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ABSTRACT

This experiment was carried out at the Agriculture Experimental
Station, Faculty of Agriculture, Cairo University, Giza in two successive
seasons 2006 and 2007. The aim of this research was to study the effect of
planting distances between the plants and foliar spray with some micro-
elements on the growth, yield and some chemical constituents of roselle
plant.

The plants were sprayed with Zero (control), 90 and 180 ppm. (Fe +
Mn + Zn together). The planting distances between the plants in this
experiment were 40, 60 or 80 cm. There was constant distance between the
rows (60 cm.). The obtained results can be summarized as follows:

The foliar spray with micro-elements at the rates of 90 or 180 ppm.
increased all the recorded characters of the growth, yield and chemical
constituents as compared with the control treatment. The highest values of
number of branches/plant, stem diameter, number of fruits/plant, yield of
fresh fruits/plant, yield of fresh and dry sepals/plant and total soluble
solids% were obtained with foliar spray by micro- elements at 90 ppm.

Also, the highest plant height, number of leaves/plant, chlorophyll A,
B, carotenoids, total carbohydrates %, anthocyanin content, pH value, Fe,
Mn and Zn contents were obtained with foliar spray with micro-elements at
180 ppm. As well as the greatest yield of dry seeds/plant was obtained with
foliar spray by micro- elements at 90 ppm. in the first season and 180 ppm.
in the second season. The lowest values of all recorded parameters of
growth, yield and chemical constituents were obtained with the untreated
plants with micro-elements (control).

The highest values of all recorded characters of the growth, yield
and chemical constituents were obtained with the wider space between the
plants (80 cm.) followed by medium space (60cm) then narrow space (40
cm.).

On the other hand, the opposite response occurred with plant height
which the tallest plants were produced from the narrow distance between the
plants (40 cm.).
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The interaction between micro- elements at 90 or 180 ppm. and
different planting spaces increased all the recorded parameters of the
growth, yield and chemical constituents as compared with the interaction
between micro-elements at zero (control) and all different planting distances
in most cases.

Key words: Planting distances, micro-elements, iron, manganese, zinc,
growth, yield, chemical constituents, roselle plant.

INTRODUCTION

Roselle plant (Hibiscus sabdariffa, L.) belongs to family Malvaceae
which is widely cultivated in tropical and subtropical regions for its calyxes,
fibers and seeds for medical and industrial uses.

Many investigators pointed out to the importance of planting distances
and micro-elements in increasing growth, yield and some chemical
constituents of many plants. The wider planting distances led to an increase in
growth and yield in many plants, this result reported by many investigators
such as EI-Gendy et al. (2001) on Ocimum basilicum cv. Grande Verde, Ali
(2008) on Origanum syriacum, L. and Hanafy et al. (2009 a) on Rosmarinus
officinalis, L. Also the wider planting spaces led to an increase in some
chemical constituents of many plants, this result stated by many researches
such as Ibrahem (2000) on total carbohydrates content in Ammi visnaga, El-
Sherbeny et al. (2005) on some chemical constituents in Sideritis montana,
Ali (2008) on carbohydrates content in Origanum syriacum and Hanafy et al.
(2009 a) on chlorophyll A, B, carotenoids and total carbohydrates content in
Rosmarinus officinalis.

As well as the foliar spray with some micro-elements such as iron,
zinc and manganese on some plants led to an increase in growth and yield,
this the result reported by many investigators, Shoala (2000) on Lavandula
multifida treated with Zn, EIl-Shobaky and Abd EI-Mageed (2001) on pea
plant treated with Fe, Zn or Mn, El-Sawi and Mohamed (2002) on cumin
treated with Zn and Mn and Hanafy et al. (2009 b) on Rosmarinus officinalis
treated with zinc.

Also, the foliar spray with some micro-elements such as Fe, Mn or Zn
increased some chemical constituents in some plants such as chlorophyll A,
B, carotenoids, total carbohydrates, Fe, Mn and Zn, anthocyanin, pH values
and total soluble solids contents. This result reported by many researchers,
Shoala (2000) on chlorophyll B and carotenoids contents in Lavandula
multifida treated with zinc, EI-Sawi and Mohamed (2002) on chemical
composition of cumin plants which treated with Zn and Mn and Hanafy et al.
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(2009 b) on chlorophyll A, B, carotenoids and zinc contents in Rosmarinus
officinalis treated with zinc. Thus this experiment aimed to study the response
of Hibiscus sabdariffa plant to different planting distances and some micro-
elements to improve its growth, yield and some chemical constituents.

MATERIALS AND METHODS

This experiment was carried out at the Agriculture Experimental
Station, Faculty of Agriculture, Cairo University, Giza in two successive
seasons 2006 and 2007.

Roselle seeds were sown in rows on 262 May 2006 and 2007. The
space between rows 60 cm. and the distances between hills in rows were 40,
60 or 80 cm.

Five seeds were sown in a hill, one month after the sowing date, the
seedlings were thinned to one plant/hill. The analysis of the soil which were
used can be seen in the following Table A:

Table A. Physical and chemical analysis of the soil

Coars Fine silt Clay Soil Organic E.C. Concentration ppm.
sand sand % pH matter SP mmos/cm.
0% o P type % atocc NP OK Fe  Zn Mn
Sandy

135 533 86 243 clay 75 218 36 112 51.7C12.1% 310.12 50.01 30.13 25..1¢€
loam

The plants were sprayed with some micro-elements (Fe + Mn + Zn
together) at the rates of zero (control), 90 or 180 ppm. The control plants were
sprayed with distilled water. The chelated EDTA forms of Fe (6%), Mn
(13%) and Zn (14%) produced by ABM chemicals, Ltd, UK. The volume of
the sprayed solution of Fe, Mn and Zn was maintained just to completely
covered the plant foliage till drip. The plants were sprayed twice; the first
spray was after 45 days from planting, while the second spray was carried out
after 30 days from the first one.

All the plants of the experiment received 5 g. NPK at the ratio of
100:100:100 at 30 days from planting as first dose, while the second dose (5
g. NPK) was added after 30 days from the first one. At harvest time in
November 2006 and 2007, the following data were recorded:

1- Plant height (cm.).

2- Number of leaves and branches /plant.

3- Stem diameter (cm.).

4- Number of fruits/plant.

5- Yield of fresh fruits and sepals /plant (g.).
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6- Yield of dry sepals and seeds /plant (g.).

7- Chlorophylls A, B and carotenoids contents (mg/g. F.W.).
8- Total carbohydrates %.

9- Anthocyanin content (mg/g. D.W.).

10- pH values.

11-T.S.S. %.

12- Fe, Mn and Zn contents (ppm.).

- Main stem diameter was taken at fifth node above the soil surface.

- Chlorophylls A, B and carotenoids contents in the roselle fresh leaves
were determined according to Saric et al. (1976).

- Total carbohydrates was determined in dry leaves according to Herbert et
al. (1971).

- Anthocyanin content was determined in dry sepals according to the
methods described by Fahmy (1970).

- pH values in the beverage of sepals were determined by using a pH meter
according to Diab (1968).

- Total soluble solids % was determined by using 15 fruits/treatment for
obtaining juice from calyces and epicalyces then T.S.S. % determined in
juice by a hand refractometer.

- Fe, Mnand Zn contents in the dried samples of leaves were determined
by using Atomic Absorption/ Flame photometer.

The statistical analysis of the experiment was split plot in randomized
complete blocks design. Data were statistically analyzed using MSTAT-C
software package according to Freed et al. (1989) and the data were subjected
to analysis of variance according to Steel et al. (1997).

RESULTS AND DISCUSSION

1- Plant height (cm.):

Data shown in Table (1) indicated that micro-element (Fe+ Mn+ Zn
together) at 90 or 180 ppm. had a significant effect on increasing plant height
as compared with control treatment. The micro-elements at 90 or 180 ppm.
increased plant height as compared with the control treatment. The plant
height increased as the concentration of micro-elements increased in the two
seasons. In the first season, the tallest plants (164.34 and 154.19 cm.) were
produced with 180 and 90 ppm. treatments, respectively, while the shortest
plants (137.38 cm.) were produced from the control plants. The same trend
was found in the second season, with significant differences between the
control and the other micro-elements treatments.
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Table 1. Plant height (cm.) of Hibiscus sabdariffa L. plant as affected
by planting distances and some micro-elements, in 2006 and
2007 seasons.

Micro-elements Planting distances (cm.)
concentrations
(Fe+Mn+zn) ppm 40 60 80 Mean 40 60 80 Mean

(2006) (2007)

Zero (control) 151.33 130.33 130.49 137.38 172.22 14578 164.45 160.82

90 167.56 139.56 155.44 154.19 182.89 203.66 182.22 189.59

180 19245 166.00 13456 164.34 202.33 198.67 195.78 198.93

Mean 170.45 14530 140.16 185.81 182.70 180.82

L.S.D at 0.05 for: Planting distances = 9.96 =N.S.
: Micro-elements = 11.29 =13.54
. Interaction = 19.55 =23.46

Regarding planting distances, it was clear that, in the first season,
planting space at 40 cm. had a significant effect on increasing plant height as
compared with planting spaces at 60 or 80 cm. planting distances at 40, 60 or
80 cm. gave plant height (170.45, 145.30 and 140.16 cm.) respectively.
Similar trend was observed in the second season.

The interaction between micro-elements and planting distances had
a significant effect on plant height, it was evidence that in the first season the
tallest plants (192.45 cm.) were resulted in planting space at 40 cm. and foliar
spray with micro-elements at 180 ppm., while in the second season the tallest
plants (203.66 cm.) were obtained with planting space at 60 cm. and
application of micro-elements at 90 ppm.

These results were in agreement with those obtained by EI-Sawi and
Mohamed (2002) found that application of micronutrients had significant
positive effects in most cases on growth measurements of cumin plant.
Hanafy et al. (2009 a) on Rosmarinus officinalis, stated that increasing the
distance between the plants from 20 to 80 cm. decreased steadily plant height.

2- Number of leaves/plant at time of the harvest:

As shown in Table 2, it was clear that the number of leaves/plant
increased as the micro-elements concentrations increased. In the first season,
the numbers of leaves/plant (9.73, 11.13 and 24.67) were obtained with
micro-elements at zero, 90 or 180 ppm. respectively. While, in the second
season the numbers of leaves/plant (14.89, 44.70 and 48.03) were resulted in
micro-elements at zero, 90 or 180 ppm. respectively. Regarding the effect of
planting distances on number of leaves/plant it was clear that the number of
leaves/plant increased as the distance between the plants increased. In the first
Table 2. Number of leaves/plant of Hibiscus sabdariffa, L. plant as




550 M. HANAFY

affected by planting distances and some micro-elements, in
2006 and 2007 seasons.

Micro-elements Planting distances (cm.)
concentrations
(Fe+Mn+Zn) ppm. 40 60 80 Mean 40 60 80 Mean
(2006) (2007)
Zero (control) 8.67 9.37 11.15 9.73 13.22 9.78 21.67 14.89
90 9.67 10.56 13.17 11.13 39.55 41.22 53.33 44,70
180 21.89 26.33 25.78 24.67 44.66 51.11 48.33 48.03
Mean 13.41 15.42 16.70 32.48 34.04 41.11
L.S.D at 0.05 for: Planting distances =1.80 =N.S.
: Micro-elements =3.11 =6.06
: Interaction =5.38 =10.49

season, the numbers of leaves/ plant (13.41, 15.42 and 16.70) were obtained with
planting spaces at 40, 60 or 80 cm., respectively, with significant differences
between planting space at 40 cm. and other planting distances.

A similar trend was observed in the second season. The interaction
between planting distances and micro-elements treatments had a significant
effect on increasing number of leaves/plant. In the first season the highest
numbers of leaves (26.33 and 25.78) were obtained with interaction between
foliar spray by micro-elements at 180 ppm. and planting distances at 60 and 80
cm., respectively.

The same trend was found in the second season. Generally number of
leaves/plant increased as the planting distances or micro-elements increased and
the interaction between micro-elements at 90 or 180 ppm. and different planting
distances caused a clear effect on increasing number of leaves/plant in the two
seasons. These results were in agreement with those obtained by EI-Sawi and
Mohamed (2002).

3- Number of branches/ plant:

As shown in Table 3, the number of branches/plant increased
significantly with micro-elements at 90 or 180 ppm. as compared with the control
treatment in the two seasons. In the first season, the number of branches/ plant
(13.55, 18.81 and 16.74) were obtained with micro-elements at zero, 90 or 180
ppm., respectively, while in the second season the number of branches/ plant
(16.71, 27.67 and 25.45) were resulted in micro-elements at zero, 90 or 180 ppm.,
respectively. Concerning to planting distances, it was clear that, the number of
branches/ plant increased as the distances between the plants increased.

In the first season, the number of branches/plant (14.14, 16.52 and
18.44) were produced with planting spaces at 40, 60 or 80 cm., respectively,
Table 3. Number of branches/ plant of Hibiscus sabdariffa, L. plant as
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affected by planting distances and some micro-elements, in 2006
and 2007 seasons.

Micro-elements
concentrations

Planting distances (cm.)

(Fe+Mn+2Zn) ppm. 40 60 80 Mean 40 60 80 Mean
(2006) (2007)

Zero (control) 12.87 12.45 15.33 13.55 11.67 14.67 23.78 16.71

90 13.44 20.22 22.78 18.81 29.45 25.67 27.89 27.67

180 16.11 16.89 17.22 16.74 22.89 25.89 27.56 25.45

Mean 14.14 16.52 18.44 21.34 22.08 26.41

L.S.D at 0.05 for: Planting distances =2.19 =NS.
=175 =1.89
=3.03 =321

while in the second season, the numbers of branches/plant (21.34, 22.08 and
26.41) were obtained with planting spaces at 40, 60 or 80 cm. respectively.

The interaction between micro-elements and different planting
distances had a clear effect on increasing number of branches/plant as compared
with the interaction between micro-elements at zero and different planting spaces
in the two seasons in most cases. In the first season, the highest number of
branches/plant (22.78) was obtained from the interaction between micro-
elements at 90 ppm. and planting space at 80 cm., while in the second season, the
greatest number of branches/ plant (29.45) was produced with the interaction
between micro-elements at 90 ppm. and planting distance at 40 cm. These
findings were in line with those of EI-Gendy et al. (2001) on Ocimum basilicum
cv. Grande Verde, stated that widening plant spacing significantly increased the
number of branches.

4- Stem diameter (cm.):

The data exhibited in Table (4) pointed out that stem diameter increased
significantly with micro-elements at 90 or 180 ppm. as compared with the
untreated plants (control) in the two seasons. In the first season the stem diameter
(1.092, 1.370 and 1.273 cm.) was obtained with micro-elements at zero, 90 or
180 ppm., respectively.

While in the second season, the stem diameter (1.029, 1.260 and 1.226
cm.) was obtained with micro-elements at zero, 90 or180 ppm. respectively. It
was clear that in the two seasons, there are significant differences between the
control treatment and micro-elements at 90 or 180 ppm. as general mean of the
treatments of micro-elements.

Concerning to planting distances, it was clear that stem diameter
increased as the planting spaces between the plants increased. In the first
Table 4. Stem diameter (cm.) of Hibiscus sabdariffa, L. plant as affected
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by planting distances and some micro-elements, in 2006 and
2007 seasons.

Micro-elements
concentrations

Planting distances (cm.)

(Fe+Mn+Zn) ppm. 40 60 80 Mean 40 60 80 Mean
(2006) (2007)

Zero (control) 1.133 1.033 1.110 1.092 0.953 1.033 1.100 1.029

90 1.187 1.467 1.457 1.370 1.177 1.300 1.287 1.260

180 1.300 1.287 1.233 1.273 1.177 1.233 1.267 1.226

Mean 1.207 1.262 1.267 1.102 1.189 1.218

L.S.D at 0.05 for: Planting distances =N..S. =0.110
: Micro-elements =0.046 =0.080
. Interaction =0.080 =0.138

season, stem diameters (1.207, 1.262 and 1.267 cm.) were resulted in planting
distances at 40, 60 or 80 cm., respectively, whereas in the second season,
stem diameters (1.102, 1.189 and 1.218 cm.) were obtained with planting
spaces at 40, 60 or 80 cm., respectively.

The interaction between micro-elements at 90 or 180 ppm. and
different planting spaces had a clear effect on increasing stem diameter as
compared with the interaction between micro-elements at zero and different
planting distances in the two seasons. The highest stem diameters (1.467 and
1.300 cm.) were produced from the interaction between micro-elements at 90
ppm. and planting spaces at 60 cm. in the first and second seasons,
respectively.

These findings coincided with those of El-Sawi and Mohamed
(2002) stated that application of micronutrients (Zn + Mn) had significant
positive effects on growth measurements of cumin plant.

5- Number of fruits/plant:

As shown in Table 5, it can be observed that number of fruits/plant
increased significantly with micro-elements (Fe + Mn + Zn together) at 90
and 180 ppm. as compared with the control treatment in the two seasons.

In the first season, the numbers of fruits/plant (19.44, 27.15 and
23.52) were obtained with micro-elements (Fe + Mn + Zn together) at zero
(control), 90 and 180 ppm., respectively, while in the second season, the
numbers of fruits/plant (35.29, 73.15 and 69.19) were resulted in micro-
elements at zero (control), 90 and 180 ppm., respectively. Regarding planting
spaces, it was very clear that the number of fruits/plant increased as the
distance between the plants increased.
Table 5. Number of fruits/plant of Hibiscus sabdariffa, L. plant as
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affected by planting distances and some micro-elements, in

2006 and 2007 seasons.
Micro-elements Planting distances (cm.)
concentrations
(Fe+Mn+Zn) ppm. 40 60 80 Mean 40 60 80 Mean
2006 2007
Zero (control) 15.65 19.67 23.00 19.44 23.33 3111 51.44 35.29
90 16.44 29.11 35.89 27.15 52.44 86.33 80.67 73.15
180 22.55 21.33 26.67 23.52 64.33 67.56 75.67 69.19
Mean 18.21 23.37 28.52 46.70 61.67 69.26
L.S.D at 0.05 for: Planting distances =5.98 =12.64
: Micro-elements =3.72 =991
: Interaction =6.44 =17.16

In the first season, the numbers of fruits/plant (18.21, 23.37 and
28.52) were produced with planting spaces at 40, 60 or 80 cm., respectively,
whereas in the second season, the numbers of fruits/ plant (46.70, 61.67 and
69.26) were obtained with planting distances at 40, 60 or 80 cm., respectively.

The interaction between micro-elements at 90 or 180 ppm. and
different planting spaces had a clear effect on increasing number of
fruits/plant as compared with the interaction between micro-elements at zero
and different planting distances in the two seasons. In the first season, the
highest number of fruits/plant (35.89) was obtained with the interaction
between micro-elements at 90 ppm. and planting space at 80 cm., whereas, in
the second season, the highest number of fruits/plant (86.33) was produced
with the interaction between micro-elements at 90 ppm. and planting space at
60 cm. These results were in harmony with those obtained by many
investigators such as lbrahem (2000) on Ammi visnaga and Foeniculum
vulgare, found that, increasing spacing between plants to 50 cm. significantly
increased number of umbels in both seasons.

6- Yield of fresh fruits/plant (g.):

Data in Table (6) showed that yield of fresh fruits/plant increased
significantly by micro-elements at 90 or 180 ppm. as compared with the
control treatment in the two seasons.

In the first season, the highest yield of fresh fruits/plant (160.26 g./
plant) was produced with micro-elements at 90 ppm, followed by 180 ppm.
treatment which gave 123.11 g./ plant then decreased to 105.38 g./plant at
zero micro-elements (control). In the second season the same trend was
observed. Concerning to planting spaces, it was clear that yield of fresh fruits/
plant increased as the distance between the plants increased.

Table 6. Yield of fresh fruits/plant (g.) of Hibiscus sabdariffa, L. plant
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as affected by planting distances and some micro-elements, in
2006 and 2007 seasons.

Micro-elements Planting distances (cm.)
Eggim:l?;r?)n;pm 40 60 80 Mean 40 60 80 Mean
2006 2007

Zero (control) 85.93 109.71 120.50 105.38 99.34 143.89 148.67 130.63

90 87.45 19122 20211  160.26  149.00 30145 37933  276.59

180 12778 11734 12422 12311 207.34 28211  299.89  263.11

Mean 100.39 13942  148.94 151.89 24248  275.96

L.S.D at 0.05 for: Planting distances =25.28 =56.01
: Micro-elements =16.69 =25.62
: Interaction =28.90 =44.38

In the first season, yield of fresh fruits/ plant (100.39, 139.42 and
148.94 g./ plant) was obtained with planting spaces at 40, 60 or 80 cm.,
respectively while in the second season, yield of fresh fruits/plant (151.89,
242.48 and 275.96 g./ plant) was resulted in planting spaces at 40, 60 or 80
cm. between the plants, respectively. There are significant differences in yield
of fresh fruits/ plant with planting distances at 40 cm. and other distances in
the both seasons. The interaction between micro-elements at 90 or 180 ppm.
and different planting distances had a clear effect on increasing yield of fresh
yield of fruits/ plant as compared with the interaction between micro-elements
at zero and different planting spaces in the two seasons.

The highest yields of fresh fruits/plant (202.11 and 379.33 g./plant)
were obtained with the interaction between micro-elements (Fe + Mn + Zn
together) at 90 ppm. and planting space at 80 cm. in the first and second
seasons, respectively.

These results were in agreement with those obtained by Ali (2008)
on Origanum syriacum, L., stated that planting distance at 60 cm. resulted
in a significant increase in fresh weights/plant.

7- Yield of fresh sepals/ plant (g.):

Data shown in Table (7) revealed that the micro-elements at 90
and 180 ppm. had a clear effect on increasing yield of fresh sepals/plant as
compared with the control in the two seasons.

In the first season, the highest yield of fresh sepals/ plant (54.33
g./ plant) was obtained with micro-elements at 90 ppm. followed by 42-18
g./ plant was obtained with micro-elements at 180 ppm., while the lowest
yield of fresh sepals/plant (33.52 g./ plant) was produced from untreated
plants with micro-elements (control). In the second season the yield of
fresh sepals / plant was higher thanin the first one. The yields of fresh
Table 7. Yield of fresh sepals/ plant (g.) of Hibiscus sabdariffa, L. plant
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as affected by planting distances and some micro-elements,

in 2006 and 2007 seasons.
Micro-elements Planting distances (cm.)
concentrations
(Fe+Mn+Zn) ppm. 40 60 80 Mean 40 60 80 Mean
2006 2007
Zero (control) 24.08 38.81 37.67 33.52 58.00 77.33 57.78 64.37
90 26.89 67.89 68.22 54.33 85.33 135.56 192.22 137.70
180 42.44 41.55 42.56 42.18 117.78 120.11 142.55 126.81
Mean 31.14 49.42 49.48 87.04 111.00 130.85
L.S.D at 0.05 for : Planting distances =7.55 =33.56
: Micro-elements =8.81 =20.06
: Interaction =15.26 =34.74

sepals/plant (64.37, 137.70 and 126.81 g./ plant) were produced with
micro-elements at zero, 90 or 180 ppm., respectively thus, the same trend
as in the first season was found.

Concerning to planting distances, it was clear that the yield of fresh
sepals/ plant gradually increased as the distance between the plant increased
in the two seasons.

In the first season, the yield of fresh sepals/ plant (31.14, 49.42 and
49.48 g./ plant) were resulted in planting spaces at 40, 60 or 80 cm.,
respectively, while in the second season, the yields of fresh sepals/ plant
(87.04, 111.00 and 130.85 g./ plant) were obtained with planting distances at
40, 60 or 80 cm., respectively. Regarding interaction between micro-elements
and planting spaces, it was clear that the interaction had a clear effect on
increasing yield of fresh sepals/ plant.

The highest yields of fresh sepals/plant (68.22 and 192.22 g./ plant)
were produced with the interaction between micro-elements at 90 ppm. and
planting space at 80 cm. in the first and second seasons, respectively.

It was very clear that, the interaction between micro-elements at 90 or
180 ppm. and planting distances increased yield of fresh sepals/plant as
compared with the interaction between the micro-elements at zero ppm. and
planting spaces.

8- Yield of dry sepals/ plant (g.):

The data exhibited in Table (8) pointed out that, as yield of fresh
sepals/plant. The micro-elements had a significant effect on yield of dry
sepals/plant in the two seasons. In the first season, the highest yield of dry
sepals/plant (6.68 g./ plant) was resulted in micro-elements at 90 ppm.
followed by 5.44 g./ plant with micro-elements at 180 ppm., while the least
Table 8. Yield of dry sepals/ plant (g.) of Hibiscus sabdariffa, L. plant
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as affected by planting distances and some micro-elements, in
2006 and 2007 seasons.

Micro-elements Planting distances (cm.)
‘(:,(__’Qfmfé'r‘]’;;pm 40 60 80  Mean 40 60 80  Mean
2006 2007

Zero (control) 3.25 4.83 5.13 4.40 7.60 10.38 7.12 8.37

90 3.66 8.05 8.32 6.68 11.49 19.92 27.16 19.52

180 5.38 5.29 5.65 5.44 13.63 17.84 18.96 16.81

Mean 4.10 6.06 6.37 10.91 16.05 17.75

L.S.D at 0.05 for: Planting distances =1.18 =464
: Micro-elements =1.38 =2.76
: Interaction =2.39 =479

yield of dry sepals/plant (4.40 g./ plant) was obtained with zero micro-
elements (control). In the second season, the yield of dry sepals/plant was
higher than in the first one. The yields of dry sepals/plant (8.37, 19.52 and
16.81 g./ plant) were produced from micro-elements at zero, 90 or 180 ppm.,
respectively.

Regarding planting spaces, it was observed that the yield of dry
sepals/plant increased by increasing the distance between the plants. In the
first season, the yields of dry sepals/ plant (4.10, 6.06 and 6.37 g./ plant) were
obtained with planting distances at 40, 60 or 80 cm., respectively, whereas, in
the second season, the yields of dry sepals/plant (10.91, 16.05 and 17.75
g./plant) were produced with planting spaces at 40, 60 or 80 cm., respectively.

Concerning to the interaction between micro-elements and planting
distances, it was clear that the interaction had a significant effect on yield of
dry sepals/ plant. The highest yields of dry sepals/plant (8.32 and 27.16 g./
plant) were obtained from the interaction between micro-elements at 90 ppm.
and planting distances at 80 cm. in the first and second seasons, respectively.
It was clear that the interaction between the micro-elements at 90 or180 ppm.
and different planting spaces increased yield of dry sepals/plant as compared
with the interaction between the micro-elements at zero ppm. and different
planting distances. These results of yield of fresh and dry sepals/plant were in
agreement with those obtained by Hanafy et al. (2009 a) on Rosmarinus
officinalis, reported that, cultivation at 80 cm. between the plants in the row
increased fresh and dry weights of herb as well as leaves/plant.

9- Yield of dry seeds/plant (g.):

As shown in Table (9) it can be observed that yield of dry seeds/plant
increased significantly with micro-elements at 90 or 180 ppm. as compared
Table 9. Yield of dry seeds/ plant (g.) of Hibiscus sabdariffa, L. plant
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as affected by planting distances and some micro-elements, in
2006 and 2007 seasons.

Micro-elements
concentrations

Planting distances (cm.)

(Fe+Mn+Zn) ppm. 40 60 80 Mean 40 60 80 Mean
2006 2007

Zero (control) 10.20 12.24 14.50 12.31 14.25 30.81 21.16 22.07

90 11.44 23.22 23.67 19.44 22.26 52.78 72.43 49.16

180 17.45 13.11 19.89 16.82 35.23 57.89 79.44 57.52

Mean 13.03 16.19 19.35 23.91 47.16 57.68

L.S.D at 0.05 for: Planting distances =N.S. =13.40
: Micro-elements =3.54 =5.90
L.S.D at 0.05 for: Interaction =6.14 =10.22

with the control treatment in the two seasons. In the first season, the yields of dry
seeds/plant (12.31, 19.44 and 16.82 g./ plant) were obtained with micro-elements
at zero (control), 90 or 180 ppm., respectively, while in the second season, the
yields of dry seeds/plant (22.07, 49.16 and 57.52 g./ plant) were resulted in
micro-elements at zero, 90 or 180 ppm., respectively. Regarding planting
distances, it was clear that, the yield of dry seeds/plant gradually increased as the
distance between the plants increased.

In the first season, the yield of dry sepals/ plant (13.03, 16.19 and 19.35
g./ plant) was obtained with planting spaces at 40, 60 or 80 cm., respectively,
while in the second season, the yield of dry seeds/plant (23.91, 47.16 and 57.68
g./ plant) was produced with planting spaces at 40, 60 or 80 cm., respectively.

The interaction between micro-elements at 90 or 180 ppm. and planting
distances had a clear effect on increasing the yield of dry seeds/plant as compared
with the interaction between micro-elements at zero and all planting spaces in the
two seasons. In the first season, the highest yield of dry seeds/ plant (23.67 g./
plant) was produced from the interaction between micro-elements at 90 ppm. and
planting spaces at 80 cm., whereas, in the second season, the highest yield of dry
seeds/ plant (79.44 g./ plant) was produced with the interaction between micro-
elements at 180 ppm. and planting distance at 80 cm.

These results were in harmony with those obtained by Khattab (1997)
who stated that the seed yield of Hibiscus sabdariffa significantly increased with
increasing Mg, Mn, Cu, Zn, B, Mo and Co application.

10- Chlorophyll A content (mg/ g. F.W.):

As shown in Table (10) it can be observed that chlorophyll A
content increased significantly with micro-elements at 90 or 180 ppm. as
compared with the control treatment in the two seasons.

Table 10. Chlorophyll A content (mg/ g. F.W.) in fresh leaves of
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Hibiscus sabdariffa, L. plant as affected by planting
distances and some micro-elements, in 2006 and 2007

seasons.
Micro-elements Planting distances (cm.)
concentrations
(Fe+Mn+Zn) ppm. 40 60 80 Mean 40 60 80 Mean
2006 2007
Zero (control) 0.570 0.603 0.640 0.604 0.660 0.693 0.747 0.700
90 0.720 0.760 0.813 0.764 0.763 0.807 0.873 0.814
180 0.867 0.973 1.263 1.034 0.927 1.040 1.463 1.143
Mean 0.719 0.779 0.900 0.783 0.847 1.028
L.S.D at 0.05 for: Planting distances =0.013 =0.072
: Micro-elements =0.032 =0.046
: Interaction =0.056 =0.080

There are gradually increasing in chlorophyll A as the micro-elements
levels increased. In the first season, the chlorophyll A content (0.604, 0.764
and 1.034 mg/ g. F.W.) was obtained with micro-elements at zero, 90 or180
ppm., respectively, whereas in the second season, the chlorophyll A content
(0.700, 0.814 and 1.143 mg/ g. F.W.) were produced with micro-elements at
zero, 90 or 180 ppm. respectively. Concerning to planting distances, it was
clear that, the chlorophyll A content increased as planting spaces increased.
There were significant differences between wider space (80 cm.) and the
other planting spaces (40 or 60 cm.) in the two seasons.

In the first season, the chlorophyll A content (0.719, 0.779 and 0.900
mg/ g. F.W.) was obtained with planting distances at 40, 60 or 80 cm.,
respectively, whereas in the second season, the chlorophyll A content (0.783,
0.847 and 1.028 mg/ g. F.W.) was resulted in planting spaces at 40, 60 or 80
cm., respectively.

The interaction between micro-elements at 90 or 180 ppm. and the
planting distances had a clear effect on increasing the chlorophyll A content
as compared with the interaction between micro-elements at zero and all
planting spaces in the two seasons. The highest chlorophyll A contents (1.263
and 1.463 mg/ g. F.W.) were produced from the interaction between micro-
elements at 180 ppm. and planting space at 80 cm. in the first and second
seasons, respectively.

11- Chlorophyll B content (mg/ g. F.W.):

As shown in Table (11) it can be observed that increasing micro-
elements levels in both seasons increased steadily chlorophyll B content.

In the first season, the chlorophyll B content (0.392, 0.491 and 700 mg/

Table 11. Chlorophyll B content (mg/ g. F.W.) in fresh leaves of
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Hibiscus sabdariffa, L. plant as affected by planting
distances and some micro-elements, in 2006 and 2007

Seasons.
Micro-elements Planting distances (cm.)
‘(:ggfmfgr?)";pm 40 60 80 Mean 40 60 80 Mean
2006 2007

Zero (control) 0.323 0.377 0.477 0.392 0.377 0.473 0.580 0.477

90 0.423 0.473 0.577 0.491 0.460 0.583 0.693 0.579

180 0.573 0.690 0.853 0.700 0.633 0.767 0.933 0.778

Mean 0.440 0.513 0.636 0.490 0.608 0.730

L.S.D at 0.05 for: Planting distances =0.040 =0.013
: Micro-elements =0.029 =0.031
: Interaction =0.057 =0.055

g. F.W.) was resulted in micro-elements at zero, 90 or 180 ppm. respectively,
with significant differences between each value and other. In the second season
the same trend was observed which the chlorophyll B content (0.477, 0.579 and
0.778 mg/ g. F.W.) was obtained from micro-elements at zero, 90 or 180 ppm.,
respectively, with significant differences between the values. Regarding
planting distances, it was clear that, increasing the distance between the plants
led to an increment in chlorophyll B content. In the first season, the chlorophyll
B content (0.440, 0.513 and 0.636 mg/ g. F.W.) was resulted in planting spaces
at 40, 60 or 80 cm, respectively, with significant differences between the
values. The same trend was observed in the second one which chlorophyll B
contents (0.490, 0.608 and 0.730 mg/ g. F.W.) were obtained from the planting
distances at 40, 60 and 80 cm., respectively, with significant differences
between the values.

The interaction between micro-elements at 90 or 180 ppm. and the
planting distances had a clear effect on increasing chlorophyll B content as
compared with the interaction between micro-elements at zero and all planting
distances in the two seasons. The highest chlorophyll B contents (0.853 and
0.933 mg/ g. F.W.) were obtained with the interaction between micro-elements
at 180 ppm. and planting space at 80 c¢cm. in the first and second seasons,
respectively.

12- Carotenoids content (mg/ g. F.W.):

Data in Table (12) showed that increasing the micro-elements levels led
to an increment in carotenoids content, with significant differences were
observed between 180 ppm. treatment and the two other treatments of the
micro-elements in both seasons.

In the first season, the carotenoids content (0.303, 0.429 and 0.648
Table (12): Carotenoids content (mg/ g. FW.) in fresh leaves of
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Hibiscus sabdariffa, L. plant as affected by planting
distances and some micro-elements, in 2006 and 2007

Seasons.
Micro-elements Planting distances (cm.)
concentrations
(Fe+Mn+Zn) ppm. 40 60 80 Mean 40 60 80 Mean
2006 2007
Zero (control) 0.263 0.297 0.350 0.303 0.320 0.373 0.413 0.369
90 0.327 0.417 0.543 0.429 0.353 0.383 0.450 0.390
180 0.533 0.627 0.783 0.648 0.550 0.650 0.800 0.670
Mean 0.374 0.447 0.559 0.408 0.460 0.554
L.S.D at 0.05 for: Planting distances = 0.041 =0.013
: Micro-elements = 0.032 =0.029
: Interaction = 0.060 =0.056

mg/ g. FW.) was obtained from micro-elements at zero, 90 or 180 ppm.,
respectively.

In the second season, similar trend was observed which the carotenoids
content (0.369, 0.390 and 0.670 mg/ g. F.W.) was resulted in micro-elements at
zero, 90 or 180 ppm, respectively. Concerning to planting spaces, it was clear
that the increasing in planting distances, in both seasons, increased steadily
carotenoids content, with significant differences were found between each value
and other.

In the first season, the carotenoids content (0.374, 0.447 and 0.559 mg/
g. FW.) were resulted in planting spaces at 40, 60 or 80 cm., respectively.
Whereas in the second season, the carotenoids content (0.408, 0.460 and 0.554
mg/ g. F.W.) were obtained with planting distances at 40, 60 or 80 cm.,
respectively. The interaction between micro-elements at 90 or 180 ppm. and
planting spaces had a clear effect on increasing carotenoids content as compared
with the interaction between micro-elements at zero and all planting distances in
two seasons. The highest carotenoids contents (0.783 and 0.800 mg/ g. F.W.)
were resulted in the interaction between micro-elements at 180 ppm. and planting
distance at 80 cm. in the first and second seasons, respectively.

These results of chlorophyll A, B and carotenoids were in agreement
with those obtained by Shoala (2000) on Lavandula multifida, found that 10 g.
NPK/plant with 25 ppm. Zn increased total chlorophylls, while with 50 ppm. Zn
led to an increase in chlorophyll (b) and carotenoids content.

13- Total carbohydrates percentage:

Data shown in Table (13) revealed that total carbohydrates content in
leaves of roselle increased steadily, in both seasons as the micro-elements levels
increased, with significant differences were found between each value and other.
Table 13. Total carbohydrates percentage in dry leaves of Hibiscus
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sabdariffa, L. plant as affected by planting distances and
some micro-elements, in 2006 and 2007 seasons.

Micro-elements Planting distances (cm.)
concentrations
(Fe+Mn+Zn) ppm. 40 60 80 Mean 40 60 80 Mean
2006 2007
Zero (control) 15.49 16.52 17.84 16.62 15.94 17.95 20.50 18.13
90 16.81 18.09 20.48 18.46 18.91 21.29 23.98 21.39
180 20.50 22.53 26.26 23.10 22.10 24.04 28.12 24.75
Mean 17.60 19.05 21.53 18.98 21.09 24.20
L.S.D at 0.05 for: Planting distances = 0.54 =1.07
: Micro-elements =0.61 =0.93
: Interaction =1.05 =1.61

In the first season, total carbohydrates percentages (16.62, 18.46 and
23.10%) were obtained with micro-elemnts at zero, 90 and 180 ppm.,
respectively, while in the second season, the total carbohydrates percentage
(18.13, 21.39 and 24.75%) were produced with micro-elements at zero, 90 or 180
ppm., respectively. Regarding planting distances, it was clear that total
carbohydrates percentage increased steadily, in both seasons as the distance
between the plants increased.

The greatest total carbohydrates contents (21.53 and 24.20%)
were determined in the plants grown at 80 cm. in the first and second
seasons respectively, while the least total carbohydrates percentages
(17.60 and 18.98 %) were found in the plants cultivated at 40 cm. in the
first and second seasons, respectively. Whereas the plants cultivated at 60
cm. gave 19.05 and 21.09% in the first and second seasons, respectively.
There are significant differences between the values in the first and second
seasons as a result of planting distances, these increase in total
carbohydrates content as the planting distances increased may be due to
the increase in photosynthetic pigments content as already mentioned, as
well as the more available water, sunlight and minerals, consequently
more production of carbohydrates.

The interaction between micro-elements at 90 or 180 ppm. and
planting spaces had a significant effect on increasing total carbohydrates
percentage in the two seasons as compared with the interaction between
micro-elements at zero and all planting distances. The highest total
carbohydrates percentages (26.26 and 28.12%) were obtained with the
interaction between micro-elements at 180 ppm. and planting distance at
80 cm. in the first and second seasons, respectively.

These results were in agreement with those obtained by Ali (2008)
on Origanum syriacum, L. who reported that planting distance at 60 cm.
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increased total carbohydrates. Also, Hanafy et al. (2009 b) on Rosmarinus
officinalis, L. stated that supplying the plants with Zn at 50 ppm. or 25
ppm. increased total carbohydrates content.

14- Anthocyanin content (mg/ g. D.W.):

Data presented in Table (14) showed that anthocyanin content in
the sepals of roselle plant was affected by micro-elements, planting
distances and their interaction between them. The anthocyanin content
increased steadily in both seasons as the micro-elements levels increased,
with significant differences between the values in each season. In the first
season, anthocyanin contents (14.21, 16.18 and 19.90 mg/ g.) were
obtained with micro-elements at zero, 90 or 180 ppm., respectively, while
in the second season, anthocyanin contents (15.02, 18.55 and 21.15 mg/ g.)
were produced with micro-elements at zero, 90 or 180 ppm., respectively.

Concerning to planting spaces, it was clear that anthocyanin content
increased steadily in both seasons as the distance between the plants
increased, with significant differences were found between the values in each
season. In the first season, anthocyanin contents (15.45, 16.63 and 18.21 mg/
g. D.W.) were produced with planting distances at 40, 60 or 80 cm.
respectively, while in the second season, the anthocyanin contents (16.87,
18.12 and 19.73 mg/ g. D.W.) were produced with planting spaces at 40, 60
or 80 cm., respectively. These increases in anthocyanin content as planting
spaces increased may be due to the increase in carbohydrates content as
already mentioned as well as the more available mater, sunlight and minerals,
consequently more production of anthocyanin.

The interaction between micro-elements at 90 or 180 ppm. and
planting spaces had a significant effect on increasing anthocyanin content in
the two seasons as compared with the interaction between micro-elements at
zero and all planting distances. The highest anthocyanin contents (21.79 and
23.17 mg/ g. D.W.) were obtained with the interaction between micro-
elements at 180 ppm. and planting space at 80 cm. in the first and second
seasons, respectively. These results were in agreement with those obtained by
El-Sherbeny et al. (2005) on Sideritis montana, stated that the 40 cm. distance
between plants improved the chemical constituents during the two growth
stages.

15- pH values in beverage of sepals:

As shown in Table (15), it was clear that pH values in beverage of
sepals increased significantly as the micro-elements concentrations increased
Table 14. Anthocyanin content (mg/ g. D.W.) in dry sepals of Hibiscus
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sabdariffa, L. plant as affected by planting distances and
some micro-elements, in 2006 and 2007 seasons.

Micro-elements Planting distances (cm.)
concentrations
(Fe+Mn+Zn) ppm. 40 60 80 Mean 40 60 80 Mean
2006 2007
Zero (control) 13.49 14.25 14.90 14.21 14.10 14.76 16.20 15.02
90 14.79 15.81 17.95 16.18 17.00 18.83 19.83 18.55
180 18.08 19.84 21.79 19.90 19.52 20.76 23.17 21.15
Mean 15.45 16.63 18.21 16.87 18.12 19.73
L.S.D at 0.05 for: Planting distances = 0.88 =0.45
: Micro-elements = 0.46 =0.62
: Interaction = 0.80 =1.07

Table 15. PH values in beverage of sepals of Hibiscus sabdariffa, L.
plant as affected by planting distances and some micro-
elements, in 2006 and 2007 seasons.

Micro-elements Planting distances (cm.)
concentrations
(Fe+Mn+2Zn) ppm. 40 60 80 Mean 40 60 80 Mean
2006 2007
Zero (control) 1.823 1.917 1.950 1.897 1.913 1.940 1.970 1.941
90 2.283 2.333 2.370 2.330 2.420 2.517 2.623 2.520
180 2.360 2.380 2473 2.404 2.517 2.627 2.763 2.636
Mean 2.150 2.210 2.260 2.283 2.361 2.452
L.S.D at 0.05 for: Planting distances =0.072 =0.013
L.S.D at 0.05 for: Micro-elements =0.032 =0.010
L.S.D at 0.05 for: Interaction =0.056 =0.018

in the two seasons. In the first season, the pH values (1.897, 2.330 and 2.404)
were produced with micro-elements at zero, 90 and 180 ppm., respectively,
whereas in the second season, the pH values (1.941, 2.520 and 2.636) were
resulted in micro-elements at zero, 90 or 180 ppm., respectively. Regarding
planting distances, it was clear that pH values in beverage of sepals increased
significantly as the planting distance between the plants increased in the two
seasons.

In the first season, the pH values were 2.150, 2.210 and 2.260 while
in the second season, the pH values were 2.283, 2.361 and 2.452 at planting
distances 40, 60 and 80 cm, respectively.

The interaction between micro-elements at 90 or 180 ppm. and
planting spaces had a significant effect on increasing pH values in beverage
of sepals in the two seasons as compared with the interaction between micro-
elements at zero and all planting distances. The highest pH values (2.473 and
2.763) were resulted in the interaction between micro-elements at 180 ppm.
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and planting distance at 80 cm. in the first and second seasons, respectively.
These results were in agreement with those obtained by EI-Sawi and
Mohamed (2002) stated that application of micro nutrients (Zn and Mn) had
significant positive effects, in most cases, on chemical composition of cumin
plant.

16- Total soluble solids %:

Data presented in Table (16) indicated that percentages of total
soluble solids in fresh sepals increased significantly as a result of
application of micro-elements at 90 ppm. as compared with micro-elements
at zero and 180 ppm. in both seasons.

In the first season, the total soluble solids % (3.603, 4.346 and
3.776%) were obtained with micro-elements at zero, 90 or 180 ppm.,
respectively whereas the percentages of total soluble solids in the second
season (3.977, 4.702 and 4.150%) were resulted in micro-elements at zero, 90
or 180 ppm., respectively. Concerning to planting distances, it was clear that
total soluble solids % increased as the planting spaces between the plants
increased in the two seasons. In the first seasons, percentages of total soluble
solids (3.589, 3.646 and 4.490%) were obtained with planting spaces at 40, 60
or 80 cm., respectively, while in the second season, total soluble solids %
(3.694, 4.539 and 4.601%) were resulted in planting distances at 40, 60 or 80
cm., respectively.

The interaction between micro-element and different planting
distances had a clear effect on increasing total soluble solids% in juice of
fresh sepals in the two seasons as compared with the interaction between the
micro-elements at zero and all plantings spaces. In the first season the highest
value of total soluble solids (4.867%) was produced with the interaction
between micro-elements at 90 ppm. and planting space at 80 cm., whereas the
highest value in the second season (4.950%) was resulted in the interaction
between micro-elements at 90 ppm. and planting distance at 60 cm.

These findings coincided with those of EI-Sawi and Mohamed (2002)
stated that application of Zn and Mn, had significant positive effects, in most
cases, on chemical composition of cumin plant.

17- Iron content (ppm.) in the leaves:

Data shown in Table (17) revealed that iron content in leaves of
roselle increased steadily, in both seasons as the micro-elements levels
increased, with significant differences were found between each value and
other in both seasons.

In the first season, iron contents (191.11, 263.89 and 322.00 ppm.)
Table 16. Total soluble solids % in juice of calyces and epicalyces of
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Hibiscus sabdariffa, L. plant as affected by planting
distances and some micro-elements, in 2006 and 2007

Seasons.
Micro-elements Planting distances (cm.)
concentrations
(Fe+Mn+Zn) ppm. 40 60 80 Mean 40 60 80 Mean
2006 2007
Zero (control) 3.340 3.337 4133 3.603 3.327 4333 4.270 3.977
90 4.000 4.170 4.867 4.346 4.223 4.950 4933 4.702
180 3.427 3.430 4.470 3.776 3.533 4.333 4.600 4.150
Mean 3.589 3.646 4.490 3.694 4539 4.601
L.S.D at 0.05 for: Planting distances =0.796 =0.194
: Micro-elements =0.230 =0.126
: Interaction =0.398 =0.218

Table 17. Iron content (ppm.) in dry leaves of Hibiscus sabdariffa, L.
plant as affected by planting distances and some micro-
elements, in 2006 and 2007 seasons.

Micro-elements Planting distances (cm.)
Pesnezm opm. 40 60 80 Mean 40 60 80 Mean
2006 2007

Zero (control) 165.00  185.00  223.33 191.11 185.00  192.67  209.67  195.78
90 210.00  255.00  326.67 263.89 218.33 23533 27533  243.00

180 282.67  310.00 373.33 322.00 31467  360.00 380.00 351.56

Mean 219.00  250.00  307.78 23933  262.67  288.33

L.S.D at 0.05 for: Planting distances = 29.76 =6.58
: Micro-elements = 4.92 =23.00
: Interaction = 851 =39.83

were produced with spraying by micro-elements at zero, 90 and 180 ppm,
respectively, whereas in the second season, iron contents (195.78, 243.00 and
351.56 ppm.) were obtained with foliar spray by micro-elements at zero, 90
or 180 ppm. respectively.

Regarding planting distances, it was clear that, iron content
increased steadily in both seasons as the distance between the plants increased
with significant differences were found between the values in each season. In
the first season, iron contents (219.00, 250.00 and 307.78 ppm.) were
obtained with planting spaces at 40, 60 or 80 cm., respectively, whereas in the
second season, iron contents (239.33, 262.67 and 288.33 ppm.) were resulted
in planting distances at 40, 60 or 80 cm., respectively.

The interaction between micro-elements at 90 or 180 ppm. and
planting distances had a significant effect on increasing iron contents in the
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two seasons as compared with the interaction between micro-elements at zero
and all planting spaces, the highest iron contents (373.33 and 380.00 ppm.)
were obtained with the interaction between micro-elements at 180 ppm. and
planting space at 80 cm. in the first and second seasons, respectively.

18- Manganese content (ppm.) in the leaves:

As shown in Table (18) it was clear that, manganese contents
increased significantly as the micro-elements levels increased in the two
seasons. In the first season, manganese contents (67.67, 91.11 and 127.67
ppm.) were obtained with micro-elements at zero, 90 or 180 ppm.,
respectively, whereas in the second season, the manganese contents (76.56,
90.78 and 141.56 ppm.) were resulted in spraying the plants by micro-
elements at the rates of zero, 90 or 180 ppm., respectively.

Table 18. Manganese content (ppm.) in dry leaves of Hibiscus
sabdariffa, L. plant as affected by planting distances
and some micro-elements, in 2006 and 2007 seasons.

Micro-elements Planting distances (cm.)
fg:fmrf;ﬁ;;pm 40 60 80 Mean 40 60 80  Mean
2006 2007
Zero (control) 62.67 67.67 72.67 67.67 67.00 79.00 83.67 76.56
90 82.67 92.33 98.33 91.11 80.33 88.67 103.33 90.78
180 110.00  127.67 14533 127.67 120.00 14500  159.67  141.56
Mean 85.11 95.89 105.44 89.00 104.22 115.56
L.S.D at 0.05 for: Planting distances = 8.87 =5.00
: Micro-elements = 3.05 =543
: Interaction = 5.28 =9.40

Regarding, planting spaces, it was clear that manganese content increased
significantly as the micro-elements levels increased in both seasons.

In the first season, manganese contents (85.11, 95.89 and 105.44 ppm.)
were resulted in planting distances at 40, 60 or 80 cm., respectively, whereas in
the second season the manganese contents (89.00, 104.22 and 115.56 ppm.) were
obtained with planting spaces at 40, 60 or 80 cm., respectively. The interaction
between the micro-elements at 90 or 180 ppm. and planting spaces had a
significant effect on increasing manganese content in the two seasons as
compared with the interaction between micro-elements at zero ppm. and all
planting spaces. The highest manganese contents (145.33 and 159.67 ppm.) were
obtained with the interaction between micro-elements at 180 ppm. and planting
distance at 80 cm. in the first and second seasons, respectively.

19- Zinc content (ppm.) in the leaves:
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Data presented in Table (19) indicated that zinc content increased
significantly as the micro-elements levels increased in the both seasons. In the
first season, zinc contents (47.11, 64.67 and 92.45 ppm.) were obtained with
micro-elements at the rates of zero, 90 and 180 ppm., respectively, whereas in the
second season, zinc contents (46.78, 67.66 and 94.44 ppm.) were obtained with
spraying the plants by micro-elements at the rates of zero, 90 and 180 ppm.,
respectively. Concerning to planting distances it was clear that zinc content
increased as planting distances between the plants increased in both seasons.

In the first season, zinc contents (64.89, 67.56 and 71.78 ppm.) were
obtained with planting spaces at 40, 60 and 80 cm., respectively, while in the
second season zinc contents (66.55, 69.33 and 73.00 ppm.) were resulted in
planting distances at 40, 60 and 80 cm., respectively.

Table 19. Zinc content (ppm.) in dry leaves of Hibiscus sabdariffa, L.
plant as affected by planting distances and some micro-
elements, in 2006 and 2007 seasons.

Planting distances (cm.)

Micro-elements
concentrations

(Fe+Mn+Zn) ppm. 40 60 80 Mean 40 60 80 Mean
2006 2007

Zero (control) 42.00 45.67 53.67 47.11 45.00 46.67 48.67 46.78

90 62.00 64.33 67.67 64.67 63.33 66.33 73.33 67.66

180 90.67 92.67 94.00 92.45 91.33 95.00 97.00 94.44

Mean 64.89 67.56 71.78 66.55 69.33 73.00

L.S.D at 0.05 for: Planting distances = 3.96 =3.17
: Micro-elements = 1.75 =225
: Interaction = 3.03 =3.90

The interaction between the micro-elements at 90 or 180 ppm. and
planting distances had a significant effect on increasing zinc content in the two
seasons as compared with the interaction between micro-elements at zero ppm.
and all planting distances. The highest zinc contents (94.00 and 97.00 ppm.) were
obtained with the interaction between micro-elements at 180 ppm. and planting
distance at 80 cm. in the first and second seasons, respectively.

These results of iron, manganese and zinc contents were in agreement
with those obtained by Hanafy et al. (2009 b) on Rosmarinus officinalis, reported
that supplying the plants with Zn at 50 ppm. increased Zn, B and Mo in the herb,
compared to control plants.

Conclusively, the foliar spray with micro-elements (Fe + Mn + Zn
together) at the rates of 90 or 180 ppm. increased all the recorded characters of
the growth, yield and chemical constituents as compared with the control
treatment.
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The highest values of all recorded parameters of the growth, yield and
chemical constituents were obtained with the wider space between the plants (80
cm.) followed by medium space (60 cm.) then narrow space (40 cm.). Opposite
trend was found with plant height. The interaction between micro-elements at 90
or 180 ppm. and different planting distances had a clear effect on increasing all
recorded characters. Most of the recorded characters of the growth, yield and
chemical constituents in second season were higher than that in the first one, this
may be attributed by environmental conditions in both seasons.
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