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ABSTRACT 
 

Two Field experiments were carried out during 2008, 2009 seasons at the Experimental Station of Faculty 
of Agriculture, Ain Shams University, Cairo, Egypt. Experiments were conducted to study the effect of cobalt 
and both chicken and cattle manure as organic fertilizers roselle growth, yield quantity and quality.  

The obtained results could be summarized as follows: 
 All organic fertilizers can be arranged in decreasing order as follows: chicken manure (20 ton/fed) > 

chicken manure (15 ton/fed) > Cattle manure (20 ton/fed) >  Cattle manure (15 ton/fed). 
 The lowest values of roselle growth and yield parameters were obtained by control (minerals fertilizer a 

lone) 
 Applications of cobalt at 20 ppm with organically fertilized roselle plants were more effective in increasing 

all growth, yield quantity and quality such as antihocyanin, flavones and minerals content. 
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Introduction 
 

Soils of Egypt are low in organic matter rarely exceeding 2% (Balba, 1976).  To conserve their low level of 
organic matter, Egyptian soils should receive about 82 million tonsorganic manure annually (Riad, 1982).  With 
increasing the cost of mineral fertilizers and questions as to their future availability, there is renewed interest in 
organic recycling to improve soil fertility and productivity. So, organic compost wastes may be utilized in the 
soil as a source of nutrients for crop production (Parr and Hornick, 1990).  Increasing compost application in the 
newly reclaimed soils significantly increased both the dry matter production and yield of fruits (Abou El-Seoud 
et al (1997). Abdel –Sabour et al (1999) and Sowicki (2003) found that organic compost addition significantly 
increased sunflower dry weight, seed yield, oil content, carbohydrates and major elements (NPK) as well as seed 
contents of Fe, Mn, Zn, Co and Ni. 

Organic fertilization is a very important method to provid the plants with their nutritional requirements 
without having as undesirable impact on the environment. It is necessary to applied  significant amounts of 
organic matter to improve physical and chemical conditions of the manures depend on its price in relation of this 
agronomic value, Composition, environ mental condition and the crop characteristics (Ali and Abdel-Mouty, 
2000). 

Cobalt is required in low levels for maintaining high yields of tomato (Runner et al 2003) squash (Atta – 
Aly, 1998) groundnut (Basu et al,2006) pansely (Laila Helmy and Nadia Gad, 2002) sweet potato (Nadia Gad 
and Hala Kandil, 2008) Canola (Nadia Gad, 2010) and peppermint (Aziz, Eman  et al 2011). 

Cobalt is essential element  for the synthesis of vitamin B12, which is required for human and animal 
nutrition (Young, 1983). Unlike other heavy metals, Cobalt is sever for human consumption and up to 8ppm can 
be consumed on a daily basis without health hazard (Young, 1983). 

Cobalt is unequivocally essential for leguminous crops as it is required for nitrogen fixation by bacteria in 
root nodules (Witte et al, 2002) and it even has beneficial effect on some nonleguminous crops. 

Bibak (1994) found that while treatment of the winter wheat plants grown on a sandy loam soil supplied 
with N increased cobalt uptake by crop, responses were higher when receiving farmyard manure than in the 
fields not given one. 

Roselle (Hibiscus Sabdariffal.) Family Malvaceae, Known commonly as “Karkade” is cultivated in the 
tropical and subtropical countries. It is considered as one of the important medical plant. The part used is the 
dried, fleshly calyces which had large quantities of organic acids (oxalic, malice, citric and tartaric acids) having 
therapeutic and diuretic properties. 

Roselle is cultivated in Egypt through the country from north to south, although the southern region are 
more suitable for its cultivation.  Roselle calyces contain two types of anthocyanins, hibicin and gossiping that 
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used in conjunction with a natural base for colourin syrups and liquors (Sanyo, 1981). Ahmed et al (1998) 
studied the effect of active dry yeast and farmyard chicken and animal manure on roselle plants, with 2gm/liter 
during the vegetative, flowering and fruiting stage significantly improved growth yield of calyces and active 
substans. Chicken and animal manure which were applied at levels 14, 18 and 27m3 /feddan enhanced growth, 
quantity and quality of calyces, particularly at the low rates. Nabila and Aly (2002) found that dressing both 
chicken manure and animal manure enhanced plant height, number of branches and fruits, mass production of 
the plants, fresh and dry weights of sepals per plant and per feddan. An increase of anthocyanin content was 
observed in plants treated with combination of chicken manure mixture of micronutrients while the acidity was 
reduced. They also added that the total and soluble carbohydrates in sepals as well as ascorbic acid positively 
responsed all treatments. El-keltawi el al., (2003) reported that, in a field experiment in Sohag and Assuit, 
application of the organic sugarcane wastes (12ton/fed) resulted in a slight increase in the protein and 
phosphorus content of sepals of roselle plant grown in Sohage. Plants from Sohage recorded higher protein and 
lower anthoccyunin content than plants from Assuit. They added that the organic farmyard manure enhanced 
roselle plant growth, fruit and sepal yield (Locke et al., 2000).  

Laila Helmy and Nadia Gad (2002) showed that, cobalt at 25 mg/kg soil had a positive effect of parsley 
plant growth yield, minerals composition (N, P, K, Mg, Ca, Mn, Zn and Cu) as well as chlorophyll content, total 
soluble solids, L-Ascorbic acid. Also, cobalt significantly increased parsley leaves. The main aroma constituent 
of parsley leaves is 1, 3, 8-p-menthatriene which forms about (67%) compared with control. Nadia Gad (2005b), 
found that cobalt resulted in maximum growth of tomato plants compared to the control, cobalt attributed to 
catalase and peroxidase activities. These enzymes are known to induce plant respiration, so superior resulting in 
successive consumption for products of photosynthesis and consequently in plant growth. Moreover cobalt gave 
a positive effect due to several induced effects in hormonal synthesis (Auxins and Giberellins) metabolic 
activity-cobalt hence increasing the catabolism rather than anabolism. Nadia Gad et al., (2006) stated that under 
Rass Seder location (South Sinai Governorate-Egypt), as a newly reclaimed soil.  Cobalt had a significant 
promotive effect on olive yield, fruits oil, fruits macronutrients (N, P and K) and micronutrients (Mn, Zn, and 
Cu) as well as fruits quality and endogenous hormones (Auxins, Gibberllins and Abscisic acid) especially with 
organic fertilizer. Eman, Aziz et al., (2007) found that, cobalt at 20 mg/kg soil posses a synergistic effect on 
status of N, P, K, Mn and Zn in Roselle leaves and calyces. Also, cobalt increased Roselle anthocyanins and 
flavons content. 

Nadia Gad and Hala Kandil (2009a) demonstrated that, all cobalt treatments (2.5, 5.0, 7.5, 10.0 and 12.5 
ppm) significantly increased the growth, yield of root and mineral composition (except Fe content). Cobalt at 
7.5 ppm caused the maxium growth, root yield, mineral composition and sugar yield of sugar beet compared to 
control and other cobalt rates. Cobalt at 7.5 ppm gave superior figures in chemical contents (%) such as total 
protein carbohydrates, vitamin "C", sucrose and glucose. Roots total acidity (%) percentage decreased as cobalt 
increased therefore improved the root quality.  

Recently, Nadia Gad, (2010) demonstrated that, under Nubaria location (Behara Governorate, Delta – 
Egypt) condition, applying cobalt in suitable concentration gave a significant increase in the seed yield of canola 
compared to the control. Cobalt at 12.5 ppm gave a synergistic effect on canola growth, seed yield, oil yield and 
oil quality compared to untreated plants. All cobalt treatments increased the contents of macronutrients (N, p 
and K), micronutrients (Mn, Zn and Cu) as well as chemical constituents (total protein, total carbohydrates and 
total phenols) as compared to control plants. 

More recently, Aziz, Eman et al.,  (2011) found that cobalt at 15 ppm gave the greatest fresh and dry herb 
yield, the highest essential oil yield as well as improve the status of macro (N,P and K) and micro (Mn,Zn,Cu) 
nutrient content of peppermint plants. The highest level of cobalt (30 ppm) increased the principal components 
of menthone (37.84%) and isomenthone (15.19%) while cobalt at 7.5 ppm recorded the highest content of L- (-
)- menthol (28.54%) as compared with control. 

The aim of the present experiments is to investigate the effect of cobalt and different organic sources and 
rates on roselle growth yield quantity and quality such as anthocyanin, flavones and minerals content. 
 
Materials and Methods 
 

Two field experiments were carried out during 2008, 2009 seasons in the Experimental Station of Faculty 
of Agriculture, Ain Shams University, Cairo, Egypt. 
 
Soil analysis: 
 

Particle size distribution along with soil moisture constants of used soil sample were determined as 
described by Blackmore et al (1972). Contents of CaCO3, Organic matter, pH and EC as well as soluble cations 
and anions were assayed according to Black et al (1982).  

Total and available macro and micro nutrients were determined according to Jackson (1973). 
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Total cobalt was determined in Aqua regain extract, soluble and available cobalt being assayed according to 
(Cottenie et al 1982). 
 
Table 1: Physical and chemical properties as well as nutrient content of Soil use. 

Properties  Particle size distribution % 
ph

ys
ic

al
 

 

Sand Silt Clay Texture 

13.40 25.00 61.60 clay loam 

Moisture content % 

Saturation Field capacity Wilting point Available water 

75.30 42.60 12.30 3030 

C
he

m
ic

al
 

pH 
(1:2.5) 

EC dSm-1

soil paste 
CaCO3% OM % 

8.40 3.10 3.27 0.87 

Soluble cations (meq/l) 

Ca++ Mg++ Na+ K+ 

65.40 32.10 95.60 3.90 

Soluble anions (meq/l) 

CO3
= HCO3

- Cl- SO4
= 

0.00 2.70 121.40 63.90 

C
ob

al
t 

co
nt

en
t 

 

Cobalt (ppm)  

Soluble Available Total  

0.23 2.19 9.50  

Nutrients content N P K Fe Mn Zn Cu 

% ppm 

13.20 3.80  0.48 45.40 22.82 19.46 13.60 

 
Plant material and experimental work:  

The Field experiments were conducted to study the effect of cobalt and different organic fertilizers on 
growth, yield, anthocyanins and flavonoids content of roselle plants. 

Seeds of roselle (Hibiscus sabdariffa L.) were sown on May in 2008, 2009 seasons. The experiment 
contains 9 plots and the area was 15m2 (5x3m) containing 5 rows each planted with 10 plants. 

Three weeks after sowing, the seedlings were thinned and directly irrigated once with cobalt sulphate 
solution of 20 ppm cobalt according Aziz, Eman et al., (2007). 

Basic dressing was applied to all plants and consisted of nitrogen (ammonium sulphate 20.5% N at 200 
kg/fed), phosphorus (superphosphate (15.5% P2O2 at 200 kg/fed), and potassium (potassium sulphate 48%K2O 
at 100 kg/fed) at the ratio 2:2:1. 

The quantities of NPK were added twice, the first after one month from emergence and the second at the 
beginning of the flowering stage. 

Each treatment are arranged in randomized complete blocks as follows:- 
1 – Control (minerals fertilizer alone) 
2 – Chicken manure 15 ton/fed. 
3 - Chicken manure 20 ton/fed. 
4 –  Cattle manure  15 ton/fed. 
5 - Cattle manure   20 ton/fed. 
6 - Chicken manure 15 ton/fed + 20 ppm cobalt. 
7 - Chicken manure 20 ton/fed + 20 ppm cobalt.                                 
8 - Cattle manure 15 ton/fed + 20 ppm cobalt. 
9 - Cattle manure 20 ton/fed + 20 ppm cobalt. 
 The chemical analysis of used organic manure is shown in Table (2). 

 
Table 2: The chemical analysis of organic manure used. 

 
Character 

 

 
PH 
 

Ec ds/m)( C/N  
 Ratio 

Total Macronutrients 
% 

Available Micronutrients 
(ppm) 

organic  N P K Fe Mn Zn Cu 
Chicken manure 7.6 2.90 1:5 2.80 1.70 1.40 680 170 148 123 
Cattle manure 7.5 1.41 1:9 0.52 0.41 0.85 650 135 111 105 
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Measurement of plant growth and yield:  
 
The samples from plants were taken at frutting stage. All growth and yield of roselle such as plant hight 

(cm) number of branches and fruits per plant as well as fresh and dry weights of calyces and epicalyces (g/plant) 
were recorded according to Gabal et al (1984). 
 
Chemical analysis: 

 
Representation samples of leaves, calyces and epicalyces of flowers were dried under shading, then dried 

again at 70 C until constant weight was recorded. Anthocyanin was calorimetrically determined in dried calyces 
and epicalyces of flowers according to the method described by Fahmy (1970). Flavones content in calyces were 
estimated after De Loss (1970). 

Macronutrients (N,P and K) as well as micronutrients (Fe,Mn,Zn and Cu) along with cobalt contents were 
determined according to Cottenie et al (1982). 

Statistical analysis of the obtained data was subjected to standard analysis of variance procedure. The 
values of LSD were calculated at 5% level according to Snedecorr and Cochran (1982). 
 
Results and Discussions 
 
Plant growth and yield characters: 

 
Data presented in Table (3) show that roselle growth characters were significantly influenced by different 

sources and rates of organic fertilizers. The highest growth parameters of Roselle such as plant height, branches 
number per plant and the number of fruits per plant were recorded by plants supplied with chicken manure at 
level 20 ton/fed. All organic matter treatments enhanced the growth and yield compared to control in both 2008, 
2009 seasons. Cattle manure at (15 ton/fed) gave the lowest growth and yield parameters compared with other 
organic treatments. All organic fertilizers can be arranged in decreasing order as follows; chicken manure (20 
ton/fed) > chicken manure (15 ton/fed) > Cattle manure (20 ton/fed)> Cattle manure (15 ton/fed)>.  The lowest 
values of roselle growth and yield parameters were obtained by control in two seasons. These results are in 
harmony with those obtained by Ahmed et al (1998) who pointed that both chicken and animal manure 
improved Roselle growth and yield of calyces and active substance.  

Data in Table (3) also indicate that, application of cobalt at 20 ppm with organically fertilized roselle plants 
were more effective in increasing all growth and yield parameters. These results agrees with the finding of 
Nadia Gad et al (2006) who found that, cobalt had a significant promotive effect on olive growth and yield 
parameters especially with organic fertilization. 

 
Calyces fresh and dry weight: 

 
Fresh and dry weight  of roselle calyces as affected by cobalt and different organic fertilizers are shown in 

Table (4). Data indicate that, it is worthy to notice the positive effect of organic fertilizers. It is obvious that 
chicken manure at 20 ton/fed had a superior figures of calyces fresh and dry weights followed by chicken 
manure at 15 ton/fed followed by cattle manure at 20 ton/fed, finally cattle manure at 15 ton/fed. All organic 
fertilization treatments increased both fresh and dry calyces weights of roselle plants in two studied seasons 
compared with control. 

 
Table 3: Morphological parameters of Roselle plants as affected by cobalt and different organic fertilizers (mean of two seasons). 

Treatments Ton/fed Plant height 
(cm)

Branches no/plant Number of Fruits/plant 

 2008 2009 2008 2009 2008 2009
Without cobalt

Control - 65.5 63.8 5 4 9 8 
Chicken manure 15 104.8 101.3 9 8 19 17 
Chicken manure 20 115.5 111.6 14 13 24 22 
Cattle manure 15 76.5 74.6 7 6 13 12 
Cattle manure 20 91.2 87.8 9 8 17 15 
LSD5% - 12.15 11.93 1.37 2.01 3.49 3.01 
 With cobalt (20ppm)
Control - 69.0 66.2 6 5 11 9 
Chicken manure 15 110.9 107.5 11 12 21 20 
Chicken manure 20 123.5 119.9 19 18 28 26 
Cattle manure 15 80.8 78.5 8 7 15 14 
Cattle manure 20 98.3 96.5 10 10 20 18 
LSD5% - 2.89 3.14 0.23 0.36 2.85 1.24 
Interaction (LSD5%) 2.13 2.17 1.05 1.23 1.26 1.07 
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These results are agree with those reported by Nabila and Aly (2002) who pointed that both chicken and 

animal manure enhanced roselle fresh and dry weights per plant per feddan. Jimenez et al (1997) added that 
cattle manure application significantly increased vegetative growth, plant fresh and dry weights as well as fruits 
yield of melon compared with control.Conferm El-Ghozoli (1998) organic manure enriched with mineral 
fertilizer seemed to cause more pronounced effect of dry matter yield of many plants. 

Data presented in Table (4) also indicated that cobalt had a significant favourable effect on roselle calyces 
fresh and dry weights with all treatments include the control compared with untreated plants in the two studied 
seasons These results are in harmony with those obtained by Abd  El-Moez and Nadia Gad (2002) who stated 
that, application of cobalt at 8 ppm with 10 ton/fed organic cotton wastes compost increased fresh and dry 
weights of cowpea shoot and root at the same level of treatment 15 ton/fed without cobalt. 
 
Table 4: Fresh and dry weight of roselle calyces as affected by cobalt and different organic fertilizers. 

Treatment Ton/fed Calyces weight (g/plant) 
  Fresh Dry 

2008 2009 2008 2009 
  Without cobalt 

control - 16.6 14.8 3.40 3.04 
Chicken manure 15 29.6 27.4 5.98 4.87 
Chicken manure 20 32.1 30.3 5.81 5.36 
Cattle manure 15 23.3 21.5 4.71 4.36 
Cattle manure 20 27.9 26.6 5.79 5.38 
LSD5% - 2.89 3.14 0.23 0.36 

  With cobalt (20ppm) 
control  19.0 17.5 6.71 6.08 
Chicken manure 15 34.2 31.9 7.24 6.73 
Chicken manure 20 37.0 35.5 7.85 7.29 
Cattle manure 15 27.5 25.7 5.81 5.36 
Cattle manure 20 31.8 29.4 6.56 6.12 
LSD5% - 2.24 2.49 0.14 0.12 
Interaction (LSD5%) - 2.17 2.40 0.97 0.85 

 
Anthocyanine and flavones contents: 

 
The concentration of anthocyanine and flavones as affected by different organic fertilizers and cobalt in 

2008 and 2009 seasons are showen in Table (5). Results indicate that anthocyanin and flavones of roselle 
calyces were significantly increased by the addition of chicken manure followed by cattle manure compared 
with control treatment. 

The obtained results are in accordance with Nabila and Aly (2002) who found that both chicken manure and 
animal manure increase anthocyanin content of roselle. Ahmed et al (1998) added that both chicken and animal 
manure were applied at level 14, 18 and 27 m3  /feddan enhanced growth, quantity and quality of calyces 
compared with untreated roselle plants. 

Data in Table (5) also indicate that cobalt addition with different organic manures gave the most 
significantly effective treatment for increasing anthocyanin and flavones content of roselle calyces as compared 
with plants which treated with different  organic manures without cobalt, in two studied seasons. 

These results are in harmony with those reported by Aziz, et al (2007) who stated that cobalt at level of 20 
mg/kg soil, significantly increased anthocyanin and flavones content of roselle calyces as compared with 
control.  
 
Nutritional Status: 
 
Macronutrients (N, P and K) contents: 

 
Data presented in Table (6) for 2008 and 2009 seasons, showed that the application of different organic 

fertilizers increased the content of N, P and K.  Chicken manure gave the most highest figures of N, P and K 
followed by cattle manure while the lowest content reported in control plants. These results are in good 
agreement with those found by Abdel-Sabour et al (1999) who indicated that previous organic waste composts 
addition significantly increased sunflower dry matter and seed yields, leaves chlorophyll content, oil and major 
nutrients such as N, P and K. 

Data in Table (6) also indicated that cobalt resulted in increase N, P and K in calyces of roselle plants as 
compared with plants which treated with organic manures alone. These results are in harmony with those 
obtained by Bibak (1994) who reported that  winter wheat plants grown on sandy loam soil supplied with 
nitrogen and by application cobalt in plant media nitrogen increased cobalt uptake by crops, and their responses 
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were higher when receiving farmyard manure than in the field  not givin one Castro et al (2004) added that low 
cobalt level (2.5 ppm in solution culture) had a promotive effect for better status of N, P and K in tomato plants 
especially with organic fertilizer. This confirm Nadia Gad et al (2006) who said that cobalt had a significant 
favorable effect on olive yield, fruits oil, fruits macronutrients as N, P and K especially with organic fertilizer. 

  
Table 5: Fresh and dry weights of roselle calyces as affected by cobalt and different Organic fertilizers. 
 
Treatment 

 
Ton/fed 

Anthocyanin Flavons 
Mg/dry matter 
2008 2009 2008 2009 
Without cobalt 

Control - 16.8 14.9 14.1 12.8 
Chicken manure 15 27.5 26.5 23.3 21.9 
Chicken manure 20 33.2 31.0 25.5 24.3 
Cattle manure 15 19.7 18.5 18.2 17.1 
Cattle manure 20 24.5 23.2 21.4 20.2 
LSD5% - 2.24 2.49 0.14 0.12 

  With cobalt (20ppm) 
Control  19.2 18.8 18.5 17.3 
Chicken manure 15 32.3 31.0 25.7 24.4 
Chicken manure 20 39.3 37.1 30.6 29.3 
Cattle manure 15 24.4 23.2 21.3 20.2 
Cattle manure 20 28.1 27.3 21.7 20.6 
LSD5% - 4.1 3.5 1.1 0.2 
Interaction (LSD5%)  1.46 2.36 0.97 1.01 

 
Table 6: Nutritional status in calyces of roselle plants as affected by cobalt and different organic fertilizers (mean of two seasons).  

Treatment Ton/fed Macronutrients (%) Micronutrients (ppm) Cobalt 
  N P K Mn Zn Cu Fe ppm 

Without cobalt 
control - 1.09 0.18 0.82 31.1 28.8 21.5 126 1.88 
Chicken 
manure 

15 2.47 0.33 1.76 48.8 43.4 44.3 149 3.66 

Chicken 
manure  

20 2.59 0.41 1.88 61.0 55.6 53.5 162 3.02 

Cattle manure 15 2.18 0.23 0.90 39.0 37.0 28.8 132 2.29 
LSD5% - 0.09 0.06 0.08 1.03 1.97 1.84 1.50 1.24 

Cattle manure 20 2.37 0.31 1.08 43.2 41.8 35.9 141 2.78 
With cobalt (20ppm) 

control - 1.14 0.21 0.89 34.0 30.0 23.3 122 4.22 
Chicken manure 15 2.51 0.37 1.80 52.6 46.1 45.9 144 8.01 
Chicken manure 20 2.63 0.45 1.93 66.1 58.0 55.2 157 7.66 
Cattle manure 15 2.24 0.26 0.97 43.5 39.4 31.3 129 5.29 
Cattle manure 20 2.43 0.35 1.20 47.1  38.0 138 6.13 

LSD5% - 0.08 0.04 0.03 2.21 1.03 5.11 6.81 1.05 

Interaction 
(LSD5%) 

- 0.11 0.08 0.07 1.17 2.14 2.03 1.9 1.14 

 
Micronutrients (Mn, Zn and Cu) status: 

 
Data in Table (6) indicated that the status of Mn, Zn and Cu increased by different organic fertilizers 

treatments which improved the Mn, Zn and Cu in calyces. Data also indicate that cobalt with organic fertilizers 
most significantly increased the status of Mn, Zn and Cu in calyces of roselle. These results are in good 
agreement with those found by Abd El-Moez and Nadia Gad (2002) who demonstrated that the addition of 
organic cotton compost along with cobalt at 8 ppm increased the content of Mn and Zn in both shoots and roots 
of cowpea plants compared with plants which treated with organic matter alone. Aziz et al (2007) found that 
cobalt at 20 mg/kg soil process a synergistic effect on status of Ni, Mn and Zn in both leaves and calyces of 
rosslle plants.  
 
Iron content: 

 
Data presented in Table (6) indicate that both chicken and cattle manure most increased Fe status in roslle 

calyces compared with control. Application of cobalt in plant media resulted in a progressive depression effect 
on Fe content in calyces of roslle. These results are in harmony with those obtained by Bisht et al (1991) and 
Nadia Gad et al (2011) who stated that certain antagonistic relationships between the two elements (Co and Fe). 
They also added that the hazardous effect of cobalt being severely in wilting appearance and reduction for net 
photoslynsis processes.  
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Cobalt content: 

 
Data in Table (6) show that the highest cobalt figers are recorded in calyces of roselle plants which treated 

with both chicken and cattle manures compared with control. Application cobalt in plant media increased the 
content of cobalt in calyces of roselle. These results are agree with those found by Ismail et al (1996) who stated 
that cattle manure increased the availability and uptake of Co,Cu,Zn and Mn by maize plants. Cobalt showed the 
highest availability index among the tested elements. Nadia Gad (2010) added that increasing cobalt in plant 
media, increased cobalt content in canola seeds. 
 
 
Conclusion: 

 
Chicken and Cattle manures increased roselle plants growth and yield quantity as well as anthocyanin, 

flavons and minerals content of calyces compared with control. Application of cobalt with organic fertilization 
programme enhanced all growth and yield parameters compared with plants which fertilized with organic 
manures alone. Organic matter decreases soil P H and increases the availability of both cobalt and 
micronutrients. Cobalt had a significant promotive effect on roselle growth and yield quantity and quality. 
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