of these parameters. The same trend was 
noticed in the second season, 2015.  

Concerning the effect of anti-transpirants treatments, there were significant differences on the 
above mentioned growth parameters during the two growing seasons. Application of proline gave the 
highest fruits number per plant (69.33), fruit fresh weight per plant (345.56 g),  sepals fresh weight/plant 
(139.78 g), sepals dry weight/plant (18.37 g), sepals dry yield/fed. (306.21 kg) and seeds dry 
weight/plant (29.11 g) in 2014 growing season followed by the values obtained due to application of k-
silicate (65.50, 326.67 g/plant, 130.89  g/plant, 17.12 g/plant, 285.41 kg/fed. and 25.11 g/plant, 
respectively). The lowest values of these plant growth parameters were found in Kaolin treatment. The 
same trend was observed in the second growing season. 

The interaction between irrigation intervals and the anti-transpirants treatments had significant 
affects on the above mentioned roselle growth parameters in both summer seasons. In 2014 growing 
season, plants watered every 28 days intervals and sprayed with proline gave the highest values 
followed by plants watered every 21 days intervals and sprayed with proline without significant 
differences between them except with parameter of seeds dry weight/plant. The corresponding mean 
values were 74.00 & 70.83, 370.00 & 355.00 g/plant, 149.67 & 143.00 g/plant, 19.56 & 18.99 g/plant, 
326.01 & 316.57 kg/fed. and 38.33 & 25.00 g/plant, respectively. Meanwhile, the lowest values was 
obtained due to 14 days irrigation interval treatment and Kaolin treatment which recorded 52.33, 273.67 
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g/plant, 110.67 g/plant,  14.44 g/plant, 240.77 kg/fed. and 15.00 g/plant, respectively. The same trend 
was observed in the second season (2015). 
 
Table 2:  Effect of different irrigation intervals and some anti-transpirants on fruits number/plant, fruits 

fresh weight/plant (g) and sepals fresh weight/plant (g) of roselle during the two successive 
growing seasons (2014 and 2015) under field conditions. 

Irrigation 
intervals 
(A) 

Anti-transpirantstreatments (B) 
1st season 2nd season 

Fruits No. 

Control 
K-

silicate 
Kaolin Proline Mean(A) Control 

K-
silicate 

Kaolin Proline Mean(A) 

14 days 41.33 62.50 52.33 63.17 54.83 45.67 53.83 50.33 55.67 51.38 
21 days 55.33 66.50 61.33 70.83 63.50 56.33 63.50 60.33 74.67 63.71 
28 days 59.67 67.50 65.00 74.00 66.54 65.67 69.33 66.83 75.67 69.38 
Mean(B) 52.11 65.50 59.55 69.33 --- 55.89 62.22 59.16 68.67 --- 
  LSD at 5% (A)=5.54       (B)=6.06    (AB)=10.50 (A)=4.06     (B)=7.82     (AB)=13.55 

Fruits fresh weight (g/plant) 
14 days 208.33 301.67 273.67 311.67 273.84 219.00 261.67 256.67 296.67 258.50 
21 days 274.00 331.67 310.00 355.00 317.67 279.33 311.67 306.67 370.00 316.92 
28 days 300.00 346.67 335.00 370.00 337.92 320.00 346.67 325.00 373.33 341.25 
Mean(B) 260.78 326.67 306.22 345.56 --- 272.78 306.67 296.11 346.67 --- 
LSD at 5% (A)=11.66   (B)=16.08   (AB)=27.84 (A)=19.77   (B)=30.80   (AB)=53.34 

Sepals fresh weight (g/plant) 
14 days 82.33 121.33 110.67 126.67 110.25 89.33 106.33 100.67 123.00 104.83 
21 days 112.00 132.67 123.67 143.00 127.84 109.00 126.00 122.67 149.00 126.67 
28 days 122.00 138.67 133.33 149.67 135.92 128.00 139.00 129.00 151.67 136.92 
Mean(B) 105.44 130.89 122.56 139.78 --- 108.78 123.78 117.45 141.22 --- 
LSD at 5% (A)=7.61      (B)=4.16      (AB)=7.20 (A)=10.78   (B)=11.80   (AB)=20.44 

 
Table 3: Effect of different irrigation intervals and some anti-transpirants on sepals dry weight/plant 

(g), sepals dry yield/feddan (kg) and seeds dry weight/plant (g) of roselle during the two 
successive growing seasons (2014 and 2015)  under field conditions. 

Irrigation 
intervals 
(A) 

anti-transpirants treatments (B) 
1st season 2nd season 

Sepals dry weight (g/plant) 

Control 
K- 

Silicate 
Kaolin Proline Mean (A) Control 

K-   
Silicate 

Kaolin Proline Mean(A) 

14 days 10.71 15.87 14.44 16.56 14.40 11.76 14.69 13.76 17.31 14.38 
21 days 14.58 17.35 16.17 18.99 16.77 14.27 16.93 16.00 19.55 16.69 
28 days 15.97 18.15 17.27 19.56 17.74 17.14 19.07 17.68 21.71 18.90 
Mean (B) 13.75 17.12 15.96 18.37  14.39 16.90 15.81 19.52  
LSD at 5% (A)=1.12      (B)=0.65     (AB)=1.13 (A)=2.82      (B)=1.23      (AB)=2.13 

Sepals dry yield (kg/fed.) 
14 days 178.54 264.55 240.77 276.06 239.98 195.98 244.94 229.43 288.61 239.74 
21 days 243.10 289.17 269.61 316.57 279.61 237.88 282.22 266.72 325.84 278.17 
28 days 266.27 302.50 287.95 326.01 295.68 285.78 317.90 294.72 361.96 315.09 
Mean(B) 229.30 285.41 266.11 306.21  239.88 281.69 263.62 325.47  
 LSD at 5% (A)=18.65   (B)=10.90   (AB)=18.87 (A)=47.06   (B)=20.53  (AB)=35.56 

Seeds dry weight (g/plant) 
14 days 13.33 20.67 15.00 24.00 18.25 16.00 27.00 23.67 30.00 24.17 
21 days 18.00 23.00 20.33 25.00 21.58 18.33 32.67 30.00 36.33 29.33 
28 days 22.33 31.67 28.00 38.33 30.08 21.00 36.67 34.33 42.67 33.67 
Mean(B) 17.89 25.11 21.11 29.11  18.44 32.11 29.33 36.33  
 LSD at 5%  (A)=1.48        (B)=1.74    (AB)=3.02  (A)=6.78       (B)=1.19     (AB)=2.07 

 
As shown in Table, 4 it can be observed that total chlorophyll (mg/g), proline, acidity percent and 

anthocyanine % significantly increased with increasing the irrigation intervals in the two seasons. In 
the first growing season (2014), irrigation every 28 days treatment significantly gave the highest values 
followed by irrigation every 21 days treatment without significant differences between them except 
with total chlorophyll parameter. The corresponding mean values were 5.08 & 4.77 mg/g, 13.85 & 
13.53, 3.20 & 3.17 % and 1.61 & 1.55 mg/g, respectively. Irrigation every 14 days treatment showed 
relatively less effect in this concern. The same trend was noticed in the second growing season. 

Also, it is evident from the data that supplementing plants with different anti-transpirants 
substances had significant effects on total chlorophyll (mg/g), proline, acidity percent and anthocyanine 
%  compared with control treatment which gave the lowest values in both seasons. In the first growing 
season (2014), spraying the plants with proline gave the maximum increase in total chlorophyll (4.85 
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mg/g), proline (13.67), acidity percent (3.15 %) and anthocyanine 1.61 %. Moderate increase was 
observed in plots received K-silicate, being 4.77 mg/g, 13.54, 3.10 % and 1.57 %, respectively. 
Meanwhile the lowest values were obtained due to application of Kaolin but still higher than control 
values. The same trend was observed in the second growing season.  

Moreover, the maximum increases in total chlorophyll (mg/g), proline, percent of acidity and 
anthocyanine mean values were more pronounced in response to the combination effect of the irrigation 
interval every 28 days and proline application treatment with significant difference compared with the 
other treatments. While the lowest mean values were obtained under the combined effect of the 
irrigation interval every 14 days and Kaolin application treatment during the two growing seasons. 
 
Table 4:  Effect of different irrigation intervals and some anti-transpirants on total chlorophyll (mg/g), 

proline, acidity percent and anthocyanine content (mg/g) of roselle during the two successive 
growing seasons (2014 and 2015) under field conditions. 

 Irrigation 
intervals 
(A) 

anti-transpirants treatments (B) 
1st season 2nd season 

Total chlorophyll (mg/g) 

Control 
K-

silicate 
Kaolin Proline Mean(A) Control 

K- 
silicate 

Kaolin Proline Mean(A) 

14 days 4.18 4.40 4.32 4.51 4.35 4.31 4.50 4.48 4.54 4.46 
21 days 4.67 4.80 4.74 4.87 4.77 4.74 4.87 4.85 4.95 4.85 
28 days 4.99 5.10 5.07 5.16 5.08 5.02 5.21 5.14 5.24 5.15 
Mean(B) 4.61 4.77 4.71 4.85 --- 4.69 4.86 4.82 4.91 --- 
LSD at 5% (A)=0.18    (B)=0.03         (AB)=0.06 (A)=0.10      (B)=0.04     (AB)=0.07 
 Prolein content (mg/g) 
14 days 12.35 12.86 12.69 12.95 12.71 12.49 13.03 12.90 13.12 12.89 
21 days 13.07 13.70 13.51 13.82 13.53 13.09 14.13 13.86 14.50 13.90 
28 days 13.31 14.06 13.80 14.24 13.85 13.73 14.57 14.05 14.99 14.34 
Mean(B) 12.91 13.54 13.33 13.67 --- 13.10 13.91 13.60 14.20 --- 
LSD at 5% (A)=0.38      (B)=0.07      (AB)=0.13 (A)=0.40     (B)=0.12      (AB)=0.22 
 Acidity % 
14 days 2.67 2.86 2.79 2.91 2.81 2.90 3.00 2.98 3.08 2.99 
21 days 3.07 3.21 3.17 3.23 3.17 3.10 3.21 3.18 3.25 3.19 
28 days 3.09 3.23 3.18 3.30 3.20 3.13 2.96 3.25 3.32 3.17 
Mean(B) 2.94 3.10 3.05 3.15 --- 3.04 3.06 3.14 3.22 --- 
LSD at 5% (A)=0.12     (B)=0.04        (AB)=0.07 (A)=0.19      (B)=0.17     (AB)=0.29 
 Anthocyanine % 
14 days 1.34 1.46 1.41 1.50 1.43 1.37 1.52 1.45 1.53 1.47 
21 days 1.42 1.61 1.52 1.66 1.55 1.49 1.65 1.57 1.69 1.60 
28 days 1.53 1.65 1.58 1.67 1.61 1.51 1.70 1.64 1.74 1.65 
Mean(B) 1.43 1.57 1.50 1.61 --- 1.46 1.62 1.55 1.65 --- 
LSD at 5% (A)=0.07      (B)=0.02     (AB)=0.04 (A)=0.04       (B)=0.02    (AB)=0.03 

 
4. Discussion 

In this regard irrigation intervals treatments affected on all vegetative growth i.e. plant height, main 
branch number and stem diameter of roselle plants. Water plays an important role in several 
physiological processes so sufficient supply of water enhanced these physiological processes which 
resulted in an increase in plant growth. Water availability is one of the most important factor governing 
plant growth and development (Manivannan et al., 2007) and (El-Boraie et al., 2009) also found that 
increasing irrigation water intervals in roselle decreased plant height. Increase of irrigation intervals is 
trailed by a reduction in growth of Roselle plants (Khalil and Yousef, 2014). The reduction in plant 
growth under low soil moisture condition may be due to that water stress caused losses in tissue water 
which reduced turgor pressure in the cell, thereby inhibited enlargement, division of cells and caused a 
reduction in the uptake of nutrient elements thus causing a disturbance in the physiological processes 
needed for plant growth, (Slatyer, 1969) and (Al-Absi, 2009). The decrease in enlargement and division 
of cells led to decrease leaf area and hence the effective of photosynthetic surface and caused a reduction 
in CO2 assimilation due to stomata close. (Fisher and Hogan, 1965) and (Marchner, 1995) reported also 
that water stress caused an increase in ABA/cytokine ratio, which in turn decreases plant growth; he 
also added that under sufficient water conditions, there were decrease in abscisic acid (ABA) and 
increase in cytokinin, gibberlic acid (GA) and indole acetic acid (IAA) reflecting good growth and dry 
matter content. In this concern, the plant morphology was influenced due to water stress including the 
plant height and shoot growth (Hassan and Ali, 2014). 
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Increasing irrigation water intervals in roselle plants decreased most vegetative growth, this regard 
is in agreement with many researchers, such as, (El-Gamal and Ismail, 2015) and Shala and Mahmoud, 
2018). 

Increasing irrigation water intervals led to improving in yield values. The increament in fruits 
number, fruits fresh weight, sepals fresh and dry weight and seeds yield may be attributed to soil 
moisture level that gave the plants its requirements of water, where water supply leads to the increase 
of metabolism process and insufficient water can be deleterious for the yield and maturity (El-Boraie et 
al., 2009) on roselle plants.  

Decreasing amount of applied water noticeably increased, Total chlorophyll, proline, acidity and 
anthocyanine percentage of roselle plants. Similar results were reported by (Evans and Al-hamdani, 
2015) who demonstrated that anthocyanin was significantly elevated in the calyces of subjected plants 
to drought stress. (Shala and Mahmoud, 2018) found that drought caused improving in chlorophyll, a 
and b, acidity and anthocyanine content.   

Anti-transpirants are chemicals sprayed on transpiring plant surfaces in an attempt to reduce water 
use by reducing transpiration (or) anti-transpirants are chemicals capable of reducing the transpiration 
rate when applied to plant foliage (Del amor et al., 2006). A wide range of materials have been tried as 
anti-transpirants (Solarova et al., 1981). Depending upon the mode or mechanism of action the anti-
transpirants are divided into 4 types viz., stomata closing, film forming, reflective and growth retardant 
types.  

In our study anti-transpirants used are potassium silicate, Kaolin and proline improved growth of 
plants compared to untreated plants. This may be attributed primarily to the role of anti-transpirants in 
improving plant water potential and increasing permeability of roots to water (Kozlowski and davies, 
1975). Anti-transpirants have the potential to help plants to form a well developed root system for good 
vegetative growth as reported by (Laila et al., 2002).  
The results in this regard is in agreement with (Abd El-Fattah, 2013) on roselle plants who reported that 
anti-transpirants gave the highest values of growth characters under different soil moisture levels, and 
(El Afifi et al., 2013) found that foliar application of the anti-transpirants resulted in more growth vigor. 

Applying Si to roselle increased plant growth which could be attributed to 
the role of Si in elongating and strengthening plant roots resulting in increasing the ability to take up 
higher amounts of nutrients from the soil solution  (Ma and Yamaji, 2006). Moreover the role of Si in 
enhancing leaves erection leading to improving light interception and eventually resulting in improving 
photosynthetic activity (Ma and Takahashi, 2002). 

Amino acid proline is known to occur widely in higher plants and normally accumulates in large 
quantities in response to environmental stresses (Hsu et al., 2003) and (Kavi Kishore et al., 2005). In 
addition to its role as an osmolyte for osmotic adjustment, proline contributes to stabilizing 
sub-cellular structures (e.g. membranes and proteins), scavenging free radicals, and buffering cellular 
redox potential under stress conditions. It may also function as a protein compatible hydrotrope 
(Srinivas and Balasubramanian, 1995) alleviating cytoplasmic acidosis, and maintaining appropriate 
NADP+/NADPH ratios compatible with metabolism (Hare and Cress, 1997). Also, rapid breakdown of 
proline upon relief of stress may provide sufficient reducing agents that support mitochondrial oxidative 
phosphorylation and generation of ATP for recovery from stress and repairing of stress-induced 
damages (Hare and Cress, 1997) and (Hare et al., 1998). In response to drought stress in plants, proline 
accumulation normally occurs in the cytosol where it contributes substantially to the cytoplasmic 
osmotic adjustment (Ketchum et al., 1991). For example, in cells of Distichlis spicata treated with 200 
mM NaCl, the cytosolic proline concentration was estimated to be more than 230mM (Ketchum et al., 
1991). Furthermore, it was determined that, in response to water deficit, increased concentration of 
proline in maize root apical meristem was paralleled with increased concentration of abscisic acid (Ober 
and Sharp, 1994).  

Meanwhile, this present study showed an improvement in fruit yield in plants sprayed with  anti-
transpirants compared with untreated plants. Anti-transpirants may reflecte most of the solar radiation 
fallen on the leaves, and causes better cooling in leaf tissues, which consequently leads to improving in 
photosynthetic rate, water status, carbohydrates metabolism and elements 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, (Jaimer et al., 2000). These results 
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were agreement with (Wahba et al., 2001) and (Shala and Mahmoud, 2018) on Hibiscus sabdariffa, L. 
plants.    

Treated plants with anti-transpirants raised values of most previous chemical constituents such as 
total chlorophyll, proline, acidity and anthocyanine percentage, the increments in photosynthetic 
pigments 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).      
 
5. Conclusion 

It could be concluded that irrigating Hibiscus sabdarifai cv. Sabahia-17 plants every 28 days and 
spraying plants with L-Proline: at the rate of 0.1 g L-1 or K-silicate: at the rate of 0.5 g L-1 effectively 
improved vegetative growth, and resulted in the highest values of fruit number, fruit fresh weights, 
sepals fresh and dry weight, seed weight, total chlorophyll, proline,  acidity and anthocyanine % in both 
growing seasons compared to untreated plants. 
 
References 
 
Abd El-Aal, F.S., M.M. Abdel-Mouty and A.H. Ali, 2008. Combined Effect of Irrigation Intervals and 

Foliar Application of Some anti-transpirants on Eggplant Growth, Fruits Yield and Its Physical 
and Chemical Properties.” Research Journal of Agriculture and Biological Sciences, 4 (5): 416-23. 

Abd El-Fattah, G.H., 2013. Response of water-stressed rose of China (Hibiscus rosa-sinensis, L.) plant 
to treatment with calcium carbonate and vapor gard anti-transpirants. J. App. Sci. Res., 9(6): 3566-
3572.  

Al-Absi, K.M., 2009. Gas Exchange, Chlorophyll and Growth Response of Three Orange Genotypes 
(Citrus sinensis, L. Osbeck) to Abscisic acid under Progressive Water Deficit. Jordan J. Agric. 
Science., 5: 421-433. 

A.O.A.C., 1985. Association of Official Agriculture Chemists. Official Methods of Analysis, 
Washington, D.C.  USA . 

Bates, L.S., R.P. Waldren, and I.D. Teare, 1973. Rapid determination of free proline for water stress 
studies. Plant and Soil, 39:205-207.  

Caceres, A., L.M. Giron, and A.M. Martinez, 1987. Diuretic activity of plants used for the treatment of 
urinary ailments in Guatemala. J. of Ethnopharmacology, 19 (3): 133- 245. 

Davenport, D.C., 1977. Anti-transpirants Aid Plant Cultivation. American Nurserryman, 145 (8): 28-
36. 

Degif, A.B., and E. Woltering, 2015. Ethylene, 1-MCP and the anti-transpirant effect of active 
compound-film forming blend. Malaysian Journal of Medical and Biological Research, 2 (3): 256-
261. doi: 10.18034/mjmbr 

Del Amor, F.M., P.D. Cuadra-Crespo,   J. Walker,   J.M. Cámara, and R. Madrid, 2010. Effect of foliar 
application of anti-transpirants on photosynthesis and water relations of pepper plants under 
different levels of CO2 and water stress. Journal of Plant Physiology, 167 (15): 1232-1238.  

Del Amor, F.M., I.L. Lopez-Cruz, and A. Ramirez-Arias, 2006. The effect of anti-transpirants on 
growth and water uptake of sweet pepper plants: Experiments and empirical modelling. Acta Hort. 
7: 575-580.  

Du, C.T. and F.J. Francis, 1973. Anthocyanin of roselle. J. Food Sci., 38(5):810–820.  
Duangmal, K., B. Saicheua, and S. Sueeprasan, 2004. Roselle anthocyanins  as a natural food colorant 

and improvement of its color stability. Proceedings of the AIC., 155-158. 
El-Afifi, S.T., H.A. El-Sayed,   S.M. Farid, and A.A. Shalata, 2013. Effect of organic fertilization, 

Irrigation and some anti-transpirants on growth and productivity of eggplant (Solanum melongina). 
J. Plant production, Mansoura Univ., 4(2): 271-286.  

El-Boraie, F.M., A.M. Gaber, and G. Abdel-Rahman, 2009. Optimizing irrigation schedule to maximize 
water use efficiency of Hibiscus sabdariffa, under Shalatien conditions. World Journal of 
Agricultural Sciences, 5(4): 504–14. 

El-Gamal, S.M.A. and S.I.I. Ismail, 2015. Influence of anti-transpirants and irrigation intervals on 
roselle plant (Hibiscus sabdariffa, L. var. sabbheia) under water stress condition. Egypt. J. Agric. 
Res., 93 (3).  



Middle East J. Agric. Res., 10(1): 305-314, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.1.18 

313 

El Sherif, F., S. Khattab,   E. Ghoname,   N. Salem, and K. Radwan, 2011. Effect of gamma irradiation 
on enhancement of some economic traits and molecular Changes in Hibiscus Sabdariffa, L. Life 
Sci. J., 8(3):220–229. 

Evans, D. and S. Al-hamdani, 2015. Selected physiological responses of roselle (Hibiscus sabdariffa) 
to drought stress. J. Exp. Biol. Agric. Sci., 3(VI):500–507. 

Faraji, M.H. and A.H.H. Tarkhani, 1999.The effect of sour tea (Hibiscus sabdariffa, L.) on essential 
hypertension. J. Ethnopharmacol., 65(3):231–236. 

Fisher, R.A. and R.M. Hogan, 1965. Plant water relation, irrigation management and crop yield. Exp. 
Agric., 1: 161-177. 

Glickman, T.S., 2000. Glossary of Meteorology. 2nd Edition, American Meteorological Society, Boston, 
Massachusetts, USA, 855. 

Hare, P.D. and W.A. Cress, 1997. Metabolic implications of stress-induced proline accumulation in 
plants. Plant Growth Regul., 21: 79–102. 

Hare, P.D., W.A. Cress, and J.V. Staden, 1998. Dissecting the roles of osmolyte accumulation during 
stress. Plant Cell Environ., 21, 535–553. 

Hassan, F. and E.F. Ali, 2014. Effect of different water regimes based on class- A pan on growth, yield 
and oil content of Coriandrum sativum, L. Plant. J. Saudi Society Agric. Sci., 13: 155-161. 

Horwitz, W., P. Chichilo, and H. Reynolds, 1970. Official Methods of Analysis of the Association of 
Official Analytical Chemists. Washington, DC, USA: Association of Official Analytical Chemists. 

Hsu, S.Y., Y.T. Hsu, and C.H. Kao, 2003. The effect of polyethylene glycol on proline accumulation 
in rice leaves. Biol. Plant, 46, 73–78. 

Ibrahim, E.A. and E.M. Selim, 2010. Effect of irrigation intervals and Anti-transpirant (Kaolin) on 
summer squash (Cucurbita pepo, L.) growth, yield, quality and economics. J. Soil Sci. and Agril. 
Engineering., 1(8): 883-894.  

Jackson, M.L., 1967. Soil  chemical analysis Printice-Hall of India Private Limited, New Delhi: 144- 
197. 

Jaimer, R.E., O. Vielma,   F. Rada and C. Garcia-Numez, 2000. Effects of water deficit on the dynamics 
of flowering and fruit production of Capsicum shinensis, Jasq. In a tropical semiarid region of 
Venezuela. J. Agron. Crop Sci., 185: 113-119.  

Kamal, A.M., 2013. Influence of irrigation levels, Anti-transpirants and potassium silicate on growth, 
fruit yield and quality of sweet pepper plants (Capsicum annuum, L.) grown under drip irrigation. 
J. Pl. Production, 4(11): 1581-1597.  

Kavi Kishore, P.B., S. Sangam,   R.N. Amrutha,   P.S. Laxmi,   K.R. Naidu,   K.R.S.S. Rao,   S. Rao,   
K.J. Reddy,   P. Theriappan,   and N. Sreenivasulu, 2005. Regulation of proline biosynthesis, 
degradation, uptake and transport in higher plants: its implications in plant growth and abiotic 
stress tolerance. Curr. Sci., 88: 424–438. 

Khalil, S. and R.M.M. Yousef, 2014. Study the effect of irrigation water regime and fertilizers on 
growth, yield and some fruit quality of Hibiscus sabdariffa, L. International Journal of Advanced 
Research, 2(5): 738-750. 

Ketchum, R.E.B., R.C. Warren,   L.J. Klima,   F. Lopez-Gutierrez, and M.W. Nabors, 1991. The 
mechanism and regulation of proline accumulation in suspension cultures of the halophytic grass 
Distichlis spicata, L. J. Plant Physiol., 137: 368–374. 

Kong, J.M., L.S. Chia, N.K. Goh, T.F. Chia and R. Brouillard, 2003. Analysis and biological activities 
of anthocyanins. Phytochemistry, 64:923-933. 

Kozlowski, T.T. and W.J. Davies, 1975. Control of water balance in  transplanted trees. J. Arobriculture, 
1(1): 1-10. 

Laila, M., M.E. Hilmy, and N. Gad, 2002. Influence of fertilization on the yield, quality and the essential 
oil composition of parsley leaves. Arab Univ. J. of Agric. Sci. Ain Shams Univ., Cairo. Egypt, 
10(3): 779-802.  

Ma, J.F. and E. Takahashi, 2002. Soil, Fertilizer, and Plant Silicon Research in Japan. Elsevier Science, 
Amsterdam, the Netherlands, 107- 180. 

Ma, J.F. and N. Yamaji, 2006. Silicon uptake and accumulation in higher plants. Trends Plant Sci., 
11:392-397. 



Middle East J. Agric. Res., 10(1): 305-314, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.1.18 

314 

Manivannan, P., C.A. Jaleel,   A. Kishorekumar,   B. Sankar,   R. Somasundaram,   R. Sridharan, and 
R. Panneerselvam, 2007. Changes in antioxidant metabolism of Vigna unguiculata (L.) Walp. by 
propiconazole under water deficit stress. Colloids Surf. B: Biointerfaces., 57: 69-74. 

Marchner, H., 1995. Mineral nutrition of higher plants (2nd ed.) Academic Harcourt Brace and Company 
Puplisher New York, London, Tokyo, 889. 

MSTAT-C, 1985. A software program for the design, management, and analysis of agronomic research 
experiments (Version 4.0) Michigan State University. 

Ober, E.S. and R.E. Sharp, 1994. Proline accumulation in maize (Zea mays L.) primary roots at low 
water potentials. I. Requirement for increased levels of abscisic acid. Plant Physiol. 105, 981–987. 

Pair, J.C. and S.M. Still, 1982. Anti-transpirants effects on leaf water potential and winter injury of 
holly. J. Amer. Soc. Hort. Sci., 107: 9-13. 

Rao, G.K., M.S. Babu, V. Sravani, and M. Sindhuja, 2018. A Review On-Influence of anti-transpirants 
(ATs) in Vegetable crops: Int. J. Pure App. Biosci. SPI, 6 (3): 394-399.  

Shala, A.Y. and M.A. Mahmoud, 2018. Influence of Glycinebetaine on Water Stress Tolerance of 
Hibiscus sabdariffa L. Plant J. Plant Production, Mansoura Univ., 9 (12): 981 – 988. 

Shalata, A.A., 2013. Effect of organic fertilization, irrigation intervals and some Anti-transpirants on 
growth and productivity of eggplant (Solanum melongena, L.). Ph. D thesis, Mansoura Univ., 
Egypt, 137. 

Slatyer, R.O., 1969. Physiological significances of internal water relations to crop yield. Physiological 
aspects of crop yield, P. 53-88, Soc. Agron and Crop Sci., Madison, Wisconsin. 

Solarova, J., V. Paspisilova, and B. Slavik, 1981. Gas exchange regulation by changing epidermal 
conductance with anti-traspirants. Photosynthetica., 15: 365-400.  

Srinivas, V., and D. Balasubramanian, 1995. Proline is a protein-compatible hydrotrope. Langmuir 11: 
2830–2833.  

Wahba, H.E., A.M. Makarem,   M.A. Eraki,   M.M. Mazrou,   M.M. Afify, and S. Mahfoz,   2001. 
Growth and chemical components of roselle in relation to the irrigation intervals and the Anti-
transpirants calcium chloride. Egypt. J. Hort., 28(4): 485-504.  

Yang, Y., M. Watanabe, Z.X. Zhang, J.Q. Wang, and S. Hayashi, 2006. Optimizing irrigation 

management for wheat to reduce groundwater depletion in the piedmont region of the Taihang 

Mountains in the North China Plain. Agri. Water Manag., 82: 25 – 44. 

 


	Medicinal and Aromatic Plants Research Department, Horticulture Research Institute, ARC, Giza, Egypt.
	Received: 25 December 2020	Accepted: 05 March 2021	Published: 15 March 2021
	ABSTRACT



