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ABSTRACT 
  

A field study on roselle (Hibiscus sabdariffa, L.) was conducted at a privet farm in Mansoura, 
Dakahlia Governorate, Egypt during the two summer seasons of 2017 and 2018. The objective was to 
examine the influence of some micronutrients (Fe + Zn at 0+0, 0.30 + 0.20 and 0.60 + 0.40 g/l, 
respectively), tyrosine acid (0, 50, 100 and 150 ppm) and their interactions on the vegetative growth, 
yield components and chemical constituents as well as sepals anthocyanin contents of roselle plants. 
The influence of micronutrients under study on plant was found significant on plant height, number of 
branches per plant and total dry weight as well as number of fruits per plant, sepals yield per plant and 
per feddan. The highest level of Fe at 0.60 plus Zn at 0.40 g/l produced significant values of total 
carbohydrates, N, P and K percentages, leaf green color degree as total chlorophyll content, seeds 
fixed oil percentage, total soluble solids and anthocyanin content in roselle sepals. Moreover, the 
highest values of these parameters were registered by foliar spray of tyrosine at 150 ppm. Generally, 
spraying roselle plant three times per season with micronutrients (Fe + Zn) at 0.60 + 0.40 g/l, 
respectively, plus tyrosine at 150 ppm enhance plant growth, yield components and chemical 
constituents as well as active ingredients. 
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Introduction 
 

Roselle (Hibiscus sabdariffa L.) is a tropical plant belongs to family Malvaceae, and known in 
Egypt as Karkadeh. The roselle sepals contain organic acids (tartaric, oxalic, malic, ascorbic and 
succininc acids), glucose, ß-carotene and lycopne, in addition the anthocyanin glycoside, i.e. cyandin 
and delphinidin (Peng-Kong et al., 2002 and Peng-Kong et al., 2003). Roselle has also many 
medicinal properties since it is utilized as digestive, laxative, diuretic, choleretic, antibilious, 
antiscorbutic, hypotensive. Moreover, its seed contain fixed oil (Khare, 2007).The sepals extraction 
(anthocyanin glycoside) has a great therapeutic action for blood pressure (Hassan, 2009). 

Foliar feeding is a relatively recent and controversial technique of feeding plants by liquid 
fertilizer which applying directly to their leaves (Bernal et al., 2007; Baloch et al., 2008). 
Microelements as iron (Fe) and zinc (Zn) usually added to foliar fertilizers in order to compensate 
their insufficiency especially in semi arid and arid regions (Kaya et al., 2005). Micronutrients, 
especially Fe and Zn, act either as metal components of various enzymes or as functional, structural, 
or regulatory co-factors. Thus, they are associated with saccharine metabolism, protein synthesis and 
photosynthesis (Marschner, 1995). 

Amino acids as organic nitrogenous compounds are the building blocks in the synthesis of 
proteins, (Davies, 1982). Amino acids are particularly important for cell growth stimulation. They act 
as buffers which help to maintain favorable pH value within the plant cell, since they contain both 
acid and basic groups; they decline the ammonia from the cell. The regulatory influence of amino 
acids on plant growth could be declared by the notion that some amino acids e.g. tyrosine is hydroxyl 
phenyl amino acid that is used to build neurotransmitters and hormones (Walter and Nawacke, 1978). 

The aim of this study was to achieve optimal rate and concentration of  some microelements 
and one of the important amino acids( tyrosine) to improve growth and yield components and 
chemical constituents as well as anthocyanin content of Hibiscus sabdariffa under Dakahlia 
Governorate conditions. 
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Materials and Methods 
 

 Two field experiments were conducted at a Privet Farm in Mansoura, Dakahlia Governorate, 
Egypt during the two summer seasons of 2017 and 2018. The objective  was to examine the influence 
of some micronutrients (Fe + Zn at 0 + 0, 0.30 + 0.20 and 0.60 + 0.40 g/l, respectively), tyrosine (0, 
50, 100 and 150 ppm) and their interactions on the vegetative growth, yield components and chemical 
constituents as well as sepals anthocyanin contents of roselle (Hibiscus sabdariffa, L.) plants. The 
layout of these experiments was split-plot design with three replicates. Micronutrients rates were 
assigned to the main plots and tyrosine concentrations treatments to the sub plots. 

Seed of roselle were sown on 15th and 20th April during the two seasons and immediately 
irrigated. After 18 days from sowing, seedlings were thinned to be one plant/hill. The mechanical and 
chemical properties of the used experimental soil are shown in Table A, according to (Chapman and 
Pratt, 1978). 

 
Table A: Physical and chemical properties of experimental farm soil (average of two seasons)       
   Mechanical analysis  Soil texture  

Clay (%)   Silt (%)   Coarse sand (%)  
Loamy  

44.60  34.10   21.30  
   Chemical analysis 

pH )1-dsmE.C. ( 
Soluble cations (m.mol/l) Soluble anions (m.mol/l) Available (ppm) 

++Ca ++Mg +Na  Fe ++Zn ++Mo -Cl -
3HCO - -

4SO N P K 

7.10 0.62 3.80 1.80 0.20 2.70 1.80 1.72 3.40 2.00 0.80 180 66 70 

 
The plot area was 3.50 × 3.60 m included six rows. Each row was 60 cm wide and 3.50 meters 

in length. The seeds were sown in hills on one side of the row, and hills were spaced 50 cm, a part. 
Treatments, three rates of some micronutrients and four concentrations of tyrosine acid were 

used in this experiment. The resulted twelve treatments were applied as foliar application at 25, 50 
and 75 days after sowing. Each experimental unit received 2 letters solution using spreading agent 
(Super Film at a rate of 1ml /l). The untreated control plants were sprayed with distilled water.  

All normal agricultural practices of growing roselle plants were done when ever needed. All 
treatments were fertilized with 200 kg calcium super phosphate (15.5 % P

2
O

5
), 60 kg potassium 

sulfate (50 % K
2
O) and 300 kg ammonium sulfate (20.5 % N) per feddan. Phosphorus and potassium 

fertilizers were applied during soil preparation. While, nitrogen fertilizer was divided into three equal 
doses and were added to the soil at 30, 60 and 90 days after sowing.  

 

Data Recorded  
 

Plant vegetative growth: plant height, number of branches / plant, total plant dry weight (branches + 
leaves) were estimated at 98 days after sowing by taking nine random guarded plants from each 
experimental unit. 
Yield components: at harvesting stage (150-180 days after sowing), fruits number / plant and sepals 
yield per plant (g/plant) were determined, then total sepals yield per feddan (kg/feddan) was 
calculated. 
Chemical constituents: a sample of dry sepals was randomly taken from each treatment for chemical 
analysis. Furthermore, total carbohydrate (percentage) was determined according to the method 
described by Dubois et al. (1956), total nitrogen (%) was determined in dry sepals according to the 
methods described by Chapman and Pratt (1978),  Phosphorus percentage was determined in roselle 
sepals according to the methods adapted by Hucker and Catroux (1980). Potassium percentage was 
determined in sepals by using flame photometer according to the method described by Brown and 
Lilleland (1946). Total chlorophyll (SPAD unit) was determined in roselle fresh leaves by using 
SPAD- 502 meter as reported by Markwell et al. (1995). Seed fixed oil of roselle was extracted using 
petroleum ether in a soxcelt system HT apparatus according to the methods of A.O.A.C. (1984). Total 
soluble solids (TSS) content was determined in roselle fresh sepals by using a hand refractometer as 
Brixº. The anthocyanin content (mg/100 g) in dried sepals was determined cholorimetrically 
according to the method described by (Abou-Arab et al., 2011) and adopted by Francis (2000) for 
Hibiscus sabdariffa. 
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Experimental design and statistical analysis: 
The complete randomized block design (CRBD) in a split-plot design was used in this 

experiment with 3 replicates. The obtained data were statistically analyzed and the means were 
compared using least significant difference (L.S.D) at 5% level as reported by Gomez and Gomez 
(1984). The means were compared using computer program of Statistix version 9 (Analytical 
software, 2008). 

 
Results and Discussions 
 
Plant vegetative growth: 
 
Effect of micronutrients rates: 
 

 The recorded data in Tables 1 and 2 shows that plant height, number of branches/plant and 
total dry weight /plant of roselle plant were gradually increased with increasing micronutrients rates in 
both seasons. The highest values in this connection were obtained from the high rate of micronutrient 
(Fe + Zn) at 0.60 + 0.40 g/l, respectively. This increase was significant compared to control in the two 
seasons. These results might be due to the essential role of micronutrients of Fe and Zn for growth and 
development of living several plants. As they are found in the most reactions and are fundamental for 
cellular processes and in enzymes and proteins for structural and catalytic enzyme activities leading to 
taller, more branches and heaviest dry weight per plant (Hall and Williams, 2003). These results are in 
accordance with those stated by Zehtab-salmasi et al. (2008) on peppermint, Said-Al Ahl and 
Mahmoud (2010) on basil plant and Ziedan and Eisa (2016) on dill plant. 
 
Effect of tyrosine concentrations: 
 

Data presented in Tables 1 and 2 reveals that the deferent concentrations of tyrosine amino acid 
recorded significant increase in Hibiscus sabdariffa vegetative growth compared to control (plants 
were sprayed with tap water). However, plant height (cm), number of branches per plant and total dry 
weight per plant (g) were gradually increased with increasing tyrosine concentrations in both seasons. 
Also, the highest concentration of tyrosine acid recorded the highest values in this regard compared to 
the other two ones and control under study. The positive influence of amino acids on growth was 
stated by Goss (1973) who reported that it can serve as a source of energy and carbon when 
carbohydrates become deficient in the plant’s releasing the ammonia and organic acid form which the 
amino acid was originally formed which reflected in enhancement of plant growth. The results are in 
line with those reported by Youssef et al. (2004a) on lemon basil and Mahgoub and Talaat (2005) on 
rose geranium plant they found that amino acids significantly increased vegetative growth. 
 
Effect of interaction between micronutrients and tyrosine: 
 

Results under discussion in Tables 1 and 2 demonstrate that the best interaction treatment in 
plant vegetative growth was that of micronutrients (Fe + Zn) at 0.60 + 0.40 g/l, respectively interacted 
with tyrosine at 150 ppm. In addition, interaction between micronutrients rates and tyrosine 
concentrations significantly increased plant height, number of branches per plant and plant total dry 
weight compared to the control in the two seasons, in most cases. In the mean time, as mentioned 
above, both micronutrients rates and tyrosine concentrations (each alone) increased plant growth of 
roselle plant, in turn; they together might maximize their effects leading to taller, more branches and 
heaviest weight per plant. Moreover, Abd El-Aziz and Balbaa (2007) on Salvia farinacea found that 
plant height, number of branches, and dry weight of (leaves, branches, shoots) in both cuttings for the 
two seasons were significantly promoted by tyrosine at 100 ppm when interacted with zinc at 100 
ppm compared to untreated plants. 
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Yield components: 
 
Effect of micronutrients rates: 
 

 The data reported in Table 2 indicate that fruits number /roselle plant significantly increased by 
increasing micronutrients rates from 0 + 0 to 0.30 + 0.20 to 0.60 + 0.40 g/l, respectively in both 
seasons. However the highest values in dry sepals yield per plant (g) and per feddan (kg) were 
significantly recorded with micronutrients rate (Fe + Zn) at 0.60 + 0.40 g/l compared to the other rates 
under study in the first and second seasons (Table 3). Das et al. (2005) on stevia plant reported similar 
results as affected by zinc application.  
 
Table 1: Effect of foliar spray of some micronutrients (M), tyrosine (T) and their interaction (M×T) 

treatments on Hibiscus sabdariffa plant height and branch number/plant during 2017 and 
2018 seasons 

Micronutrients (g/l) 
 

(Fe + Zn)*  

Tyrosine concentrations (ppm) 

0.0 50 100 150 Mean (M) 

Plant height (cm) 

 2017 season  

Control 160.33 163.00 166.00 167.67 164.25 

0.30 + 0.20  161.33 164.33 168.33 176.00 167.50 

0.60 + 0.40  172.00 173.00 175.67 179.00 174.92 

Mean (T) 164.56 166.78 170.00 174.22  

L.S.D. at 5 % (M)= 1.00 (T)= 0.98 (M×T)= 1.77 

 2018 season  

Control 162.67 165.33 168.33 172.00 167.08 

0.30 + 0.20  167.67 168.00 173.00 177.00 171.42 

0.60 + 0.40  171.33 178.00 179.67 185.33 178.58 

Mean (T) 167.22 170.44 173.67 178.11  

L.S.D. at 5 % (M)= 0.46 (T)= 0.41 (M×T)= 0.77 

Number of branches/ plant 

 2017 season  

Control 6.33 7.33 8.33 8.67 7.67 

0.30 + 0.20  7.33 8.33 9.3.3 10.33 8.83 

0.60 + 0.40  7.67 8.67 10.33 11.67 9.58 

Mean (T)  7.11 8.11 9.33 10.22  

L.S.D. at 5 % (M)= 0.44 (T)= 0.47 (M×T)= 0.82 

 2018 season  

Control 7.33 7.67 8.67 9.67 8.33 

0.30 + 0.20  7.67 9.33 10.33 11.33 9.67 

0.60 + 0.40  8.67 9.33 10.67 12.33 10.25 

Mean (T) 7.89 8.78 9.89 11.11  

L.S.D. at 5 % (M)= 1.31 (T)= 1.33 (M×T)= 2.52 

* Fe was added as FeSO4 and Zn as ZnSO4. 
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Table 2: Effect of foliar spray of some micronutrients (M), tyrosine (T) and their interaction (M×T) 
treatments on Hibiscus sabdariffa total dry weight/plant (g) and fruit number/plant during 
2017 and 2018 seasons 

Micronutrients (g/l) 
 

(Fe + Zn)*  

Tyrosine concentrations (ppm) 

0.0 50 100 150 Mean (M) 

Total dry weight (branches + leaves)/ plant (g) 

 2017 season  

Control 167.80 171.83 221.77 318.23 219.91 

0.30 + 0.20  185.13 209.03 260.60 353.90 252.17 

0.60 + 0.40  201.17 275.37 340.20 412.43 307.29 

Mean (T)  184.70 218.74 274.19 361.52  

L.S.D. at 5 % (M)= 23.51 (T)= 10.88 (M×T)= 28.36 

 2018 season  

Control 173.70 186.97 236.87 295.50 223.26 

0.30 + 0.20  188.60 217.07 270.23 347.07 255.74 

0.60 + 0.40  221.87 268.67 347.07 410.83 309.61 

Mean (T) 191.39 224.23 284.72 351.13  

L.S.D. at 5 % (M)= 17.54 (T)= 10.55 (M×T)= 23.40 

Number of fruits / plant 

 2017 season  

Control 74.33 81.33 92.00 101.33 87.25 

0.30 + 0.20  90.00 110.00 125.00 138.33 115.83 

0.60 + 0.40  98.33 115.00 138.33 155.00 126.67 

Mean (T)  87.56 102.11 118.44 131.56  

L.S.D. at 5 % (M)= 3.52 (T)= 4.18 (M×T)= 7.15 

 2018 season  

Control 81.00 88.33 97.00 110.00 94.08 

0.30 + 0.20  97.33 118.33 128.67 145.00 122.33 

0.60 + 0.40  108.33 124.67 144.00 168.33 136.33 

Mean (T) 95.56 110.44 123.22 141.11  

L.S.D. at 5 % (M)= 3.55 (T)= 4.12 (M×T)= 7.08 

* Fe was added as FeSO4 and Zn as ZnSO4. 

 
According to Kapoor et al. (2017), iron acts as an important catalyst in many enzymatic 

reactions of metabolism and helps in biosynthesis of photo assimilates thereby enhancing plant 
growth. In addition, zinc is a component of carbonic anhydrase, as well as several dehydrogenases 
and important for auxin production which in turn enhances growth and yield components. These 
results are in agreed with those stated by Soliman et al. (2018) on Stevia rebaudiana plant. 

  
Effect of tyrosine concentrations: 

Data calculated in Tables 2 and 3 demonstrate that there were significant differences in number 
of fruits per roselle plant, sepals yield per plant and per feddan under the influence of all the tested 
tyrosine acid concentrations compared to control in both seasons. In general, the highest values in this 
concern were achieved by the highest concentration of tyrosine acid (150 ppm) compared with the 
lowest and moderate concentrations (50 and 100 ppm) and control in the two seasons. Furthermore, 
these parameters were increased gradually by increasing the used tyrosine concentrations. These 
results are characteristically accompanied by Gamal El-Din and Abd El-Wahed (2005) who found that 
using amino acids led to significant increases in number of flowers, fresh and dry weight of flowers/ 
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plant of Matricaria chamomilla L. plant. Also, Youssef et al. (2004b) on Datura innoxia indicated 
that application of phenylalanine at 100 ppm plus putrescine at 100 ppm significant promotion in 
yield.   
 
Table 3: Effect of foliar spray of micronutrients (M), tyrosine (T) and their interaction (M×T) 

treatments on Hibiscus sabdariffa dry sepals yield /plant (g) and /feddan (kg) during 2017 
and 2018 seasons 

Micronutrients (g/l) 
 

(Fe + Zn)*  

Tyrosine concentrations (ppm) 

0.0 50 100 150 Mean (M) 

Dry sepals yield / plant (g) 

 2017 season  

Control 36.49 37.65 41.01 43.44 39.65 

0.30 + 0.20  39.71 44.31 47.97 52.90 46.22 

0.60 + 0.40  42.26 45.55 52.73 61.15 50.42 

Mean (T) 39.49 42.50 47.23 52.50  

L.S.D. at 5 % (M)= 1.03 (T)= 1.47 (M×T)= 2.42 

 2018 season  

Control  37.49 39.90 42.22 44.30 40.98 

0.30 + 0.20  42.13 45.90 49.44 56.28 48.44 

0.60 + 0.40  44.54 48.81 55.56 64.97 53.47 

Mean (T) 41.39 44.87 49.07 55.18  

L.S.D. at 5 % (M)= 1.50 (T)= 1.22 (M×T)= 2.34 

Dry sepals yield / feddan (kg) 

 2017 season  
Control 510.86 527.05 574.09 608.16 555.04 

0.30 + 0.20  555.94 620.29 671.58 740.60 647.10 

0.60 + 0.40  591.59 637.75 738.17 856.15 705.91 

Mean (T)  552.80 595.03 661.28 734.97  

L.S.D. at 5 % (M)= 14.47 (T)= 20.55 (M×T)= 33.90 

 2018 season  

Control  524.81 558.65 591.13 620.15 573.68 

0.30 + 0.20  589.82 642.65 692.21 787.87 678.14 

0.60 + 0.40  623.56 683.39 777.79 909.58 748.58 

Mean (T) 579.40 628.23 687.04 772.54  

L.S.D. at 5 % (M)= 21.06 (T)= 17.04 (M×T)= 32.84 

* Fe was added as FeSO4 and Zn as ZnSO4. 

  
Effect of interaction between micronutrients and tyrosine: 

As shown in Tables 2 and 3, it is obvious that, in most cases number of fruits per plant, sepals 
yield per plant and per feddan of Hibiscus sabdariffa were significantly increased as influenced by the 
interaction treatments between the two rates of micronutrients (0.30 + 0.20 and 0.60 + 0.40 g/l, 
respectively) and the three concentrations of tyrosine acid (50, 100 and 150 ppm) compared to control 
in both seasons. In addition, the highest values in this respect were detected in the interaction 
treatment of 0.60 g/l of Fe + 0.40 g/l of Zn plus 150 ppm of tyrosine acid during the two consecutive 
seasons. Amino acids are involved in the synthesis of many organic compounds, such as protein, 
amines, alkaloids, enzymes, vitamins, terpenoids (Ibrahim et al., 2010). However, Gendy and Nosir 
(2016) reported that the higher yield components (fruit number per plant, sepals and seeds yield per 
plant and per feddan) could be achieved by spraying L- tryptophan at 100 ppm. Also, Reshma et al. 
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(2018) suggested that the highest soybean grain (22.65 q ha-1) and straw yield (19.66 q ha-1) were 
observed in T6 [FeSO4 spray (0.5%) + ZnSO4 spray (0.5%)] which receives foliar spray of zinc and 
iron. 
 
Yield components: 
 
Effect of micronutrients rates: 

 Data of both seasons in Tables 4 and 5 reveal that total carbohydrates, nitrogen, phosphorus 
and potassium percentages in roselle sepals were increased by increasing micronutrients rates. Also, 
the highest values in this concern were obtained from the micronutrients rate of (Fe +Zn at 
0.60+0.40g/l, respectively) compared to control in both seasons. These resulted are in harmony with 
those reported by Nasiri et al. (2010) on chamomile plant and Khater and Abd-Allah (2017) on sweet 
basil plants.  
  
Table 4: Effect of foliar spray of some micronutrients (M), tyrosine (T) and their interaction (M×T) 

treatments on Hibiscus sabdariffa total carbohydrates and total nitrogen percentages in 

sepals during 2017 and 2018 seasons 

Micronutrients (g/l) 
 

(Fe + Zn)*  

Tyrosine concentrations (ppm) 

0.0 50 100 150 Mean (M) 

Total carbohydrates percentage in sepals 

 2017 season  

Control 16.12 16.16 16.25 16.35 16.22 

0.30 + 0.20  16.21 16.36 16.54 17.09 16.55 

0.60 + 0.40  16.38 16.53 17.27 17.65 16.96 

Mean (T) 16.24 16.35 16.68 17.03  

L.S.D. at 5 % (M)= 0.194 (T)= 0.191 (M×T)= 0.344 

 2018 season  

Control 16.09 16.22 16.31 16.76 16.34 

0.30 + 0.20  16.22 16.44 16.67 17.20 16.63 

0.60 + 0.40  16.36 16.58 17.40 17.84 17.04 

Mean (T) 16.22 16.41 16.79 17.27  

L.S.D. at 5 % (M)= 0.217 (T)= 0.198 (M×T)= 0.366 

Total nitrogen percentage in sepals 

 2017 season  

Control 2.44 2.67 3.16 3.22 2.87 

0.30 + 0.20  2.57 3.24 3.26 3.32 3.10 

0.60 + 0.40  2.81 3.36 3.48 3.60 3.31 

Mean (T)  2.61 3.09 3.30 3.38  

L.S.D. at 5 % (M)= 0.051 (T)= 0.036 (M×T)= 0.074 

 2018 season  

Control 2.58 2.91 3.17 3.22 2.97 

0.30 + 0.20  2.61 3.18 3.23 3.37 3.09 

0.60 + 0.40  2.85 3.30 3.51 3.61 3.32 

Mean (T)  2.68 3.13 3.30 3.40  

L.S.D. at 5 % (M)= 0.091 (T)= 0.067 (M×T)= 0.134 

* Fe was added as FeSO4 and Zn as ZnSO4. 
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Table 5: Effect of foliar spray of some micronutrients (M), tyrosine (T) and their interaction (M×T) 
treatments on Hibiscus sabdariffa total phosphorus and potassium percentages in sepals 
during 2017 and 2018 seasons 

Micronutrients (g/l) 
 

(Fe + Zn)*  

Tyrosine concentrations (ppm) 

0.0 50 100 150 Mean (M) 

Total phosphorus percentage in sepals 

 2017 season  

Control 0.317 0.337 0.347 0.393 0.348 

0.30 + 0.20  0.347 0.370 0.397 0.433 0.387 

0.60 + 0.40  0.353 0.387 0.433 0.460 0.408 

Mean (T) 0.339 0.364 0.392 0.429  

L.S.D. at 5 % (M)= 0.009 (T)= 0.008 (M×T)= 0.016 

 2018 season  

Control 0.327 0.337 0.353 0.377 0.348 

0.30 + 0.20  0.343 0.357 0.397 0.430 0.382 

0.60 + 0.40  0.357 0.377 0.420 0.467 0.405 

Mean (T) 0.342 0.357 0.390 0.424  

L.S.D. at 5 % (M)= 0.009 (T)= 0.008 (M×T)= 0.015 

Potassium percentage in sepals 

 2017 season  

Control 2.57 2.64 2.67 2.72 2.64 

0.30 + 0.20  2.58 2.72 2.76 2.80 2.71 

0.60 + 0.40  2.62 2.73 2.82 2.84 2.75 

Mean (T)  2.59 2.69 2.75 2.79  

L.S.D. at 5 % (M)= 0.014 (T)= 0.011 (M×T)= 0.021 

 2018 season  

Control 2.59 2.65 2.70 2.75 2.67 

0.30 + 0.20  2.61 2.71 2.76 2.82 2.72 

0.60 + 0.40  2.64 2.78 2.83 2.90 2.79 

Mean (T) 2.61 2.71 2.76 2.82  

L.S.D. at 5 % (M)= 0.017 (T)= 0.014 (M×T)= 0.027 

* Fe was added as FeSO4 and Zn as ZnSO4. 

Moreover, the highest rate of micronutrients (Fe+ Zn) recorded the highest values in total 
chlorophyll content, fixed oil percentage, total soluble solids and anthocyanin content (Tables 6 and 
7). However, zinc application increased the photosynthetic activity which ultimately resulted in 
improving the growth (Chanchan et al., 2013). Iron has also an important role in the representation of 
nucleic acids and chloroplasts (Nikolic and Kastori, 2000). 
 
Effect of tyrosine concentrations: 

Data in Tables 4 and 5 reveal that total carbohydrates, nitrogen, phosphorus and potassium 
percentages in roselle sepals recorded the highest values by tyrosine acid application at the highest 
concentration in both seasons. Also, the highest values of total chlorophyll content in leaves, fixed oil 
percentage in seeds, total soluble solids in sepals and anthocyanin content in sepals were obtained 
from the treatment of tyrosine acid at 150 ppm compared to control in both seasons (Tables, 6 and 7). 
Generally, increasing tyrosine concentrations from 50 to 150 ppm gradually increased these 
parameters of roselle plant. 
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Table 6: Effect of foliar spray of some micronutrients (M), tyrosine (T) and their interaction (M×T) 
treatments on Hibiscus sabdariffa total chlorophyll content and seeds fixed oil percentage 
during 2017 and 2018 seasons 

Micronutrients (g/l) 
 

(Fe + Zn)*  

Tyrosine concentrations (ppm) 

0.0 50 100 150 Mean (M) 

Total chlorophyll content (SPAD unit) 

 2017 season  

Control 35.67 37.67 38.67 39.67 37.92 

0.30 + 0.20  38.67 40.67 43.00 45.33 41.92 

0.60 + 0.40  40.33 43.33 45.00 46.67 43.83 

Mean (T)  38.22 40.56 42.22 43.89  

L.S.D. at 5 % (M)= 0.76 (T)= 0.60 (M×T)= 1.17 

 2018 season  

Control 36.33 38.33 38.67 40.67 38.50 

0.30 + 0.20  38.33 40.67 44.00 46.00 42.25 

0.60 + 0.40  41.00 43.67 46.00 47.67 44.58 

Mean (T) 38.56 40.89 42.89 44.78  

L.S.D. at 5 % (M)= 0.38 (T)= 0.53 (M×T)= 0.88 

Fixed oil percentage in seeds 

 2017 season  

Control  21.53 21.91 22.93 24.19 22.64 

0.30 + 0.20  22.64 23.12 23.93 24.87 23.64 

0.60 + 0.40  22.68 23.85 24.91 25.18 24.15 

Mean (T)  22.28 22.95 23.92 24.74  

L.S.D. at 5 % (M)= 0.30 (T)= 0.40 (M×T)= 0.67 

 2018 season  

Control 22.63 22.53 23.67 24.54 23.34 

0.30 + 0.20  22.68 23.02 23.84 24.93 23.62 

0.60 + 0.40  22.95 23.63 24.92 25.43 24.23 

Mean (T) 22.75 23.06 24.14 24.97  

L.S.D. at 5 % (M)= 0.32 (T)= 0.27 (M×T)= 0.52 

* Fe was added as FeSO4 and Zn as ZnSO4. 

   
Furthermore, Gendy and Nosir (2016) demonstrated that spraying roselle plants by L- 

tryptophan at 100 ppm recorded the higher chemical constituents of roselle sepals (nitrogen, 
phosphorus, potassium, protein and carbohydrates contents, total soluble solids and anthocyanin 
content), also, total chlorophyll content (a+b) in leaves. 

 
Effect of interaction between micronutrients and tyrosine: 

Recorded results in Tables 4, 5, 6 and 7 reveal that, in general, the interaction between 
microelements and tyrosine increased total carbohydrates, nitrogen, phosphorus and potassium 
percentages in roselle sepals as well as total chlorophyll content in leaves, fixed oil percentage in 
seeds, total soluble solids in sepals and anthocyanin content in sepals as compared the control.  
Increased the interacted micronutrients rate (from 0.30 + 0.20 to 0.60 + 0.40 g/l as Fe and Zn), 
respectively, resulted in significant increases in abovementioned parameters under different 
concentrations of tyrosine acid. In addition, the highest values in this connection were recorded under 
the effect of interaction treatments between micronutrient rate of (Fe at 0.60 + Zn at 0.40 g/l) and 
tyrosine acid at 150 ppm in first and second season, with significant increase compared to control. 
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Table 7: Effect of foliar spray of some micronutrients (M), tyrosine (T) and their interaction (M×T) 
treatments on Hibiscus sabdariffa total soluble solids (Brix°) and anthocyanin content 
(mg/100g) during 2017 and 2018 seasons 

Micronutrients (g/l) 
 

(Fe + Zn)*  

Tyrosine concentrations (ppm) 

0.0 50 100 150 Mean (M) 

Total soluble solids (Brix°) 

 2017 season  

Control 7.41 7.48 7.53 7.63 7.51 

0.30 + 0.20  7.43 7.49 7.62 8.20 7.68 

0.60 + 0.40  7.54 8.11 8.19 8.47 8.08 

Mean (T) 7.46 7.69 7.78 8.10  

L.S.D. at 5 % (M)= 0.019 (T)= 0.021 (M×T)= 0.037 

 2018 season  

Control  7.45 7.48 7.51 7.62 7.52 

0.30 + 0.20  7.47 7.51 7.95 8.21 7.78 

0.60 + 0.40  7.56 7.97 8.21 8.60 8.09 

Mean (T) 7.49 7.65 7.90 8.14  

L.S.D. at 5 % (M)= 0.117 (T)= 0.095 (M×T)= 0.183 

Anthocyanin content (mg/100g) 

 2017 season  

Control 12.92 14.52 15.03 16.36 14.71 

0.30 + 0.20  13.07 14.51 15.23 16.47 14.82 

0.60 + 0.40  13.75 15.38 16.25 16.49 15.47 

Mean (T)  13.24 14.80 15.50 16.44  

L.S.D. at 5 % (M)= 0.337 (T)= 0.339 (M×T)= 0.606 

 2018 season  

Control 12.69 14.30 15.07 16.49 14.64 

0.30 + 0.20  13.54 14.57 15.98 16.35 15.11 

0.60 + 0.40  13.77 15.32 16.12 16.88 15.52 

Mean (T) 13.34 14.73 15.72 16.57  

L.S.D. at 5 % (M)= 0.249 (T)= 0.403 (M×T)= 0.651 

* Fe was added as FeSO4 and Zn as ZnSO4. 
  

However, Ghatas and Mohamed (2018) on Cymbopgon citruts, demonstrated that the highest 
values of nitrogen, phosphorus, potassium, total carbohydrates contents and essential oil compounds 
of were recorded with Fe +Mn +Zn at 150ppm at the two cuts in the two seasons. This result could be 
explained by the findings obtained by Refaat and Naguib (1998) whom reported that application of 
amino acids (alanine, cytosine, guanine, thiamine and L-tyrosine) increased the total carbohydrates 
percentage in peppermint leaves. The promotive influenced of these amino acids on the total 
carbohydrates content may be due to their important role on the biosynthesis of chlorophyll molecules 
which in turn affected carbohydrate content and NPK percentages. 
 
Conclusion  

From above mentioned results, it is preferable to spray Hibiscus sabdariffa plants with (Fe+ Zn 
at 0.60+ 0.40 g/l, respectively) plus tyrosine acid at 150 ppm three times a season to enhance the 
vegetative growth, sepals yield per feddan and chemical constituents in sepals as well as anthocyanin 
content of this important medicinal plant under Dakahlia Governorate conditions. 
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