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Abstract

Field experiment was conducted during the two successive sea-
sons (1998 and 1999) on roselle plants at Barramoon Experimental
Farm, Dakahlia Governorate to investigate the effects of nitrobein (bio-
fertilizer) and other levels of nitrogen fertilizer (0, 40, 60 kg N/fed)
combined with potassin (foliage spray) or different levels of potassium
sulphate (0, 50, 100 kg/fed). The interaction between the two factors
was studied.

The most important results were as follows:

- Nitrogen (N) sources in addition to potassium (K) sources both at dif-
ferent levels increased plant height, number of branches, number of
fruits/plant, sepals weight (fresh and dry), anthocyanin, sugars and
protein contents of sepals.

- Ammonium sulphate gave significantly tallest plants than nitrobein as
a source of nitrogen.

- Nitrobein gave less number of branches than ammonium sulphate at
40 kg /fed, however it produced more number of branches than am-
monium sulphate at 60 kg /fed.

- Nitrobein as a bio-source of nitrogen gave significant higher number of
fruits, yield of sepals (fresh and air dried), acidity, anthocyanin, sugars
and protein content.

- Potassin as a source of potassium caused highly significant increase in
most characters (number of branches, number of fruits /plant, acidity,
as well as anthocyanin, sugars and protein contents), while potassium
sulphate (50 kg /fed) was the most effective than other levels in in-
creasing sepals fresh and air dried weights.

INTRODUCTION

Roselle plant (Hibiscus sabdariffa, L.) Fam. Malvaceae, is cultivated in Egypt for
its delicious drinkable especially after addition sugar which extracted waterly from its
fleshly calyxes of flowers. However, the extraction after concentrated is considered as
coloured substance which jelly, jams and beverages are made (Osman and Jacob,
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1970). Extraction drinkable has antibacterial effect, fungal and diuretic activities (Ca-
ceres et al., 1987).

Badr (1976) reported that nitrogen was more effective on early than on later
sown crops, resulting in increases in plant height, number of fruits, as well as the fresh
and dry weight of calyxes. El-Dahab et al. (1984) on roselle plants showed that, the
higher rate of nitrogen (200 — 300 kg ammonium sulphate /fed) increased the plant
height, number of fruits, fresh and dry weight of sepals as well as the anthocyanin con-
tent of sepals

Nitrogen has many functions in plant life being a part of protein, it is an impor-
tant constituent of protoplasm, enzymes, the biological catalytic agents, which speed
up life processes, have N as their major constituent. Nitrogen also occurs as nucleo-
proteins, amino acids, amines, polypeptides and many other organic compounds in
plant system. A sufficient supply of various nitrogenous compounds is, therefore, re-
quired in each plant cell for its proper functioning (Mengel and Kirkby, 1987).

Potassium is a constituent of all plant tissues and is found especially concentrat-
ed in younger parts, in flowers and in seeds. This element is particularly important in.
germination of seeds and fruits. Potassium is essential for cell division and the develop-
ment of meristematic tissue (Mengel and Kirkby, 1987).

The form of K in plants is ionic as it doses not join together with other elements
to form compound. This helps K to move to where it is needed, especially the mersti-

matic tissue where growth occurs.

Actually, the most important role of potassium is the activation of enzymes in
plant tissues. Over 60 enzymes have been identified that require K for their activation
(Evans and Sorger, 1966; Suelter, 1970 and Mengel and Kirkaby, 1978).

Plant requires K for the production of high energy phosphate molecules (ATP),
which are produced in both photosynthesis and respiration processes, (Mengel and
Viro, 1974).

Potassium is required for N uptake and nitrogen metabolism. The protein synthe-
sis as affected by potassium is related to ATP (Mengel and Header, 1973). Pfluger and
Mengel (1972) observed that increased rates of photo-phosphorylation and photosyn-
thetic electron transport in plants well supplied with K.
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The continuos increase in the cost of using chemical nitrogen fertilizers prevents
farmers to use sufficient amounts of nitrogen fertilizers. Therefore, it has become nec-
essary to search about untraditional fertilizers as substitutes for chemical nitrogen fer-
tilizers. Remarkable effects of untraditional fertilizers, especially the biofertilizers, have
been reported growth and yield of potato. Sidorov (1954); Volodin (1969) and Imam
and Badawy (1978) found that treating seed potato tubers with Azotobacter choococ-
cum increased potato plant growth and yield.

Harridy and Amara, Mervat (1998) on roselle plant found that, generally a posi-
tive response was shown on the growth and yield especially with Rhizobium and Azoto-
bacter with (0 and 40 kg N fert./fed). Also, Rhizobium was the most effective bacteria
with regard to anthocyanin content. N content was also affected by bacteria.

Benemann and Valentine (1972) found that species of Azotobacter produce
compounds detrimental to pathogens or that act as plant growth regulators and indeed
Azotobacters do synthesize stimulatory compounds such as gibberellins, cytokinins and
indole acetic acid.

Fouad (1981) found that Azotobacter produced considerable quantities of indole
acetic acid which stimulated the plant cell expansion. The production of biologically ac-
tive substances by the bacteria was the principal factor responsible for plant growth
promotion.

The present study was undertaken to investigate the different nitrogen levels ,
potassium levels and biofertilizer of nitrogen (nitrobein) and potassium (foliar spray) as
well as their interactions on plant growth and its components under the conditions of
Dakahlyia Governorate.

MATERIALS AND METHODS

Two field experiments were carried out on roselle (Hibiscus sabdariffa, L.) plants
at Barramoon Experimental Farm (Dakahlia Governorate), during the growing seasons of
1998 and 1999 to investigate the effects of different sources of nitrogen i.e. bioferti-
lizer (nitrobein) and chemical one (ammonium sulphate) interaction with different
sources of potassium, potassin and potassium sulphate on the growth characters, yield
and chemical composition of roselle plants (Hibiscus sabdariffa, L. cv. Sabhia 17 light
red).
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Physical and chemical analysis of the experiment soil are shown in Table (1), 1998.

Sand | Silt Clay |caCOs pH Availab!e nutrients (ppm)

% % % %o N P K
25.2 | 30.6 | 43.9 | 3.2 7.5 13.9 11.4 33.2

(Using standard method described by Jackson, 1967)

Seeds of roselle (Hibiscus sabdariffa, L.cv. Sabhia 17 light red) were sown in hills
50 cm apart (3 seeds /hill), each piot contained 4 rows (60 cm wide with 4 m length),
the area of each plot was 4 x 2.4 m (9.6 m?).

Some seeds were mixed with nitrobein (biofertilizer) before planting at the rate
of 5 kg /fed. After that plants were fertilized with ammonium sulphate {(NH4)2 SO4]
20.5 % N at the rate of 50 and 100 kg /fed. Half the amount of (N) fertilization was
applied 15 days after thinning and the other half was added one month later.

Plants receiving each of the nitrobein and different levels of nitrogen were ferti-
lized with potassin as foliar spray or potassium sulphate at the rate of 0, 50 and 100
k/fed.

Potassium composition (30% K,O and P,0s) was used as a foliar spray with one
concentration (one litre of potassin per 300 litre water) during the growing season and
the treatments were as follow:

1. First spray after one month of sowing.
2. Second spray after 21 day from the first one.

The experimental layout was a split plot design with three replicates. The main
plots were received the sources of nitrogen, while the sub-plot received the different
potassium sources. A ditch (100 cm wide) separated the plots to avoid any possible
leaching from one plot to another. All plots were not fertilized with any chemical before
cultivation.

At the harvest time October 15!" in two seasons, growth parameters were re-
corded including plant height (cm), number of branches, number of fruits /plant, fresh
and air dried weights of sepals/plant. Dry sepals were used to prepare extract (0.2 gm
of dry sepals /100 ml of tap water) in which the acidity (pH) was determined as de-
scribed by Diab (1968).
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The extraction of total anthocyanin pigments were done by using ethyl alcohol
according to the method described by Tribor and Francis (1968) and the determination
of total anthocyanin was made according to the method of Fuleki and Francis (1968),
developed by Due and Francis (1973). Total sugars (according to Smith et al., 1956).
Protein (as described by Rangana, 1978).

Statistical analysis of the data was performed using the new-L.S.D. method de-
scribed by Steel and Torrie (1980).

RESULTS AND DISCUSSION
1. Plant height:

The data in Table (2) clearly indicated that, growth of roselle plant in term of
plant height was found to be significantly affected by N and K solely as well as its com-
binations during the growing seasons. Plants showed gradual increasing in height in re-
sponse to increasing the doses of each N and K solely.

Table 2. Effect of nitrogen and potassium fertilization on height (cm) of roselle (Hibis-
cus sabdariffa, L.) plants in 1998 and 1999 seasons.

Nitrogen (N) sources (kg/fed)
Ammonium | Ammonium | Means of
Potassium (K) sources 0 Nitrobein sulphate sulphate K
(kg/fed) (200) (300)
1998

0 124.2 140.0 148.0 160.0 143.1
Potassin 148.6 191.9 197.4 204.7 185.6
Potassium sulphate (50) 182.2 199.6 196.0 201.4 194.8
Potassium_sulphate (100) 193.8 206.4 204.3 212.6 204.3
Means of N 162.2 184.5 186.4 194.7

- Nitrogen sources = 3.0
LS.D.at5 % - Potassium sources = 1.2

-N xK=24

1999

0 131.6 143.0 145.5 152.6 143.2
Potassin 173.3 187.5 195.1 203.4 189.8
Potassium sulphate (50) 186.3 195.4 193.6 201.8 194.3
| Potassium_sulphate (100) 192.6 205.6 199.2 210.2 201.9
Means of N 170.9 182.9 183.83 192.0

- Nitrogen sources = 1.6
LS.D.at5% - Potassium sources = 1.0

4 -N xK=20
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The tallest plants were obtained by the highest N rate (194.7 and 192.0 cm /
plant) and the highest K rate (204.3 and 201.9 cm /plant) in the first and second sea-
sons, respectively. These results revealed that K was most effective than N in this re-

spect.

-Results of the interaction treatments (N x K) were found to be in harmony with
those of N and K solely. The tallest plants were produced from the combined treat-
ments of the highest rate of both N and K (212.6 and 210.2 cm /plant) for both sea-
sons, respectively. While the shortest ones were found in case of control plants (0 N
and 0 K), (124.2 and 131.6 cm /plant) in 13t and 2" seasons.

As for foliar spray treatments, potassin (148.6 and 173.3 cm) was found to be
more effective than nitrobein (140.0 and 143.0 cm) in stimulating the elongation of
roselle plants in both seasons, respectively.

2. Number of branches:

Data in Table (3) show out that, nitrogen and potassin were found to be good
agent in stimulating the branching in roselle plants. So, maximum values were recorded
in, response to nitrobein and potassin solely in the two seasons. Also, it was found
that, the interaction treatments gave the same trend i.e. the highest values of branch-
es number (25.9 and 26.2 branches /plant) produced when nitrobein interacted with
potassin in the two seasons, respectively. However, potassin alone gave the best re-
sults in this respect especially in the 2" season. Control plants recorded the lowest
values of branching in the two seasons.

3. Fruits number:

Results of fruiting in roselle plants, Table (4) emphasized that, fruit set as in-
fluenced by N and K (different sources and levels) solely and in combinations showed
the same response previously shown in case of branching habit.

Nitrobein followed by potassin solely gave best results in this respect. In case of
combinations, nitrobein + 50 kg potassium sulphate produced the maximum fruiting
(255.5 and 259.7 fruits /plant) followed by nitrobein combined with potassin (234.3
and 246.6 fruits /plant) in the first and second seasons, respectively. Control plants
produced the lowest fruits number in both seasons.

The increase in fruits production as a result of fertilization by nitrobein may be
due 1o the production of compound detrimental pathogens or that act as plant growth
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Table 3. Effect of nitrogen and potassium fertilization on number of branches in roselle
(Hibiscus sabdariffa, L.) plants in 1998 and 1999 seasons.

Nitrogen (N) sources (kg/fed)

Potaeiu {K) #GURGSS| o | uotiein | “silphete. | suiphets |Meensiot

(kg/fed) (200) (300)

1998

(0] 11.2 21.6 23.6 18.6 19.0
Potassin 24.7 25.9 22.2 20.1 23.2
Potassium sulphate (50) 19.6 25.7 21.6 19.1 21.5
Potassium sulphate (100) 24.2 22.6 20.3 19.9 21.8
Means of N 19.9 23.9 21.9 19.7

1

Nitrogen sources = 0.7
Potassium sources = 0.6

L.S.D. at5 %

-N xK=12
1999

0 13.7 25.3 24.2 21.3 21.1
Potassin 28.9 26.2 23.1 21.1 24.8
Potassium sulphate (50) 20.3 25.3 22.2 20.2 22.0
Potassium sulphate (100) 25.6 23.4 21.6 21.9 23.1
Means of N 22.1 25.1 22.8 21:1

- Nitrogen sources = 0.5
LS.D. at 5 % - Potassium sources = 0.3

-N xK=0.6

Table 4. Effect of nitrogen and potassium fertilization on number of fruits /plant in ro-
selle (Hibiscus sabdariffa, L.) plants in 1998 and 1999 seasons.

Nitrogen (N) sources (kg/fed)
i Ammonium [ Ammoni
Fotaasium' (K) sources [¢] Nitrobein sulp?late sulp%r;t::m Meazs of
(kg/fed) (200) (300)
1998
0 111.3 200.2 142.5 150.0 151.0
Potassin 188.0 234.3 155.8 196.4 193.6
Potassium sulphate (50) 172.6 255.5 157.3 138.9 181.1
Potassium sulphate (100) 180.3 202.6 161.3 147.6 172.9
Means of N 163.1 223.2 154.2 158.2
- Nitrogen sources = 2.3
LSD.at5% - Potassium sources = 1.5
-N xK=29
1999
(o] 118.6 180.2 137.2 156.3 148.1
Potassin 186.2 246.6 210.7 198.2 210.4
Potassium sulphate (50) 175.3 259.7 150.2 142.3 181.8
Potassium sulphate (100) 179.2 210.3 154.6 143.9 172.0
Means of N 164.8 224.2 163.2 160.2
- Nitrogen sources = 2.4
L.S.D. at 5 % - Potassium sources = 2.2
z -N xK=45
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regulators and indeed Azotobacters do synthesize stimulatory compounds such as
gibberellins, cytokinins and indole acetic acid. These results are supported by Bene-
mann and Valentine (1972). The increase in fruit production as a result of fertilization
using ammonium sulphate and its absorption by the plant. Similar conclusion were
reached by Blancher and Caldwell (1966) and by Khasawench et al. (1974) who found
that, physiologically acid fertilizers, such as ammonium sulphate, increase the availabili-
ty of phosphorus in the soil.

4. Sepals fresh weight (gm/plant and kg /plot):

Data in Tables (5 and 6) demonstrated that, yield of roselle plants in term of se-
pals fresh weight (gm/plant and kg /plot) was found to be significantly affected by
both N, K (sources and levels) solely and in combinations.

It was observed that, nitrobein was the most effective in stimulating fruits
growth as their sepals fresh weight recorded the highest values in comparison with
those plants dressed by the chemical nitrogen levels.

Regarding the effect of potassium, results pointed out that, potassin and potas-
sium sulphate (50 kg /fed) produced the highest fresh weight of sepals in the two sea-
sons.

As for the combination treatments, data clearly emphasized that, plants ferti-
lized with (60 kg N/fed and 50 kg /fed of potassium sulphate) produced the heaviest
sepals weight in comparison with the rest of combination treatments .

Also, it was observed that, sepals yield (gm /plant and kg /plot) recorded good
values when roselle plants treated with (nitrobein) and (50 kg /fed of potassium sul-
phate). These results hold true in the two seasons.

5. Sepals dry weight (gm/plant and kg /plot):

Data in Tables (7 and 8) indicated that sepals dry weight behaved in the same
manner as previously shown in case of sepals fresh weight.

It could be concluded that, the highest yield of air dried sepals was produced by
the plants fertilized by either nitrobein (97.8, 95.8 gm /plant and 3.14, 3.04 kg/plot)
or 50 kg /fed potassium sulphate (113.2, 106.8 gm /plant and 3.63, 3.42 kg/plot) in-
dividually in the 15t and 2" seasons, respectively.

In case of combination treatments, it was found that, nitrogen at 60 kg /fed in
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Table 5. Effect of nitrogen and potassium fertilization on fresh weight of sepals /plant
(gm) in roselle (Hibiscus sabdariffa, L.) plants in 1998 and 1999 seasons.

Nitrogen (N) sources (kg/fed)
Ammonium | Ammonium Means of
Potassium (K) sources 0 Nitrobein sulphate sulphate K
(kg/fed) (200) (300)
1998

0 142.7 520.2 312.0 216.7 297.9
Potassin 543.3 536.7 435.5 617.7 533.3
Potassium sulphate (50) 490.3 608.0 544.5 726.3 592.2
Potassium sulphate’ (100) 419.9 503.3 331.9 309.6 391.2
Means of N 399.1 542.1 406.0 467.6

- Nitrogen sources = 16.2
L.S.D. at 5 % - Potassium sources = 25.7

-N xK=454

1999

[5) 145.2 490.6 321.9 254.7 303.1
Potassin 552.6 498.7 428.2 580.3 514.9
Potassium sulphate (50) 462.7 592.6 520.7 687.2 565.2
Potassium sulphate (100) 425.3 460.7 350.2 289.6 381.4
Means of N 396.5 510.6 405.3 453.0

- Nitrogen sources = 9.9
L.SD. at5 % - Potassium sources = 20.1

-N x K=235.7

Table 6. Effect of nitrogen and potassium fertilization on fresh weight of sepals /plot
(kg) in roselle (Hibiscus sabdariffa, L.) plants in 1998 and 1999 seasons.

Nitrogen (N) sources (kg/fed)

Ammonium | Ammonium
Potassium (K) sources o] Nitrobein | sulphate sulphate Mea;s ok
(kg/fed) (200) (300)
1998
o] 4.57 16.52 9.49 6.93 9.50
Potassin 18.27 17.37 13.87 19.78 17.35
Potassium sulphate (50) 15.69 19.55 17.45 23.29 19.00
Potassium sulphate (100) 12.48 16.10 10.62 11.78 12.87
Means of N 12.88 17.39 13.01 15.45
- Nitrogen sources = 1.52
L.S.D. at5 % - Potassium sources = 1.63

-N xK=2.10

1999
o] 5.29 15.67 10.30 9.86
Potassin 17.92 16.23 13.75 16.47
Potassium suiphate (50) 14.81 18.96 16.73 18.12
Potassium sulphate (100) 13.11 14.78 11.35 12.47
Means of N 12.78 16.41 13.03 14.69
- Nitrogen sources = 1.53
L.S.D. at5 % - Potassium sources = 1.67

=N xK=2.00
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Table 7. Effect of nitrogen and potassium fertilization on the weight of air-dried sepals /
plant (gm) of roselle (Hibiscus sabdariffa, L.) plants in 1998 and 1999 seasons.

Nitrogen (N) sources (kg/fed)
Potassium (K) sources Ammonium | Ammonium | .o o
¢} Nitrobein sulphate sulphate K
(kg/fed) (200) (300)
1998

0 25.2 85.9 49.6 45.8 51.6
Potassin 101.0 99.9 77.8 114.3 98.2
Potassium sulphate (50) 94.3 120.9 100.6 137.3 113.2
Potassium sulphate (100) 78.7 84.6 62.6 57.3 70.8
Means of N 74.8 97.8 72.6 88.7

- Nitrogen sources = 1.8
LS.D.at5 % - Potassium sources = 1.2

-N xK=2.0

1999

0 26.9 90.5 61.9 47.8 56.8
Potassin 102.3 94.3 82.3 107.1 96.5
Potassium sulphate (50) 88.9 109.7 98.2 130.7 106.8
Potassium sulphate (100) 80.2 88.6 54.9 55.6 72.3
Means of N 74.5 95.8 76.8 85.3

- Nitrogen sources = 1.7
LS.D. at5 % - Potassium sources = 1.4

-N xK=27

Table 8. Effect of nitrogen and potassium fertilization on fresh weight of sepals /plot
(kg) in roselle (Hibiscus sabdariffa, L.) plants in 1998 and 1999 seasons.

Nitrogen (N) sources (kg/fed)

R Ammonium | Ammonium !
Eoragaium: (k) sCurces 0 Nitrobein sulphate sulphate MSEEE of
(kg/fed) (200) (300)

1998
0 0.87 2.75 1.59 1.46 1.67
Potassin 3.25 3.20 2.49 3.66 3.15
Potassium sulphate (50) 3.02 3.89 3.22 4.39 3.63
Potassium sulphate (100) 2.52 2.23 2.00 1.83 2.27
Means of N 2.42 3.14 2.33 2.84

- Nitrogen sources = 0.15

LS.D.at5 % - Potassium sources = 0.18

-N x K=0.25

1999

o] 0.86 2.90 1.48 1.53 1.82
Potassin 3.27 3.01 2.63 3.45 3.09
Potassium sulphate (50) 2.85 3.51 3.14 4.18 3.42
Potassium sulphate (100) 2.50 2.73 2.07 1.77 2.27
Means of N 2.37 3.04 2.46 2.73

- Nitrogen sources = 0.16
LS.D. at5 % - Potassium sources = 0.19

-N xK=0.28
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addition to 50 kg/fed potassium sulphate gave the highest yield of air dried sepals
(137.3, 130.7 gm/plant and 4.39, 4.18 kg/plot) followed by those plants treated with
nitrobein and the same rate of potassium sulphate (120.9, 109.7 gm/plant and 3.89,
3.51 kg/plot) in the two seasons, respectively.

Generally nitrobein solely was found to be most effective in stimulating growth
characters in term of branching habit, fruits number and sepals (fresh & dry), while N
at 60 kg /fed was effective in stimulating the elongation.

In case of (k sources) it was observed that, different responses were shown i.e.
potassin stimulated branching and fruiting whereas potassium sulphate was most effec-
tive in elongation (100 k/fed), sepals fresh weight and dry weight (50 kg /fed).

Regarding combination treatments, it was noticed that, growth of roselle plant
showed different behaviour i.e. elongation was stimulated by (N +K) at the highest
rates while branching responded well to (potassin + nitrbien).

As for fruiting, it was found that, the most effective treatment was (N) at the
highest rate + 50 kg potassium sulphate followed by nitrobein + 50 kg potassium sul-
phate.

6. Actidity (pH value) of the water extract sepals:

Data in Table (9) revealed the acidity of the extract of roselle sepals which illus-
trated that, using nitrobein as a source of nitrogen resulted in higher acidity of the ex-
tract than that dressed by ammonium sulphate at rate 300 kg /fed. The lowest pH val-
ues of roselle extract were obtained from plants treated with ammonium sulphate (200
kg /fed) in both two seasons.

Foliar spray of potassin resulted in the highest pH values of the extract, com-
pared to using different levels of chemical potassium . The results were significant in
the two seasons.

In both two seasons the highest pH values of the extract were obtained from
plants supplied with nitrobein as a source of nitrogen and sprayed with potassin as a
source of potassium, compared to values resulting from any other combination of nitro-
gen and potassium sources.
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Table 9. Effect of nitrogen and potassium fertilization on the pH values of the water ex-
tract of roselle (Hibiscus sabdariffa, L.) plants in 1998 and 1999 seasons.

Nitrogen (N) sources (kg/fed)
| Ammonium | Ammonium Visaiis of
Potassium (K) sources 0 Nitrobein | sulphate sulphate K
(kg/fed) (200) (300)
1998

0 3.05 3.85 2.90 3:52 3.33
Potassin 3.67 3.76 3.29 3.71 3.61
Potassium sulphate (50) 3.35 3.60 3.13 3.42 3.37
Potassium sulphate (100) 3.55 3.70 3.23 3.54 3.51
Means of N 3.41 3.73 3.14 3.55

- Nitrogen sources = 0.08
LSD.at5% - Potassium sources = 0.07

-N xK=0.13

1999

0 2.91 3.78 2.59 3.54 3.21
Potassin 3.64 3.72 817 3.59 3.58
Potassium sulphate (50) 3.29 3.54 2.98 3.41 3.31
Potassium sulphate (100) 3.54 3.65 3.11 3.56 3.47
Means of N 3.35 3.67 2.96 3.53

- Nitrogen sources = 0.04
L.S.D.at5 % - Potassium sources = 0.03

-N xK=0.07

7. Anthocyanin content of sepals:

Data presented in Table (10) showed that, nitrobein gave significantly higher an-
thocyanin content in the dry sepals in both two seasons (31.69 and 29.40 mg/gm dry
weight) compared to those fertilized with ammonium sulphate. Those results may be
due to synthesize stimulatory compounds produced by bacteria such as gibberellins,
cytokinins and indole acetic acid.

Potassin (as a source of potassium) gave significantly higher anthocyanin con-
tent in the dry sepals than the chemical sources of potassium in both two seasons
(31.81 and 31.14 mg /gm dry weight).

Different combinations of nitrogen and potassium sources gave different values
of anthocyanin contents which varied considerably.
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Table (10), in general, plant supplied with (nitrobein as a source of nitrogen and

potassium sulphate 50 kg /fed) gave the highest values. Those values were significant-
ly higher in both seasons than those obtained from plants grown under other combina-

tions of nitrogen and potassium sources in most cases.

Table 10. Effect of nitrogen and potassium fertilization on the the anthocyanin content
(%) of rosselle (Hibiscus sabdariffa, L.) plants in 1998 and 1999 seasons.

Nitrogen (N) sources (kg/fed)

) _ ) Ammonium [ Ammonium Méaia ot
Potassium (K) sources 0 Nitrobein | sulphate | sulphate K
(kg/fed) (200) (300)

1998
0 19.20 29.70 23.20 25.60 24.42
Potassin 35.20 32.45 29.20 30.40 31.81
Potassium sulphate (50) 23.90 36.97 23.55 28.08 28.12
Potassium sulphate (100) 25.60 27.65 24.40 25.65 25.82
Means of N 25.97 31.69 25.09 27.43
- Nitrogen sources = 2.16
LSD.at5 % - Potassium sources = 1.28
-N xK=256
1999
0 20.10 30.60 22.10 23.70 24.12
Potassin 34.30 32.45 28.21 29.61 31.14
Potassium sulphate (50) 24.20 37.45 23.15 23.95 24.69
Potassium sulphate (100) 23.60 27.11 22.85 23.65 24.30
Means of N 25.55 29.40 24.08 25.23
1 - Nitrogen sources = 1.04
LSD.at5% - Potassium sources = 0.49
-N xK=0.99

8. Total sugars content of sepals:

Data presented in Table (11) showed that, nitrobein resulted in significantly the
highest values of sugars content than rates of ammonium sulphate in both seasons
(152.9 and 152.6 mg/gm D.W.). This stimulation of nitrobein may be due to the active
substances which produced by bacteria.
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Also, potassin foliar spray resulted in the highest increase in sepals sugar con-
tent in the two seasons (154.4 and 153.7). It appears that sugar accumulation was
more affected by the potassium sources than by the nitrogen sources.

The highest values recorded in both two seasons were obtained from plants sup-
plied with nitrobein combined with potassin. These two factors provided better condi-
tions for accumulation of sugars than any other combinations of nitrogen and potas-
sium sources. )

Table 11. Effect of nitrogen and potassium fertilization on the total sugars content
(mg/gm dry matter) of roselle (Hibiscus sabdariffa, L.) plants in 1998 and
1999 seasons.

Nitrogen (N) sources (kg/fed)

i ‘ . Ammonium | Ammonium Means of
Potassium (K) sources 0 Nitrobein | sulphate sulphate K
(kg/fed) (200) (300)

1998
0 116.1 154.2 139.6 150.6 140.1
Potassin 158.3 156.3 149.0 154.2 154.4
Potassium sulphate (50) 143.2 148.7 141.3 145.9 144.8
Potassium sulphate (100) 150.5 152.4 145.1 150.6 149.6
Means of N 142.0 152.9 143.7 150.3
- Nitrogen sources = 1.3
LS.D.at5 % - Potassium sources = 0.9
-N xK=1.8
1999
0 122.2 153.1 142.7 151.9 142.5
Potassin 156.4 154.8 149.6 154.2 153.7
Potassium sulphate (50) 145.4 149.6 144.2 148.8 147.0
Potassium sulphate (100) 152.6 152.9 147.7 152.4 151.4
Means of N 144.1 152.6 146.1 151.8
- Nitrogen sources = 0.8
LS.D. at5 % - Potassium sources = 1.1
-N xK=241
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9. Protein content of sepals:

601

Results of the two seasons (Table 12) showed that, when the plants were sup-
plied by nitrobein, protein content recorded the highest values (60.9 and 58.9 mg /g

D.W) as compared with other sources of nitrogen in both two seasons.

Table 12. Effect of nitrogen and potassium fertilization on the protein content (%) of

roselle (Hibiscus sabdariffa, L.) plants in 1998 and 1999 seasons.

LS.D.at5 %

- Nitrogen sources = 2.0
- Potassium sources = 0.9

-N xK=14

Nitrogen (N) sources (kg/fed)

. Ammonium | Ammonium Maanset
Potassium (K) sources 0 Nitrobein | sulphate sulphate K
(kg/fed) (200) (300)

1998
0 37.2 64.6 54.9 57.6 53.4
Potassin 58.4 61.7 56.4 58.1 58.6
Potassium sulphate (50) 54.7 5§9.3 54.5 56.2 56.2
Potassium sulphate (100) 51.5 58.2 52.9 54.6 54.3
Means of N 50.4 60.9 54.5 56.6
- Nitrogen sources = 0.8
L.S.D.at5 % - Potassium sources = 0.6
-N xK=1.2
1999
0 35.6 62.3 55.4 59.6 53.2
Potassin 57.3 59.8 56.4 58.5 58.0
Potassium sulphate (50) 52.6 58.2 54.0 56.1 55.2
Potassium sulphate (100) 48.6 55.3 51.9 53.8 52.4
Means of N 48.5 58.9 54.4 57.0

This increment may be due to the role of nitrogen which oécurs as a nucleo-
protein amino acids, amines and polypeptides (Mengel and Kirkby, 1987). As with most
of measurements recorded, using potassium as a source of potassium, gave higher pro-
tein than using potassium sulphate (50 or 100 kg /fed) in both seasons.

Generally, sources of potassin gave significantly higher values than control
plants. The protein synthesis as affected by potassium is reflected ATP (Mengel and

Header, 1973).
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Data in Table (12) also showed that, combining nitrobein with potassin resulted
in the most favourable condition for protein synthesis. Plants receiving this treatment
gave significantly higher protein contents than plants receiving other combinations
treatments in most cases.

Recommendation:

It could be recommended to use nitrobein as a safety source of nitrogen than
chemical sources of nitrogen which enhanced growth, fruiting with a good quality i.e.
acidity, anthocyanin, sugars and protein content.
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